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Before you order chemicals again,
stop and think.

¥ you've been ordering from the same chemical We carry over 25,000 catalog items in addition to

suppliers for years, stop and think about it. You could chemicais, so we're aiso your best “one-siop” source

be getting better quality and much more reliable for other science teaching products as well, So when

service at a better price. you put together your next chemical order, start a new
Carolina has been supplying chemicals to.the habit—the Carolina habit.

scientitic community for over 30 years. We keep

thousands of chemical products in stock year-round, Want more information? Write us or call our Customer

8o you're assured of getting what you need, and at Service Department at 919 584-0381.

compstitive prices. And our professional staff has the
experience and dedication to make sure you get what

you nesd when you need it—our service is
unsurpassed. Get the Carolina habit.

2700 York Road Box 187
Burlington, North Carolina 27215 Gladstone, Oregon 97027
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" nology job market. Such a

. Todé.y’-s.academic laboratory is a modern “rllo flowmeters, and other equipment

- facilify that traing students . to control them properly.
. for careers inthe high tech- - aus an Safety in the laboratory is

e 3 Hnszipforhtinnfﬂ To aid goilalo in the
. laboratory needs equipment Iv ' T \ ? e ing and s

- "and supplies that are as 0 0wel' of gases, we have flagh -

~sophisticated as the laboratories that arrestors, toxic gas detector systems, hand -

- will one day employ these students. Matheson trucks and cylinder stands. We also havea
has a complete selection of gasesand equipment  system for buying back empty lecture bottles
for the modern laboratory. We have more than 80 that you won't be stuck with a disposal
80 different gases and prepare gas mixturesto  problem. Keep your students in the forefront

your specifications. No matter which gas or of technology. Send for a catalog describing
mixture you use, Matheson has regulators, our produets, prices and specifications.

Matheson belongs in the modern laboratory.

Matheson
Gas Products
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30 Seaview Dove, Secaucus, NJ 07094
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YOUR ACCESS TO EXCELLENCE BEGINS HERE.

The HP 8450A is particutarly well

suited fo muiti-kinetics, ditferential
surements and ar apphlca-

tions where time-stabiity and

dual beam capabilities are crucial to

; sful anatysis. Price: $27 500.*

-tlme multmomponent

nd Qr_ﬁy HP offers

HP's advanced diode array tech-
nology offers scan speeds as brief
as 0.1 sec from 190 to 820 nm.

Resolution ranges from 110 2 nm
depending on the system.

Muiticomponent analysis ofup to
12 components is possible with
toth systems.

s . beam diode array spectmphoto—
*-meter that will satisty your most_

rigorous research requ1remant5 .
The HP 8451A is an extremely cost- -
effective single beam system de-

- signed to meet the day-in, -day-out
demarids on vour laboratory

" facilities. Overlapping capabilities

and equally rigorous performance
parameters allow you to select
your system today with an eye

" to budget constraints, possible
multiple apphcatzons, and potenti a]

~ future uses.. ' :

(/’/'

HEWLETT
'PACKARD

Gircre Header S»ervrc:e Number 34 for mcre mfnrmatlm

For added cost-effectiveness bath
systems can be used as LT detectors.
And, the HP 8451A can also be used
as a stand-alone desk-top computer

The HP 84514 provides a guality of
results comparabie with the HP B450A
but features a single beam mode and
operating parameters that adapt it well
to guaiity control, educational and other
analysis situations in which many sz
must be processed, Price: $14,200.%

‘more 1nf0rmc1tion CaI_ your I¢

HP sales office listed in the_te]e
phone directory whité pages; and
ask for an Analytlca] product
representative. Or, 'write: Hewleft
Packard Analytical Group; 1820.
mearcadero Road _Palo Alto,
CA94 303
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The spectral distribution of energy from the
sun is used on this month's cover to draw
our readers’ attention to several articles in
this issue which discuss the problems of
converling this energy 1o useful work.
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Capture a
Teacher

and you
capture a
Generation

The half-billion dollar academ-
ic market for scientific products
is composed of professors who
teach, whe buy in volume, and who
read ...

Sell Today/
Insure Tomorrow

In addition to constituting a
huge market themselves, the pro-
fessors who read the Journal of
Chemical Education help to mold
the brand preferences of succeed-
ing generations of scientists.

In a major study recently con-
ducted for the Scientific Appa-
ratus Makers Association by
Copeland Economics Group, Inc.,
they state*'... CEG has found that
the equipment and apparatus a
scientist uses in the training pro-
cess tend to be the types and
brand names that he seeks when
he assumes a research position in
industry or government.”

Call 215-667-9666

. and get the full story on
the huge academic marketplace
for scientific products. Ask for
Jim Byrne, Advertising Sales
Manager, Chemical Education.
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How much computing power
will a penny buy these days?

You can get enough to
diagonalize a 100 x 100
Hamiltonian in 1.8 seconds.

You can also compute a miltion spin
updates in a second on a 3-D Ising
model or solve a iridiagonal system of
300,000 equations in one secor«d.

The FPS-164 Scientific Computer
from Floating Point Systems gives you
that kind of computing power for a
fraction of the cost of a large main-
frame or supercomputer, Its 64-hit,
paraliel, pipelined architecture, 58
megabytes of memory and speeds of
up to 12-miflion floating-point opera-
tions per second gives you the

capability needed for solving very
large problems.

FORTRAN made

easy.

You can take full
advantage of the archi-
tecture of the FPS-164
with the powerful sofi-
ware available for it.

Topping the kst is the
FO 77 Optimiz-
ing Compiler. & lets you
write code ihat reflects
the way you understand
the problem. You don't
have to understand
the architecture of the
FPS-164. The compiier
adapts the code to
the paratiel, pipelined
architecture 1o give you
petformance from 5 to
30 times faster than a
super minicomputer.

The portability of
ANS] standard FOR-
TRAN code to the
FP5-164 also efiminates
the need for complex
prograrm conversion.

The new FORTRAN-
callable FMSLIB (Fast
Matrix Solution Library)
is ideal for solving large

linear systems of equations. Sparse,
disk-resident matrices with up to
several biflion non-zero entries can be
factored at speeds of over [0-miltion
floating-point operations per second.
A 2 000 x 2,000 symmetric matrix can
be factored in less than 11 seconds,

A math library with more than 400
highly-optimized subroutines for basic
and advanced matheratical opera-
tions is also available.

Proven Reliability and
Support.

Floating Point Systems has estab-
lished an impressive record for prod-
uct reliabiity and service. Customers
can use service facilities located at key

Clrcle No. 35 on Readers’ Ingubry Card

focations throughout the world and
take advantage of remole diagnostic
capabilities, comprehensive docu-
mentation and software support.

To learn more.

Call us, or write ta find out how
cost-effective scientific computing is
on an FP5-164, Our tol} free number
is{800) 547-1445.

FLOATING POINT
» JYSTEMS, INC.
PO. Box 23489
Porttand, OR 97223

503) &M-3151 )
LX: 360470 FLOATPOIN BEAV

FPS Sates and Service World-
wice, I4: CA L oruna Hills,
Los Angeles, Mountain View
Q0 Lokeswood, CT Er'nﬂ:ux
L Wirtar Pork. A Aflarida,
Schormburg, L New Oreans,
MD Rocivilie, MA Decham,
NJ Red Bank NM Caorrales,

PA Devon, TX Grand

Praire. Houston, WA Bellevue.
INTERNATICHAL Cahada,

Caigary, Montredt, Oticwa;
Englcind, Brocknel, Barishine;
France, Rungis; Jogan, Tolo;
Ketherdands, Gouck; West

DITRIBUTORS: Angentina,
Buenos Alres Coein Com-
pmucm.s;ﬂ:mm and
Now Zedtand, Milsons Point-
NAW, Mel%m&\'mb.
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Lid); Ausiria, Vienra {Othrnar
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Denmark, Copenhagen
Agenturar ATS): Finiand,
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| MACMILLAN

CHEMISTRY FOR
ALLIED HEALTH STUDENTS

INTRODUCTORY CHEMISTRY
FOR HEALTH PROFESSIONALS

KEN LISKA, Mesa College and LUCY T. PRYDE, Southwestern College

This text relates chemistty o the career goais of students by including many clinical
applications and discussing topics of current interest such as recombinant DNA, the uses of
interferon, and hemodialysis-—presented at a very basic level.

WITH: Laboratory Manual, Student Study Guide, instructor's Manuals, and Microchem Ii.

INTRODUCTION TO
‘GENERAL, ORGANIC, AND BIOLOGICAL CHEMISTRY

ROBERT J. OUELLETTE Qhio State Universily

Featuring an early presentation of the mole concept, stoichiometry, and equations; the unifying
theme of this text is the human body with references to the chemistry of life throughout.

WITH: Laboratory Manual, Student Study Guide, Instructor's Manuals, and Microchem Il

'EXPERIMENTAL ORGANIC CHEMISTRY
Theory and Practice

CHARLES F. WILCOX, Jr., Cornelf University

Based on the poputar Laboratory Experiments in Organic Chemistry, Sevemnth Edition whose
outstanding feature—the experiments work in the hands of beginning students—is retained in
this new text which emphasizes safety, expands on the discussion of modern instrumental
techniques, and inciudes biologically-oriented experiments.

WITH: Instructor’s Manual

MICROCOMPUTER SOFTWARE FOR CHEMISTRY
MICROCHEM (1983)

—50 programs prepared by Robert J. Ouefiette for General Chemistry.

MICROCHEM 11 (1984)

—45 programs prepared by Robert J. Oueflette for General, Organic, and
Biological Chemistry.
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GENERAL CHEMISTRY

| GENERAL CHEMISTRY
WITH QUALITATIVE ANALYSIS (1983)

RALPH PETRUCC!, Cafifornia State Colfege at San Bernadino
and ROBERT WISMER, Millersvilfe State University

WITH: Student Soiutions Supplement, Test Bank, Instructor’s Manuaf,
and the rest of the Generaf Chemistry Package.

GENERAL CHEMISTRY |
Principles and Applications, 3/e (1982)

RALPH PETRUCCI, California State Colfege at San Bernadino

WITH: Student Solutions Supplement, Student Study Guide, Laboratory Manual,
56 Transparencies, 82 Slides, Tast Bank, Instructor's Manuals, for the Text and
Laboratory Manual, and Microchem.

INTRODUCTION TO CHEMISTRY
INTRODUCTION TO CHEMICAL PRINCIPLES (1983)

H. STEPHEN STOKER, Weber State College
WITH: instructor's Manual, Laboratory Manual, Lab Man L M., and Study Guide

BASIC/BRIEF ORGANIC CHEMISTRY
ELEMENTS OF ORGANIC CHEMISTRY, 2/e (1983)

ISAAK ZIMMERMAN, Herbert Lehman College, City University of New York, and
HENRY ZIMMERMAN, New York City Technical Caollege of the Cily Universily of New York

WITH: Student Sofutions Supplement and instrucfor’s Manual

VISIT US AT BOOTHS 931-933

For more information call the Macmilian Mainline toli-free at 1-800-223-3215, or write;

‘ MaEREAN

COLLEGE MARKETING » 866 THIRD AVENUE - NEW YORK, N.Y. 10022
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Advertising in this issue

The companies listed below . ... .. ..

evidence thelr interest In chemical education by thelr presence as advertieers.
This advertisirg brings to our subscribers information about new books, new
and established laboratory equipment, and apparatus and instruments for
both teaching and research. Get acquainted with the advertisers in your

ON COUPONS IN ADS

Readers who do not want to demage
thekr issue by cutting out coupons found
in some advertisements are requested

lornakeaphotnoopydhecommhr
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Journal, Do not hestitate to write for their catalogs and literature. Use the In the ad.
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A way to bore a smooth, uniform, straight, properly
sized hole in a rubber stopper — quickly, easily, safely
and with any desired orientation.

Required are {1)a
novet cutter grooved o
bring fresh jubricant to
the cutting edge and
other areas of the cutter:
stopper interface con-
tinuously during the
boring operation and {2}
amodified drill press
which drives the cutter
and sets itg orientation to
the siopper.

Put these two together
and you have cur Power
Boring Machine —a reai
skin and temper saver
which beiongs in any
faboratory doing even a
moderate volume of cus-
tom boring of stoppers.

We have literature on the
Sargent-Weich Power Borer. For
yOur Copy, phone, write or circle
the reader service number.

Anyone who has bored
a rubber stopper by hand
knows that it is a case of
trading hard work for
poor resuits. At best, the
hole is ragged, non-
uniform and frequently
crooked.

Custom boring need
not be so frustrating an
experience. With our
Power Boring Machine
stoppers (and corks) are
bered perfectly—with a
straight, smooth, uniform
bore —quickly, safely and

effortlessly—and even
off-center or at an angle,
as desired.

A large selection of
interchangeable cutters
provides the exact bore
size for every application
and corks and rubber
stoppers of anpy size can
be accommodated. Hole
sizes start at 3 mm and
range to 22 and 32 mm
for stoppers and corks,
respectively.

The Power Boring
Machine inciudes six
commonly used cutiers,
three holders for smali
stoppers, a bottle of
iubricant, an ejecting rod, -
a cutter sharpener and a
3-wire cord and piug.

$-23207 POWER BORING
MACHINE---Portabls, Electric,

Sargemt-Welch, For 115 volt,
BOHz AGC.......... 875.00

Gl |

e SARGENT-WELCH SCIENTIFIC COMPANY
?300 NORTH LINDER AVENUE e SKOKIE, ILLINOIS 60077 ¢ (312) 677-0600

Anahelm!BirminghamfChIcagoICIe\fetand!DaiIaleemmlDeiroH!Sprhgﬂeld, N.J./Toronto/Montreal
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CONTROLLED DRUG
BIOAVAILABILITY

Vol. 1: Drug Product Design

and Performance _

Edited by Victor F. Smoten &

LuAnn Bail

The first volume of a continuing series of mon-
ographs covenng drug delivery systems
designed to provide maximum therapeutic
benefits. Provides state-of-the-art guidance in
the development of these deltvery systems.
376 pp. March 1984

{(1-08732-0) : $65.00

SAFE STORAGE OF
LABORATORY CHEMICALS
Edited by David A. Pipitone

A comprehensive, single-source guide for
ensuring the safe handiing and storage of fab-
oratory chernicals. Here are detailed, field-
proven guidelines—geared speciically for col-
lege and small industriai-sized iab require-
ments—pius actual case histories iustrating
the principles ard practice of safe storage.
approx. 288 pp.  February 1984

(1+-89610-1) $55.00

DETERMINATION OF
ORGANIC REACTION
MECHANISMS

Barry K. Carpenter

This practical handbook describes concisely
the most comman experimental technigques
for studying reaction mechanisms in organic
chemistry. Al necessary theoretical back-
ground is covered for each technique, and at
ieast one example of its application-—taken
from the research Berature—is described

in detail.

approx. 325 pp.  March 1984

{(1-89369-7) $34.95

OPEN TUBULAR COLUMN
GAS CHROMATOGRAPHY
Theory and Practice

Mitton L. Lew, Frank J. Yang &

Keith D. Bartle

A state-of-the-art treatment of one of the most
witlely applied methods in analytical chemis-
try. Provides an integrated, in-depth view of
modern practice, summarizes the theory
underlying this powsriul technique, and ana-
tyzes the refationship between theory and
appications.

445 pp. February 1084

{1-88024-8) $46.00

GUIDE TO THE CHEMICAIL
INDUSTRY ]
Products, R + D, Marketing

and Employment

Witliam S. Emerson

A comprehensive review of the otal industria
chemical picture, helping students prepare for
the transition from the academic to the indus-
trial world, Contains scientific, managerial,
and economic material, examining the inter- -
pla‘\; of ait these componants in the operation
of the chemical industry.

352 pp. 1983

(1-89040-5) $35.00

A8 Journal of Chemical Education’

HANDBOOK OF U.S,
COLORANTS FOR FOODS,
DRUGS AND COSMETICS,

2nd Ed.

Daniel M. Marmion

This comvenient single-source reference
describes the manufacture, specifications,
properties, and uses of color additives, and
discusses methods of analyzing them as is, in
admixiure with other additives, and in product
matrices. Revisions in the new edition reflect
changes in US. law and advances in analyti-
cal technology. )

approx. 400 pp.  March 1984

{1-09312-2) $50.00

PRINCIPLES OF
POLYMERIZATION
ENGINEERING

Joseph A. Biesenherger &

Donald H. Sebastian

An in-depth analysis of model systems that
are useful in the design, scating, and modifica-
tion of polymerization processes. Discusses
phenomena inherent in polymerization reac-
tions, the physical factors that affect or are
affected by polymerizations on an engineer-
ing scate, and poskreactor separation of

. unreacted monomer or diluents.

74app. 1983
{1-08616-9) $54.50

ELECTROANALYTICAL
CHEMISTRY

Basli H. Vassos & Galen W. Ewing

This practical volume presents the electro-
chemical lechniques that are useful in chemi-
cal analysis. Treats potentiometric, gaivano-
static, potentiostatic experiments and includes
material on electrode double layer technijues,
rates of processes, first-order reactions, cata-
tytic processes, dimerization complexes, polar-
ography adsorption, gyclic methods, kinetic
processes, and depotarizer transport.

255 pp. 1983

{1-09028-X) $45.00

FIESER AND FIESER’S
REAGENTS FOR ORGANIC
SYNTHESIS, Vol. 11

Edited by Mary Fieser

Covers reagent literature published batween
July 1981 and December 1982, citing new
reagents introduced during this period as well
as recent references to reagents included in
previous volumes. The focus is on those
reagents leading to important new synthelic
pathways. _
approx. 864 pp.  June 1984

{1-B86268-9) In Press :

ADVANCED INORGANIC
CHEMISTRY: A Comprehensive
Text, 4th Ed.

F. Albert Cotton & Geofrey Wiikinson
Chamistry and industy called the previous
edit%on!g?z", ..the best available...” and with its
thorough ravision this fourth edition will prove
equally valuabie. _

This latest version of this highly popular
manial retains the same comprehensive yet
balanced treatment of inorganic chemistry
while bringing you developments since 1966 of
physical methods and concepts.

1,396 pp. 1980
(1027758} 337.50

SOLUTIONS MANUAL FOR
STATISTICS OF RESEARCH
Shirley Dowdy & Stanley Wearden

170pp. 1983
(1-88394-8) $6.95

INORGANIC CHEMISTRY
A Modern Introduction
Therald Moeller

Here is a presentation of the entire inorganic
field as a logical development of ideas based
upon significant early contributions, the incor-
poration of progressively more detailed inter-
pretations of factual data, and the resulting
modern ideas involving the scope and signifi-
cance of inorganic chemjstry. After providing
an overview, Moeller proceeds from the origing
of thie elements through atomic structure,
molecular structure, bonding and properties
relating to bonding, and reactions considerad
by types, conditions, and mechanisms.

846 pp. 1982
{1-51230-8) $39.95

AQUATIC CHEMISTRY

An Intreduction Emphasizing
Chemical Equilibria in Natural
Waters, 2nd Ed.

Werner Sturmm & James J. Morgan
This timely new edition of the recognized clas-
sic unites concepts, applications, and tech-
niques with the growing body of data in the
field. Features new materiat on organic com-
pounds, use of slable and radioactive iso-
fopes, advances in marine chemistry, and
expanded thermodynamic dala.

780pp. 1981
(1-04831-3)  $64.95 Cloth
{1091731) $37.50 Paper

INTRODUCTION TO POLYMER
VISCOELASTICITY, 2nd Ed.
Jobn J. Aklonis & William J. MacKnight
A moiecular approach o the findamentais

of viscoefastic behavior in polymers, bridging
the gap between introductory accounts and
advanced regeach-level monographs, This
updated edition includes new coverage of the
theory of reptation, the kinetic theory of rubber
elasticity, and an entirely new chapter on
dietectric relaxation. Preserts all derivations

in detail, and treats concepls and models,
paying special akention to assumptions,
simplifications, and fimitations.

2895pp. 1983

{1-86723-2) $39.95

PHYSICAL CHEMISTRY OF
SURFACES, 4th Ed.

Arthur W. Adamson

Ravised and completely updated edition of the
classic text in the field for more than 20 years.
Covers surface chemistry from the physicai
chemist’s point of view, dealing with basic the-
ories and models, with many illustrations from
current literature. Features about 20% new
material, including updated chapters on mono-
molecular films and on highvacuum or “dry”
surface chemistry.

664 pp. 1982

(1-07877-8) $42.95




Wiley-Interscience Chemistry Texts for Spring 1984

TEXTBOOK OF POLYMER
SCIENCE, 3rd Ed.

Fred W. Billmeyer, Jr.

An updated revision of the classic, best-seliing
polymer science textbook. Surveys theory and
practice in all major phases of polymer sci-
ence, engineering, and technology, including
polymerization, solution theory, fractionation
and molecular-weight measurement, solid-
state properties, structure-property relation-
ships, and the preparation, fabrication and
properties of commercially important plastics,
fibers, and elastomers.

approx. 550 pp.  March 1984

(+-031968) $34.95

INTRODUCTION TO SAFETY
ENGINEERING

David S. Gloss & Miriam Gayle Wardle
An overview of safety engineering, examining
the broad range of areas and probioms thet
confront engineers and other heaith and
safely professionals. Discusses accident
conditions and controt, loss control, human
resource development, management and
training, design assurance, heaith care, and
occupationai design.

approx. 532 pp.  February 1984

(1-87667-4) $50.00

DESIGN AND APPLICATION
OF PROCESS ANALYZER
SYSTEMS

Paut E. Mix

A comprehensive compilation in handbook
style of inine analyzer systems. This “hands-
on” approach is the first to combine these ana-
Iyzers and their respective sample systems in
one taxi. Treats sample system design, types
of continuous in-line analyzers and their
theory of operation, and design features and
applications.

apprax. 250 pp May 1984

(1-85518—4}

DAIRY CHEMISTRY AND
PHYSICS

Robert Jenness & Pieter Walstra
Written by two internationally known experts,
this authoritative trealise describes the chemi-
cal compasition and roperties of milk and its
physical structures. Examines the biosynthe-
sis and secretion of milk, the components of
milk including carbohydrates, salt, kpids, fats,
and proteing, and methods for anatyzing
these compenenits. Tables and graphs used
extensively. _

approx. 500 pp,  March 1984

{-09779-9) §£59.95

Save 10% over individual volume
prices:

COMPENDIUM OF ORGANIC
SYNTHETIC METHODS:;

b Vol. Set
Edited by I.T. Harrison and S. Harrison

Volume 1, 1.7, Harrison & S. Hafrison
529pp. 1971 {1-35550-X} $35.95
Volume 2, L.T. Harrison & S. Harrison
437 pp. 1974 {1-355518) $31.95
Volume 3, |.S. Hegedus and L.{3. Wade
495pp. 1877 (1-368752-4) $31.95
Wolume 4, L.G. Wade
497pp. 1980 (1-04923-9) $32.50
Wolume 5, L.G. Wade
552 pp. 1984 (1-867284) $37.50

Comptele 5Volume Set (1-80966-7) . . .$155.00

REACTIVE MOLECULES

The Neutral Reactive
Intermediates in Organic .
Chemistry

Curt Wentrup

A unigue, pedagogically sound text and mono-
graph describing the formation, detection, and
chemistry of neutral reactive infermediates
{free radicals, diradicals, carbenes, nitrenes,
strained rings, and antiaromatics). Starting
from first principles, it brings the reader up-io-
date on the current state of research on these
intermediztes.

325pp.  March 1984

(1-87639-9) $34.95

HEAD SPACE ANALYSIS AND
RELATED METHOQDS IN GAS
CHROMATOGRAPHY

B.V. loffe & A.G. Vitenberg

Treats the new and rapidly developing inde-
pendent field in gas chromatographm analysis
based on the use of “out of column” phase
equilibria and partition coefficients in gas-ig-
uid systems. Describes new methods of head
space anatysis for the first time, plus related
methads based on the equilibrium between
liquict and gas slates. Describes physico-
chemical applications of this new method.

apprax. 212 pp.  February 1984
{1-06507-2} $60.00

A PICTORIAL APPROACH TO
MOLECULAR STRUCTURE
AND REACTIVITY

Robert F. Hout, Jr., Warren .J. Hehre &
William J. Pletro

A presentation of the valence molecutar orbit-
als of organic, inorganic, and organometallic
compounds, ifustrating how they may be used
1o approach problems of chemical structure,
stability, and reactivity. Broad in scope, the
matarial is fundamental o an understanding of
modern chemical structure theory. Inciudes
over 300 pages of computsr generated
images. .

approx. 448 pp.  February 1984
(1-89703-5) In Press

COMPENIDIUM OF ORGANIC
SYNTHETIC METHODS, Vol. 5
Leroy G. Wade, Jr.

Presents the new synthetic methods for prepa-
ration of menohunctional compounds for 1980,
1981, and 1882, Ag in previcus volumes, 5ec-
tivns correspond to most of the possible inter-
conversions between the major functional
groups. th addition, this volume contains
exampies of new methods of preparation of
difunctional compounds formead into pairs of
the major functional groups.

552 pp. January 1984
{1.86728-4) $37.50

CHEMISTRY AND
ECOTOXICOLOGY OF
POLLUTION -

D.W. Connell & Gregory J. Mitler

Describes and analyzes the distribution and
mechanisms of chemical poliution and its
effects on aquatic and terresirial environ-
menis. includes chemical physical pracess of
pollution, deoxygenation, and eutrophication,
thermat poliution, and poliution monitoring.

apprax. 400 pp.  February 1964
{-86249-5) $40.00

Circle Ne. 28 on Readars’ Inquiry Card
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- THE INTERPRETATION OF

ANALYTICAL CHEMICAL
DATA BY THE USE OF
CLUSTER ANALYSIS

D. Luc Massart & Leonard Kaufman

A userorignted introduction to clustering
methods, including both hierarchical and non-
hierarchical methods. The text shows how
clustaring can be used to interpret large quan-
tities of analyticat data, and discusses the rela-
tion of clustering 1o other pattern rscogmt;on
techniques.

237pp. 1983

{1+-07861-1) $49.00

HANDBOOK OF AIR
POLLUTION TECHNOLOGY
Edited by Seymour Calvert &
Harold M. Englund
A practical, up-to-date handbook presenting
essential principles, design methods, exam-
ples, useful data, and reference information on
air poilution and its control. Comprehensive in
scope, it offers the best avaifable source of
guidance for the design of cost-effective air
poliution control systems.

prox. 1,200 pp. March 1984
{1-08263-3) 37495

INTRODUCTION TO
PHOTOELECTRON
SPECTROSCOPY
Pradip K. Ghosh

A comprehensive, h:ghry tucid survey of photo-
afeciron roscopy. Discussas apptlcamns
that inciude the direct delermination ¢f glomic
and molecular enargy levels and structures,
and the study of solids and surfaces.

377 pp. 1983
{1-06427-0¢ $55.00

Visit the Wiley Exhibit at the
ACS National Meeting in

St. Louis—Booths 921-929,

Order through your bookstore or
write ta Nat Bodian, Dept. 4-1744

FOR BOOK ORDERS ONLY
CALL TOLL FREE

1(800) 526-5368.

in New Jersey, cali collect
{201) 342-8707  order code #4-1744

%)

WILEY-INTERSCIENCE

a division of John Wiley & Sons, Inc,
605 Third Avenue, New York, N.Y. 10158
In Canada: 22 Worcester Road
Rexdate, Ontario MOW 1L1

Prices subtject to change and tigher in Canada.

092-4-1744

Number 3 March 1984 At



ANt
3 “\:E <ot

aann®

The New Mettler AE100. Just the

capacity I need at what Il can afford.

Now there's a Mettier electronic analyti-
cat batance for weighing 100 grams or
less. The new AET00 joins the higher
capacily AE163 and AE160 analyticals
intfroduced last year. It has the same

big features of the other Mettler AE's,
And at a smaller price, just $1995.

Greafer productivily with less efforl,
The AE's foolproof single controf bar
design makes it easy to operate. A sim-
pie touch on the bar does most of the
work for you. From locking in tare to cal-
ihration. And the exclusive DeltaDisplay
automatically adjusts itself to your

pouring speed urtil the target weight
is reached.

Because i's 50 easy 10 use, weighing
ort an AE goes three of four times faster
than on a mechanical balance. And
with much more accuracy. it even
adjusts itseif to environmental changes
that would throw off other balances.

Data processing. Another

big advantage.

The AR has another greaf advantage

over mechanicals. The ability to inter-

face with computers and cther peri-

pherals. Just snap on a Mettler data
Circle No. 36 on Aeaders’ Inguiry Card

AF baiances mterface with computers ueing 1EEE-485,
20 A currend kaap, RE2EAT or BGD-paraliel standards.

output eption and your AE is ready to
transfer information.

Scaled down price.

Like other AE balances, the AE100 is
designed with a simplicity of circuitry
that keeps the price down. About as
affordabie as a mechanical, For more
information write to Mettler instrument
Corporation, Box 71, Hightstown, NJ
08520. Phone (609} 448-3000.
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Moscow, idaho 83843

Experiments integrating Evaluation of Ghemical Hazards
into the Ghemistry Gurriculum |

J. T. Plerce, S. M. McDonald, and M. 8. Scogin
University of North Atabama, Florence, AL 35632

One way of making students aware of the
need for regular monitoring of laboratories is
to offer an introduction {o the science of in-
dustrial hygiene as part of the chemistry
curriculum. Although laboratory safety and
industrial hygiene may be discussed in a va-
riety of laboratory settings, opportunities for
students actually to sample and analyze
contaminants are rare. We propose the use of
two experimenis that demonstrate important
points concerning the desirability and the
means of regular Iaboratory monitoring.

During the past year we have undertaken
to monitor our own laboratories and have
apongored senior industrisl hygiene projecta
directed to that end. We feel that these ex-
periments have broader applicability and
may be used as “whole class” experiments,
Two promising areas for monitoring ap-
peared to be the estimation of hydrogen sul-
fide levels in the general chemistry lahoratory
during qualitative analysis and the determi-
nation of the concentration of organic vapors
associated with organic chemistry fahorato-
ries.

One of the problems that besets those
charged with Iaboratory monitoring is the
“selection” of suitable anelytes given the
large number of candidate materials, Given
limited time and resources it may be desir-
able simply to select a few representative
contaminants during preliminary stages.
With the advent of microprocessor-controlled
gas chromatography the ability to monitor
large nurmnbers of gases and vapors is en-
haneced. The methods we have selected allow
the students to perform the sampling and
analysis themselves relatively inexpensively.

L T. Plerce s an assoclate prolessor of in-
dustrial hypiens at the University of Narth
Alatrarna, and 8. M. McDonald and M. 5.
Scogin are senior industrial hygiene st
derts. ‘

As much as possible we use experiments that
have been evaluated by the National Institute
for Occupational Safety and Health
(NIOSH). The methods described here are
designated by N1I0SH as P & CAM 127 {or-
ganic solvents) and S4 (hydrogen sulfide}.
References from NIOSH outline the pro-
cedures for both sampling and analysis of
hydrogen sulfide and organic soivent vapors
in ait, ag well a8 many other substances {1-3).
Vendors’ information may also be useful,
particulariy technicai bulleting {). Should
difficulties arise concerning the availahility
of equipment or the interpretation of refer-
ences it is likely that an industrial hygienist
in the area will be able to assist, Organizations
that can provide the names of local industrial
hygienists include the American Academy of
Industrial Hygiene (certified industrial hy-

Inverted
Burst
L{, Pereonat
Sampling
. Pamp
] - L. 4

Figure 1. Calibretion of Impingsr {a) and edsorben
tube (b}.

gienists) and the American Industrisl Hy-
giene Associatinn (both at 475 Wolf Ledges
Parkway, Akron, OH) and the American
Conference of Governmental Industrial Hy-
gienists (6500 Glenway Ave., Cincinnati,
OH).

Volume 61

Traditional industrial hygiene sampling
has relied upon the use of small sampling
pumps thai could either be attached to a
worker or placed in an srea of interest. Such
pumps individually cost several hundred
dollars but are sometimes avaifable on loan
from a local industry. Those pumps selected
should be capable of delivering air flowrates
as indicated in references (I-32). In this work
we used Du Pont Model P-30 Constant Flow
Samplers. Pump calibration is easily ac-
complished using an inverted buret in the
form of a *soap bubble” calihrator in line as
shown in Figure 1. Further information on
flow calibration is summarized in common
references {35, 6}. In our work the hirdrogen
sulfide was collected as cadmium sulfide
when laboratory air was impinged in a cad-
mium sulfide solution. Arabinogalaciin
{Jigma Chemical Co., 3t. Louis, MO) was
added to the impinger solution to prevent the
decompaosition of the cadmium sulfide col-
fected. 1t may be possible to use inexpensive
plastic impingers for this application (Cole-
Parmer Co., Chicago, TL}. The collected sul-
fide was spectrophotometrically determined
using a methylene-blue-type reaction (N,
N-dimethyl-p-phenylenediamine and ferric
chioride solutions).

Activated-charcoal-filled tubes were used
for the collection of organic solvents, Care
should be taken to insure the air makes con-
tact first with the larger of the two charcoal
peciions of these adsorbent tubes. Aftor
sampiing these tubes were opened, and the
{iret charcoal layer was desorbed and ana-
yzed. A gas chromatograph equipped with
flame ionization was employed. A variety of
columns suitabie for common organic mate-
rials may be used end an electronic integrator
aids the analysis. Since this was a quantita-
tive form of gas chromatography the solvent
flush technigue was employed as shown in
Figure 2. The lahoratory's ahility to carry out
such analyses proficiently may be checked hy
a proficiency analytical testing program such
as the one currently carried out by NIOSH;
sampdes are sent quarterly and results must

{Continued on page AR5)
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pH ELECTRODE

STUDENT PROOF?
. WELL, ALMOST!

® ITS pH RESPONSIVE GLASS
BULB IS RECESSED INTO
ITS 1/16” THICK EPOXY
BODY SO BREAKAGE 1S
MINIMIZED.

ITS SEALED, GEL-FILLED
REFERENCE NEVER MODEL
NEEDS REFILLING. S200C

COMBINATION

NO PERFORMANCE pH ELECTRODE

SACRIFICE; FAST 12mm DIiA BY
FULL RANGE N 150mm LONG
NERSTIAN ; $40
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CATALOG
OF SAFETY
EQUIPMENT
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The nation’s most complete

source of safety equipment and
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environment. Let our experts
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Mandelkern’s An Introduction to Macromolecules is now
better than ever.

AN INTRODUCTION TO
MACROMOLECULES

Second Edition

Leo Mandelkern, Florida State Unwersny,
Tallahassee

From reviews of the first edition:

*The overriding guality of this book...is the com-
hination of concise treatment and fucidity of
exposition...(it is} exceptionally good reading...”

—Journal of Chemical Educanon
~-ASM News

Once again, Professor Mandelkern provides students

“A thorough delight...”

with an excellent introduction to the properties and
functions of al classes of biological and synthetic
macromolecules,

"An Introduction to Macromolecutes offers up-to-date

knowledge on the basics of polymers, knowledge
relevant to many areas of science, technojogy, and
industry—and everyday life.

Professor Mandeikern’s An Introduction to
Macromoiecules can help make teaching that
introductory course easier, and more interesting for
both you and vour students, ., We'd like you ta
consider it for class adoption. Your request should
be on depariment letterhead, and should contain
course titie, enrollment, current text, and the date by
which you must make your text decision.

Order your examination copy now.

[983/161 pp./ 116 illus, / paper $16.95
0-387-90796-3

New York Berlin Heidelberg Tokyo
@ Spl’lngel'-veﬂag 175 Fifth Avenue, New York, New York 10010 Attn: Susan Faul

Circle No. 28 on Readaers’ inquiry Carg
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g fhush uilr

sompls ol

5 fiush  air
Figure 2. Sofvent flush technigue.

be returned within fifteen working days.
Selected results from our work are shown
in the table. These resuits, excepting the

vaiues for hydrogen sulfide?, do not indicate
overexposures, and, although other studies
of academic laboratories have shown similar
results (7}, inter-laboratory variation pre-
vents meaningful generalization.

Our laboratories were equipped with two
6-ft fume hoods which were not used during
this work. We have since installed individual
work station exhaustors so that each student
has access to ventilation.

Although the specialized nature of labo-
ratory environments makes the application
of Occupationat Safety and Health Admin.
istration standards awkward, it is still in-
cumbent upen laboratory managers and ed-
ucators to provide a healthful environmeng
for learning. The experiments we have dis-
cussed not only provide useful data for as-
sessment of risk but may also instill an ap-
preciation of the posaible presence of airborne
contaminants.

Literature CHled

{1} ::;IIOGH Manual of Analytical Melhods,” Vol I, 2nd
., 1977,

(2} “NIOSH Manual of Analytical Methods,” Vol 2, 2nd
ed., 977,

{3) “NIOSH Manual of Sampling I'ata Sheets,™ [977.

{4) Vendors' infarmation; Du Pont Qecupaticnel and En-
vironmental Health Produrts, Wilmington, DE; Su-
pelco, Inc., Belleforne, PA

{5} Brigf, R. 8., “Basic Industrizl Hygiene,” Exzor Corp.,
New Yok, 1975,

(€} “The Industria} Eoavironmenl—its Evaluation and
Comtrol,” National Institite for Occupational Safety and
Health, 1973,

{7) Herilein, ITL, F., in " Analyiical Techuigues in Orcupa-
tirmal Chemislry,” American Chemical Bociety, Wash-
ington, D, 1996,

1 Editor’s note: this high concentration of
H,5 demonstrates the need for caution when
uaing thioacetarmide outside of a fume hood.
{M.M.R}

Resulis of Meonltoring Conlaminants In Academic Laboratories

TLV®?

Type Conditions Laxcation Time {m) Volume (m® Welght (mg} TWA® Comaminant
Personal  Benzocaine preparation Organic teaching lab 180 0.024 <0,128 <5.25 Digthy! ethar 1200
Area Paper chromatograpty Genoral chemistry 155 0.015 a.99 250.7  Muothyl ethyt ketone 590
teaching ak

Area Distillaticn of benzene/ Orpanic teaching lab 160 0016 0.576 36.41 Benzane 30

toiusne mix 0.582 35.04 Toluene 375
Area Thioacelamide generation General chemistry 15 0.00t 5.13 2465 H,S 21

of HyS teaching lab {short-term

: expasure limit)

*# Yahmes measured axpreseed as time-weigtited averagea (mg/md).

R

5 Thrgshold Limit Value® expressed as bme ag
American Comference of Governmental industrial Hygienizts),

{mg/m) (TLV® Trreshold fimit Values for Chemical Substances and Physicat Agents in the Waork Environmem for 1963.-84,
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SAUNDERS

HAS THE
FORMULA
FOR
SUCCESSFUL
CHEMISTRY

'Announcing the Revision of a Best Seller!

GENERAL CHEMISTRY, Second Edition
and :
GENERAL CHEMISTRY WITH QUALITATIVE
ANAIYSIS, Second Edition
By Kenneth W. Whitten and Kenneth D. Gailey, both of
The University of Georgia, Athens

This best-selling text {used by over 100,000 students
nationwide) for engineering and science majors is again
available in two versions, General Chemisiry, Second
Edition, provides balanced coverage of descriptive
chemistry and principles, with an emphasis on descrip-
tive material. The Qualitative Analysis version offers
clear descriptions of procedures, reactions, and equ;hbna
for the qualitative analysis laboratory.
Standard Versian — Available 1984, 880 pages {approx.}.
hardeover, ISBN 0.03-063567-5

CQualitative Version — Avajlable 1984, 992 pages {approx.}.
hardcover. ISBN 0.03.063827.5

Introducing a NEW
Principles-Oriented Text by a Highly
Successful Writing Team...

PRINCIPLES OF CHEMISTRY
By Raymond E. Davis, University of ®exas, Austin,
Kenneth D, Gafley, and Kenneth W. Whitten, both of
The University of Georgia, Athens

This principles-oriented general chemistry text for
engineering and science majors offers lucid, detailed
explanations of basic concepts, abundant llustrative
examples that are-solved and explained in detail, and a
wide selection of carefully graded end-of-chapter exer-
cises. Descriptive chemistry is introduced early and
integrated with principles throughout,

Available 1984, 928 pages {approx. ). hardcover.
ISBN Q-03-060458.3

An all new Laboratory Manuat. ..

EXPERIMENTAL GENERAL CHEMISTRY
By W.T. Lippincott, University of Arizona, Devon W.
Meek, The Ohio State University, Kenneth D. Gailey, and
Kenneth W. Whitten

This comprehensive laboratory rnanual contains -
thorough descriptions of underlying concepts plus an
excelient balance of 36 principles-oriented and descrip-
tive experiments, The book comes with its own Instruc-
tor's Manual and can be used with any chernistry text,

Auvailable 1984, 416 pages {approx.}. hardcover,
ISBN 0-:03-060463.X

Afs Journal of Chemical Education



OTHER
QUALITY
TEXTS
FROM
SAUNDERS

e

INTRODUCTION TO CHEMISTRY
By William L. Masterton, University of Connecticut, and
Staniey M. Cherim, Delaware County College

This book is written for the student taking a one-
sernester or one-term course in preparation for the year
course in general chemistry. Assuming little or no pre-
vious background in chemnistry, it combines a clear,
lively presentation with a wealth of illustrative learning
aids. The authors emphasize systernatic methods of
problem solving by including practice exercises, semple
probiems and worked-out examples in every chapter.

Available 1984, 450 pages {upprox.}. hardeover,
ISEBN 0-03.069458. 2

ew
INTRODUCTION TQO GENERAL,

ORGANIC AND BIOCHEMISTRY

By Frederick A, Bettetheim and Jerry March, both of
Adelphi University '

. This new text teaches principles of general, organic
and biochemistry in a manner easily accessible to non-
majors — especially students of heaith science. A clear,
concise presentation examines the chemistry of the
human body. Numerous problems at the end of each
chapter and worked-out exarnples in the text enhance
the leaming process. More than 150 boxes supplement

- the theoretical material to show students how chemistry

affects heaith care.

Available 1984, 736 pages {approx.}. hardcover,
I58BN 0.03-061518.-8

new

ENVIRONMENTAL SCIENCE, Third Edition
By Jonathan Turk, Dillingham, Alaska, Amos Turk,
City College of the City University of New Yerk, with
contributions by Karen Ams, Cometl University

This generously lustrated and highly readable text
presents a clear, comprehensive introduction to environ-
mental science, Throughout, the authors marshal data
that engagingly illustrates, for science and non-science

majors alike, the principles of physics, biology, and
chemistry that underlie environmental phenornena

. Drawing on the comments of users and reviewers, the
authors have rewritten three-quarters of the text and
reorganized its content, expanding the book by six
chapters.

Auui!abﬂ‘e 1984, 560 pages fapprox.). hardcouver,
JSBN (:(33.069182.5

CHEMICAL, PRINCIPLES, Alternate Editlon
By William L. Masterton, {University of Connecticut,
Emil Slowinski, Macalester College, and Conrad L.
Stanitski, Randolph-Macon College

Maintaining a slightly higher level of presentation than
the standard Fifth Edition, the Alfernate Edition presents
a steady flow of chemical principles with an emphasis on
theory. The text is clear, concise, and logical aflowing
students to read and understand the material. Features
include approximately 1,300 end-of-chapter problems
emphasizing real-life applications of chemnical principles,
and worked-out exarnples, each one immediately fol-
lowed by a parallel exercise, The text also features an
optionat section on descriptive chernistry presented
within the context of qualitative analysis.
1983, 761 pages, hardcover, ISBINY 0-03-062726-5

CHEMISTRY, MAN AND SOCIETY, Fourth Edition

By Mark M. Jones, Vanderbilt University, David O.
Johnston, David Lipscomb College, John T. Netterville,
Williamson County Schools, and James L. Wood,
Resource Consultants Inc. _ _

A comprehensive, up-to-date text that demonstrates
the importance of chemistry in students’ daily lives, while
developing the science of chemistry and its applications
on & non-mathematical basis, The text features ample
illustrations, seif-tests, marginal notes throughout, end-of-
chapter questions, and end sheets that give the 25 most
used chemicals and the periodic table, with atomic
weights and numbers,

1983, 600 pages, hardcover; ISBNY (-03-062716-8

HOW TO ORDER:

For examination copies, please contact your local Saunders Coltege
Publishing sales representalive or write on your college {etterhead to:
Karen 8. Mister, Dept. 51

SAUNDERS COLLEGE PUBLISHING

PC. Box 36, Lavalietie, New Jersey 0B735

Include your course tille, enrollment, and text currenty in use, To
expedite shipping, piease include the 1ISBN {International Standard
Beok Mumber! for each item requested.

5i-8/83 DVDS
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Agg

YOU CHALLENGED US TO
MAKE A BETTER TEXTBOOK...

WE MET THE
CHALLENGE.

Brady & Hoium’s FUNDAMENTALS OF CHEMISTRY is
‘one of thie most improved Second Editions {'ve seen
during 20 years of reviewing first-year chemistry text-
books...a remarkable effort that has resulfed in an
interesting fext with a mainstream content.”
—John DeKorte
North Arizona Uriversity

Brady & Holum's FUNDAMENTALS OF CHEMISTRY,
Second Edition provides a more thorough, challenging
and stimutating approach to general chemistry for
science majors than ever before. Yet it's as readable
and accessible as ever,

A Better Flow of Topits

® Two new, ingically developed chapters on chemical
reactions~the first, on ionic reactions in agueous soiu-
tion; the second, on redox reactions of various kinds

@ Former Chapter 2 on gasés has now been moved back
to Chapter 9

® The new seguence of thermodynamics, Kinetics and A Complefe leammg Pudtage

equilibrium allows for more logical thematic cevelop- @ Teacher’s Manuai, Selution Manual, Student Study
ment-and perrmits the linkage of equilibrium to A Gin Guide, Laboratory Manual, Teacher's Laboratory Manual,
Chapter 16 on equitioriim Transparency Masters, pius an all-new Microcomputer-
P ized Test Generator for the Apple it Plus/lie and IBM PC,

A More Challenging Level of Material which offers 500 multiple-choice questions

@ More quantitative material, including bond energies and @ Valuable computer-aided suppiements designed to help
heats of reaction, integrated rate taws for first and sec- studerits review chemical concepts and hone their
ond order reactions, temperature dependence of rate probiem solving skilis: Computfer-Aided Instruction for
constants, ca!culatmg activation energies, ionizatiori of General Chemistry by William Butler & Raymond
polyprotic acids, determination of ion cancentrations Hough (both of the University of Michigan) and The
fom cell potential measurements, and more Chemistry Tutor: Balancing Equations and Stoi-

® New and more challenging in-chapter worked exampies, chiomeltry by Frank B Rinehart (College of the Virgin
practice exercises following the exampies, and end-of- Isiands}
chapter review exercises (0 471-87548-1) 1984 960 pp.

M Hew Pedayogml ‘Ppm‘ To be considered for complimentary copies, write Lisa Berger,

@ A progressive approach toward problem solving that Dept. 4-1651, or contact your local Witey representative. For
features five strategically placed sets of review exer- CAf nformation, write to Bill Rosen, Dept. 4-1651. Please
cises, entitled integration of Concepts, which tie include address, course title, present enroliment, and current
together concepts discussed in groups of retated text and supplaments.
chapters

@ Chemicals in Use—An innovative addition to topics in
descriptive chemistry, featuring 19 two-page discus- JOHN WILEY & SONS, inc.
sitns of major chericats and chemical processes Egﬁ;pgg&ig;‘&ﬁgﬁw York, N.Y. 10158
located between chapters Revdale, Onitario MOW 11

4-1851

Circle No. 25 on Readers’ Snquiry Card
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topicrs in
chemical instrumentation

edited by
FRaNK A, SETTLE, JR.

Virghnia Mititary ingtitule
Lexington, VA 24450

Choosing the Right Instrument: The Modular Approach

Part i

Howard A. Strobel
Duke University, Durham NC 27706

instrument Specifications:
Which Modules Determine What?

_1n Part T {which appeared on page AB3 of

the February issue) the modular approach to Table 2. Modular Clusters in Represertative Instruments
instrumentation was described as an effective
way to eage the process of selecting an ap- Modules in Modulea in
propriate instrument for a particular mea- Gensralized UV-VIS Modules in
gurement as well as to develop an vnder- strument Spectrophotometer pH Meter
standing of an instrument’s behavior that - :
would leed o its more effective use. Further, Signal Continuous souroe pH celt with
attention was direeted to the characteristic Bource Monochromalor reference and glass
claster of modules at the “front end” of an Cluster of electrodes
instrument as those to study in reaching a Characteristic  § Samplo Sarmple cel {setf-source,
decision shout which instrument to buy or Modutes modube sample cell,
use for a determination. How well can we re- and
tate instrument specifications, which repre- Detector Photormtiplier dstector)
sent a major part of the data furnished for tube ]
review hy a prospective user or purchaser, o Cluster "' Amplifies Amplifiar Amplifler
the behavior of modules? Or to put the Frocessing _ ]
question more sharply, how often is a speci- Modules 1 Signal processing Processing Processing
fication fixed by a single medule? Since we modules modules modules
shall now look critically at these matters, in Readout Readout Readout
Reference Character-
Conti oh Detect. istic
DONiinuous opper elecror- cluster
source  ——* Monachromator and beam transducer
splitier /
Sample
Computation Photometric .or | Processing
’:Readout_ module {ratioing) Amphfler] cluster
maodule

Figure 4. Line diagram of modues of a double-channed spectrophotometer.

Table 2 the terms characteristic cluster and
processing cluster are defined and illustrated
by applicalion to a spectrophotometer and
pH meter. A detailed analysis of the charac-
teristic modules of each will be given
below.

To tackle the queries about specifications
effectively, we need to insure that complex-
ities nf design which are heyond the scope of
this presentation can be ignored. Fortunately,
maost instruments, like the one in Figure 1, are
of single-channel design. For these instru-
ments we shall assume that manufacturers
are employing modules of equal quality for

their instruments so that no module will limit
performance as the “weakest link in the
chain,”

Even where the design departs from the
single-channel pattern, as in double-channei
instruments, the modification is usually a
minimal change. For instance, to construct
most double-channel layouts, a single-chan-
nel instrument is opened up at the sampie
module. Usualily a chopper which alternately
directs - the “signail” from the preceding
wmodule to a reference-cell channel and sam-
ple-cell channel performs the function. Im-
mediately beyond the referenee and sampie

Volume 61

modules, the separate channels are appro-
priately rejoined. One such arrangement is
shown schematically in Figure 4. The two
different signals falling on the detoctor are
“sorted out™ in the proceasing modules and
compared. As is evident from Figure 4, the
characteristic chuster of modules is essentially
unchanged. The chopper becomes part of the
processing sei of modules.

Most other changes. in design have to do
with impesitions of automatic control. For

{Continued on page A0}
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Instrumentation

exampie, a feedback or control foop may be
added to stabilize Lhe output of an optical
source, The general characteristics of the
module are unaffected; the feedback loop
insures that fluctuations in output are rmini-
mized. A similar result is secured with com-
puter controf as will be discussed later,

To examine the degree to which instru-
ment specifications derive from specifications
of individual modules we can consider in
some detail the part played by modules in the
two instruments deteiled in Table 2. For the
UV-VIS spectrophotometer, a long list of
specifications will be of interest. The most

iraportant of these are likely to be wavelength

. Tange, precision of wavelenigth Bett.mg, spec-

tral alit width {resolution), precision in %7 or
ghsorbance, stray light, and scanning speed.
What connections cen. we make between
these instrument specifications and those for
constituent modules? Other performance
criteria seem to fall in the processing cate-
goty: they are factors such as scale expansion,
readout in gbsorbance, %7, or concentration
of analyte, and availahility of first and second
derivatives,

Let us take the characteristic modules in
tumm. The first is the continuous source.
Clearly, the more intense and the more con-
stant ite ouiput, the greater the signal/noise
(:3/N} ratio of the spectrophotometer: pre-
cision in %T or absorhance will he enhanced.

NEW!
Introduction t¢ Chemistry

‘See these and other titles at Booth 836
during the ACS conventlon!

E. Russel! Hardwick, UCLA. Emphasizing & problem sotving approach, this thorough: text gives
e detailed iriroduction to the fundamental concepts and theores of beginning chemisiry. Exam.
ples, exercises and problems are used to help studerts understand the basic concepts and how
they ¢an be applied to Lhe chemnital world. Separate chegeers on organic chemistry, Giochemis-
try, and nuclear chermistry are included, January 1984, 668 pages, s, cloth. Supplemental
mateTials: instructor's Guide, Student Study Guide, Transparency Masters.

Fourth Edition

Chemistry for Changing Times

John W, Hill, University of Wisconsin - River Fails, This successful text covers the principtes of
cherristry, ard applies therr to everyday Be, It's written in a relaxed, conversational style with 2
minirmurn of technical jargon. Mew material en rishs and benefits of science and technology,
chermicai wastes, the use of the mole i chemical caloulations, and a new chapter on “Spors:
The Chemical Connection.” Fourth Edition January 1984, 576 pages, illus., cioth. Supplermentat
Materials: Instructor's Guide; Student Study Guide; Laboratory mariuat - Chemical Investigations
far Changing Tirnas, Fourth Edition, by Lawrence W. Scott, John W. Hili, and Peter Mute; Test
Bank - a set of 450 multiple cholce ihems. new Transparency Masters - & set of 200

master shests.

General, Organic, and Blological Chemistry: Foundations of Life

D.M, Feigl, 5t Mary’s College, Motre Dame, Indiana, JW. Hill, Universily of Wisconsin - River
Falfs. Writter; for the ‘short’ Introductory course for nursing and headth science majors, this e’

" presents the baslcs of chemistry in an integrabed, coherent mamner. 983, 384 pages, ithes,,

cloth. Student Study Guide and Instnucter’s Guide available,

Chemistry and Life: An lntroductlon to General, Organic, and Bio-
logical Chemistry

LW, Hill DM, Feigl Appropriate for a fulbyear chermistry majors course, Lhis Lext gives a bal-
anced and integrated preseration of general, organic, and biological chemistry. The second edi-
tion offers medicel end biokogical applications, and study aids. Second Edition 1983, 773 pages,
#Hlus., cloth, Studemn Study Guide and nstructor's Guide available,

Second Editon

Chemistry and Life in the Laboratory: Experiments in General,
Organic, and Biological Chemistry

VL Heasley and V.1 Christensen, bath of Polnt Loma Coliege. G.E Heasley, Bethany
Mazerene College. The 33 experiments in this manual are designed to relate to students’ inter-

ests and careers in nursing, and health and ife sciences, Second Edition {983, 264 pages, illus.,
paper. insinacior's Guide available.

Laboratory Methods in Organic Chemistry
8. Marmor, California State University - Dominguez Hills. Thiv text offers & class-tested, Rexible
labarslory program. The first experirnents are presented with detailed step by step instnuctions.

Gradually students are required to design more of the sleps in the experimental proceduces.
1981, 587 pages, illus., cloth. Instrxcior's Guide available.

To arder your complimentary copy, please contact:

Burgess Publishing Company

7108 Ohms Lane, Minneapolis, MN 55435
N (612) 831-1344

AQS0
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‘The spectral range of the source will also es-
tablish the maximum wavelength range of the
instrument. Where higher intensity in part
of the range or a still greater range is desired,

-additional sources will be required. Whatever

choice is made, the output of the souree must

be focused on the entrance alit of the mono-

chromator for good coupling.

The monochromator is next, The wider its
entrance and exit alite {(widths are vsually
equal}, the greater the S/N ratio and the
precision in %7T. As is well known, in a
monochromator a better S/N ratio is gained
at the expense of resolution, The wider its
slits, the greater also is its spectral slit width
and thus the poorer its resolution. The
quality and eize of the monochromator dis-
persing element (usually a grating) and optica
wiil also directly enhance resolution and ef-
ficiency and reduce the level of stray light (at
the exit alit). In essence, the monochromator
will fix the resolution, 5/N ratio, and level of
stray light. It may also reduce the full spectral
range provided by the source and thus fix the
range practically available.

What of the other characteristic modules,
the sampling module and detector? In the
simplest case the sampling module will be &
cuvette or cell. Cells that hold sample and
reference should be matched io path length
and transmission characteristics. As Part I
reminded us, coupling between modules
should facilitate the passage of signal. Since
the output of the detector goes to the train of
procegsing modules, the detector must not
only respond to the intensity of the signal
from the sampié but also transduce it to an

-electrical output. Some other desired char-

acteristics of detectors are high sensitivily,
jow noise, and a short response time.
Before considering how well the photo-
mdtiplier tube used in the spectrophotom-
eter of Table 2 meets these requirements, let
us look at it ms an opiical detector, Its re-
sponse to light as a function of wavelength
will be muitiplied by {convoluted with} the
intensity versus wavlength function available
from the source-monochromator-sample oell
combination. By choosing a photomultipiier
tube with the broadest spectral respouse

“availahie, good sensitivity of detection is in-

sured from 190 nm to beyond 800 nm. The
higher its gain and the lower its noise, the
better the possibility of working at trace
concentration levels, The detector has the
strongest inlluence on the limit of detection
of measurement. Dynamic aspects of mea-
surements will also depend strungiy on the
deiector. If the specirophotometer must scan
rapidly, the detector must have a fast re-
sponse.

What is gained from the brief aualysisisa
clear picture that the main optical specifi-
cations of the UV-VIS spectrophotometer in
fact result from the performance “huilt into™
it by its characteristic modules. Only if the
subsequent muduies cause deterioration in
performance will the instrument as a whole
fail to live up to this “advence billing.”
Toward the end of the section, il process
modules will also be examined.

The modular diagram of the pH meter is
surprisingly simpte as shown in Table 2. In-
spection of the table and its performance also
yields the result that its characteristic mod-

ules determine the specifications of the '

overall instrument. The cell ia simultanecusty

{Continued on page A92)




B Technical information specialists,
librarians and organic chemists
who need to keep current

with new chemical

reactions need

CURRENT
CHEMICAL
REACTIONS

® CCR® is a monthly publication which pro-
vides easy, convenient access to new synthetic
methods and modifications of known reac-
tions or syntheses.

e CCR wili save you time and help make labo-
ratory efforts more productive by alerting you.
to new reactions—-reactions that can produce
better yields—and faster or cleaner methods.

® CCR concentrates its coverage on over 100
primary organic and pharmaceutical journals.
ISI® chemists scan over 35,000 articies to
select papers that report new reactions and
syntheses—approximately 4,000 a year.

e Information in CCR is designed for easy
scanning. CCR provides descriptions of the
conditions necessary to duplicate certain reac-
tions. It also highlights explosive reactions.
Each entry provides the experimental proce-
dures and conditions, the complete reaction
scheme of new or modified synthetic methods,
and the yieids of products.

® Each CCR entry also inciudes the author's
abstract, if provided in the source journal. IS|
chemists supplement some article summaries
with descriptions of new advantages of the
reactions. If an article seems incomplete its au-
thor is contacted for new, more detailed in-
formation. The authors’ names and primary
author’s address are included, as well as com-
plete bibliographic information needed to ob-
tain articles of interest in your iibrary.or
through interiibrary loan.

Current
Chemical
Reactions®

(ccm9)

EC::\H

Institube for Scwentific Inkormatosn”

Get a FREE sample issue of CCR.
Call our toli-free number,
800-523-1850 ext. 1291, or use the

coupon below -.v

Please send me a FREE sample issue of
Current Chemical Reactions.,

0

M ¢'d also like more information on seminats
and {raining sessions offered by the
. {81®/Chemical Information Division.

Title

I
)
3
@

Organization Dept

>
=3
[+
i
1]

w
w

o
-3

Stare/Province

Zip/Postal Code Country

Telephone.

_
ﬁ@ﬁ Institute for Scientific information®
Chemical Information Division
3601 Mariet Street.
Philadelphia, PA 19104 U 5.4,
Tei: (215) 386-0100
Cable: SCINFQ, Telex: B4-6305

@1Eed t5¢ 1B-3316
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instrumentation

a sampling module, a “self-source” (ie,
generates its own signal), and the detector!
Such a “pile-up” of functions is commaoo with
electrochemical instruments,

The woitage of the glass-membrane pH
electrode relative to the reference electrode
of the cell is the desired measure of hydro-
gen-ion petivity in the cell solution. The
quality of the glass electrode must be high for
a stahle rmeasurerment and adequate shielding
must protect ita lead to the ampiifier from
pickup of stray currents. At low pH (below 1}

_and high pH {above 12} interferences cause
errors. For this instrument a consideration of
characteristic modules is hrief indeed.
Though not explicitly examined, specifica-
tions of the electrochemical cell determioe
those of the resulting pH meter. For electro-

- chemical insirumeuts & modular approach
yields much less insight than for most other
instraments.

It is important now to look at proceaamg
clusters of modules, Whatever signal ampli-
tude may have been produced by a delector
will nearjy always need to be further boosted
in the signa} processing clusters by an am-
plifier. In dasigning such a ¢luster, after am-
plification there is a decision to be made
about whather to carry out processing with
the signal stift in analog form {a signal of
varying amplitude) or to convert it to digital
form (a series of pulses whoge number indi-
cates the signal amplitude} by use of an ana-
log-to-digital converter (A/D oonverter) 'I"hls

conversion [often termed a change in domain}
ordinarily insures higher precision and ac-
commodates uge of a microprocessor or
computer for processing steps and instru-
ment controi as will be discusaed below, The
proceasing modules will also provide that the
signal from the sample channe] is ratioed to
or corrected by the signal from a reference
channel. For example, in the double-channel

_apectrophotometer shown in modular form

in Figure 4, the ratio of power P transmitted
by the sample to power Py transmitted by the
reference must be taken to give P/Py snd %T.

If a computation module is incorporated, the
negative logarithm of the ratic can be de- -

duced to give the familiar Beer’s law result:

= —log P/Py= ~log T'. The form of readout

by the last module may be a needie deflection
on a meter, & curve plotted by a recorder, or
a digitally indicated value,

What conclusion can we draw aboui pro-
cessing modules? Since they help amplify the
signal, reject ncise and background, and
make calculations frons data, they are indis-
pensible. Yet the signal containing the de-
sired information about the chemical sample

originated in the characteriatic modules ang .

it is that they have sef the instrument apeci-
fications critical to the particular measure-
ment technigque.

Automastic Operation and
Computer Control

How is the modular approach affected by
the introduction of microprocessors? Further,
how usefui is this mode of analysis for com-
plex new types of instrumenia? Let us con-
sider the impact of microprocessors first.,
Then in the next gection the modular ap-
proach will be appiied to the new cafegory of

“hyphengted”. instruments like GC-IR,
LC-MS, and MS5-MS5.

Three general degrees of control in in-
struments can be identified. They are:

1) Manpal Operation. The operator is
Farnished ‘sufficient information to per-
mit him {o operate the inatriment. Either
the uger or the manufacturer (especially
for simple instruments) sets the cperat-
ing conditions for modules. For example,

t0 operate a spectrophotometer values
must be set for source intensity, mono-
chrornator slit width, scanning speed aod
range, amplifier gain, and system time
constant, among others, and start and
stop commands must be given. If perfoz-
mance varies, the operator must atferapt
to reset values appropriately,

2} Automatic Operation. Io automatic
operation the operator selects the mode
of operation and starts the device. Stable
operaling conditions and an appropriate
S8/N ratio are provided even though con-
ditions may change during a measure-

ment or from sample to sampie by incor-

poration of feedback loops with selected

modules. These loops incorporale servo-

motors or electronic circuits to insure
that modujes are self-atandardizing and/
or operats automatically. For example, in
an IR spectrophetometer, monochroma-

tor alit widths can be set by a cam that
turng as a wavelength scan is made, If the

cam ja shaped to reflect the relative

source emission intensity as o function of
wavelengih, the width of the slit can be

varied during a waveiength ecan in such a

(Continued on page AS4)

Gilian Instrument qup.
offers an extensive fine of

FROM THE
ORIGINATORS OF THE )

KONTES Kem-Kits®
have NEW
Heduced Prices.

* ¥14/20 and ¥19/22

e Gustom Versions
Avaitable

. Quantity Discounts

+ Hondreds of
Accessory items

@ Tragemarh o kontes

Uira-convenient, econcmical
Primary Standard Gabrator
In two alrflow ranges.

equipment, accessories
and calibrators for aH air
sampling programs, both
jaboratory and fieid.

For more information, cabl {201} 831-0440 or write:

Gilian mstrument corp.

8 Dawes Highway, Wayne, N.J. 07470/201-831-0440

Air Sampling Pumps + Calibrators » Environmental Sempling Syalsl‘ua
GCircle No. 7 on Resders’ Inquiry Cand
A2 Journal of Chemical Education

Write or call today for your free copy
of our KONTES KEM-KIT brochure.

OKONTES

Vinelard, Md 08360 (609 592-B50H)

| Bistrid L KONTES OF ILLINQIS, Evanston, 1l » KONTES OF CALIFORMIR, San Leandto, Oolif
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The Che_mlstxy is nght

if you teach lnh'oductow, Organic, or Inorgamc chemlshy, then
this winning h'iu of text;books will be of interest toigmu oo

H

" CHEMICAL PRINCIPLES, PROPERTIES, AND REACTIONS by Kenneth J. Henold,
. University of Detroit, and Frank Walmsley, University of Toledo
DD ¥our first year students find chemzsiry difficult and uninteresting? Here is the right textbook for
them, Written in an infoymal; engaging style, this text-coricentrates on teathing studénits .
to mlue problemé Cits cledr step -by-step approach dnd remfordemeﬁi of probletii-Sol¥ing skills énable
. princifiies to be learned anid:then applied. An innovitive treatment of descriptive-chémistry
shows the links between chemical principles, reactions and properties. Supplemented by a compre-
henswe package including a Solutions Guide, Study Guide, Insfructor’s Manual, and
Audio-visual aids. 1984 0-201-10422-9 752pp; - R
Study Gu:de, 0-201- 10423-7 g, AN Student Solutlons Gu:de, 0-201- 10424 5 \\

o Sy
L P R

" ¥ ORGANIC CHEMISTRY by Maric Lou'don' INORGANIC EHEMJSTRY A Uniﬁed ‘Approach
Purdue University by William Porterfield, Hampden~Sydney College

Clear writmg, scientific accuracy, and a mastetful use Slde-steppiﬁg the traditional approachi’this outstand-

of analogy illustrate st:-igntiﬁc principles and ormcepts ing textbook is organized around- hondmg schemes
Plus the Quaritity and qutality of rpblems, tiistmgaish

. fanﬁ reacilon types rather than: the periodi¢ tables This

ORGANE’ CHEMISTRY as a trulysttgdeﬁt oriented un‘lque organization allt)w§ gzc’ompact but comprehen-

text. Curved-arrow formalism is introduced at the start give treatment of inorganic cheémistry. This text is
and used consistently throughout the book. Reaction designed as a one-termn course at the junior/senior .

mechanisms a¥e'introduced using polar additions to%y ©  level with a Physichl Chemistry prerequxsrté}l%&

.

allkenes. Qther: features include: In-text discussion of\ 0-201-05660-7, 688pp. : é-i e O
- problem splvingtechisiues. Earty introddction of N Solutions Culde, 0 201-05661-5 .
nomenclature in each chapter. Biological, mdustrjal o
and societal relevance. Chemical reactioh summary
tables. Student Solutions Guide. Functional group ap-
proach w;th mechanistic emphasis. Two-colbr, over-
head ira;}sp“argnéles 1984, 0-201-14438-71472pp.
(1 BN Sttidy*"Gmde, 0-201-14437-9+ 17| . |
Solutions Guidé;-0-201-14436-0 ’

i
N

S . . I
Thesedﬁne titles are now avaslable from Addxs@n—Wesley For comphm{ntazy copy oonsxderatiol{
P ._“-\\mlea?e conta;t Stuart Johnson R_emember tg} mention course htle, eng‘ollment, and text;
’;'i ............. > cﬁmntly in user 1= \\/‘ AT e .
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ADDISON-WESLEY PUBLISHING CDMPANY
s Reazdmg, Massathusettsﬁlé}ﬁ?\ !
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instrumentation

way that the S/N of the beam falling on
sample and reference cells is constant
with wavelength. By such means auto-
matic completion of A measurement is or-
dinarily assured during unattended oper-
ation. .
3) Computer Operation and Control.
* For nearly complete control and automa-
" tion ooe or MOTe MiCroprocessors {micro-
computers) is wired into an instrument
{or connections are made to a minicom-
puter}, Nearty always programs for ope:-
ation are entered by the manufacturer
into the read-only memory associated
with the computer. The programs include
provision for the user o interact with the
computer. According to the program
called up, e microcormnputer prompts the
user to supply information about the kind
of measurements to be made and the
samples. The program indicated by these
data provides for appropriate operation
of modules and data acquisition. Subse-
quently the user, or more commonly, a
sacond built-in microcomputer or a faho-
ratory computer processes the data and
extracts desired chemical information.

Some redesign of an instrument will, of
course be required to effect computer control.
Sensing devices such as position eocoders
must be inserted to furnish data to the com-
puter, Devices that the computer can actuate
such as stepping motora must also he added

Controlied source

of carrier gas

Readouf e

Pfonesaing
module

of individual modules even in sophisticated
ingtruments. )

The gains in having a microcomputer in an
instrument are those already suggested and
are well known to readers: greater ease, pre-
cision, and {lexibility in use of an instrument
and improved efficiency of data collection
and processing. We will want also to consider
these gains when reaching decisions about use
and purchase of inatruments,

The New Hyphenated Instruments

Is the modular approach applicabie when
an instrument has a plethora of modutes? In
the past few years incressing numhers of
coupled, ar as Hirschfeld has termed them,
“hyphenated” instruments (7), with almost
twice the ususl numbers of moduies have
appeared. The firet widely used hyphenated.
iostrument may have been a gas chromato-
graph-mass spectrometric {GC-MS) device,

but MS-MS, LC-MS and many ather coupled

instrumeots haye since heen developed.
Consideration of one of these apparently
complex instruments seems worthwhile to
demonstrate the- general validity of the
modular approach.

It proves helpful to begin hy asking where
the instruments are joined. Take the GC-M8
as a representative example. e layout is
sketched in line-modular form in Figure 5.
Note that the output of the GC is the input of
the MS. We can conclude that the GC re-
solves samples into their components and
that the MS produces the spectrum of each
of these in turn. Since the ahility of the
chromatograph to separate components is
clearly being exploited, is it not reasonable to
supgest that it is functioning here as a state-
of-the-art sample module for the mass apec-
trometer? Perhaps “sampling module” would

Bample Separation

injection colutmnn '
port
. Mass
i Dete'ctor *— analyzer

interferences reduce the ahility of an instru-
ment to resolve aignals from substance of
interest, or whanever the number of species
in samples increases, upgrading the sampling
module in some way will be necessary. Recall
that what may be termed extra-instrument
methods such as extraction of a substance of
interest into a favorable solveot have fong
beeo employed aod are still available for
sample preparation. Where an instrumental
solutioo is desired, chromatographic syatems
and devices such as mass spectrometers now
offer their versatility, ease of use, and effi-
ciency for “sampling.” It is clear that this
answer is atiractive since hyphenated in-
atruments are appearing in increasing num-
bers in research and other laboratory set-
{ings.

By application of insights from a modular
analysis we see clearly how great is the cons
tribution of this new class of hyphenated in-
siruments in enhancing analytical power. For
a more complete discussion of these devices
the reader is referred to Hirschfeld’s paper
N,

Concluslons

To understand the relative advantages of
different instruments it is valuable to be able
to view therm as modular systema. Such a view
cells for a qualitative knowledge of {1) the
types of modules that comprise most instru-
ments, (2) the pexformance characteriatica of
representative modules, and (3} the close
correlation between the specifications for
modules in the characteristic eluster of in-
struments and those of the resulting instru-
ments. With this background, users of
chemical insfrumeotation can ask appropri-
ate qusstions that will help them reach de-.

Carrier gas _____
diverter -'}
. Vacuum
IJ system
Jonization
source

I —————

Figare 5. Line diagram of modules of a GCM4S hyphenated instrurrent.

to allow program control of scanning and
other operations. A geod account of the de-
velopment of a sophisticated instrument with
program control was given by Barnard (6}.
We return to the query: How does the ad-
dition of microcomputers affect instrument
performance? For an answer et us ook both
at the characteristic and processing clusters
of modules. In the characteristic cluater
currents, slit widths, ete. will now be set by a
computer program instead of the user or
manufacturer. In the processing cluster the
micrecomputer will take the place of several
modules, Important gains in processing per-
formance will result {in aignal massaging,
data collection, and computation}. Even in
Fourier transform spectrometers a computer
provides processing by shifting the domain
of signals encoded with enalytical informa-
tion {from the interferometer in the IR
spectrometer and from the detector in the
NMR spectrometer). Recall that a shift of
domain, from analog to digital, was already
provided to accommodate the digital micro-
computer, Yef every module will still interact
with signals through its transfer function and
input and output characteristics. Thus, we
can conciude that instrument specifications
always depend ultimately upon performance

be a name more deseriptive of its role in this
example. Can we describe the role of a sam-
pling module? For a UV-ViS spectropho-
tometer, for example, we begin by stating that
the sampling module holds the sample solu-
tion. But even the dissolving process can
usefully-be regarded as “part” of the module.
Indeed it will need to be so considered
whenever dissolving or diluting is mecha-
nized, which is likely to be increasingly the

cage with sophisticated and sensitive instru-

mentation. The trend is certainly toward
performing a greater number of operations on
samples in imstruments themselves.

Yet a still sharper focus on the role of the
sempling module is warranted. Consider the
characteristics of an ideal sample. For most
measurements it would he ideal to have all
“molacules” in the sample well separated to
insure their separate reaction with “aignal.”
Further, interfering substances should be
masked or reduced to minimai concentrations
to reduce spectral interferences and the kinds
of chemical interferences often termed a
matrix effect.

When will a regular sampling module meet '

these goals and when will we be well advised
to select a hyphenated instrument with its
state-of-the-art sampling module? Whenever

cisiona as to which instruments to use, buy,
ot lease for particuiar measurements.

The range of instruments examined
should, of course, reflect kiods and nambey
of measurements to be made, the types of
systems to be examined, and the level of ex-
perience of persons who will use the instru-
ments. Yet within that range the simplest
instruments that have the desired sensitivity,
accuracy, and operating features will be the
best choice, There will be fewer parts to give
trouhle, spurious instrument responees wiil
be more easily noted and iraced to their
source with greater ease, and maintenance
will be simpler and less expensive. Usually
the initial cost wil be lower also.

To assiat in the decision-making process,
we als0 gain much by developiog a working
knowledge of widely used detector-frans-
ducer modules, signal-generasor modules,
and sampling modules. It is these types of
maodules that serve in the clusters of charac-
teristic modules and that largely determioe
instrument specificationa.
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The more Solomons changes,
the more it stays the same.

in the #1 selling organic chemistry text, wi
listened. So, in the Third Edition we
expanded our coverage of carbon-13 spec-
troscopy and other areas, we split the
chapter on aldehydes and ketones in two,
and we added 200 new problems and
two full sets of review problems. The
Study Guide? Expanded. The Card
File? Updated and expanded. Weve
even put in something you didn't ask
for (but your students would've):
Sample Problems with Detailed

Answers—a new pedagogical aid
ORGANIC CHEMISTRY, 3rd Edition

' Fhat H help students through those T.W. Graham Solomons, University of South Florida
inevitable trouble spots. (1-87032-3) 1984 1.097 pp.

What we won't change...

Already more than a half million students in over 500 schools have taken advantage of
Solomons’ familiar clarity of style, functional group approach, emphasis on bio-organic
chemistry, peerless spectroscopy coverage, and great two-color graphics. Those features
haven't changed. Neither has Solomons’ position in American classrooms.

We're still the clear leader. :

_And take a look at these
innovative supplements...

SPECTRAL INTERPRETATION ORGANIC CHEMISTRY LABORATORY

A Software Series in Organic SURVIVAL MANUAL

Spectral Analysis A Student’s Guide to Techniques

Fred Clough, James W. Zubrick,

University of Wisconsin—Parkside Rensselaer Polytechnic Institute

Part 1: IR Spectroscopy (0471 87131-1) approx. 208 pp. 1984

Part I1: Proton NMR Spectroscopy

For the Apple 11 + /Tle. Sample Disk.
(1-80247-6) $4.00 '

To be considered for combiimentary copies,
contact your Wiley college representative or

ORGANIC CHEMISTRY sampie disks, contact Bill Rosen, Dept.
Developed by Ronald Starkey, 4-1651. Please include your address, course
University of Wisconsin—Green Bay name and enrollment, and the fitle of your
{0471 86604-0) 1982 present text and supplements.
JOHN WILEY & SONS, inc.
605 Third Avenue, New York, N.Y. 10155 I EEENG—_———1
fn Canarda: 22 Worcester Road, Rexdale, Ontario M9W 11 4-1651
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- The chemistry
isright

For adoption consideration, request
an examination package from your
regional Houghton Mifflin office.

Ag8 Journal of Chemical Education




eneral
hemistry
e meon

Wayne State University Consulting Editor
. Massachusetts
Institute of
Technology
About 928 pages
Study Guide

Laboratory Manual
Solutions Manual
Instructor’s Manual
Transparencies
Computer-Assisted
Blackboard®©

Juse published

&%, Houghton Mifflin
13400 Midway Road, Daflas, Texas 75234 Pennington-Hopewell Road, Hopewell, New Jersey B8525
1900 Sonth Batavia Avenue, Geneva, IHlinois 66334 777 Califvroia Avenue, Palo Alto, Califarnia 94304
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Academic Press offers experience
in chemistry.

NEW! CHEMISTRY, Second Edition
Bailag, Moeller, Kleinberg, Guss, Castellion,
and Metz

This new edition emphasizes descriptive
chemistry without sacrificing basic principles.
Chemistry, Second Edition, corretates chemical
concepis with descriptive chemistry, stresses
patierns of chemicat reactions, and shows
students how to analyze probiems with a
heuristic method that uses dimensionat
analysis as a guidepost.

Chemistry with Inorganic Qualitative Analysis,
Second Edition, by Moelier et al., is also
available.

NEW! ORGANIC CHEMISTRY
Stephen J. Weininger and Frank R. Stermitz

Organic Chemistry teatures an early
introduction of molecular structure and its
representations, Spectroscopic methods,
including *C nmr, and bio-grganic examples,
treated at the molecular level, are used
throughout the text.

NEW! STUDENT ORGANIC MOLECULAR
MODELS

Academic Press introduces two sets of
moiecular models: framework convertibie to bail
and stick, and framework convertibie 1o space-
fiting. Both sets feature color-coded framework
atoms, cofor-coded plastic rods for terminal
atoms cut to the appropriate length, connectors
that ailow or prevent rotation, and piug-on,
color-coded, space-filling units of exact scate.

B!OPOLYMER MOLECULAR MODELS

Write for our free catalog of molecular models
of nucleic acids, proteins, and carbohydrates.

For more information or examination
copies, write to Academic Press, Coliege
Division, Orlando, FL 32887 or call collect
'l_(305) 345-2466.

@]

Patented in US4 and Canade

MEL=T EMP®

MEL-TEMP" is an integrated capillary
melting point apparatus with heating
rate continuously controfted by vari-
able transtormer. Excefient viewing
proviged by built-in light and 6-power
lens. Attractive siivertone base is

4"x 5" and inciudes 6-foot grounded
power cord.

Heats to 500°C. « Accepts
One to Three Samples » Rapid
Heating and Cooling » No

n Heat Transfer Fluids

only $1 8500P‘Iu5 Shipping

Does Aot include m.p.
capifiaries or thermomoter,

g}

5

B The Best Melting Point -
L Apparatus for Less

G 3o do &

ACCESSORIES

D-400°C thermometer in 190
graduaitons, 76mm. imm. . $2 20
100-500°C ther mometer in 19C
gradustions, borositicale glass,
nitragen filed, 78mm_imm. $15.00
Vial of 100 borosilicats gass

m.p. capibasies, IWDmm. long,
seafad oneend. . ... <. 5300

Welte for bulletin B0A

LABORATORY DEVICES
P 0. Box 68, Cambridge, MA 02139

Circle No, 15 on Readers’ fnguiry Card

_ ARE YOUR STUDENT ORGANIC LABS FLAMELESS?

" LaBORATORY CRA:

Circle Mo, 1 on Readers’ [nguiry Card

A100 Joumal of Chemical Education

THERMOWELL - POWERMITE
NEW ...

Powarmite hoat controt
models 55-4F (lop) and EB-1F
are designad for recessed
{flush) installations In wali
panels 0.5 to 1.2" thick. Use in
new fab construction or in re-
modeiling old labs for a nesat,
unobtrusive power source,
S§S-4F (600 w) s solid slate,
EB-1F (1000 w) is an on-off pro-
portional conirol. Base plate is
satin stainless steel. Both are
priced at $47 each. Write for
details. :

Thermowel! flask heaters
gnd Powermite heai controls
ars preferred for use in college
tabs becsuse of performance,
durability and increased sajety.
Our equipment n[ow sarves
over 1000 colleges and wuni-
versities.

MEN NG,
F.O. 80X 148, BELOIT, Wi 53511
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JAMES A, GOLDMAN

New Apparatus and Equipment

" Meter Spectrophoiometer

A low cost, compact spectrophotometer that
features 8 nm baridwidth, solid state.detector
and electronics, and a diffraction grating
monochromator has been introduced by Se-
quola-Turmer Corp. Tha Modet 320 Spectro-
photomeler has a continuous wavelength
range of 330 nm 1o 1000 nm to caver ali rou-
tine LIV and colorimetric tests. This range can
be extended to 210 nm with an easdly installed
Far UV acgessory. This wide range is achleved
by a monochromator having a plane diffraction
grating in.an 7 Ebert mounting. The mono-
chromator ulilizes a singie casting to maintain
alignmert of the optics, sampie, and solid state
detector. Two controls simpiify eperation and
a large analog meter provides easy readability
int Absorbance and Percent Transmittance.
Circle #41 on Readers’ lnquiry Card

Continuously Variable HPLC Deteclor

Knauer introduces an inexpensive, full-featured
speciral detector for HPLC. Servo selection
enables wavelength to be digitally set from
180-600 nm in 1-nm steps. Perfect for ana-
iyticat and preparetive applications, this unit
offers a compiemenially wide range of celis
from micro to prep. Key trom panel features
include event mark, auto and manual zero
offsei, and eleven measuring ranges {from
2,56 to .0025 AL, in binary steps). The

87.00"s design incorporates a high pressure .

flow cell that is quickly and easily exchanged
and cleaned, making occasional ceft inspec-
tion quite simpie. For automated systems all
front panel features in the -standard unit can be

externatly controlied by computers and cther
devices. A microprocessor spectro controlier
which can change wavelength and range at
preset imes, as well as store scanned specha,
is available. It allows base-Hne comrection,
wavelength switching, spectrum substraction,
and piotting after the chromategram is com-
pleted.
Clrcle j42 on Readers’ Inquiry Card

'

Chromatography integrator

Perkin-Eimer’'s Model LCI-100 Laboratory
Computing Integrator is a low cost chroma-
tography data handiing device. A simple, sin-
gle-chiannel chromatography integrator, the
LCI-100 offers flexibility i handling reporting
functions and can replot and reintegrate
chromatograms, it is preprogrammed for high
high speed data acquisition, reduction and
reporiing. Key fealures of the 1O 100 include:
aif standard chromatography calculations (srea
percent, area normalization, external and in-
ternal standardization), multi-method/multi-
peak fila storage with 128K bytes RAM, a

choice of reporting peak height or peak area, |

run-timed events to customize data handling,
e full alphanwmeric keyboard, an interective
Liquid Crysial Display, and a fult size printer/
plotter., :

Circle §43 on Readers’ inquiry Card

Microstructure Insirumentation

Erba Instruments, the U.S. sales and service
organization of Carlo Erba, manufecturer of
elemeantal analyzers, microstructure instru-
mems and gas chromatographs, reieasad a
brochure highlighting the newest member in

- a famiy of specific surface area analyzers.

The 6-page publication ifiustrates how the
_clessical BET method can be automaticaily
epplied for surface area daterminations in a
‘multitude of industries. Described are the
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working principles, specific features and
technical specifications of the SORPTY 1750.
The instrument provides gas adsorption
measwements and specific surface area
analysis. The SORPTY 1750 is the only true
single-point BET instrument designed for rou-
tine applications where resulls of surface area,
density and chemni-sorption measurements are
required within minutes.
Circla #44 on Readers’ Inquiry Card

Gas Chromatograph

Perkin-Eimer's new Model 8300 Gas Chro-
rmatograph Is @ compact, moderatsly priced
instrument idea! for routine or process labo-~
ratories. The sysiemn incorporates buil-in data
handling with 12-in. video screen display and
post run manipulation of data. Easy inter-
change between injector and detector types
faciltates the anaiysis of a wide range of
samptes. The Mode! 8300 is available in two
versions: the 83 10 for packed column opera-
tlon; and the 8320 for dedicated capiliary
systems. The Modei 8300 provides enhanced
performance through such featwes as auto-
mated bleed compensation; real time dispiay
of a chromatograph; and integral data handling
facitities. The system is controled by an ad-
vanced microprocessor, with user-interaction
through the video dispiay unit and simple
keyboard with eight “soft keys.” Screen
graphics and integrai data handling oplions
aflow the Model 8300 to be developed into a
compiete chromatography and data process-
ing system. The screen graphics permit a
chromatogram to be dispiayed in real tims on
the screen and replotted at the end of the run
using variable scresn withhs and attenuations.
Hard copy printouts can be obtained by con-
necting the Model 8300 to any coventionai pen
recorder or {0 & printer/plotter. At the end of
an analysis, the built-in data handling system
can fake over to dispiay results in the form of

{Continued on page AI02)
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a peak table and allows peat-run manipulation
of the data.
Chrcie #45 on Readers’ Inquiry Card

Light Efernent Deteclor

A light-element detecting unit for energy dis-
persive X-ray analysis, called Econ IH, is
available from Edax International, Inc. Chief
features of the new Econ Il are: its ability to
detect Boron {Atomic No. 5); remote window
change for standand and light element ranges;
and motorized controis with bullt-in protection
against accidentat vacuum foss, failure, or
contamination. Dusign featwres of the new
Econ lIl, based on Edax’s seven years of ex-
perlence with Econ H {the first successful
“windowless” detecting system for EDS) in-
ciude smaller probe dimenstlon for close dis-
tances to the specimen (for tighter X-ray ga-
ometry) and an improved electton trapping
design for better noise ratios {for improved
sensitivity). Motorized controls improve op-
afator convenience and reduce Hkeithood of
error diming analysis.

Circle #48 on Readers’ inquiry Card

User Designed Chromatography
Recorder o

Linear instruments has announced the Model
1210 simplified, low cost recorder dedicated
for use i liquid or gas chromalography. Nearly
3000 chromatographers were surveyed to
leam those feahures which they wanied moss,
and least, in a recorder. The results were
tabulated and the Modet 1210 was buifl ac-
cordingly. Strikingty simpie for high reliability
and low price, the Model 1210 Chromaio-~
graphic Recorder features a recessed zero
adjustment and ¥ront moumed, push builon
coniro! of power, chart drive and fult scale
spans. A conveniant manual advance/rewind
knob permits accurate chart positicning for
parallel or overlay runs. Chart drive speed is
1 cm/min, but speeds of .25, .5, 2, or 4 cm/
min speeds are available through quick and
simpie gear changes. The 1210 is a fathed
model using 200 mm width paper, but can be
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wait mounted for space savings and accom-
modate fan-fold paper. .
Circle $47 on Readers’ Inquiry Card

Micro Gradienl HPLC System

in response to the growing interest in namow
hore chromatography, Beckman Instruments,
Inc. has imroduced the Modet 344M Micro
Gradient System. This system is designed to
provide optimal performance when working
with 2 mm HPLC columns. At the center of this
systemn is the new Model 114M pump fealring
user-setectable flow ranges of 0.001 to 1.00

‘mL/min or 0.01 ta .99 mbL/min, resulting in

excellent reproducihility at jow flow rates
without sacrificing performance at high flows
when they are required. A system organizer
incorporates a law column dynamic mixer
which is designed to blend and mix difficuit
soivent combinations effectively at low flow
rates. The Beckman range of UV/Visible and
fiuorescence detactors is avatiable with micro
flow cells for optimal efficiency when used
with this system. To compiele the package, a
range of 2 mm LD. Uitrasphere columns is now
avatiahie.
Circle #48 on Readers’ Inquiry Card

pH Elecirodes

Curtin Matheson Scientific, Inc., hes introduced
a fine of pH electrodes, These products, named
Silver Label pH Elsctrodes, provide thess
unique featuras: Porous Teflon guid junction,
which controis flow rate, resists clogs, inhibits
“poison fon” penetration, and eliminates
streaming potential; Stainless steel ceps;
Low-noise cable; Special low-impedence
fulkspan glass formuia; and Patented tech-
nology. Manufactured in tha Uniled Slates,
Silver Labsl pH Eiectrodes are avatlable for

every application in the fab or in the field where
reference, standard or combination electrodes
are peeded.

Circle #49 on Readers’ Inquiry Card

. X-Y Recorder

imraduced by Houston Instrument, the Serigs
200 X-Y Recorder provides users with both
perlormance and reliability in a rugged and
handsomely styled fow-profile instrument.
Designad for the working laboratory, the Series
200 meets the needs of both aducationat and
industrial users. Refiability is enhanced by

Houston Instrument's proven and patered

capactive rebalance position transducer. This
innovation elimingdtes the wear and electrical
naise associated with shide-wire patentiome-
ters, The Series 2000 X-Y Recorder has 11
switch-selected input ranges starling at i/
mV/in., and 8 timebase ranges to drive the pen
beam at speeds from 200 seconds/in. ta 1
sacond/in, A slew rate exceeding 30 in./sec-
ond assures accurate data representation.
Chrcle #50 on Readers’ Inquiry Card

Three Channel Flatbed Recorder

The Linear Model 585 Flatoed Recorder fea-
tures three channe recording convenience and
a lerge number of standard featwres. The
Model 595 has 22 chart speeds, 10-in. {250
mm) chart width, 100% zero suppression, and
12 input ranges from 1 mV to 5 V. According
to the manufacturer, this full size, sturdy re-
corder alsc features a remote programmabie -
chart drive and an override event marker as
standard, Other options are availabie.

Circle #51 on Readers’ Inguiry Card

Karl Fischer Titrator

A microprocessor-controlled, precision in-
strumen for water content determinations,
capable of anatyzing the maisiure rangs from
one part per milion io 100 percent, is an-
nounced by Mettler instrument Corp. The
Mettier DL18 Karl Fischer Titrator provides
precise water content resuits with speed and
extreme accuracy. The DL 18 covers the full
determination range which, umi now, coutd
only be done on two dilerent instruments:
coulomaters for trace analysis, and volumetric




titrators for high water content, Operation of
the DL18 is quite easy; it is carried out via a
“pushbutton dialogue™ with the operator.
Solvent dosing and evacuation of effluent ere
activated simply with a push of a button. The
result is determined automaticatly in percent,
ppm, of mg of water. Many exiras such as drift
compensation, freely selectable stirring tima
and btank value correction are alt standard.
The same precisicn burette thal is well-proven
with Mettler's DL40RC MemoTitrator is also
standard. By connecting the DL18 to a Mettler
analytical balance and GA44 printer, conve-
nience and reliabllity can afso be increased.
Sample weight may be accepted automaticaily
and used for findi calculation purposes. The
printer will provide a completa record of re-
suits including date and samgte number. The
Karl Fischer mathod of determining water
content is a procedure that has a permanent
place in today's laboratories. Food, chemical
and pharmaceuticai manufactwers all need
precise information about the water content
of their products. And so do those in the pe-
troleum and ptastics industries, The Mettler
DL 18 Kerl Fischer Titrator is a cost-effectiva
to0i to provide this information.
Circle #52 on Apaders’ incuiry Card

Controlled Heating/Cooling

FTS Bio-Coat Controlled Rate Freezers provide
a reliablé and convenient means of obtaining
precisely comrolied cooling and heating rates
for a variety of applications. Because the
Bio-Coof is machanicaily refrigerated, no liquid
nittogen is required for operation—only
standard electrical current and a heat transfer
medivm such as mathanol. Temperefure
Ranges to —45°C, ~70°C and —120°C are

available to satisty virtually any production or
laboratory requirements. AH FTS Bio-Cools

" feature continuous dighal terperature dispiay.

Three programmer models are available: a
single-segmant three-function, a four-segrment
three-function, and a shiteen-segment thred
function. The bperator can select one digitally
setable temperature, on ramp rate and one
hold time per segment. The single-segment
programmer oters as a standard an audible
aiarm which sounds when hold termperature
has been attalned. The four end sixteen seg-
ment programmiers featura a non-volatlie
memory which wiil store a program for up to
six manths without electrical power. Al pro-

~ grarmmers include an analog voltage citput to
facilitate future connection of the Bio-Cooi to
a temperature recorder, FTS supplied or other.
The FTS fine of Bio-Cool Controlled Rate
Freezers can do it afi: from the most basic
on-site regimen to the most stringant 1abors-
tory protocot. Alt have the convenience, reli-
eblity and low-cost that ondy FTS can offer.

Clrcle #53 on Readers’ Impiry Card

Laboratory Balances

Four precision laboratory balances, two of
which are equippsd with exclusive Mettler
DeltaRange are announced. These are desig-
nated Mettler. models PE380, PESOO, PE3800
and PEB0O0. These units, plus models PE160
and PE1600 introduced earlier, are designed
to accept LabPac, Mettler piug-in software.
LabPac dedicates the balance to laboratory
routines such as net {olai weighing, percentage
determinations, animal weighing, mean value
{x}, and standard deviation. Models PE360 and
PE3B00 feature DelfaRange, a fine waighing
range that can be recalled at the touch ot a
button for weight determinations with a 10~
times better resoiution. This meakes it possibie
to accurately weigh very light components into
heavy containers on one and the same bal-
ance. Modet PE360 has a 0-360 g weighing
range end reads to 0.01 g. Tts DeitaRange
weighing range is 60 g, reading 1o 0.001 g. For
the PE3600, the ranges are (0-3600 g and 600
g; the readabilities are 0.1 g and 0.01 g. Models
PEGC0 and PEG000 have capacities of 610 g
and 6100 g, respectively with readabfiities of
0.0%1 end 0.1 g respectively, Compared to
previous modeis, the new PE balances show
a number of interesting technologica! inno-
vations. For example, a standby clrcuit makes
sure that the balance is ready 1o operate as
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so0n as it is switched on. in this way, the
warm-up time is eliminated. Automatic cali-
braticn is standard. And, in addition to obtalning
weight indications in grams, the balance wilf

* convert them awtomaticaily to such nonmetric

units as Ib, oz, ozt, dwt, GN and ct on demand.
The selected unit of weight lights up in the
display and the results appear in large seven-
segment numbers, St another feature is the
optimized integration of measurement vaiugs.
This means that the balance always adapts
itsolf tv fts environment and automatically
calcuiates the optimum integration time.
Clrcle #54 on Aeaders’ Inquiry Card

Hmicmc Developing Chamber

An advanced-design Developing Chamber for
high performance thin layer chromatography
{HPTL.C) and conventional TLC platés has hesn
annowmced by Advanced Separation Tech-
nologies nc. (Astec), Designated Vega<T 10X
Developing Chamber, the unil is precision
manufactured of white PTFE with a laboratory
glass cover, Adiustable leveling legs and an
Astec ACCUFLAT levet ensure linear solvent
frors. HPTLG and TLG plates developed in the
Vega-T10X Chamber have exhibited exceilont
Ry reproducibility in tests at a leading univarsity
and in the field. Uniquely, the Vega-T10X
Chamber has two solvent compartments, one
at aither and, aach of 5.0 mt capacity. This
permits stmultanecus development from either

- end of the TLC plate or sequential develop-

ment. Further, mobile phases can be different
in each solvent compartment or the sams in
both, greatly extending the mamber of samples
under devefopmont, when miobile phases are
the same or aflowing differing mobiie phases
10 be used in, e.g., optimization procedwres,
A feature of the Vega-T10X Chamber is the
unit’s versatility. It can accommodate one 10
X 10 em TLC plate, up to two § X 10 cm
plates simutaneouly or up to four 2.5 X 10 cm
plate simultensously. in operation the mobike
phase(s) is “wicked up"' from either {or both)
of the solvent compartments to contact the
TLC plate sorbent. Capillary action ensures ari
even, conslant mobile phase supply and, as
one result, separations exhibit excelient lin-
earity. Vega-T 10X TLC Developing Chambers
are supplied with wicks {package of 25) and an
ACCUFLAT. Repiacement wicks, cover
glasses amxd saturaifon sheets {used when
saturated-chamber development is required)
are afl readily avaiiabie from Astec and from
selected laboratory supply dealers.
Circle #55 on Readers' Incpiry Card

HPLC Conlamination Proteciion

Two types of quard columns to preveni fiquid
chromatography samples with non-aluting

(Continued on page AIM)
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materlals from contaminating HPLC colums
have been infroduced by {BM instruments, inc.
The guard columns are compatible with HPLG
instrurmentation and cost less than standard
HPLC versions. The new columns are designed
to profong the jife of analytical columns without
degrading chromatography, reducing the cost
per sarmpie analyzed. Two types of guard
colurmns ara avallable, wilh norma! (silica) or
reversed-phase {octadecyl) pellicutar pack-
ings. Each guard column kit contains 4.5 mm
X 50 mm repackable hardware and 6 g of
packing material. Replacement packing is
avafiable in 10 g units. :
Clrcle 456 on Readers’ Inquiry Card

3A Sanitary Metering Pump

FMi RP-SAN pumps conform to the 3A Sani-
tary Code of the U.S. Public Health Sarvice.
Designed for high accuracy and depandabitity,
the pumnps provide jong trouble-fres service
in food, deiry, drug, and pharmaceulical ap-
piications. Because of its high retiebiiity and
accuracy, Modal AP-SAN is an excellent tool

for pumping expensive substances such as -

concentrated vitamins, flavors, odorants,
colorants and other additives commoniy used
in the dairy, food, and drug industries. The
pumps have only one moving part (the piston)
and do no! rely on valves that can clog or
stick-—~the piston does the vaiving. The cost
slfectiveress realized from 1% or better re-
peat accwacy makes the RP-SAN an excellent
pump for critical metering needs. Standard
units are aveilable for flows to 1 liter per min-
ute and pressures to 100 psig.
Chcle #57 on Readers’ inguiry Card

Autosampler Vials

Phase Sep announces e compiete selection
of borosiicale glass vials for LC, GG, AA and
other autosamplers. Original aquipment
equivalent replacements are avaiieble for all
commercially available autosamplors, ac-
cording 1o company. A varisty of vlal size and
types ara oHered, compatibie with original
manufacturer specificatlons. Screw or crimp
type closures are avatlable with a broad range
of seal and septa materiais to ensure com-
patibility with application and aute sampter
type. Vials are made of borosilicate giass fo
prevent sample contamination from glass
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impurities, and to permil autoclaving and re-
use, Vlal closures and seals are sold sepa-
ratély 1o accommodate vial re-use, Vials are
sold In quantitiss of 100 with discounts allowed
on volume orders. Crimpers, decappers and
other accessorios are also avallable, All items

.are sold from stock for prompt availabitity.

Prices, say the company, are lower than those
from other suppiiers.
Circle §58 on Readers’ Inquiry Card

Mon-slick Valves

MG Scientific Gases, a divislon of MG Indus-
tries, announces e unique diaphragm velve for
cylinders used for high purlty, rare gases and
ges mixiures, According to Rudi Endres,
General Manager, “The newly designed velves
incorporate an easy-to-use, energy efficient
handwheel that eliminates the traditionat
problems of freezing and sticking, We have
incorporated CGA & DIN type threads for do-
mestic as well as international applications.
Tests show that the valves have proven to be
axtremely effective with reactive as well as
nonreactive gases. In our opinion, this wilt
sliminate a big headache for many users.”
Features of the V8 dlaphragm-type vaive in-
clude srmaoth operation, superior alrtightress,

* significantly lower gas losses, high gas tight-

ness and a long service life. The soft-to-the-
touch hendwheel! provides a positive grip and
is reslstent to thermat and rmechanicel stress.
MG valves are atocked and distributed from
over 50 {ocetions throughout the U.S.

Circile #59 on Readers’ Inquiry Card

Biood Plasma Storage Freezers .

The Jewett Refrigerator Co., Inc. has intro-
duced three models of biood plasma storage
treezers equippad with constant security and
surveillance system modules. Each meets or
exceads tha strict termperature standard re-
quirements set by Tha American Assoclation

of Blood Banks, The American Red Cross and
The Federat Food and Drug Administration, A
mobile single door unit (model BPL 13) hes
capacity for 254 of the standard 400 mi ca-
pacity packs, doubla-door units (BPL 21) with
482 pack capacity and four-door models (BPL
41) holding 768 plasma packs aif have tem-
perature moniloring safety alarm systems
featuring the built-in surveiliance moduta
guaranteeing safe storage. Modula design in-
cludes: a constant LED digital display of imterior
temperature in tenths of degrees Celsius, a
monitor light and audible signal indicating safe
operation, or warning alarm when temperalure
gets too high, door—ajar warning signal and
a battery operated power faillure alarm. A
sgven-day tempereture recording thermonmeter’
is standard. Durable stainless steel interior
construction with removabtle drawers and four
Inch thick polyurethans vapor sealed insulation
Insures many years of energy-saving, troubie
free operation. Unifarm cabinet temperatures
of —35°C are maintained by a rapid recovery
fan circulation system. Jewett biogd plasma
storage freezers are equipped with safe eu-
tomatic defrost, condensate evaporators and
door fasteners with cylinder locks for secu-
rity.

Circle 480 on Readers’ Inquiry Card

Strip and Platen Heater

Watlow Electric Manufacturing Go. has intro-
duced the Thincast Sirip and Platen Heater, a
cast-n aluminum heater, designed to produce
efficient, uniform heat up to 800 degrees F.
Tha heater is just Y-in. thick, yat provides the
exceptionally long life for which cast-in heaters




are known, ideal for extruder die heads, heat
sealing machines and heating and cooking
surfaces, Watlow's new Thincast Heater is
available in widths of 1.5 o0 6 in. and iengths
from 6 fo 22 in. it is available with welkled stud
terminais or flexible lead wires. Ceramic ter-
minal covers are available and standard lead
length is 10 in. ) )

Circle #61 on Readers’ Inguiry Card

Lauda Clrcutators:

LALIGA AEFRIGEAAT NG CARGLE ATEIRS, MOTELS FME-6 ANE-RMT-2

Brinkmann instruments Co., Divigion of Sybron
Corp., announces the lire of Laixda constant
{emperature circulators, including imrhersion,
hadting and refrigerating modets, most with
digitaf temperature readcut, Additional features
inciwdes a variable over—temparﬁture__sa{ety
shut-off which can be set to any temperiure
within the operating range of the cirtutator,
independent of the set point temperature. If
overheating occurs, an alinm sounds and
power to the circulator is cut- off. Several
madels also feature protection against low
liguid level operation and duplex pumps for
circulation to open external systems. Healsr
wattage autamatically adjusts to maimain the
sat temperature with an accuracy of up to
40.01°C, regardiess of load. Zero cross-over
switching/RFl" suppression eliminates the
possibilily of electrical interference with other
senaitive laboratory instrumentation. Energy-
efficlent refrigerating modets offer up to 75%
savings in power consumption compared to
conventional cooling systems. A micropro-
cessor-based programmer accessory is
available for heating and refrigerating
models.
Chcle #82 on Headers Inquiry Card

Temperature Monitoring Systems

The Jewetl Refrigarator Co., inc. has intro-
duced a iine of 15 Temperatire Monitoring and
Temperaiure Power Monitor systems. Not only
does the TPM system monior temperature and
power faflure condition, but in the event of
pawer loss, it continues to watch temperatures
while signaling the source of the prabiem. A
steady or flashing red light along with preset
audible aiarm signals, indicate varied alarm
conditions with particutar frequency pitches;
the factory set units insure accuracy within
+.2° centigrade. Designed for Blood Bank
Refrigerators and Plesma Freszers, the TPM
unit is easily adaptable for continuous monlk-

tdring of any liguid or mher environmen re- -

quiring controlled temperatures: The units are
equipped with rechargeable nicag batleries
that are maintained at full capacity through a
trickle charge systemn. These batteries take
over in the event of power failuure fo sighal the

-problem and cominuously survey tempera-

tures. An included hermetically sealed relay
aliows simple connection {o a master reiote
gtation as an altermate. made of instaltation, or
the TPM may be paired with the TPMA remoate

" monitor up to ¥, mile away.

Clrcle #83 on Readers’ Ingulry l:ard

Retary Mechanical Homoge’nlz'ei;

Heat Systems-Ultrasonics announces a com-
plets line of rotary mechanical homogeriizers
and accessories, The Astramixer units mix,
emulsity, disperse and homogenize by high
imensity or mechanical and hydraulic sheering
action. included in the ling are two laboratory
size units. The micro mixer is available with
fhwee different rotor/stator sets; 7 mm, 12 mm
and 21 mm, allowing processing of samples
from 250 microliters to 1 liter. The standard
laboratory unit is available with 35 mm and 45
mm rotor/stator sets for processing 100 mi
through 20 Iiter batches. An indine attachment
allows processing up to 5 gallons per minute
on a Bow thru basis. Also available are indus-
triat seate units capable of 8000 galtons on a
batch basis and 1785 gom on a flow thru basis.
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The sanufacturer ofters technical assistance
on its toll free applications tine.
Clrcle #84 on Readers’ Inquiry Card

Retrigerated Composite Sampler

sample purge is adjustable in duration from
10--90 seconds. Liquid is discharged under
pressure to the 5 gallon polyeihylene com-
posite container. The sampler may be oper-
ated on a timed-cycle basis or in proportion ko
the flow rate. The sample liquid is heid during
the collection period in a refrigerated com-
pariment maintaining a 4-10°C range. For
outdoor use, the 6300 is available with &
weatherproof fiberglass enciasure which may
be opticnally equipped with insulation and 500
watt heater: )
Chrcle #85 on Readers’ Inquiry Card

Mercury CoRector

Chemtrix, inc., announces a unigue item that
no laboratory which is concerned about safety
should be without, the Mercury Collector,
Whan a mercury 5pill occurs, the foam-ined
tid is placed on top of the mercury and pressed
firmiy. The speciai foem holds the droplets until
the Hd is screwed onto the plastic coiiector;
whereby, the mercury is released to the bot-
tom of the collector for safe disposal.
Clrcle #65 on Readers’ Inguiry Card

(Continued on page A106)
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Oil McLeod Gage, Tilting Type

thai are hard to clean by conventionat meth-
ods. Made of stainless steel, the tanks of the
cleanars have capaciiles ranging from one pint
to two gailons with 40 watts to 200 watts of
cleaning power. Larger models have bottom-
mounted drains and are available with
heaters/timers.
Circle #68 on Readers’ Inquiry Card

Ultrasonic Homogenizer/Cell Disrupter

A mercury-free, oil McLecd gage, tilting type
has been added to the Gilmont line of labora-
tory instruments. The degassing design is
simiiar to the earlier patented design broak-
through of the oll swivel type. A high diffusion
purnp oil takes tha place of the conventlanal
mercury and its attendant toxicity. At the same
time, the sensitivity of measuremsarnt is im-
proved. Principal design features of the gage
ars: Tefion valve on closed end simpiifies
filling and cleaning, Additionat tefion vaive
isolaies gage from systemn, Sensitivity range
from 1 midlitorr to 2 torr, Accuracy: £2% of
reading or £1 mm of scale, whichever is
larger, Accuracy achieved with lerger precl-
sion bore capillaries and adjustment of bulb
volume to 1%, Built-in rotary check vafve for
personnel/gage safety, Comrosion resisiant
plastic for long fife, High vacuumn Viton O-fings
for all seafs, Requires only 10 mi of diftusion
off, and Cicurmferential acrylic housing for gage
protection,
Circle Y67 on Readers’ Intpriry Card

- Utrasonic Cleaners

industrial ultrasonic cleaners which can re-
move oil, tar, agar, food, rust, ink, blood, etc.
from giassware, laboratory equipment, surgl-
cal and demal instrumenis, electronic com-
ponents, precision parts and rmany other itBms
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B. Braun instruments announces the Braun-
Sonlc 2000, a high energy, ulirascnic ho-
mogenizar and cell disrupter. Consisting of a
generator, transducer and a wide selection of
probe tips, the main unit occupies 70 space-
saving square in. of bench space. Modulation
of the vollage waveform is a unique feature of
the instrument. The acoustic wave from the
probe Hp ks a function of the vollage waveform
energizing the fowr piezoelectric elements of
the transducer. The result is iess generated
heat and longer running perieds. .. . uptoa
continuous half hour. '
Circle $88 on Readers’ Inquiry Card

Ultra Low Yolume Cell

Ultra low volume flow-thru capillary cells.are
now available from Harrick Scientific Caorp. tor
liquid and gas chromatography studies. These
colls have a gold-plated 3 mm bore and iengths
of 5 or 10 cm, with volumes of 0.35 and 0.7 cc,
respectively {other tengths cen be specially
made). Windows are removeable and sealed
to the tubuiation via miniature O-rings. Con-
stuction Is such that there is no dead volume.
These light pipe celis can be used in mpst
spectrophotomaters with appropriste 4%
beam condenzers.
Circle #70 on Readars’ Inquiry Card

Piastic Column

Valves, needles, etc, with iuer fittings witl snap
snugly in place on the specially designed tip

of tha Isolab Quik-Sep Juer-tipped poiystyrene
column. Column voiume is 8.5 miL (total), with
6.0 cm barret height. Interiar diameter is 8.0
mm, The bottom of the column barrei is flat,
not tapered, providing jess opportunity for
mixing in the tip. Available empty, with plastic
filter disc {average pore size 50 zm), or glass
micrafiber fiiter disc {385 no. 24). For use with
aqueous systams only.
Circle #71 on Readars’ inquiry Card

Tissue Holder

Ever raach for tissues just to find that they're
either out of reach or buried underneath
something? Not any more! The hendy leolab
Kimwipe Holder, wali or cabinet mounted,
provides ready access io the standard size
(5Yp-in. X 3-in. X 4%,in.} Kimwipe box.

Circle #72 on Aeadery’ Inquiry Card

Liguid Dispensing

The Micro-Pipex is a tight, hend-held instru-
ment for conveniently dispensing Hiquids from
glass capiiary micropipets without using e
mouth tube. Liguid is drawn into or dispensed
from tha pipet by rotating a thumbwheel. A
fast-release bufton attows suction by capillary
action aione or quick delivery of pipet con-
tenis. The isolab Micro-Pipex gives smooth and
precise controi over what has been e tedious
procedure. )

Circla §73 on Readers’ Inquiry Card

New Literature

Hazardous Waste Chart

Anyone who collects, stores or trensports
chemice! weste must determine if the waste
is considered hazardous under the provision
of the Resource Conservation and Recovery
Act, and if the waste is considered hazardous,
it must be dentified with a ACRA number. This
information can be found in the Federal Reg-
istor but only with ditficulty. To make it easier
to obtain this informeation, Lab Sefety Supply
Co. has publighed a chert that makes this in-
formation more readily available. This 17-in.
X 22.in. chart aids in identitying the ciasses




of chemicals that are consilered hazardous,
and provides the actual hazardous wasie
number for over 850 chemicels. This chart
heips in the identification of hazardous wastes
and speeds up paperwork procedures requlred
under RCRA.

Clrcle §#74 on Resders' Inquiry Card

Split-Beam Spectrophotometer

A full-coior 8-page brochure delailing the
Spectronic 1001 spiit-beam specirophotom-
eter is avaifable from Bausch & Lomb. In the
split-beamn optical systemn of the 1001, a small
traction of the abundarit energy is spht off and
used as a reference beam to give the instru-
ment a level of stability previously assoclated
only with doubia-beam spectropholometers.
High anergy that begins with high-intensity
source lamps is conveyed to each sample with
minirmum loss by way of silica-coated toroidal
mitrrors and a Bausch & Lomb hotographic
grating. As a resuit, the 1001 provides stabia
readings throughout tha wide 190-850 nm
wavelength range, and accurete measurement
of samples from near 0A to beyond 3A with no
dilution. A high-resolution 2 nm spectrat
bandwidth and tow stray radiant energy con-
tribute sccuracy and fine-structure definition.
Thae brochure discusses typical communica-
tions withi the 1001 with graphic iflustrations.
The user-frtendly, duai function membrane
keyboard allows alphanumeric entries o be
made easily. The ‘“‘keys’’ have been carefully
crganized so that any user will be commanding
the inatrument comfortably and confidently
within a shonl period of time. The 1001 can be
preprogramimed for various test types and
operations. The internal RS-232-C computer
imerface accessory further expands the
capabilities of lhe 1001 by permitting two-way
communication between the instrument and
virtually any computer. This brochure on the
Spectronic 1001 spectrophotometer provides
technical data; discusses product features and
routine test procedures; describes the indh-
vldual keyboard functions; lists custom sam-
pling accessories, fest types, and operabons;
and provides sampies of tha dispiay prampts
for a specific test program format.
Clrele #§75 on Readers’ Inquiry Card

Common Organic Solvents IR

The infrared Specira Handbook of Common
Organic Sofvents is a compilation of the in-
Irared spactra, physlcal constants and other

supporting da!é of tha 400 most comimanly
used solvents. It is the most comprehensive

book available on organic solvents and serves

as a convenient and practical desk reference
which is invaluable to chemists in solvent
Mentification and analysis. intormetion for each
sotvent is arranged on two pages in a large,
easy-toread lormed with the infrared spectrum
appearing on the page directly opposite the
supporting chemical dela. The spectra are
prasemted in a fransmittance vs. wavenumber
format over the spectral region 4000 to 400
cm~', end all are clearly labsled with the
source of sample and the sample preparation
technique used. All spectra are prepared in
Sadtler's own laboratories, under the direction
of Sadtler's spectroscopists, using standard
preparation and evaiuation techniques which
insure that these reference spectra are of the
best possible gualily. Each compound is listed
by its Chemicat Absiracts name or its most
roadily recognizable name, fogether with fre-
quently used synonyms. In addition, the CAS
Registry Number and the NIOSH Number are
given when available. Also, the data page
provides the molecutar formula and literature
vaiues of physical properties such as melting
point, boiling point, flash polnt, density and
refractive index. Addltional information re-
garding use, solubility, flammability and toxicky
appears for most compounds, and nearly ail
of the soivents are depicted by a conventionaj
drawn structura and by the Wiswesser Line
Notation. The compounds in The Infrared
Spectra Handbook of Commuon Organic Soi-
venis are indexed both alphabetically and by
molecular formula, allowing for the rapid fo-
cation of any spectrum, |n addition, the sol-
vers in the Handbook are classified into four
main groups; hydrocarbons, compounds hav-
ing only one typa of characteristic atom or
functional group, compounds having more than
one type of characteristic etom or functional
group and deuterated compounds.
Chrcle {76 on Readers’ kmquiry Card

Scientific Spectroscopy

The Harrick Scientific Catafog of IR-VIS-UV
Accessories presents a complete line of
spectroscopic products. Crysials, polarizers,
solid/liquid-gas sampling and other transmis-
sion accaasories, specular external and in-
temal reflection as wel as diffuse refiection
attachments, vacuum chambers, beam con-
densers, and skin analyzers, for both disper-
siva and Fourier Transform UV-visibla and
infrared spectrophotometers, Other products
include plasma cleaners, pyrolysis chambers,
spectrometer systems and much more. Many
products ere new and fisied for the first time,
Harrick Sciertific also specializes in customn
instrumentation—designs to fil any spec-
trometer and meet alt custom needs.

Chele #77 on Readers’ Inquiry Card

HPLC

A HPLG Brochwre featuring microbore tech-
nology and custom synthesized HPLC phases
and packings is available from ES Industries.
Included in this latesi company Hterature is a
complete line of Chromega HPLC Columns,
Packings and Accessories for a wide range of
preparative, analytical, and micro analytical
applications. [n addition, the brochure intro-
duced a tine of Microbore HPLC Columns and
a service for custom packings. This new ser-
vice makes it possibie to specify particle size,
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shape, and pore diameter and to define and
sefect by structure the desired stationary
" phase. The g Chromega Microbore HPL Coi-
umns ere available in mast Chromegabond
packings and come in standard isngths of 30
cm, 50 cm, and 1 meter,

Circle #78 on Readers’ Inquiry Card

HPLC Biomedicat Applicaticns
An exciting set of applications is available from

KBL instruments, In¢., describing their {ine of

fon Exchange and Gel Fikration Columns.
Chromatograms are optimized for high reso-
lution, rapid analysis, linearity, and selectivity.
Compounds separated are proteins, peptides,
and amino acids on a preparative and analyt-
ical scale. The instrumentation required to
optimize results is discussed and ranges from
state-of-the-art puise-fee solvent delivery
syslems to LKB's “imeligent fraction collector.
Compiete systems can be operated automat-
ically using tbe HPLC controiler and naw au-
Loinjector.
Circle 479 on Roaders' nquiry Card

Gas Chromatographs

A 1bpage four-color brochwe describes
Varian's Vista 6000/86500 Gas Chromato-
graphs. Key features of bath the 6000, with its
powerful buiftdn microcomputers, and the
duakcalurmn 6500 Sateltte Chromatograph are
covered in photographs and iBustrations that
compiement the informative taxt, Expansion
capabilities, modular constructian, urique CRT

“and kayboard features, and convenience-

designed, large column oven, separate pheu-
matics compariment and universat injector and
detector bases are described in detaif. Six
detector choices, a versatila injector system,
and advancad capillary syslems also are de-
lineated, as is the optianal 18080 AutoSampler
that provides total automation,
Circle #80 on Readers’ Inquiry Card

Refractometers

Sixteen-page, fully MHustrated catalog of
compiete line of refractometers, inciuding
hand-held, Abba, and digital instrumants, ia
announced by NSG Pracigion Calls, Inc. The

{Continued on page A108)
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out of the
editorr barsket

refractometers are used for measuring the
sugar content of all types of food products.
Also included are a series of clinicai refrac-
tometers for determining serum protein and
urine specific gravity, Separate lables Hst the
Brix and refractive index and provide a guide
for selacting the comrect instrument.
Circle #81 on Readers’ Inquiry Card

IR/FTIR Accessories

Bammes Analytical/Spectra-Tech has published
a 16-page 1984 Catalog titled Extending IR/
FTIR Capabiiities. Tha Cataelog, which de-
scribes more than 1,000 IR and FTIR ac-
cessories, is raported to be one of the most
comprehensive laboratory purchasing guides
of its kind ever produced. For the sake of
troubie-fee reference, the Catalog is divided
into eight mein sections, according to Spec-
tra-Tech. The sections are internal Refiec-
tance; Exernal Reflectance; Micro Sampling;
Termperature/Pyrolysis: Solid Sampling; Uguid
Sampting; Gas Sampling; & Crystals & Prisms.
Information in the Spectra-Tech Catalog in-
chudes guldalines on accessary use, prices and
other facts “‘designed to make selection as
easy as possibls,” the company stated. Spe-
cial pages featura detaited reports on two of
Specira-Tech's newest developments: the
GIACLE for FTIR work with aqueous sotutions;
and the Collector for research with DRIFTS
{Diffuse Reflection Infrared Fourier Transform
Spectroscopy).
Circle #82 on Readers’ Wnguiry Card

AA Spectrophotometers Accessories

Verian Associales’ compiete line of ac-
cessories and suppfies for is atomic ebgorp-
tton spectrophotometers is dalineated in an
18-page color catalog. Photographs and de-
scriptions of the AA support meterials are
accompanied by ordering information, and
listings on replacement parts, and spare board
kits and cables, information also is included on
-available audio-visuai iraining programs,
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technical manuais, and other reference and
training materiale,
Circle #83 on Roaders’ Inquiry Card

Recorder :

A four-color brochure frorn Houston instrument
describes the extensive built-in intelligence,
touch-panel controls and dependable me-
chanical {eatures of the 4500 Microsariba.
Photos and accurate descriptions define the
featwas which give the 4500 Microacribe
enhanced capability at a lower cost than a
basic strip-chart recorder. Microprocessor
controt joins Hi's patented capacitance servo
rebalance gystem to assure flexibility and re-
liabilty unprecedented In strip-chart recorders.
In addition, an automatic self test function and
daylight-readable liquid crystal display {LCD)
continuously Inform the operator of recorder
parameters ard status. The brochure contains
thorough performance spacifications, as well
as details of general features and accasso-
ries.
Chrcle #84 on Readers’ Ingquiry Card

Callbration Devices for
instrumentation

Tracor Atlas, Inc., speclalists in HyS mea-
surement and instrumentation, has recently
compited and publlshed a catalog revealing
their line of calibration equipment. This catalog
offers an overview of the devices inciuding
principies of operation and typical applications
tor each instrument. Technical field services
offered by the company are also mentioned.
This easy (o read, mformative catalog picheres
each device ciearly. The products in the cat-
glog includa: kits for liquid end gas sample
preparation; a pocket size generator for H,S
sampies; a standard reference gas generator;
a gas calibration cylinder; and a linear motion
syringe-drive for injecting gas, liquid or eolid
sampies. A Spanish edition is aiso avail
abia,
Clrele #85 on Readars’ Inquiry Card

Ultramicrobatance

A six-page brochure from Perkin-Elmer de-
scribes the ultramicrobelance, the AD-6 Au-~
tobalance, highlighting instrument features and
benefits thet simplity micro-weighing tasks

‘now mova than ever before. The AD-8 offers

0.1 microgram sensitivity with 5 grem ca-
pacity, and nonvolatila memory for up to 899
samples. All operations are microproceasor

controlled thwough simple keyboard com-

mands, which means weights can be stored,
recalled, factored and stalisticaily analyzed
{aster and aasier.

Ckelo #86 on Readers’ Inquiry Card

Laboratory Water Systems

A catslog on igboratory water purification
systoms is available from Mitlipore/Continerat
Water Systemns. The catalog {CG150) includes
a review of current standards for iaboratory
reagen: grade water, as well as descriptions

- of the company’'s complete line of products

and services for the laboratory. Included are
water systems specifically designed for ap-
plicalions requiring organic-free {less than 50.
ppb) waler for such apphcations s critical
HPLC, and ultrapwe, pyrogen-frea water for
wee in sensitive biological areas.

Circla #87 on Readers’ Inquiry Card

Water Analysls

Thomas Scientific announces thelr 1984/85
Water Analysis Catalog. The catalog contains
248 pages and is the most comprehensive
water testing catalog available. It is arranged
alphanumerically for easy reference, and
contains over 2,500 items and over 600 pho-
tographs and ittustrations. Featured in the
catalog are LaMotte water testing kits, instru-
ments, and associated apparatus, individual
test kits, multiparameter kits, portable meters,
ardd reagent: systoms are ollered for more than
B0 chemical parameters. The cataiog also
contains a listing of virtually eny piece of lab-
oratory apparatus or reagent, representing
over 135 different manufacturers, neaded in
the water/wastewater testing fieid. As anew
foature, aii prices in this catalog wiil be held
firm by Thomas Scientific until January 1,
1985,
Clrele #88 on Readars’ lnquiry Card

Yiscometers and Rheomelers

A 24-page, fullcotor cataliog details the Fann
Instruments product line of viscometers,
consistometers and related rheological in-
strumantation for industrial, commerclal, sci-
entific and academic applications. in addition
o direct-indicating viscometers, recording and
high-lemperatire rheometers, consistomeaters
and accessories, the naw Fann-cataiog in-
cludes fraguently neaded viscosity computa-
tions and conversion factors,
Clrele #89 on Readers’ Inguiry Card

Minimize Gas Stream Contaminarts
Scott's comparative study determines that
regutators with stalnless steal diaphragms.
minimize gas stream contaminants. Laboratory
Report EAG3-1 gives delails of the study
where thres two-stage regulators were tesled,
including Scott’s Model 18 high purity regu-
lator.
- Chrcle #90 on Readers’ inquiry Card

Miscellany

Six Millionth Substance in CA

Chemical Abstracts Service has recorded the
six millionth chernical subslance in the files of
its Chemical Registry System. The totat in-
chudes ali unique chermical substances indexed




in Chemical Absiracts since January 1965,
when the Regisiry began operating as an ad-
junct to indexing operations at CAS. The six
millionth substance 1o be registered, 2-cy-
ciohexyl-3-methyi-4-{pentylamino)-2-cycto-
penten-t-one, was disclosad in a West Ger-
man patert application filed by Masayoshi
Minai and Tadashi Katsura of Sumitomo
Chemical Company, Lid., of Japan. It was one
of 360,000 new substances added io the
Reglstry file in the past year. The patent ap~
plication also describes 66 other cyciopen-
tenone derlvatives synthesized by the inven-
tors. Including reactants invoived in the syn-
thases, CAS indexed 137 substances from the
patent docurment.

CAS developed the Chemicat Registry
System in the sarly 1960°s to provide a means
for determining whether a chemical substance
reported in the scientific iiterature hed been
indexed previously in Chemical Abstracts and
retrieving the préviously assigned index name
it i had. The system now parforms about 6000
subslance klentfications each working day in
support of indexing operations at CAS. The
Registry also is the basis for the CAS ONLINE
search service, which makes it possibfe to
search the file of 8 million substances by name
or struciurat characteristica to retrieve siruc-
ture diagrams, names and bibliographic cita-
tions for substances of interest.

Circla #91 on Readars’ inquiry Card

Software Programs

UV Soffware Noles, written by Perkin-Elmer
personnel and users of Perkin-Elmer instru-
ments, compulers, and software are avaitable.
The typlcal UV Software Note describes a
‘specilic application, usually quite smat and not
covered by Peridn-Eimer price listed software,
and includes simple instructions on how to run
the program. Programs are formatied for the
Perkin-Elmer model 3600 Data Station and are

written in either the BASIC or OBEY language

of the Perkin-Eimer Compulerized UV (FEGUV)
application software. Current programs in.
clude: 1} A program for Hard Copy Prirmout on
the PR-100 Printer, 2) A program 10 Labei a
Spactrum, 3) Wavelength Programming for
Lambda 3, 4) User Programming with Lambda
5, and 5} First Order Kinetics.
Circle #82 on Readsrs’ Inquiry Card

jon Chromatography Software

A dedicated sottware package developed for
lon chromategraphy appiicetions has been
introduced by Meison Anaiytical, inc. This
software is oNered as part of the standard
chromatography software package for Nelson
Analytical's 4400 series mutt-instrument data

systems, which are based on the HP 200 se- -

ries Gegktop computers. Data from up to 10 ion
chromatographs {20 detectors), or conven-
tional gas and liquid chromatographs can be
processed on the same system simulie-

neously. Each ton chromatograph is connected |

io the Model 4416 data system through a
Neison Analyticai intelligent interiace-—a
20-bit precisign analog-to-digita} converter.
This interface coliects the anatog signal from
the chromatograph and stores it in digitized
form. Data sampling rates for this system
renge from one point per 10 seconds to 100
points per second. With the chromatography
software instailed, the Mode! 4418 system lets
the operator construct ion chromatography
methods for the specitic appifcation required.

Thesa Include; peak detection algorithens in the
software for negative peaks; changing the
baseling treatments; and aitering bunching
factors within a specific run,

A routine customized for ion chromatogra-
phy allows the operator to designate the
basaline sc that negative excursions in the
chromatogram-—typical in ion chromatogra-
phy—do not aHect the baseline and peak-
delpction freatments. Quantitations by internal

or external standards are possible, and final -

resuits displaying area percent reports, re-
plotted chromaiograms with baselines and
peak names are included in the software. Al
raw data is stored on disk for easy recall of
stored runs, of alteration of baselines for new
calculations. in eddition, the chwromatograms
can be recalculated with ditferent integration
parameters and calibration curves. Special
routines in the software alfow the user to recall
and graphically compere siored ion chro-
mataograms, subtract chromatograms and
perform ratio calcutations. The Nelson Ana-
lytical Model 4416 data system inciudes
hardware, A/D Imerface, and soflware for ion
chromatography.
Clrele #93 on Readers” Inquiry Card

Generai Chemistry Software

A software'program for high school, college
and university studerts named “‘Introduction
to General Chemistry’’ has been given a 1883
Learning Computer Soflware award. The
COMPress program is designed as a supple-
ment to an introduciory course in General
Chemistry for students with no previous
Chemistry background. By simulating Cham-
istry experiments on the computer, students
are exposed to realistic laboratory situations
which saves time and the cost of aclual ex-
periments. Additionally, tha program allows
studers to gain exparience in coffecting and
intarpreling data. Extensive use of cofor anj-
matlons in an interactive format keeps student
interast high. *'intraduction to General Chem-
istry” Is presently a seven-disk series. “‘We
plan to add six disks to the series in 1984,"
said Thomas L. Sears, General Manager of
COMPress. "We are proud of the industry
recognition for this program and the program
authors, Professor Stanley Smith, University
of llilinais, Dr. Ruth Chabay, and Dr. Elizabsth
Kean.” Al entries for Learning Computer
Software Awards are judged by a committes
of teachers, subject epecialists, computer
educstors and instructional media devet.
Opers.
Circle #54 on Readers’ inqulry Card

Educational Computer Labs

Fisher Scientific Company, Educational Ma-
terials Divislon, located in Chicago, lilinois, has
instalted fifty-two Commodore 64 Computer
Laboratories in selected elamentary, junior
high, and senior high schoois in the District of
Columbia Public Schools, These laboratories
wiil be used tor teacher trainmg and computer
literacy instruction for students. Thirteen labs
were in use this surmmar for a Summer Com.
puter Camp Program, Each laboratory consists
of ten Commodore 64 compulers and monitors
which are networked to a common disk drive
via the MUPET networking system that allows
sludenta o share a common disk drive and
prirter. Aft computers are individually housed
and secured to computer furniture.

Circle #95 on Readers’ Inguiry Card
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Publications of the DIVISION OF CHEMICAL EDUCATION, A.C.S.

SAFETY IN THE CHEMICAL LABORATORY
Vol. 1—Edited by N. V. Steere

This paperback report contains all of the contributions to the monthly
feature, “Safety in the Chemical Laboratory” which have appeared
in J. Chem. Ed. from January 1084 through January 1887, Paperback,
132 pp., US $10.35, Foreign $11.25. (Postpaid)

Vol. 2—Edited by N. V. Steere

Contains all of the articles from the "Safety in the Chemical Labo-
ratory” column which have aEpeared from February 1967 through
Janusry 1970, 1971 Paperback, 132 pp., US $10.35, ig‘oreign $11.25,
{Postpaid}

Vol. 3—Edited by N. V. Steere

Contains al} of the articles from the “Safety in the Chemical Labo-
ralory” column which have appeared from February 1970 through
January 1974, 1974 Paperback, 157 pp.. US %10.35, Foreign $11.25,
{Postpaid)

Vol. 4-Edited by M. M. Renfrew

Contains all articles from the “Safety in the Chemical Labpratory™
column from January 1374 to January 1980, and, in addition, all other
relevant material on safely published in the J, Chem. Ed. during the
same period including special articles, notes, letters, and book reviews.
The papers have been grouped by subject area and an extensive index
prepared. Updated material provided by original authors. 1981 Pa-
perback, 160 pp., US $11.60, Foreign $12.50. {Postpaid)

ITERATIONS: Computing in the Journat of
Chemical Education—Edited by J. W, Moore

The first 16 articles from the Computer Series together with a dozen
more full-length descriptions of computer applications from the 1979
through April 1981 jssues of J. Chem. Ed. are contained in this vol-
urne. It covers ali aspects of computer and calculator applications in
classrooms and laboratory from introductory o advanced level. There
ig a wide variety of shori descriptions of specific computer programs,
and a bibliography that lists all computer-related articles that have
appeared from 1959 through 1980. 1981 Paperback, 144 pp., US
$11.60, Foreign $12.50. (Postpaid)

J. CHEM. ED. CUMULATIVE INDEXES

Vols. 1-25 (1925-1949) 25-yoar US $9.50, For. $9.%
Vols. 26-35 {l949—1953) 10-year US $9.50, For, $5.80
Vols. 36-45 {1959-1968) 10-year US $9.50, For. $9.90

HANDBOOK FOR TEACHING ASSISTANTS

This {mcket-sized hooklet is designed for new teaching assistants, It
ives information on various aspects of the assistant’s work, including
ow to conduct a recitation class, how to conduct a laboratory, how

to grade, how to prepare for recitations and laboratories, 1983 Pa-

pegdjack, iots of 10 copies only, US $12.60, Foreign $13.50. (Post-
pai

COLLECTED READINGS IN INORGANIC
CHEMISTRY VOL. 2—Edited by G. Galloway

This newest reprint collection contains papers selected from amon;
those which have appeared in the J. Chem. Ed. between 1062 an

1971, T(g)ics included are bonding, periodicity, chemical dynamics,

energy r
chemistry, atomic and molecular.
$10.00. (Postpaid)

ationships, descriptive and Bractica}. Eh seat and inorganic

aperback, 138 $3.10, Foreign

MODERN EXPERIMENTS FOR INTRODUCTORY
 COLLEGE CHEMISTRY-—Complied by H. A.
Neidig, W. F. Keiffer

Seventy-one articles from the J. Chem. Ed. have been reprinted in
this one volume. These experiments wete selected because they reflect
the exciting changes that are possible in the laboratm;y work in in-
troductory, college chemistry. The articles are writien for professors
to use, not as prestyled specific directions, but to be adopted and
adapted to their own courses. Paperback, 150 pp., US $8.35, Foreign
$9.26. (Postpaid)

TESTED DEMONSTRATIONS iN CHEMISTRY

This 6th edition contains all the “Tested Demonstrations in General
Chemistry” by H. N, Alyea, which appeared in J. Chem. Ed. in 1955
and 1856; “Pemonstration Abstracts” compiled by Professor Alyes
from all the demonstrations which appeared in J. Chem, Ed. from
1924 through 1959; 168 “Chem. Ed. Teated Demonstrations” edited
by ¥. B. Dutton, and g complete index of all the contents. Paperback,
236 pp., US $10.35, Foreign $11.25. {(Postpaid)

TOPS IN GENERAL CHEMISTRY-—~3rd Ed.
(Tested Overhead Projection Serles)—H. N.
Alyea

This reprint contains all the installments published in the J. Chem.
Ed. from January 1862 through June 1967. Included are articles on
the construction of inexpensive overhead projectors and the basic kit
of simplified TOPS devices. Paperback, 144 pp., US $8.25, Foreign
39.25, (Postpaid)}

CHEMISTRY OF ART {Offprint)

A series of articles published in the 1980 April isaue of the J. Chem.
Ed. designed Lo increase teachers’ knowledge of the chemistry of art.
The papers include the topics color, light, ceramics, safety and metal
artifacts. Paperback, 28 pp., US $1.50, Foreign $3.90. (Postpaid)

CHEMISTRY OF ART—A SEQUEL (Offprint)

Contains twelve articles which appeared in the April 1981 issue of the

J. Chem. Ed, In general, these articles contain more descriptive

chemistry and are more technologically oriented than Chemistry of

Art described above and will function well as a complementary set

?f; te:‘a;chl_% materials, 1981 Paperhack, 44 pp., US $5.00, Foreign $5.40.
ostpai

STATE OF THE ART SYMPOSIA OFFPRINTS

Since 1980 the Division of Chemical Education has been presenting
a series of symposia at ACS national meetings on selected rapidiy
developing areas of chemistry. The symposia are designed to Ering
critical information and ideas to a state where it may be used by
teachers immediately. All symposia have a strong pedagogical em-
phasis with an introductory focus on background material so that 2
teacher familiar with mainstream chemistry will be able to undeysiand
amnd use the information presented. Later papers build or the foun-
dations laid in the first papers,

The published proceedings in J. Chem. Ed. of these Siate of the
Art Symposia are available as offprints. Classroom guantities (10 or
more of each offprint} may be purchased atsa 20% discount from the
single copy price,

SOLID STATE CHEMISTRY
1960 Paperback, 61 pp., US $5.50, Foreign $5.90. {Postpaid)

RADIATION CHEMISTRY
1981 Paperback, 96 pp., US $6.50, Foreign $6.90. (Postpaid)

POLYMER CHEMISTRY .
1481 Paperback, 120 pp., US $7.50, Foreign $7.90. {Postpaid)

LASERS FROM THE GROUND UP
1982 Paperback, 64 pp., US 35.50, Foreign $5.90. (Postpaid)

COUNTING MOLECULES—Approaching the
Limhs of Chemical Analysis
1983 Paperback, 48 pp., US $5.00, Foreign $5.40. (Posipaid)

ELECTROCHEMISTRY _
1983 Paperback, 84 pp., US $6.50, Foreign $6.20. (Postpaid)
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SUBSCRIPTION AND BOOK ORDER DEPT.
JOURNAL OF CHEMICAL EDUCATION
20th & NORTHAMPTON STREETS, EASTON, PENNSYLVANIA 18042
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AMERICAN CHEMICAL SOCIETY « 1155 Sixteenth Street, N.W., Washington, D.C, 20036/(202) 8724600

TIY: (202) 8728733
- Applicant

Mr., Mrs, (Name) _ _
Dr., Miss, Ms.  (Please ypeor prin} Family Name Flrst Middia

Mailing Address ___
: ) Mumber and Btroet
_ ' Telephone
Clty N State Zlp coda/&:untry Area Code
Academic Training - |

T T ' Titka of o

Narme of Dndlem o University Curdculym Years of F&'gﬁqgr Rn‘:sl ar
. Lol Cliy anc Sterie Major . J 4 1 P 13, bed

Courses Completed

Please list completed courses (by title) in the chemical sciences {Attach separate sheet or transcript i more space is Needed.)
Not required of those with o bachejor’s, masters or doctor’s degree in a chemical scienice or those with a doclor's degre-e ina
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editorially speaking

The Subjective Nature of Science

"The importance of science as a component in the existence
of most contemporary societies cannot be serionsly dehated.
There is, however, considerable disagreement among highly
respected individuals who have thought deeply about the
questions that arise when the demands of scientific objectivity
clagh with the obligation to pursue societal goals. For weli-
trained scientists, objectivity becomes as natural as breathing,
yet the character of many societal issues, which ranges from
rather explicit questions of ethics to less weil-defined ques-
tions that appear to have their solutions in economic consid-
erations and/or pelitics, generally does not seem amenable to
solution by those trained as scientists. A clear code of behavior
has evolved over the last few céntnries to guide the process of
science. The ethos of science involves the acceptance or re-
jection of the reported findings of others on pre-established
impersonal criteria, as well 25 the public presentation of aci-
entific findings so that they are available to the entire scien-
tific community. The latter is usually, and preferably, done
after critical review by those knowledgeable in the field—
reflerees, symposium chairmen, and edifors. A part of the ethos
involves organized skepticism that subjecta reported findings
to continuing critical review with no assurance of finality.
Scientists are expected to point out the limitations and/or
levels of uncertainty in their findings and in the inferences
they draw. They are also expected to acknowledge their in-
debtedness to others whose work——whether published or
unpukblished--—-has contributed to their accomplishments.
Science is, thus, a communal enterprise in which every con-
tribution builds npon the work of others, - :

These characteristics of science are the basis for the widely
held opimion that “science is objective™ yet a point also can
be made for a fundamental subjectivity in science. Some have

argued that science is subjective because its progress is driven
by choice. Scientists choose the areas of knowledge they wish
ta develop as well as the methods by which that knowledge will
be sought. Thus, in the final analysis, science can be séen as
& subset—a possibly minor one—of the human condition.
Although many scientists have acguired some very powerful
tools of logic within the context of their profession, they are
net necessarily well-equipped by their training to deal with
the subjective aspects of percelved probie ms that face so-
ciety.

The consummate scientist will refuse to move heyond his/
her technical competence when faced with questions requiring
information that is either unavailable or exceeds the level of
maturity of the scipnce. Yet, these are the very situations when
the public turns to sciende—rightly or wrongly—for informed
judgment. Thus, even when a scientist’s training dictates that
a scientifically acceptable comment cannot be made with
precision, that same training should produce an appraisal of
the limits of uncertainty of any responses and/or the infer-
ences drawn.

The training of scientists is not totally devoid of skills that
might well be useful in addressing societal issues. For example,
a sense of responsibility is among the highly desirable traits
that are honed to a fine edge in the training of scientists. The
essence of scientific responsibility derives from an inner need
to get to the hottom of things. Scientists tend to persist until
they understand the true nature of the problem hefore them.
Furihermore, scientists are supposed to be able to express
their reservations fulty and honestly, and to be prepared to -
admit error. That's not a bad list of traits to be able to brmg
to bear on societal problems. _

JJL
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inthisizrue

G. N. Lewis Symposium

The last four papers of the proceedings of the G. N. Lewis
Symiposium appear in this issue. The papers hy Stranges
{page 185), Jensen (page 191}, and Pauling (page 201) each
treat a different aspect of the development and acceptance
of the Lewis theory of bonding. The fourth paper, by Kasha
{page 204), relates the details of Lewis’ last major investigative
work-—research with Kasha to confirm their ideas on the
triplet states of molecules.

All of the papers in the G. N. Lewis Symposium in the last
three issues have been designated hy a drawing of Lewis that
is adapted from an original that appeared in CHEMTECH,
We wish to thank the artist, Alan Kahan, and CHEMTECH
for allowing us to use this drawing as our Symposium logo.

Solar Energy

Solar energy has captured the imagination of a large seg-
ment of the population which is interested in alternatives to
fossil fuel resources. The existence of a “free” source of energy
is very séductive, particularly to those who perceive our cur-
rent energy sources as either an environmental or economic
threat. ‘The heat generated by these latter perceptions con-
stitutes a secondary energy source in itself; however,; the
teacher of chemistry can exploit this intense iniferest to shed
some light on difficult concepts involving semiconduciors and
thermodynamics as well as on the limits of science to solve
social problems. Three articles in this fssué focus on one of the
technical aspeets of solar energy utilization and include dis-
cussion of practical applications and {imitations.

There are two modes of solar energy use which are of current
interest: the direct storage and use of heat energy from in-
frared solar radiation and the conversion of light to electrical
or chemical energy. McDevitt {page 217) in his article
“Photoelectrochemical Solar Cells” explores the latter mode,
explaining the role of semiconductors in effecting the energy
conversion and the problems involved in finding processes
which efficiently utilize the selar spectrum. He also gives di-
rections for preparing a workable photoelectrochemical cell
which demonstrates many of the principies involved in this
complex problem.

Adamson, Namnath, Shasiry; and Slawson {page 221)
take a more basic approach to solar energy by deriving the
theoretical limitations to the efficiency with which Eght energy
can be converted to work. They show how application of
Einstein’s law of photochemical equivaience places a limita-
tion on how much of the availabie spectrum can be used for
a particular conversion process and how the application of the
laws of thermodynamics produces yet another limit on the
conversion’s theoretical efficiency. They conclude that solar
energy is more efficiently utilized when it is absorbed directly
for heating purposes. Their approach, which includes chemical
exampies, would make a useful classroom presentation since
it points out clearly that not ail of that “free” energy is just
laying around waiting to be turnied into electricity as somie in
the popuiar press would have us believe.
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Even the direct use of solar energy in the form of heat en-
ergy has its technical problems, particularly in those areas
where fairly large amounts of heat energy have to be stored
to compensate for the unpredictabilty of the energy source,
Spears and Spears (page 252) recycle an old favorite, the
demonstration which uses CoClg to illustrate the fecile change
in coordihation number by some transition metals, and use
its endothermic reaction as a heat storage device in dn ex-
periment that can be performed at the advanced high school
ot first-year college level.

Organic Ghemistry

Otgani¢ chemistry covers such a wide rarige of compounds
and, by extension, theoretical and experimental approaches
that it is one of the key building hlocks of the undergraduate
curriculum, It appears in many guises, from theoretical
treatments involving thermodynamics to practical applica-
tions of natural preducts that are intimate parts of our daity
lives. Several articles in this issue are about one of these many
aspects of organic chemisiry.

Before if is decided whether a particular reactlon or theory
is appropriate for the organic course, it iz necessary to examine
what the objectives of the crganic course as a whele should be,
In this month's Goals feature (page 239), two authors, Clapp
and Johmson, from a university and a bigh school, respec-
tively, give their views on the values 45 wel} as the contents of
the organic course at each of their institutions.

The recognition of the bond resonance.in benzene is the very
heart of much of the bondirg theory of organic chemistry.
George, Bock, and Trachtman {page 225} evaluate the
empirically derived resonance energies as thermodynamic
reaction energies. Another Application of resonance theory has
been in explaining the anti-Markovnikov addition. In this
month’s Textbook Forum, Tedder (page 237) points out that
the explanations of free radical addition to alkenes given in
most texts are often misleading and sometimes wrong, partly
due to the reluctance of authors to deveiop the more compli-
cated, but accurate, picture,

_ Teachere looking for some mterest.mg history as well ag
some practical applications of organic chemistry will find

- Cumimings’ Profiles in Chemistry on Wallace Hume Car-

others both informative and useful. Another article with a
“renl world” biochemistry application is this month’s
Thumbnail Skeiches feature in which Fernelius answers the
guestion: “Is Sugar from Sugar Beets the Same as Sugar from
Sugar Cane?”

An experiment Wthh teaches the theory and apphcat:on
of HPLC by expanding the traditional organic exercise on the
sepadration of a carotenoid from the chlorophylls of a vegetable
is provided by Silveira, Kochler, Beade}, and Monroe {page
264). Another aspect of the organic laboratory, the dangers
involved in unsuspected peroxide formation is aging solvents,
is discussed hy Nagel {page 250} in this month’s Sefety Tips
feature.




Reflections on the Electron Theory |
of the Chemical Bond: 1900-1925

Anthony N. Stranges

Department ot History, Texas A&M University, College Station, TX 77843

Science has so deeply influenced our lives that we some-
times tend to see scientific ideas as something final, something
eternal and static. In reality, scientific ideas are human cre-
ations with their own history, and their historical study often
contributes to a more complete understanding of modern
science. The electron theory of the chemical bond is one of the
many important ideas that became a part of modern science.
This easay wilt examine ifs history {1).

The first electrical theories of the chemical bond accounted
successfully for the large number of inorganic compounds that
chemists and physicists knew were clearly electrical in be-
havior. When applied to the much larger number of organic

compounds, they proved inadequate. The bond in organic’

compounds did not receive a successful interpretation until
1916 when G. N. Lewis (1875-1946) at the University of Cal-
ifornia, Berkeley, announced his theory of the shared electron
pair. Lewis showed further that the formation of electrica?
eompounds was only a special case of his more general theory,
His theory remains to this day the foundation of modern
chemical bond theory.

Nineteenth Century ldeas on Electrical Combina!lon

Quite early in the 19th century, natural philosophers, the
chemists and physicists of that time, had agreed that all
bodies-—solid, liquid, and gaseous-—consisted of atoms. They
called a body that contained atoms of one kind, an element;

u hody composed of two or more different kinds of atoms was -

a compound. Natura] philesophers also recognized at this time
that an electrical force held the atoms together. Construction
of the first electrical battery and the discovery of the electric
current by the Italian Alessandro Voita (1745-1827} in 1800
established that a chemical reaction between different kinds

of atoms produced an electric current {2). A demonstration.

of the opposite effect followed almost immediately. Wiliiam
Nicholson {1753-1815) and Anthony Carlisle (1768-1840) in
London showed that an electric current could separate a
compound into its atoms. They found that the compound,
water, consisted of two gases: hydrogen and oxygen (3). After
other investigators, chiefly Humphry Davy (1778-1829) at the
Royal Institution in London and J. J. Berzelius (1779-1848)
in Sweden, succeeded in decomposing numerous chemical
compounds with an electric current, the identity of the at-
tractive force as electrical seemed complete. An electric cur-
rent separated a chemical compound into its elementary
constituents; an electric cell produced its electricity only with
an accompanying chemical change.

The mode} which illustrated most clearly an atom’s elec-
trical behavior assumed that certain atoms were naturally
electropositive, others efectronegative, and that the attraction
hetween them explained the well-known attraction of unkike
charges in large bodies. Berzelius in 1811 developed a much
more elaborate electrical theory of attraction. He imagined
each atom to congigt of one or more electric poles; the pogitive
and negative electrical charges resided in opposite parts of his
atom like the poles of a magnet. Attraction between atoms
resulted from neutratization of the opposite electrical charges
at the poles (£). _

Electricity was the rage of the early 19th century, and the-

ories that supported an electrical attraction between atoms
dominated the physical sciences. But near the middle of the
century these theories began to diminish in popularity among
chemists, The reasons for their fall are several, but the one of
most importance was the rise of organic chemistry, Chemists
increasingly studied substances of vegetable and animal origin

- and were content only to analyze the number, kind, and ar-

rangement of the atoms, usually carben, hydrogen, and oxy-
gen, in thoge substances. They paid no attention to ihe force
holding these atoms together.

The rapid rise of the chemical industry, particularly in
Germany in the second half of the 19th century, made evident
organic chemistry’s newly acquired prominence. German
chemists carried out analyses and syntheses of dyes, drugs,
and petrochemicals, all organic substances, without assuming
any electrical theory of attraction, A simple line represented
the bond uniting atoms in these compounds. The British
chemist, William Tilden {1842-1928}, pointed out this 19th
century development much later in a lecture before the F.on-
don Chemical Society {5}

We have a universally acknowledged system of combination ex-
hibited by atoms without neceasarily forming any hypothesis on
the nature of their attractive force.

Organic chemistry had diverted the attention of chemista
from any theoretical explanation of the bond between atoms.
The excitement of discovering new compounds was, appar-
ently, sufficient justification for not considering such a spec-
ulative problem. At the same thme, organic chemis{s revealed
the fundamental weakness of the electrical theory of attrac-
tion. They showed that in organic compounds, the most
prevalent bond was the bond hetween two carbon atoms. But
carbon atoms were all alike, and, therefore, they should not
have the opposite charges required to attract and bind one to
another,

The physicists, unlike most chemists, never abandoned
their helief in the electrical properties of atoms, But their
investigations centered mainly on the atom’s kinetics, the
fields of force around an atom, and the question of whether
the atom had an mternai structure, as spectroscopy seemed
to suggest.

Of course, the increasingly empirical direction which
chemistry had taken in the last half of the 19th century
troubled both physicists and chemists. In 1881, Hermann von
Helmholtz {1821-94), in a well-received annuat Faraday Ad-
dress before the London Chemical Society called for a return
to the earlier electrochemical ideas of Berzelius which sug-
gested the identity of the atfractive force and electricity. “I
think the facts leave no doubt,” Helmholtz said, “that the very
mightiest among the chemical forces are of electrie origin. The
atoms cling to their efectric charges, and opposite electric
charges cling to each other” ().

The Swedish chemist and later Nohe] Laureate, Svante
Arrhenius (1859-1927) in 1887 argued that his electrolytic
experiments with aqueous sofutions also indicated that the
atom’s attractive force was electrical {7). Arrhenjus showed
that, in solution, electricaily active molecules were identical
with chemically active molecules. He had reduced chemical
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and electrical activity to the same cause—the presence of
charged atoms. But in spite of the reasonable arguments of
Arrhenive and Helmholtz, conclusive evidence on the role

played by electric charges in the union of atoms was still |

lacking. Indeed, the evidence did not appear until 10 years
later,

In that year, 1897, J, J. Thomson (1856-1940), the physicist
who directed the Cavendish Laboratory at Cambridge Uni-
versity, England, demonstrated in his research on the elec-

“trical conductivity of rarefied gases that atoms were not, as
previously believed, indivisibie. Instead, they contained ex-
ceedingly light particles of electricity {8). These sub-atomic
particies, later calied electrons, were removable and carried
a negative charge {9). As the 20th century dawned, it became
increasingly clear that all atoms contained one or more iden-
tical, negatively-charged electrons and that the electron, be-
cause of its small mass, rather easily moved from one kind of
atom to another. '

Early Twentieth Century Theories of Electricat Altraction

J. J. Thomson lost little time in pointing out that the elec-
tron was responsible for an atom’s electrical attraction, He
proposed his theory in papers published in the Philosophical
" Mogazine {10) and in the Silliiman lectures which he gave
while visiting Yale University in May of 1903 (11). An at-
traction between two atoms, Thomson said, resulied whenever
one of the atoms donated an electron to the second atom. As
one of the atoms now contained an extra electron, it was
negatively charged; the other atom, having lost the electron,
carried a positive charge; and the two oppositely charged
atoms then attracted one another. Thomson’s theory of at-
traction was, of course, similar, though on a sub-atomic level,
to the long-established law of attraction that governed the
macroscopic behavior of bodies.

Other physicists, among them Oliver Lodge (18511940}
in Britain and Johannes Stark (1874-1957) in Géttingen,
discussed the electrical structure and attraction of atoms in

their publications. Lodge wrote in bis monograph, “Modern

-

Yiews on Matter” (12);
... it becomes a reasonable hypothesis to surmise that the whole
of the atom may be huilt up of posHiva and negative electrons in-
terleaved together, and of nothing else; an active or charged ion
having one negative electron in excess or defect, but the neutral
atom having an exact number of pairs. The oppositely charged
electrons are to be thought of on this hypothesis as flying about
inside the atom, as a few thousand specks.

In his 1903 publication, “Dissoziierung und Umwandiung
chemischer Atome,” Stark suggesied that chemical union
resulted from the sharing of an electron by a pair of atoms in
a molecule. He represented the sharing with electrical lines
of force that ran from the electron to each of the bonded
atoms. The electron attached itself with a larger number of
lines to the more negative atom and with a smaller number to
‘the more positive atom (73},

Chemists who belonged to the new school of physical
chemistry also examined the atomn’s electrical behavior. These
chemists believed that their science required more than pre-
paring new compounds and cataloguing their behavior. Like
the physicists, they placed hefore themselves the much higher
ideal of gaining a clear insight into the electrical atom and the
forces acting within it.

Wiliiam A. Noyes (1857-1941} then at the Bureau of
Standards, expressed the physical chemists’ conviction in an
address he delivered to the International Congress of Arts and
Sciences in St. Louis in 1304 {14)

Chemists should not be content with rounding out organic chem-
istry as a descriptive science nor even with adding to the number
of empirical rules which enable us to predict eerlain classes of
phenomena. We must instead, place hefore ourselves the much
higher ideal of geining a clear insight into the nature of atoms and
molecules and of the forces or motions which are the real reascn
for the phenomena which we study,
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In Germany, the chemist Richard Abegg (1869-1910) by
1904 had already developed an electrostatic theory of atomic
bonding that was identical to Thomson’s (15). His “rule of
eight” gave some indication of the maximum number of
electrons involved in atomic union {15). Abegg observed that
the same atom in its different corapounds had either a positive
or.a negative charge and that the sum of the two was often
eight. Chiorine had a ~1 charge in sodium chloride {NaCl) and

“a +7 charge in perchloric acid (HCIO,}; nitrogen’s charge was

—3 in ammonia (NH;z} but +5 in nitric acid (HNOs}. Accord-
ing to Abegg, most atoms thus had available for bonding
anywhere from one to eight electrons. Abegg’s rule was the
first publication dealing with the number of bonding electrons
{valence electrons) an atom contained and enjoyed great
popularity ammong physical chemists,

Indeed, the efforts of Noves, Abegg, and other physical
chemists to move chemistry away from its empirical and de-
scriptive state generally received a warm reception although
G. N. Lewis in describing the origin of his electrical theory of

" the atom wrote {16}

I went from the Middle-west to study at Harvard, believing that
at that time it represented the highest scientific ideais. But now |
very much doubt whether either the physics or the chemistry de-
partment of that university furnished real incentive to re-
search. ... A few years later [1902], 1 had very much the same
ideas of atomic and molecular structure as { now hold, and I had
amuch greater desire to expound them, but I could not find a soul
sufficiently interested 1o hear the theory, There was a great deal

of research work being done at the university, hut, as I see it now,

the spirit of research was dead.

The opponents of the new theoretical or physical chemis-
try were clearly a minority, however. Their opposition was also
short-lived. Lord Kelvin (1824-1907) refused to accept that
interactions between atoms were electrical, He was an avowed
opponent of the electrical theory of matier applied to chem-
istry and believed in a Boscovichian law of force as the ulti-
mate expianation of the behavior of chemical atoms. Kelvin
agreed with Roger Boscovich (1711-87) that atoms were really
puints or identical centers that reacted according o an oscil-
latory law in which the force between atoms varied (with
distance) from an attractive to a repulsive force {17}

We might be tempied to assume that all chemical action is elec-
tric, and that all varieties of chemical substance are to be ex-
plained by the numbers of elecirions required to neutralize an
atom or a set of atoms; but we can feel no satisfaction in this ides
when we consider that great and wild variety of quality and af-
finities manifestod by the different substances or the different
‘chemical elements;’ and as we are assuming the electrions to be
all alike, we must fail back on Father Boscovich, and require him
to expiain the difference of quality of different chemical sub-
stances hy differeni laws of force between the different atoms.

In the United States, the well-known chemist Edgar Fahs
Smith {1856-1928) at the University of Pennsylvania looked
upon physical chemistry as something that chemists should
acknowledge rather than believe in (18). Louis Kahlenberg
(1870-1941) at the University of Wisconsin remained skeptical
of electronic theories (19)

The electron theory considers electiricity itgelf to be material in
character and to consist of corpuscles or electrons thet weigh
about 0.0005 as much as a hydrogen atom, This theory hes devel-
oped from a study of radium rays and the discharge of eleciricity
through rarefied gases, The electrons are considered o be nega-
tive electricity itself, Positive electrons appear to be much more
difficuls to isolate. J. J. Thomson has recently attempted to con-
struet a theory that the atoms of the various elements are com-
posed entirely of electrons, and has shown that, on the besis of
such an assumption, the properties of the elements would eahibit
periodicity as indicated by the periodic system. The electron
theory has not yet been {ested as to ita value in the siudy of chern-
- ical changes.

Thus, by the close of the first decade of this century,




mainly through the efforts of J. J. Thomson in England,
Richard Abegg in Germany, and an outstanding group of
physical chemists at the Massachusetts Institute of Tech-
nology which included G. N. Lewis, chemists and physicists
had arrived at the following picture of the structure of
‘matter: .

1} matter consisted of divisible atoms,

2} every atom contained one or more nearly weightless, negatively
charged particles called electromns,

3) every atom contained a second kind of particle, considerably
heavier than the electron, that accounted for most of the atom’s
mass and had sufficient positive charge to balance the electron’s
negative charge. )

4) the tranafer of elecirons produced the attractive force holding
atoms together.

The use of the electren to accouni for the hond between
atoms gave rise at this time to considerable debate beiween
physicists and chemists. The issue was whether an atom’s
electrons were stationary or in motion; in other words, was the
atom’s electronic structure static or dynamic? Certain physical
problems, those relating to atomic spectra, as well as the
physicists’ fundamental probiem of accounting for the atom’s
stability clearly dictated a dynamic atom. The planetary atom
that Niels Bohr (1885-1962) proposed i 1313 dealt essentially
with these problems {20), As it happened, the chemists’ major
goal, to explain the union of atoms, received from G. N. Lewis
in 1916 a clever and resourceful, but expedient, solution which
did not question the atom’s sfructure and thus the ultimate
siructure of the chemical bond.

When J. J. Thomson put forward his theory that a bond
between two atoms oceurred when one of the atoms donated
an electron to the second atom, chemists in the United States
and abroad gave it a favorable reception. Ameng his earliest
American supporters were K. George Falk (1880-1953} and
his school at Columbia University, William A, Noyes at the
University of Iilinois, Harry 8. Fry (1878-1949) at the Uni-
versity of Cincinnati, and Julius Stieglitz (1867-1937) at the
University of Chicago. In numerous papers published mainly
in the Journal of the American Chemical Society from 1909
to 1917, they carried out a systematic application of Thom-
son’s theory to numerous chemical eompounds {(271).

The theory was often called the positive-negative theory
because, as a result of combination, each of the atoms in a
compound always contained either a positive or a negative
- charge. It worked exceptionally well for polar or inorganic
compounds, those resulting from the union of a metal with a
nonmetal. In forming the compound, sodium chloride, for
example, the metal, sodium, transferred one of its electrons
to nonmetallic chlorine. The sodium was now positive, Na™,
the chlorine negative, Cl—, and the resulting attraction of two
oppositely charged atoms held the compound together,
Na+--~Cl, Since chemists could demonstrate experimentally
with electrolysis the actual presence of positive sodium and
negative chlorine atoma in sodium chloride, the theory’s
fundamental postulate seemed verified.

.IFI+ 1"
H—Cl H’—mi? ~'H Cl—iC—"C1
*H “Ci
hydrogen chloride methane carbon fetrachloride

Examples of Electzon Structures According to the
Positive-Negative Theory

It was the application of the positive-negative theory to the
compounds of organic chemistry or to nonpolar compounds
that led to serious difficulties. Atoms with positive and neg-
ative charges should have existed in those compounds also,
but every attempt to establish their presence proved a failure,
William A. Noyes tried for 20 years to izolate these atoms

before abandoning his search in 1921 {22}, Harry Fry invented
new types of electrical compounds called electromers which
he ciaimed proved the existence of charged atoms in organic
cempounds. According to Fry, electromers were compounds
whose atoms had the same arrangement, but opposite elec-
trical charges (23):

H'—"Cl H—"Cl
Tl or
Cl—"N-"Cl Cl'—"N=-*Cl

electromers of hydrogen chioride and nitrogen trichloride

Julius Stieglitz argued that the elusive charged atoms of or-
ganic compounds were different from those of inorganic
compounds and incapable of isolation {24).

The evidence was, however, overwhelmingly against the -
positive-negative theory when applied to organic compounds
fand to certain inorganic compounds which chemists and
physicists had ehown not to consist of charged atoms), Stuart
Bates (1887-1961) at Hlinois {25), Roger Brunel {(1881-1924)
at Bryn Mawr College {26}, and G. N. Lewis, by then at
Berketey {27} summarized the evidence in their papers on the
chemical bond. They pointed out that polar compounds
generally liberated their charged atoms in aolution and were
electrolytes, while nonpolar compounds were not. Polar
compounds, when compared to nonpolar compounds, usually
hed higher dielectric constants, larger dipole moments, and
greater specific inductive capacities. They argued that the two
classes differed so significantly in their physical and chemical
behavior that one could not possibly claim any similarity in
their electrical structures, But Lewis atone in 1916 proposed
the first successful alternative theory of the electron’s rofe in
nonpolar hond formation {28).

The Contribution of G. N. Lewis: The Shared Eleciron Pair

In his theory of bond formation, Lewis assumed that instead
of the electron’s complete transfer from one atom to another,
as in the positive-negative theory, only a partial or incompiete
transfer of two electrons, one from each of the combining
atoms, occurred. The two atoms shared a pair of electrons
between them. The electron pair attracted and held to it the
resulting positive cores of the combining atoms but belonged
to meither. This eliminated the formation of oppositely
charged atoms in compounds whose physical and chemical
properties gave no indication that they contained charged
atoms. With his theory of electron sharing, Lewis had over-
come the major shorteoming of the positive-negative theory
when applied to nonpolar compounds.

H+_.~Cl H:C]
{A} (B}

electron struetures of hydrogen chloride
(A) according to the positive-negative theory
(B) according to Lewis, where each dot represents a shared elec-
tron '

Lewis also pointed out: that his theory could aceount just
as well for the formation of polar compounds, those known te
contain oppositely charged atoms. For each bond formed
between two atoms in a polar compound, one of the atoms
always had a much stronger attraction for electrons than the
other, and according to Lewis, a much greater share of the
electron pair. Indeed, in the extreme case the electron pair
belonged te it completely. This atom, therefore, appeared
negative, the other, positive. The positive-negative theory of
combination was then only 4 special case of Lewis’ more
general theory, : :
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The reason why the Lewis theory required two electrons in

forming a chemical bond and not some other number was a

direct consequence of the static atomic mode} Lewis had
adopted. By 1916 chemists recognized that most chemical
compounds contained an even number of outer or valence
electrons )

Tota} Number of Valence
Electrons in Molecule

Number of Valence
Electrons in Alom

4
=]

N NH; = 8
i
L= COy = 16
3:2 80; = 24
g]:‘; CCl, = 32

Lewiz showed that he could easily account for their structures
if each of the combining atoms shared two electrons each time
it formed a chemical bond with another atom. His theory thus
provided a satisfying picture of the electronic arrangements
in numerous compotnds, The Lewis theory also solved several
other long-standing structurai problems that had proved
embarrassing to chemists, those of ammonium chloride and
the oxyacids, and predicted correctly the structures of a re-
cently discovered class of compounds, the metallic hy-
drides. '

To express conveniently and clearly his theory of the shared
electron pair bond, Lewis proposed a new electronic symbol-
ism now known as electron dot or Lewis formulas. Fach pair

of dots or colon placed beside a chemical element’s symbol-

represented the pair of electrons that constituted the hond
(28). In short, the theory’s great serviceability accounted for
its success, for within 10 years of its introduction in 3916,
chemists had universally accepted the Lewis theory.

In 1918 F. Russell von Bichowsky {1889-1951) who had
studied under Lewis at Berkeley devised a theory of color for
inorganic compounds based on the Lewis valence theory. He
was also the first after Lewis to use the dot notation to rep-
resent the chemical bonds in a molecule {29). The following
vear Joel Hildebrand {881-1983), Lewis’ longtime colleague
at Berkeley, adopted the Lewis theory and electron dot
notation in his texthook, “Principlea of Chemistry” (30}. In
1920 two other Berkeley colleagues, Wendell Latimer
{1893-1955) and Worth Rodebush (18871959}, used Lewis’
theory when they introduced the idea of a hydrogen bond in
their discussion on the association of liquids {37); while Robert
N. Pease {1895-1964) at Princeton analyzed in a 1921 puhii-
cation the molecular volume of water, ammonia and methane
according to the Lewis valence theory (32).

Other chemists in the United States, among them another
Berkeley graduate Ermon D, Eastman {1891-1945), Ernest
C. Crocker (1888-1964), Wallace H. Carothers (189%6-1937),
James B. Conant {1893-1978}, and Howard J. Lucas (1885—
1963}, began applying the Lewis theory to the reactions of
organic compounds in the 1920%. Some of the investigations

they carried out were the study of the electronie structures of .

double- and triple-bonded molecules, the addition reactions
of the double bond, the addition compounds of kétones and
the structures of aromatic molecutes {33). Indeed, Lucas and
Archibald Y. Jameson (1902-1935) at the California Institute
of Technology demonstrated convincingly in 1924 that the
electron pair theory was far superior to the positive-negative
polar theory in accounting for the addition and rearrangement
reactions of organic molecules (34). In tha period 1924-26
Luecas and his collaborators provided the evidence that led to
the exiensive development and firm establishment of the
electron pair displacement theory (33).

British chemists and physicists, among them Nevil Sidg-
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wick (18731952}, Ralph H. Fowler (1889-1944), and Thomas
Lowry (1874-1936), gave a favorable reception to the shared
electron pair (35). Sidgwick applied the theory succesafully
to a previously troublesome class of chemical compounds
calied coordination compounds and wrote a well-known
monograph that contained a masterly presentation of Lewis’
ideas {36).

But the greatest exponent of the Lewis theory was Irving
Langmuir {1881-1967), a research chemist at the General
Electric Company in Schenectady, New York. In the two-year
period, 19191921, Langmuir wrote extensively and lectured
widely on the Lewis theory in the United States and abroad
{37). His interesting and convincing personality and his ad-
mirable methods of presentation clearly aided the theory’s
acceptance. Indeed, following Langmuir’s popularization of
the Lewis theory, chemists sometimes cailed it Langmuir’s
theory, or the Lewis-Langmuir theory of valence (38).* This
obvious neglect of Lewis, the author of the shared electron pair
theory, resulfed in a long-lasting grodge between the two men.
Lewis believed that Langmuir had never observed the eatab-
lished rules of priority regarding the origin of the theory (40).2
In a letter to Langmuir in 1919, Lewis wrote (43}

+ . - to be perfectly candid I think there is a chance that the casual
reader may make a mistake which I am sure you would be the last
to encourage. He might think that you were proposing a theory
which in some essential respects differed from my own, of one
which was based upon some vague suggestions of mine which had
not been carefully thought out. . .. It seems to me that the views
which I presented were about as definite and concrete as was pos-
sible considering the condensed form of publication. ¥ think if
any confusion should arise it would be due to points of nomencla-
ture. For example, while I speak of a gronp of eight, you speak of
an octet. '

The dispute with Langmuir had one favorable conse-

quence; Lewis recognized that chemista had forgotten who had |
originated the theory. Langmuir had almost compietely

overshadowed Lewis. This turn of events more than anything
else led Lewis in 1923 to puhlish his clagsic monograph on the
theory of the shared electron pair bond.? Entitled “Valence
and the Structure of Atomns and Molecules” (45), Lewis' lucid
and concisely written book was required reading for chemists
in its day. A monograph which Lewis claimed in the preface
would soon belong “to the ephemeral literature of acience,”
became instead a classic in the history of chemistry. “Valence”
contained not only all of the ideas Lewis presented in his 1916
paper but also those which very likely would have appeared
before 1923 had World War I not occurred. ¥ts contents in-
cluded the Lewis theory of acids and bases {the electron pair
acceptor, electron pair donor theory), an examination of
double and triple honds in molecules, and a discussion on the
source of chemical affinity which Lewis still believed to be
magnetic in origin. Even today the fundamental ideas Lewis
presented in his monograph remain correct. '

*in this regard see Joef Hildebrand's comparison of Lewis and
Langmuir {35). “‘Lewis was an indoor man, an omnivorous reader, much
given to reflection, a sclentific phitosopher. Langmuir frequented the
out-of-doors; he observed natural phenomena with a keen eye. In his
Hitchcock lectures he todd about lying on the ice of Lake George studying
with a magnifying glass a curious pattern of bubbles he had noticed In
the ice. | could not imagine Lewis doing anything of the kind. ...
Langmuir's mind was the more inductive; that of Lewis was more de-
ductive.”

2| angmulr seermed to give Lowis sorne priority when he wrote in
1919 (47): “This theory, which assumes an atom of the Ruthertord type,
and is essentially an extension of Lewis’ theory of the ‘cubicai
atom’ .. .. " Again, in 1920 Langrmuir wrote (42); “This work of Lowis
has been the basis and the Inspiration of my work on valence and atomic
structure.”

31 owis was at firgt somewhst reluctant to write his monagraph on
“Valence” as he was already committed to wriling his textbook on
“Thermodynamics™ (44).




There is little doubt that by 1932 Lewis' publications on the
electronic structures of atoms and molecules and their
chemical reactions did much to convince the chemical com-
munity to acknowledge the superiority of his valence theory.
William A, Noyes, a leading advocate of the polar or electro-
static valence theory, accepted the Lewis theory in 1921 {46).
In 1920 ang 1921, K. George Falk publiched two monographs,
“Chemical Reactions: Their 'I‘heory and Mechanisms” and

“The Chemistry of Enzyme Actions,” in which he still adhered
to a polar theory of valence (47). But by 1924, in the intro-
duction to the second edition of “The Chemistry of Enzyme
Actions,” Falk had also accepted the Lewis theory. The Lewis
electron pair theory, he wrote, was proving extremely useful
as a classifying principle for chemical reactions and in devel-
oping hew lines of research (48).

Conciusion

By the mid-'twenties, Lewis had placed the electron pair
theory of the chemical hond on a firm qualitative basis. But
his idea had no theoretical basis until quantum mechanics
established its correctnhess mathematicaity.

In 1925 Wolfgang Pauli (1900-58} in Hamburg enunciated
his famous exclusion principle {49). According to this prin-
ciple, no twa electrons in an atom could have the zame ou-
mericat value for each of the four quantum numbers used to
describe an ejectron’s energy state. A pair of electrons having
identical values for the r, I, and m quanturh numbers, had to
have their spin axis, designatod by the s quantum number,
oriented in apposite directions to one another, In other words,
the two electrons were paired. Pauli’s principle therefore
limited the total number of electrons possible in an atom and
permitted their correct distribution within ea¢h atom. Applied
to the hypothesis of electron pairing in the chemical bond, it
appeared equivalent to what Lewis had suggested in 1924. If
the electrons in a nonbonded atom were paired, Lewis wrote,
then a pairing also occurred between two électrons in different
atoms upon forming a nonpolar bond ¢(50). Indeed, Lewis’
shared electron pair consisted of twe electrons in identical
energy states except for their opposing or paired spins (51).
Thus its satnration followed directly from Paul’s principle.

Lewis believed that the electron interactions and the source
of the bond energy were magnetic. But Werner Heisenberg
{1901-76} in Copenhiagen and Paul Dirac (b, 1802} at Cam-
bridge using the new guanium mechanics showed indepen-
dently in 1926 that the electron interactions within a molecule
actually regulted from a resonance or exchange effect (52). The
following year, Walther Heitler (b. 1904) and Fritz London
{1960-54} in Zurich applied the conception of resonance or
exchiange energy to account for the energy of the electron pair
bond in the hydrogen molecule (53).

By 1928 the quantum mechanical treatment of the electron
pair bond in the hydrogen molecule seemed beyond doubt. In
that same year, London suggested that the resonance or ex-
change energy of two glectrons, one from each of the atoms

undergoing combination, was in every case the energy of the

nonpolar bond. The two electrons forming the bond had
paired their spins and were, therefore, incapable of further
combination {(54). Linus Pauling (b. 1901} at the California
Enstitute of T'echnology agreed that London's theory was in
simple cases entirely equivalent to the Lewis theory. Quantum
mechanics, he added, provided a theoretical justification for
the rule of eight, or octet theory, at least for the first row ele-
ments (55): .

The shared electron structurea assigned by Lewis to moleculos
such as Hy, ¥y, Clp, CH,, efc., are also found for them by London.
The quaptum mechanice explsnation of valence is, moreover,
more detailed and correspondingly more powerful than the oid
picture. For example, it lsads to the result that the number of
hared bonds possible for an atom of the first row is not greater
than four, and for hydrogen not greater than one, for, negiecting
spin, there are only four quantum states in the L-shell and one in
the K-shell.

Within a few vears, in 1931, Pauling gave a formal quan-
tum mechanical proof to the Lewis idea that a pair of electrons
constituted the nonpolar bond (56}, Quantum mechanics hag
subsumed the Lewis electron pair bond; but because of
quantum mechanics’ mathematical complexity, chemists still
usé the Lewis theory on a working level. It remains today the
foundation of modern valence theory.

LReralure Cited

{1) For a complele discussion of this topic see Steanges, Anthony N., “Flecirone and Va-
lénee: Development of the Theary, 1900-1925," Texas A&M Universily Press, College
Btation; TX, 1982,

{2) Volta, Alessandro. “On the Blectricity Excited by the Mere Contact of Conducting
Suhstances of Different Kinds,” Philosophical Tr tions of the Royel Society,
Lotdon, 88, 463 (1800}, The same article appeared ix Phil. Mag , 7, 259 (1500}

(3) Nichalson, William, and Cariisle, Anthony, “Account of the New Eloctzical or Galvenic
Apparatus of Sig. Alex. Voita and Experimenta Porformed with the Same,” Journal
of Natural Philosophy, Chemistry and the Arts (Nicholson's dograal), 4, 178 (1800);
Nichalson, Willidgm, and Carliste, Anthony, “Expériments in Galvanic Blectricity,”
Phif, Mag., 7, 337 (1800),

{4) Harzeline, J. 4., “Essal sur lo Théarie des Proportions Chimiques et sur I’ Infi
Chimigue de UBectricicé,” Patis, 1819, See aleo Russal, Colin A., "Berzelivs and
the Development of the Aftomic Theory,” in “John Dalion and the Progress of
Seienpe,” (Editor: Caldwell, Donald 8. L.), The University Press, Manchester, En-
gland, 1968,

{6) Titden, William, “Cannizzero Memorial Lecture,” J. Cherm. Soe., (61, 1677 {1812},

{6) vor Halmholtz, Hermatin, “The Modern Dwelcpment of lramday s Conception of
E}ectricity," . Chem, Soc., 3% 277 (1587}

(7 h Bvarnibe, “Dey of tho Theury l:d’El-ECI-mlyllc D!ﬂsomh&m. m “Nohel
Levtures: Chemtstry (AL 128{5 " Fisevinr Pobiishing :

1966,

(8} Thomson, 1. J., “Cathode Rays,” Phil. Mag., 44, 293 (1897).

(% G. Johnetone Btoney {1826.-1211}, an Tvish physicist, introduced the word electron to
tepyusent each of the negatively charged pariicles he believed osciltated within the
afomm, in his paper “On the Cause of Double Lines and of Equidistant Satellitey in
the Bpeciza of Gases,” Seientifi¢c Proceedings of t.‘w Royaf Dubfm Socnet)f, & 583
{898}, Thia was six years before J. J. Th

(11 Thomsea, J. J., “Cathode Rave,” PRl Mag., 44, 209 (1897} “On _Lhe Charge of Flee-
tricity C-arried by the Jona Produced by Réntgen Rays,” Phil, Map., 48, 528 {1898);
“On the Masses of the loms in Gases ut Low Pressures” Phil Mag., 48, 547
{180). .

{11y Thomson, J. J., “Electricity and Mattor,” Charles Scribner's Sons, New York, 1904,

{12) Lodwe, Oliver, “Modern Views on Mabter,” Clarendon Press, Oxlord, 1903, p. 11

{13) Btark, Johannes, “Disaoeiiervog und Umwandipng chemischer Atome,” F. Viewsg und
Sohin, Braunschweig, 1904, pp. 3-8.

{14) Boyes, William A., “Present Problems of Organic Chensistry,” Science, 20, 480 {1904).
Qruotation i from p. 501,

(15} Hichard Abegg, “Die Valenz und das periodische System, Versuch einer Theorie des

Molekiliverhindungen,” Zeit. anorg. Chemie, 39, 330 (1904); “Valency,” B.A.A8.
Report, Leicemter Mewting, 77, 481, (1807},

(16) Tewis, G. N, letter to Kobert A. Millikan, Ocvicber 28, 1919, Lewis Papers, Office of
the Dean, College of Chemistry, Univ_emity of California, Berkelay.

{17} Thomson, William {(Lord Kelvin), “Acpinus Atomived,” Phil. Mag., 6, 267 {1502),
Q\ictatmn ia from p. 272, Th!s ia the article Kelvin mnt.nbuted 0 a Jubilee Volume
¥ i o P r Hosscha {1831-1931}, MNav., 1801, Bosscha was
Director of the Polyt jcal Instituts in Peifs, Holland, and secretxryof the Dugch
Scientific Buciety. Kelvin's term “electrion” came fromm Faraday’s ion and Stoney's
electron. §t denoted an atom of negative eleciricity. He introduced the name “elec-
frinn™ in an ariicle “Contect Flectricity and Electrolysfs According o Father
Boscovich," Nature, 56 84 (Msy 2’? 1897),

{18} Hildsbrand, Joei H., “Chemi Iy tiom and the University of California,” an in-
terview conductesd by Hdna Tar:nui Daniel, Borkeley, 1862, Regiona] Cultursl History
Project, University of Catiforaia, General Library, p. 34.

(19} Kahlenberg, Louis, “Ouilines of Chentistry,” The Macmillan Company, New York,
1499, p. 432, In a later, 1915, edition of his boolt Kahienberg =tifl expreased doubt
aboat thre fraibful of the alecteon theary fn v, emarkirg that it had “thos
far not proved o be of special value,” {*Outlimes of Chemmtcy, 2nd ed., The Mac-
Millan Company, New York, 1#15, p. 454). .

(20} Bohz, Niels, “On the Canstibution of Atoma and Molecules,” Phif. Mag., 28, {1813},
Bolr's 1913 trilogy Bppeats in Niels Bobe, “On the Constitution of Atoms and Mol.
ecules,” {Hditor: Rosenfeld, Leon}, W, A. Benjamin, inc., New York, 1963,

(21) Falk, K. George and Nelson, John M., “The Blectron Conception of Vatence,” J. Amer.

Chem, Soc., 32, 1637 {1914, Moyes, W:iham A, “AKinetic Jypothesis to Explain
the Function of Elect in the Cl Binati of Atoms,” J. Amer, Chem,
Soc., 38, 879 (1917). Yy, Harry 5., “The Blectronic Conceptlon of Pesitive and
Megalive Valences,” of. Amer. Chem. Soc., 37, 2368 {1915), Stieglitz, Julius, “Mo-
lecular Rearrahgemenis of Triphenylmethane Derivatives,” Proc. Nat, Acad. Sci.,
i, 196 (1015).

{22) Noyes, Williae A, “An Attempt to Prepare Nitco-Nitrogen Trichloride I1. The Conduset
of Mixtures of Nitmgen and Chiorine In & Flaming Are,” . Amer. Chem. Soc. 43,
1774 {1921).

(28} Fry; Harry 8., “The Flectronic Conception of Valenee and the Constitution of Benzene,”
Longmar:s. Green and Co., London, 192E,

{24} Stieglitz, Jutius, “The Electron Theoty of Valence sz Applied to Organic Covpeoingda,”

© of. Amer, Chere. Soc., 44, 1293, 1833 {1922,

(25) Bates, Stuart J., “The Blectron Conception of Valenes,” J. Amer. Chom. Soc., 36, 7RO
(1914),

(26) Brunel, Roger, “A Crititism of Lhe Eiectron Conceplion of Valence,” . Axter. Chem.
Soc., 37, 709 {1915).

{27} Lewis, G, N, “Valencé and Tautomerism,” J, Amer. Chem. Soc., 35, 1448 {1913),

(28} Lewiz, . M., “The Atom and the Molecule,” J. Amer. Chen. Soc 38, 762 (1M1 8),

{28} von Bnchowsky,f‘ Russall, “The Calor of Incrgatie Somponnds, fi.mer Chem. Soc.,
4 500 (1918},

{30} Hildebravd, Joel H., “Principles of Chemisiry,” The MacMillan Co., New York, 1318,

pp. 28594

{31) Latimer, WendeH M., and Hodebush, Worth H., “Polarity and Ionization from the
Standpoint of the Lewis Theory of Valence,” J. Amer. Chem. Soc., 49, 1430
(1920},

Volume 61 Number 3 March 1984 189



(32} Pease, Robert N., “An Analysiz of Molecular Volumes fram the point of view of the
-Langmuir Theory of Molecular Sl.ructure, J. Amer. Chem. Sac., 43, 901

[1921}

{2} Eastman, Brmon £, “Double and 3 'riple Bonds, and Elactron Smtcturea in Unssturated
Molecnlea, J. Amir. Chem. Soc., 44, 438 (1822). Bastmen was st Berkeley, Crocker,
Ernest. C., “Application of the (}ctet Theory to Single-Ring Aromatic Compounds,”
. Amer. Chem., Soe., 44, 1618 (1922). Crocker was at MULT. Carothers, Wallace H.,
“The Doubls Bend, b o, Amer, Chem, Soc., 46, 2228 {1824}, Camtlms was at the
University of Hilinois. Conant, James B., "Additium Reactiobn of the Carbonyl Groug
Tirvolving the Toerease in Valence of a Single Atom,” J. Amer. Chem. Soc., 43, 1705
£1921). Conent wae st Harvard, Lucas, Howard J., end Jameson, Archibald Y.,
“Electron Digplacement in Carbon Compounds, . Electron displacement versus
Alternate Polarity in Aliphatic Compounds,” of. Amer, Chem. Soc., 46, 2475 (1424},
{ueos wes at the California Tostitute of Technology Howard J. Lucu, Herward J,,
and Moyse, Hollis W., “Electronl‘ pl iti Carbon Comp . Hydmg:en
Bromide and 2- Pnnbena ' . Amer, Chem, Soc., #7, 1459 (1925). Loces, Howard J.,
Simpeon, Thomas K., and Certer, James M., '*Elecmm Diggplacament in Carbon
Comgponands. L Poaamy Differences in Carbon -Hydroges Unions,” . Amer. Chem.
8oc., 47, 1462 {1275}, Luces, Howard £, “Blactron Dieplacament in Oachon Com-
pounds 1V, Derivatives of Benzene," J. Amr Chem. Soe. .48, 1827 (1926).

(M) Luces and fameson, “Electron Displacement in Carbon Compounds. L"; a6 vited in
{33} above; for later developments see Lucss” papera givenabove;

{35} Boe "The Elecizonic Theory of Valency. A General Discossion,” Trana. ﬁhraday Sor,,
19, 451 (1523}, for the comments of Lhese and the cther participants such a8 William
&, Moyes, Robert Robinson, Charles R. Bury, 4. &, Thomson and Wilimm ®.
Bragg.

{36} Sldswwk nevil, “The Electron Theory of Valeney,” The C!afendnn Press, Oxl’m-d.
1927, °

{37) Langroair, Irving, *The Stucture of Matter in the Collected Wurlmd I.rvmg Langruiz,”
VI, (Rditors: Suita, Guy, and Way, Harold E.}, Pergamon Press, New York, 1641,

{38} Lewis, G. N., letl.er Lo Arl.hur B. Lamb, Janumy 13, 1920, Lewia Papers; Ref, (45}, .
a1,

(3‘9) “Irvmg'l ir's Phil hy of Sci with an lurt byJHHll"" d,”
in “Langmuyir: The Men and the Scientiat,” Pergamon Prem, New York, 1962, p, ZM.
This volume was also paubd as Volume XII of “The Collected Worlts of Irving
Langmyvir.”

{40) Lewis, G N., lotter to Arthur B. Lareh, Janoary 13, 1920, Lewis PapeTs. I.etter.G N.
Lawis to Wlllmm A. Noges, July 13, 1926, Lewis papérs.

(41} Langrmuir, Irving, “The Structore of Atoms and the Getet Theory of Valence,” Proe,
Nat. Acad. Sei, 5, 252 (1919).

{42} Langrauir, Frving, “The Strvctune of Atoms and lts Bearing on Chemical V’a]wee M.
of fnd. and Eng. Chem., 12, 388 (1920); Worlks, VT, p. 98,

{430 Lewis, 3. M., lelter to iwmg Langtmsir, Juiy 9, 1919, Lewia papers.

. (44) Lewls, G. N.. Tetfer to Willlam A, Noyes, September 38, 1918, Lewis papors.

{45} i.ams, . ¥, "Vaience and the Structure of Atoma and Molecides,” The Chemical

: Cataleg Cnmpm‘sy. Ine., New York, 1923,

(45) Noyes, Willinm A, "An Atfernpt to Prepate Nhro—Nitmngm:hlmde, H.The Conduct
of Mistures oletmsen and Chiorine in a Plaming Arc,” J. Amer. Chem. Soc., 43,
1774 (1921). As iate zs 1928, Fry had not shanaomd the slectrostatic theory.
{Chemical Reviews, §, 557 (1828)L

{47) Falk, K. George, “Chemical Reactions: Their 'I‘heory and Meei’lanmms T van Nus
trand Comipany, New York, 1920; “The Chemiatry of E 7 The Ct
Catalng Company, Inc., New York, 1921,

(48] Falk, K. George. “The Chietmistry of E Acti
Compsny, Int., New York, 1924, p. ITE

(49} Pault, Walfgang, “{lber den 2 hang des Abschiuss der Elektronengruppen
m Ammder Komp{emmkr.w der Smkwn, Zedt, Dhyelk, 41, TR (10263, “ Zur

des tischen Elekirons,” Beit. Physik, §3 601 {1927}

£50) Lewm G. K., “The Magnetocherics! Theory,” Chem. Rew., 1, 231 (1924).-

{51} Pauling, Lmus.“TheShaxed -Floetron Chemical Bond Proc Nat. Aced. Sci. !4\,359
{1928).

(52) Heigenherg, Werner, “Mebrkbrperpmblem und B inder @
Feit. Phyatk, 18 [6] 411 (1928}, Dirac, Paul, “On the Theory of Quantum Mecharics,”
Proc. Roy. Soc., A, 112 [8], 661 (3926).

(59} Heitler, Wa]ther, and London, Fritz, “ Wechseluwirkung neutraler Atome und ho-
m:‘iapaéure Mung nech der Quantenmechonit,” Zeit. Physik, 44, 455 {1927,

B 4 the matheratics of Heitler and Lmzdmswnrk.“ﬁ"ber

d;e F.igensc.'w!ten des Wassersto{,-‘mutekals i Gmndmsmnde Ze;.t Physik, 46,
484 (1927,

(543 London, Fritz, “Zur £ heorie der b polaren ¥l ahler," Zeit. Physik,
46,'455 {1928).

(35) Ref. {51}, p. 260. ’

(583 Pauling, Tinus, "The Nature of the Chemical Bond. I. A tion of Besulls oblained
from the Quanturs Mechanics and from a Theory of Psramasmtlc Suspectibility
to the Strocture of Molecules,” J. Amer. Cher. Soc. 53, 1386 {1931} :

** 2nd ed., The Chemiral Cal.n]ng

hanik.”

The Amazing Periodic Table

The study of the periodic table is a vital part of any chemistry curriculum., It is surely the single most important toot
available to organize the vast amount of chemical information known today. The typical introductory textbook describes
the periodic table in great detail, but little or no atiempt is made to point out how amazing it is that such a simple pattern
exists in-the first place. Students, and instructors, should realize that the relationshipy portrayed in the periodic table represent,
an incredible degree of nrder almost without equal in nature. I have deyeloped a useful exercise to dramatize this pomt for
my heginning students.

T ask a dozen boys to line up in front of the ¢lass in order of increasing height. The rest of the class is then told to look
for patterns, For example, usuaﬂy several boys are wearing glasses, and attention is focused on the students just to the right
of each boy with glasses. Careful scrutiny does not reveal any consistent pattern of similarities among this group. After a
few more atiampts at pattern finding the boys aresent hack to their seats with thanis.

I then turn to the biackboard and list the first 20 elernents in order of increasing atomic number. The similarities of
He, Ne, and Ar are noted. Then the elements just 1o the right of each of these élements are found to resemhie one another,
but with very different properties than the noble gases. Next the elements to the left of each of the inert gases are examined,
and again they are found to have similar chemical properties. At this point I usually rewrite the list of elements in the usual
periodic tahte format and continue to check for the presence of additional chemical families.

At the end of this session students have a good idea of the experimental bas:s for the periodic tahie, and an apprecistion
of how astounding it is that such unexpected order exists in the world, )

James Finholt

Cariton Collegs
Northfleks, MN 55057
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Abegg, Lewis, Langmuir,
and the Octet Rule

William B. Jensen
Rochester institute of Technology, Rochester, NY 14623

Contrary to the virtuatly universal opinion of intreductory
chemistry textbook authors, the octet rule was not invented
by G. N. Lewis.! Without a doubt Lewis’ concept of the shared
electron pair bond played a key role in giving the octet rule its
present form. However, Lewis himself remained curiously
ambivalent about the importance of the rule, and the recog-
nition of the significance of the number eight in valence re-
lationships actually has a long history that extends back to the
last quarter of the 19th century and the work of Mendeleev
on the periodic tabte. Though at first glance such ancient. or-
igins might seem surprising, a moment’s reflection on the
necessary relation between valence and chemical per10d1c1ty
make% th:s connection quite reasonable

_Early History of the Octet Rule

In 1871 Mendeleev (Fig.-1) published an extended review
on the chemical and physical periodicity of the elements,
which, in revised form, served as the core for the chapter on
the peri(}dlc tahle in his classic textbook “The Principles of
Chemistry” {I, 2). Among the properties discussed was, quite
naturally, the topic of valence; and Mendeleev enunciated two
rules relating periodicity and valence in which the number
eight played a key role. The first of these limited the maximum
valence displayed by a given e}ement io one of eight possible
valence fypes, RX, {where R is the element in question and
X a univalent hgand or test element} and, by implication,
asserted that the maximum possille valence of any element
in the periodic table could never exceed eight. Although
Mendeleev was unable to ilkusirate the entire series of maxi-
mum valence types using a single univalent test element

TA review of 20 racently published introductory cotiage-fevel

chemistry texts showed that all of them expilcitly or implicitly eHributed
the ociet ruie to Lewis,

{Table 1, row 1), he was abie to dlustrate Lhe entire series usmg
hivalent oxygen as the test element (Table 1, rows 2 and 3},
where the examples for the RG4 (=R Xg) class were taken from
the triad of elements headed by i iron, cobait, and mckel and
belonging to what is today cailed group VI

Mendeleev’s second rule established a relationship between
an element’s maximum valence as measured relative to hy-
drogen and its maximum valence as measured relative to
oxygen, asserting that their sum was never greater than eight
and that, indeed, for elements in groups IV through VI (so-
called higher types) it was in fact equal to eight, In other
words, if a given element of higher type bad a hydride of the
form RH,, its highest oxide necessarily had a formula of the
form Ry0;.., (Table 2).,

Thaough receiving wide cireulation through the medium of
his extremely popular texthook Mendeleev’s initial obser-

Tabie 1. Mendeleev’s First Rule

Univalent: RX RXp FRXs RX, RXs FAXe AX; AXs
Divalen: R0 RO AL: RO, ROs ROz R0y ROy
Example: K0 GCaO BO: Si0, P S0z ClO; 0804

Table 2. Mendeleev's Second Rule

Hydride RH,, Oxide Az05—,
CH, G204 = GO,
NH; MN20s
5Hz 8205 = 303
CiH Ciz0y

none D504

Figure. 1. U, Mendsleay,

Figure 2. R. Abegg..
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vitions on the role of the number eight in valence relations did
not receive further elaboration unti} 1902, when they came to
theé attention of a 33-year-old professor of chemistry at the
University of Breslau named Richard Abegg (Fig. 2}. Abegg
was originally trained as an organic-chemist, taking a PhID
under A. W, Hofmann in 1891 for a dissertation on amido-
chrysene. However, shortly after graduation Abegg shifted to
the field of physical inorganic chernistry, doing post-doctoral
work under Ostwald, Arrhenius, and Nernst, and eventually
becoming Nernst’s assistant at Géttingen. There he speciai-
ized in the electrochemistry of both simple and complex ions
and was natu_raliy led to a study of thosze factors determining
the ability of an ion to form complexes and to speculation on
the possible elécirical origin of chémical valence ().

In 1899 Abegy published a joint paper with Guido Bed-
lander attempting to correlate the stability of complexes with
the “electroaffinities” of the constituent ions and these, in
turn, with the ions’ redox potentiale ¢£}. In 1302, in the couise
of a lecture at the University of Christiania, Abegg extended
this work to the more general problem of the origin and peri-
odicity of chemical valence and postulated his at-one-fime-
famous rule of normal and contravalence {5).

Reviving the earlier electrachemical dualism of Berzelius
and Davy, Abegg postulated that ali elemerits were capable
of exhibiting both a maximum electropositive valence and a
maximum electronegative valence and that the sum of the two
was always equal to eight (Tabte 3). The maximum positive
valence of an element was identical to itz group number N and
its negative valence to 8 ~ N. Whichever of the two valences
was ess than 4 corresponded to the element’s normal valence
{as exhibited in the vast majority of its stahle compounds),
whereas the complementary valence corresponded to iis
contravalence (as exhibited in less stable, rarer combinations).
For elements in group TV (e.g., silicon and carbon} there was
no naturai preference for either of the two valence types and
such elements tended to be amphoteric {a term introduced by
Abegg). Abegg was, of course, aware that in practice many
elements failed to exhibit the full range of their petential
valences. Indeed, he noted that elements in groups I-111 never
exhibited their contravalences (thus in effect restricting his
law to Mendeleev's higher types) and that in the other groups
the tendency to do so generally incredsed as one moved down
the group (compare, for example, fluorire, with just HF, to
iodine, with both HI and IF4).?

Mendeleev 5 original formulation of his hydrogen- -0xygen
rule was without electrochemical implications. His maximum
valence was strictly a stoichiometric valence derjved from the
classic relation

uiomic weight
valerce = wwrrrr——r—— {1)
equivalent weight

Within the context of Abepg’s theory, however, hydrogen
became a teet eloment for establishing an element’s negative
valence, oxygen a test element for estahlishing an element’s
_positive valence, and their sum a reflection of Abegg’s rule of

-hormal and contravalences.

Ahegg’s views were elaborated in greater detail in a long (50
pages) paper published in 1904 {6). Most of this paper dealt

21n a short note published in 1802 (Chem, News, 64 {August 8, 1902))
the British chemist Geofrey Martin suggested that the recert discovery
of various intermetafiic compounds by Kurnakov had fm.a[iy revealed
species in which the elements of groups i-1it displayed their maximum
valence (or contravalence in Abegg's terminology). Quite independently
of Abagg, Martin generalized Mendeleev's earlier observations with
the equation and statement: “Hence, V4 + Vo = 8, i.6., the sum of the
highest and lowest dagrees of valence with which an etemert acts
towards other elements is a constant whose vaiue is 8. Martin also
noted that *An elernent tends to act toward radicais of like eleciricat
sign with its highest valence, but toward radicals of opposite electrical
sign with jts lowest valence,” thus placing an electrochemical inter-
pretation on Mendaleev’'s rule equivalent o that of Abegg.
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with various experimental criteria for establishing the relative
polarity of an element’s valence in a given compound. How-
ever, near the énd of the paper Abegg ventured some specu-
lations on the possihlé origins of polar valence. Though not
adverse to the concept of both positive and negative electrons,
he tended to favor a unitary theory in which positive charge
was due to electron deficiency, and within this context gave
a simple and prophetic interpretation of his rule (6):

The sum 8 of cir normal and contravalences possesses therefore
simple significance ag the number which for all atoms represents
the points of attack of electrons, and the group-number ot posi-
tive valence indicates how many of these 8 points of atiack must
hold electrons in order to make the element electrically neutral,

Unlike most other chemists and physicists encountered in
the history of the octet rule, Abegg is now virtually forgotten,
though here can be no doubt that his rule formed a key step
in the development of both the octet rule and the electronic
theory of valence {7). The rule was explicitly referred to by all
of the pioneers in the field whoe followed Abegg and, indeed,
served as the “chemical law of valence” against which they
tested their own theories of valence and atomic structure. The
most likely reason for Abege’s eclipse was his premature death
at age 42 in a baliooning accident, and if is tempting to spec-
ulate on how the history of the electronic theory of valence
might differ had he lived, especiaily if he had been able to
modify his initial commitment to an extreme dualism {which,
given his training as an organic chemist, is not improbahle).
Interestingly, at the time of his death, Abegg was, in true
Germanic faghion, in the process of editing an enormous .
multivolume “Handhuch der Anorganische Chemie” in which
he wis attempting to use his rule as a unifying theme to or-
ganize the descriptive chemistry of the elements (8).

Abegg’s rule established an explicit connection between the
numerical limits of valence and the electronic theory of mat-
ter, then in its infancy. However, it did not attempt to provide
an explicit model of atomic structure, contenting itself instead

Table 3. Abegg's Rule of Normat and Contravalence { &)

Gruppe:
1 2 a 4 5 [} 7
Normalvakenzen +1 +2 +3 +4 -3 -2 -1
Kontravatenzen {7} {6} {5} +5 +8 +7

Figure 3. 4. J. Thomson.




with the vague concept of “points of attack.” This deficiency
was made up in large part by the work of the English physicist
J. 4. Thomson (Fig. 3). Ever since hig discovery of the electron
in 1897 (which for some peculiarly Rritish reason he persisted
in calling a negative corpuscie—a term more appropriate to
Bovle and the 17th century than to 20th century physics),
Thoemson had dopgediy pursued a workable electronic modet
of the atom. By 19307 his search had given birth to the famous
plum-pudding model and to at least four valuable concepts
which, though no longer used in the explicit forms given them
by Thomson, are nevertheless an implicit part of all currently
accepted electronic theories of vaience: 1) the concept of an
electronic shell structure for the atom; 2) the concept that
chemical valence is largely a function of only the outermost
electronic ghell; 8) the concept that chemical periodicity
implies a periodic repetition of the outer efectronic shell
structure; and 4} the concept that the stability of the rare gases
is connected with shell completion and that the valence of
other atotns can be correlated with an attempt to attain similar
closed-shell structures via electron transfer {9).

In a manner unusual for a physicist, Thomson was quick to
point out the chemical impiications of his model, explicitly
connecting it with Abegg’s rule and in the process enshrining
the number eight as the central numerical deity of chemical
valence {10). Summarizing his views in 1914, he also added
what would, with the gift of hlstorlcal hindsight, prove to be
an interesting caveat (11).

We regard the negatively electrified corpuscies in a atorn as ar-
tanged in a series of layers, those in the inner layers we suppose
are so [irmly fixed that they do not adjust themselves so as to
cause the atom to attract other atoms in its neighbourhood.
There may, however, be a ring of corpuscles near the surface of
the atom which are mobile and which have to be fixed if the atom
is to be saturated. We suppose, moreover, that the number of cot-
puacles of this kind may be anything from { to 8, but thai when
the number reaches 8 the ring is so stahle that the corpuscles are
no longer mohile and the atom is, 50 to speak, self-saturated. The
number of theae mobile corpuacles in an atom of an
element is equal to the number of the group in
which the element is placed on Mendeieev's ar-

Figura 4. W. Kossel.

model (though he was fully aware of the Bohr-Rutherford
model} than in accurate experimental counts of the total
number of electrons per atom, data not available to Thomson
in 1907. These he ohtained from the work of the physicist A.
van den Broek and used to construct his now famous plot of
maximum positive and negative oxidation states for the first
57 elements (Fig. 5). This was a plot of the total electron count
per atom or ion versus its atomic number, with the values for
the neutral elements themselves appearing along the diagonal,
those for the elements in their maximum positive oxidation
states appearing as extensions below the diagonal, and those
for their maximum negative oxidation states as extensions
above the diagonatl,

rangement.

.. Thug we see that an aiem may exert an electro-
positive valence equal to the number of mobile cor-
puscles in the atom, or an electronegative valence

I

equal to the difference between eight and this num-
ber. Each atom can, in fact, exert either an electro-
positive or electronegative valency, and the sum of
these two valencies is equat to eight. In this respect
the theory agrees with Abegg’s thoory of pogitive

2l

&

and negative valency. ... It is possible that the
number of corpuscles which form a rigid ring may
depend to some extent on the number in the inner
rings, i.e. on the atomic weights of the elements, and
that for elements with atomic weighis preater than
forty (i.e., Ar) this number may not be pight. If this

Al

should prove to be the case, the surm of the positive

and negative valencies for such elements wauld not

be equal to eight. :
Kosse! and Lewis

The year 1916 saw the publication of two ex-

e, ¥
e
|

tremely important papers on the electronic theory
of valence, The firei, published in the March issue
of the Arnnalen der Physik, was by a 28-year-old
physicist at the University of Munich named
Waiter Kossel (Fig. 4). Kossel’s paper, or rather
his monograph {133 pages!), was an explicit at-
tempt to develop and extend Abegg’s valence
views for relatively polar inorganic compeounds
using the electron transfer model briefly hinted
at by Abegg near the close of his 1904 paper (in-

A@.‘!II

13

LY

sII___‘

b

deed Ahepg is explicitly cited by Kossel no less
than 20 times {2). In keeping with this goal,
Kossel was less interested in an explicit atomic

ik;lalk s

2
Aloalat P EAPA RS Ftki da!
‘;uj’;ti_‘ JPA ﬁa;fc? ¥ lag cofdczpwqw:;sﬁ_jéﬁff z;vil” A 33 In JJ!

1651
X e

Figure 5. Kosesl's piot of maximum pasitive and negative oxidation states { 12).
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This plot allowed Kossel to assess in one stroke the validity
of both Abegg’s rule and Thomson's suggestion that electron
transfer-was associated with attempts to attain a closed-shell,
rare gas siruciure. As can be seen fromn the figure, both
Thomson'’s postulate and Abegg's rule held fairty well for the
3- and p-block elements {using modern terminology} as in-
dicated by the clumping of the oxidation states about the rare
gas counts, and the symmetrical disposition of oxidation states
on either gide of the diagonal for elements in groups IV
through VII. However, problems were veadily apparent for the
d-block elements. Although the elements up to group VII

appeared to attain a maximum positive oxidation state cor-

reaponding to a rare gas electron count, in the case of groups
IVA-VIIA (e.g., Ti-Mn) they failed, in viclation of Abegg’s
rule, to attain the corresponding negative states of their group
B analogs? (e.g., Si-Cl), a fact which Kossel felt {0 be of a great
significance in differentiating the two classes of elements.
Beginning with group VIII there was an erratic variation
in the maximum oxidation state, culminating in a second
asymmetricat clumping of positive oxidation states about the
counts for the last members of the group VIII triads (e.g., Ni
and Pd}. Today we agsociate these clumpings with the at-
tainment of a pseudo-rare gas {n — 1)d10 configuration.
However, since Kossel was using total electron counts, rather
than configurations, the 10-valence electron count hecame
associated with Ni and P'd instead. This led Kossel to postu-
late that these elements represented a kind of imperfect or
wenkened analog of the rare gases as, like the rare gases
thermselves, they bridged the gap between one cyele of re-
peating maximum oxidation states {e.g., K{I}-Mn[VII}]} and
another {Cu[1}-Br[VII]). The striving for a maximum positive
oxidation state correspending to either a rare gas or pseudo-
rare gas electron count was virtually universal. The striving
for a maximum negative oxidation state corresponding to a
rare gas electron count, howevet, fell off rapidly as one moved
to the left of the rare gases and was nonexistent in the case of
pseudo-rare gas counts, thus accounting for the asymmetry
in the behavior of the group A d-block elements. In no case did
the maximum oxidation state of an element exceed eight.
The rest of Kossel's paper was essentially an application of
the resulting ionic bonding mode! to the problems of coordi-
nation chemistry, the autoionization of protonic solvents, and
the relative acidity and basicity of oxides. Also included were
some simpie calculations using Coulomb’s law and an attempt
to visualize the resulting bonds in terms of Bohr’s atomic
model. When combined with Fajans’ {ater work on ionic po-

Figwre 8. G. N. Lewls.
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larization, Kossel's treatment of coordination compounds

_ proved quite useful and was popular among European

chemists up unti} the Second World War, though it never at-
tained a similar popularity among American and British
chemists (1.3). .

The second 1916 paper, puhlished ane month after Kossel's
in the Journal of the Americen Chemical Society, was by a
40-year-old chemist at the University of Berkeley named G.
M. Lewiz (Fig. 6) and, in contrast to Kossel’s epic, was quite
terse {22 pages) (14). Lewis had actually begun speculating
on the electronic theory of valence as early as 1902 (about the
year of Abegg’s lecture at Christiania) and had independently
arrived at a dualistic electron-transfer model similar to
Abegg’s. However, like Thomson, Lewis had also proceeded
to develop a specific static model of the atom, which he called
the cubical atom, and had thus apparently also independently
arrived at the concept of periodically repeating electronic
shells and the concept of the relative stability of rare gas
structures {Fig. 7).

. Fortunately Lewis became increasingly skeptical about the
ahility of the electron-transfer model to account for the rela-
tively nonpolar compounds of organic chemistry and by 1913
was willing to publish a paper stating his belief that two rad-
feally distinct kinds of bonds were required in chemisiry, the
polar electron-tranafer hond of typical ignic salts and some
kind of nonpolar bond to represent the valence stroke of

- structural organic chemistry {(15). Largely for this reason,

apparently, Lewis wag unwilling to publish his cubicai atom
model.

However, some time between 1913 and 1916 Lewis was able
to resobve his dilemma by using the cubical atom to arrive at
the concept of the shared electron pair bond (Fig. 8). The re-
sulting “simple assumption that the chemical bond is at all
times and in afl molecules merely a pair of electrons jointly
heid by two atoms” not only provided the missing bhond
mechanism for the nonpolar valence stroke, but also allowed
Lewis to resolve the dichotomy of two distinet bond types “ro
repugnant to that chemical instinct which leads so irresistibly
to the belief that all types of chemical union are essentially one
and the same,” through his realization that the progressively
upeven sharing of the electron pair beiween atoms of in-

3 According to IUPAC notation.

ZREEE

N L) F

Li . Be
Figura 7. Lewis’ cubical atom { 14),

NI

Figure 8. Single and double electron pair bonds viewed using the cubical atom
{14 .



creasingly different electronegativities could yield the ionic
electron-transfer bond as a limiting case.

The idea that a chemical hond eould result from the sharing
as well as from the transfer of electrons was not unigue with
Lewis. The chemnists A. L. Parson (16}, W. C. Arsem {{7) and
H. Kauffmann {18), as well as the physicists J. Stark (19) and
J. . Thomson himself (17}, had suggested similar idess. The
difficulty with al} of these proposals, however, was that no
reaaohable restraints had been placed on either tbe total
number of electrons per bond or on the number of atoms that
could share a common electron. As a consequence the resulting
models were too open-ended to be operationally useful: Lewis,
hy restricting both the number of electrons per bond and the
number of atoms so bonded to two, provided the necessary
restraints to give a workable theory. Robert Kohler, who hag
studied the origins of the shared electron pair bond, has sug-
gested that the concept resulied from Lewis’ attempts to ac-
commodate the electron-sharing concepts of Parson and
Thomson within the context of his own dualistic cubical atom
model, and that the restrainis so necessary to its success were
a natural consequence of the geometrical restraints imposed
by the cubical atom itsel{ {20).

¥t is worth pointing out that Kossel had also recognized the
necessity of a nonpolar bond for organic compounds as well
a8 the concept of a progressive change in bond type. Early in
his paper Kossel had noted that the electron-transfer model
was unsuitable for nonpolar organic compounds and that an
electron-sharing model similar to Stark’s would probably be
required. Near the end of the paper Kossel proposed some
specific models using fwo-dimensional Bohr-Rutherford ring
atoms in which al} of the valence electrons (e.g., 10 in the case
of N} were held on a cominen ring placed syinmetrically be-
tween the two bonded atoms{Fig. 9). As the polarity of the
bond increased, this ring wns progressively displaced toward
the more electronegative atom, and in the ionic limit became
its sole property.

oz
¥

=

=

Figure 9. The progressive change from ionic to covalent bonding in terms of
Kosgel's ring atom moded { 129,

Like his predecessors, Lewis had recognized both the im-
portance of the number eight in valence relationships (which
he called tbe rule of eight} and its correlation with the at-
fainment of rare gas structures. However, within the context
of the ionic model, as formulated hy Kosse!, this correlation
was only possible in the case of maximum oxidation states
{e.g., P and Cl~ in PCl;). Attempts to construct ionic for-
muias for lower oxidation state compounds failed 1o give ions

- having either rare gas or pseudo-rare gas electron counts {e.g.,

P3+ in PCl;). The importance of the shared electron pair bond

for the octet rule was that it aliowed the extension of the rule.
to these lower oxidation state species as well as to purely ho- -
monuclear species such as Cls and Ny, In contrast, Kossel’s

formulation of homonuclear species prechuded their obeving

the octet rule (e.g., Np) and, indeed, Kossel went so far as to

suggest that the rule was limited only to polar compounds.

Though Lewis was well aware of the implications of the elee-

tron pair bond for the octet rule, their full exploitation was to

be largely the work of Irving Langmuir,

irving Langmuir

Irving Langmuir €Fig. 10} was a 3B-year-old research
chemist at General Electric when he first began to write on the
subject of Lewis’ electron pair bond in 1919 {21). Tn the course .
of three short years he managed, in addition to numerous
popular lectures, to publish moze than 12 articles, extending,
refining, and popularizing Lewis’ work. Lewis had originally
restricted his discussion of the cubical atom and chemical
bonding to the 3- and p-block elements, feeling that the am-
biguities then present in the chemistry and electronic struc-
tures of the d-block elements made attempts to extend the
modetl too speculative. Langmstir, in his first and most ambi-
tious paper (66 pages), published in the June 1919 issue of the
Journal of the American Chemical Seciety, attempted to
remedy this defect (22). Through the use of 11 basic postulates
covering the arrangement of the electrons in isolated atoms
and their preferential sharing in compounds, Langmuir un-
dertook to deduce the entire structure of theoretical and de-
scriptive chemistry. The full extent of his ambition is revcaled
in a popular lecture published in 1921 {23} Langmuir
wrote

Figure 10. 1. Langmuir.
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‘These things mark the beginning, 1 believe, of a new chemistry, a
deductive chemistry, one in which we can reason out chemical re-
lationships without falling back on chemical intuition, , . , I think
that within a few years we will be able to deduce %) percent of ev-
erything that is in every texthook on chemistry, deduce it as you
need it, from simple ordinary principles, knowing definite facts in
regard to the structure of the atom,

Despite his enthusiasm, Langmuir's extension of the stat-
ic atom (Fig. 11) proved to be short-lived. By 1921 Bohx, on
the basis of spectral evidence (24) and Bury, on the basis of
chemical evidence (25}, had shown that Langmuir’s postulated
shell sequence of 2, 8, 8, 18, 18, and 32 electrons wag wrong as

was his postulate that a new electron shell could be started.

only if the preceding shells were completely filled. In sddition,
most theoretical physicists, who by this time were firmly
committed to a dynamic atom model, were less than impressed
by Langmuir's extended static modet. The German physijcist
Sommerfeld characterized Langmuir’s 11-postulate deductive
chemistry as “somewhat cabalistic” {26}, and the English
physicist E. N. Andrade wag even more bluni (26},

It is scarcely neceasary to insist on the arlificality of this picture
.+ .. The electrons in Langmuir’s atom have, in fact, so few of the
known properties of electrons that it is not immediately clear why
they are calied electrons af afl.

Thus, in actual practice, Langmuir’s development of Lewis’
maodel was restricted to the same atoms as Lewis had originaily
discussed. Nevertheless, a number of valuable concepts did
evolve out of Langmuir’s refinements, including the electro-
neutrality prineiple and the isoelectronic {isosteric) principle
€27), the last of which has been characterized by Kober, in a
recent article, as the “last impertant nonquantum mechanical
bonding principle” (28).

Even more important to the present discussion was Lang-
muir’s use of his postulaies to deduce a general mathematical
eoxpression for the “octet™ rule {2 term introduced by Lang-

Table 4. Examples of Langmulr's Octat Equation

Species Ze n H v="8n—2e)+ H Structre

NH, a 1 3 3 fN{-—El

co 10 2 0 3 $G=0l

HZCO 12 2 2 4 H}w
H

NaCi 8 1 0 e NatfIE)i]-

CS, 18 3 0 4 {5=C=8)

muir to replace Lewis’ more cumbersome “rule of eight’)
Ze =I5~ 2B (2)

where Ze is the total sum of available vaience electrons in a
species, 23 is the sum of the valence ejecirons required for
compilete shell formation for each of the heavier atoms (i.e.,
excluding hydrogen), and B is the number of covalent bonds
between the heavier atoms. Restriction of the heavy atoms to
those lving below Ar converts eqn. (2) into the major equation
of Langmuir’s “octet theory” .

Ze = 8n — 2B 3

when n is the number of heavy atoms requiring octet com-
pletion. Addition of the covalent bonds, H, to any protons
present gives the final total number of covalent bonds in a
apecies

pmv=.H+B=H+%{Sn—Ee} {4)

Some example applications of eqn. {4} are shown in ‘Table 4

Y 7 F3 K] ) 3 [ 7 [ 7 7o
He Lt -1 & ¢ I - F
A
£ | ! .
¥ ¥ < 5 & 7 a K]
A Y 7 s &
I i i ! I 1 AF ’F 1 R
Se 7] v o e Fe -
~1 o
) 24 L2 o ze
Ga S B =
L~ "
A i, 2y
34 ax
¥ Mo = 4_‘ Ao ' A=
4 'l i N v
X £
-y ir
e A L5y Ear pra
Lalis-38 Cotle- 38 Cavs-32 1 Cells~32 Covls-38 Cuits JE Cajs-32 Calise 32
Eilgerrons -3 |Eloctrans. & |Etectrars- & |Eracirons- 6 |Etactrons -7 | Blecirons- 8 \Flecrronas 8 1£/ectrons- 0
&7 a5 &2 ’ &9 L] a2 &3 & |

Cuant 1-Iustraliag the TewisTangmuir Theory of Atumic Structure.

Foring poae 70.)

Figure 11, Langmuir's sxtended cubical atom modets {irom Washbumn, E W., “introduction to the Principles of Physical Chemistry,” 204 ed., McGraw-Hill, New York,

1921, . 470.)
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and sorne examples of Langmuir’s original structures in Figure
2. .

In 1921, in what was essentially his 1ast major paper on the
octet theory, Langmuir gave a'comprehensive survey of the
limitations of eqn. (4) (29). By this time he had succeeded in
reducing his original 11 postulates to three, the third of which
represented the first explicit statement of the electroneutrality
principle

1) The electronsin atoms tend to surround the nucleus in succes-

sive layers cont.ammg 2, 8, 8, 18, 18, and 32 electrons respec-
tively.

2) Two atoms may be coupled together by one or more dupleis held

in common by the completed akeaths of the atoms.

3} The residual eharge on each atom or group of atoms tends to &

hinimum.

Shell completion was desirable because it feshlted in a
spherically symmetrical electron distribution which tended
to minimize external electrical fields about the atom. Mini-
mization of the residual charges was also desirable becauae it
‘minimized the cotulombic energy required to maintain charge
sepdration on adjacent atoma,

Langmuir pointed out that the requirements of postulates
1 and 3 were frequéntly in conflict and uased this conflict to
rationalize the limitations of his octet equation. His resulting
classification of chemical compounds is shown in Table 5.
Species obeying postulate I were termed “complete com-

pounds” and tended to obey the octet rule either theough the -

formation of ionic compounds (Class IA) or through the for-
mation of “covalent” compounds {Class TB)—another term
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Figura 12, Scome of the “cubical atom” molecular structures which Langmuir
deduced using his octet equation (27).

Introduced by Langmuir. In the latter case, Langmuir further
distingiished between those species obeying the octet rule -
proper (i.e., £s = 8n) and those obeying an extended rare gas
rulé {i.e., s = 18), the former being restricted to combinations
among elements corrésponding to Mendeleev’s higher types
and the latter being the first explicit statement of the 18-
electron rule much beloved of the organometallic chemist.

On the other hand, the “incomplete compounds” of Class
H failed to ob'ey postulate 3 and thus the octet rule. In Lang-
muir's opinion this was because shell completion in these
species required, in violation of postulate 3, the buildup of
prohxh:tavely large net ionic charges {and here Langmmr was
generous in allowing charges as high as 6+ and 4— in contrast
to Pauling’s later restriction of 2+ or lower). Finally, Langmuiy
included 2 class of “exceptional cases” whose bonding ap-
parently required a spécial kind of electron-sharing beyond
that proposed in postulate 2.

The Debate

Lewis’ opportunity to comment on Langmuir’s work came
in 1923 with the publication of his classic monograph, “Va-
lence and Structure of Atoms and Molecules” {30). With the
exception of a short retrogpective essay written in 1933 (31},
this was essentially Lewis’ last major contribution to the
electronic theory of valence and represented his maiured views
on the nature of the electron-pair bond.

Already in his 1916 paper, Lewis, faced with the inability
of the cubical atom to repredent a triple hond and the over-
whelming evidence of organic chemistty that the valences of
carbon were tetrahedrally directed, had specutated that the
eleetrons of the cubical atom were drawn together to form a
tetrahedron of electron pairs (Fig. 13). By 1923 Lewis had also
abandoned his earlier defense of the static atom (32} and was
willing to compromise with the dynamical atom models fa-
vored by the physicists, suggesting a model in which the
electrons of the static atoin corresp()nded to the average po-
sitions of electrons moving in small directional orbits. In
keeping with these views, the cubical atom was presented only
in an historical context in the 1923 monograph. Cubical

FiQura 13, Lewis' tetrahedrat atorn with é!ose-pairad slactrons { 14).

Table 5, Langmuirs Classification of Compounds via the Octet
Rule

I, Compilete Compotinds
A) Compounds Withoul Covalence {8 = 0)
1) Electropositive main group elements (N < 3) plus electronégative
elements (N = 4, a.g., NaCt, NB, Al.Oq
2} Egrly transition elements in their maximim oxidation slate plus
electronagafive elements, e.g.. ScCig, TaBrs, Crfe
3} Certain halides of the slectronegative etements in their higher
oxidation states, e.9., PCls, SFg
B} Covalent Compounds
1) Amang the elecironegative etements, whers & = 8, (M 2 4), e.g.,
.G, N0, F, S5LP Gl
2) Among the transition gtements, whare s = 18, e.g., M{CO)g,
Fo{CO)s and n{CO),
il incomplete Cormpounds
A} Intermetellics
Bj Safts of tha faler Transition elements, e.g., CrCia, CuCly, Zn(
. Exceptional Cages
A) Ti#iply bonded species, e.g.. Na, CC, CN™
B) Hydrogen-hondad species, e.g., HFy™
) Boranes
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Figure 14. Langmuir's cubical structure for Na, GG, and CN™ (27).

models of molecules, such as those used by Langmuir (recall
Fig. 12}, were used nowhere in the book, extensive use being
made instead of the less structurally explicit electron dot
formulas, though in several places tetrahedral atom models
were also used.

Langmuir’s failure Lo abandon the cubical atom accounted
for his classification of Ny, CO, and CN— as “exceptional
cases.” Lacking a triple bond, he was forced to postulate a
special elegtronic steucture for these species in which both
kernels were siiniltaneously enclosed within a gingle cube of
electrons, the remaining two electrons being shared as a nor-
mal dupiet between the kernels (Fig. 14), a proposition which
Lewis was to later characterize as “ad hoe” (30}. '

Though, as Kohler hag suggested, the cubical atom probably
played a central role in the initial inception of the electron pair
bond, Lewis was quick to obtain an empirical base of support
for the hond, the most impressive evidence heing the obser-
vation that virtually all stable chemical species contained an
even number of electrons. Indeed, the few “odd molecule™
exceptions to this rule tended to be highly reactive and fre-
quently underwent dimerization reactions to give products
with even electron counts, Lewis also becarne increasingly
convinced, in large part through the influence of A. L. Parson’s
magneton model of the atom, that magnetic interactions be-
tween electrons were responsible for the formation of electron
pairs, a thesis discussed at Iength in a separate chapter of the
1923 monograph and in a review published the next year (59).
These considerations led Lewis to postulate that the formation
of electron pairs or the “rule of two,” as he called it, was a
much more important bonding principle thas the rule of eight
and dccount, in part, for his evaluation of Langmuu' § octet
equation. Lema wrote (30)

The striking prevalence of molecules in which each atom has itz
full quota of four electron pairs in the outermost shell has led
Langmuir to atternpt to make the octet rule absolute, and he even
proposes an arithmetrical equauon to determine, in accordance
with his rule, whether a given formula represents & poasible
chemical substance. f believe that in his enthusiasm for this idea
be has been led into error, and that in cafling the new theory the
“oetet theory™ he overemphamzea what is after all but cne feature
of the new theory of vatence. The rule of eight, in spite of its great
importance, is less fundamental than the nile of two, which calls
attention to the tendency of electrons to form pairs.

Langmuir, on the otber hand, felt that Lewis' neglect of
transition metal chemistry had misied him concerning the
necessary instability of “odd molecules,” and that their rela-
tive scarcity was due less fo an inherent instability resuiting
from their unpaued electrons than to the relative abundanceé
of closed-shel} species; or in Langmuir’s own words (29)

.the remarkable tendency, pointed out by Lawis, for most com-
pounds to contain an even number of electrons is due merely to
the relative gburidance of complete compounds compared to in-
complete ones, In other words, the even number of eléctrons in
most compounds results from the tendency of Postulate 1 {i.e.
ciosed-shel! formation] rather than from any more general ten-
dency for eiectron.s 1o form pairs.

Thus Langmulr viewed the prevalence of even-electron-
count species as a consequence of complete shell formation
and as a reflection of the octet tule for elements lying below
Ar, whereas Lewis viewed it {and the octet rule 1tseif) -as a
consequencb of the “rule of two.”
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Tabla 8. Lewis' Exampies of Specles Yiolating the Octet Rule

1} Odd Molecules:  NO, Cl,O

2) Ekectron Deficlent:  NaGH,, 8R3, BFa, 503, I-IPOS. COz2™, NOs™,
' possibly even NaGl@

3) Electron Rich:  PCls, SFe UFg, SiFg? . PXC1g?~ and Mo{CN)e“‘

Lewis even included a chapter in his monograph dealing
with “Exceptious to the Rule of Eight” in which he discussed
the examples summarized in Table 6. In viewing this list one
is struck by the fact that Langmuir’s own discussion of this
subject was in some ways mote thorough. Although the odd
molecules in Class 1 certainly violate the octet rule, their
supposed scarcity and high reactivity could be used to support
the stability of the octet just as welt as the stahility of the
electron pair. On the other hand, all of Lewis’ electron-defi-
cient examples and most of his electron-rich examples could
be (and were) accommodated by Langmuir’s octet equation
by using an ienic formulation. Finafly, several of the elec-
tron-rich examples were not fair game {e.g., PtCls2~, UF;, and
Mo{CN)g?~) as Langmuir had never claimed that the octet
ruje was valid for elements above Ar,

Lewis’ purpose was, of course, less to find exampies which
could not be fitted by Langmuir’s equation than to find ex-
amples which could be fitted only by postulating structures
{ugually ionic) which were at variance with their known
physico-chemical properties. Indeed, in looking at the posi-
tions taken by Larigmuir and Lewis regai‘ding the octet nule,
one receives the impression that Langmuir, in his desire to
emulate the rigor of physics, wished to be guided by the de-
ductions of his postulates, whereas Lewis, more open to the
experimental data hase of chemistry, was more wxlllng to be
guided by the empirical evidence.

‘There is little doubt that the personal interaction between
Lewis and Langmuir also tended to color the positions they
took regarding the octet rule. Langmuir.was a popular and
dynamic lecturer and Wilder DD, Bancroft has left us with an
amusing picture of what if was liketobea member of one of
Langmuir’s audiences {33).

Langmuir is the most convineing lecturer 1'have ever heard. I
have heard him talk to an audience of chernists when { knew they
did not understand one-third of what he was saying; but thought
they did. It’s very easy to be swept off one’s feet by Langmuir.
You remember in Kipling’s novel Kim that the water-jug was
broken and Lurgan Sahih was frying io hypnotlze Kim into -
seeing it whole again. Kim saved himself hy saying the multipli-
cation table ... {80} ... I bave heard Langmuir lecture when [
knew he was wmng, hut I had to repeat 1o myself “He is wrong, |
know he is wrong, he is wrong” or 1 should have believed hke the
others.

Naturaily Lewis was initially quite pleased with the pub-
licity given his theory as a regult of Langmuir’s fectures and
papers. However, as time passed and more and more of the
publicity accrued to Langmuir instead of Lewis, Lewis became
increasingly upset, expressing his frue feelings in a letter
written to W. A. Noyes in 1926 {34). :

Perhaps I ain incliued to be too caustic in this matter, but I really
do feel that while people were justified in béing cartied away a bit
by Langmuir’s personal ¢harm and enthusiasm some years ago, to
persist, espocially as they do in England, in speaking of the Lang-
mouir theory of valence is lnexcuaable

Another of Langmuir’s talents was the ability to coin
catchy terminology, such as duplet, isostere, octet rule, and
covalent bond, and it is not without note that the first two
terms do not appear in the index of Lewis’ monograph and
that. the terms octet theory and covalence appear only once.
In fact Lewis recommended that the term covalent be dropped
because Langmuir had “agsociated this term with an arith-
metrical equation by which he attempts to predict the exis-
tence or nonexistence of chemical compounds” (30). In private
Lewis rather humorously expressed his resentment over the




manner in which Langmuir had ignored Lewis' own termi-
nology (34},

.. sometimes parents show a singular infelicity in naming their
. children, but on the whole they seem to enjoy having the privi-
lege,

In public Lewis was, of course, less outspoken and in his
1923 monograph gave an evaluation of Langmuir’s contribu-
tions which can only be viewed as a masterpiece of dlplomatlc
understatement {30).

It is a cause of much satisfaction to me to find that. iir the course
of this series of applications of the new theory, conducted with
the greatest acumen, Dr. Langmuir has not been obliged to
change the thecry which | advonced. Here and there he has been
temgpited to regard certain cules ot tendencies as more universal in
their scope than ! ¢onsidered them in my paper, or thau I now
consider them, but these are questions we shal have a later oppo-
runity to d}scuaa 'The theory has been designated in some quar-
ters as the Lewis-Langmuir theory, which would imply some sort
of collaboration. As a matier of fact Dr. Langmuir's work has
been entlrely independent,.and such additions as he has made to
what was stated or implied in my paper shouid be credited te him
alone,

Tn the final analysis there can be little doubt that Lang-
muir played a key role in sccelerating the acceptarice of Lewis’
electron-pair bond. Robert Kohiler, who has studied the in-
teraction between Lewis and Langmuii in some detail, has
concluded that by 1920 the chemical community was still, by
and large, content to use thé ionic eleciron-transfer bond and
that no crisis in chemical honding was evident which might
draw chemista to a model similar to Lewis’ electron-pair bond,

The widespread and rapid acceptance of the electron-pair

bond was rather a consequence of Langmuir’s dynarmic per-
sonality and the unique manner in which he spanned both the
industrial and university chemical communities. As Kohler
has written (21)

What made the difference was, of course, Langmuir himself and
his personal reputation. The new theory was well received be-
cause it was “Langmuir’s theory” and not becatise of its intrinsic
intellectual worth. Once received, of course, ita worth become evi-
dent. What I wish to stress is that the advantages of the new theo-
1y were not immediately obvious and that had it not been “Lang-
muir’s theory,” the rediscovery and adoption of Lewis’ thecry
might well have awaited a real ¢risis in the theory of bonding.

Summary, Conclusions, and Prospects

The major events in the development of the octet rule are
summarized in Table 7, though obviously many additional
contributions were made by lesser-known chemists which
couid ot be touched upon for lack of spsce.* These events
allow one to draw at least three major conelusions about the
origins and development of the octet ruie:

I} Within the context of the dualistic or electrovatent model the
octet rule essentially corresponded to A maximum valence rule
enly, While the striving for a rare gas siructure determined both
which elements eould exhibit negative valences and the value
of these valences, in the case of the positive valence it merely
determined the maximum vatue, placing no necessary restric-
tions on the lower values. o .

2} The covalent mode!, by providing a means, via electron sharing,

of rationalizing hoth the lower positive oxidation states and

homonuclear species in terms of rare gas structures, substan-
tially strengthened the identification of the octet rule with the
formation of rare gas strnctures.

At no time, within the context of either the elecirovalent or

covatent model, was it claimed that the octet/rare gas structure

refation was generally valid for elements beyond Ar.

3

—

* Some minor comributions, though hardty by lasser-known chemists,
inciude the work of Ramsay and Nernst. Ramnsay was one of the first
to apply Abegg's rule of eight, and Neriist expressed some suggestive
views on the saturation of ions. For a discussion, see Stranges { 7).

Tabie 7. Summary of Major Events in Deveiopment of the Octet
. Rule '

Mendslgev: 1871
- Eight 28 a maximum vakence rule and the sum of the hydrogen and oxygen
valences for higher types.

Abegg: 1904 )

Elactrochemical interpretation of Menceleav's riile of eight in terms of electran
gain and loss.

Thomson: 1904, 1907 ] o
Concapt of chemicat periodicity in tarms of recurring outer etectron contig-
urations. Rule of eight as striving for completion of stable rare gas shelis.

Kossel: 1916
Extension of ionic modet, Eight as a maximum vaienc:e tule for polar com-
pbmds only.’

Lewis: 1518
Continuity of tond type and elactran palr bonding mechanism for octet
completion,

Langmuir: 19191921
Elaboration and popularization of e Lew}s rmdel Mathematical formulation
of tha octet rule. o

The debate over the validity of the octet rule did not, of
course, end with Lewis and Langmuir Between the 1920's and
the 1940°s a numbher of vigorous discussions took place in
which not only the validity of the octet rule was questioned
but the validity of the electron-pair bond itself (35-37), and
aspects of this debate are still with us (38,-39). More recent
quantum mechanical caleulations, however, have tended to
discount the importance of octet expansion and have rein-
stated the general validity of the octet tule for the p-block
elements (47). In keeping with thie conclusion, modern
honding theory has also provided a satisfactory resolution of
the prohlems associated with both electron-deficient and
electron-rich species ahd has done so in a manner which shows
that neither Lewis nor Langmuir was totailly correct in the
positions they took. Langmuir, in his desire to maintain the
octet rule, was willing, in gpite of the physico-chemical evi-
dence, to postulate ionic structures for many of these species,
whereas Lewis, in his desire to maintain the supremacy of the
2¢—2e covalent hond, was willing to propose both hextef and
expanded octet structures, The current consensus maintains
both the octet rule; on the one hand, and the presence of co-
valent bondinig, on the other, by abandoning the explicit as-
sumption of both Langmuir and Lewis that the covalent bond
must af all times be a localized two-centered bond. Thus
electron deficient species have been accommodated via the
closed 3c-2e bond popularized by Lipscomb for the horon
hydrides {41} or via the use of delocalized T-electron systems
{e.g., BF3, CO32™, efc.), whereas electron-rich species (e.g.,
PCls, XeF,) have been accommodater via the open 3c-4e bond
popularized by Rundle (42), Pimentel {43), and others 44,
45).

The case of the d-block elements is more ambiguous. The
generalized iaré gas rule first hinted at by Langmuir was in-
dependentiy formulated Hy the English chemist N, V. 8idg--
wick in 1923 {46). Sidgwick, however, preferred to use total
electron counts rather than valence electron counts and con-
sequently called his technique the effective atomic number
rule (EAN). Not until 1934 did Sidgwick explicitly connect
his EAN rule with Langmuir’s earlier 18-electron rule and
derive an equation, related to Langmuir's {though based on
total electron counts), for predicting the structures of poly-
nuclear metel carbonyls and nitrosyls (47}, Kxtensive appli-
cations of the EAN rule to the structures of metal carbonyls
were made by Blanchard in the 1940 (48) and the importance
of the rule exploded along with the field of organometallic
chemistry in the late 1950’s and 1960’s, despite its many vio-
latioris, More recent theoretical work has provided both
quantitative {49} and qualitative {50) rationales for why the
18-electron rule is weaker than the octet rule. -

Even Langmuir’s arithmeticel equation is atill with us and
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in modified form is used extensively in the field of solid-state
chemistry. If one applies eqn. {3} to only the more electro-
negative or'anionic components of a solid-state compound,
ohe obtains

Yo, =8n,— 2B, {5

where Ze, includes not only the valence eleetrong from the
anionic components but any electrons transferred from the
cationic components, n, is the number of anionic components
per unit formula, and 2B, the number of anion-anion honding
electrons. In géneral the anionic components are restricted
to elements Iying to the right of the Zint} line in the periodic
tabie (i.e., groups IV-- VI, again shades of Mendeleev’s higher
types). Reanangement of the equation and redefinition of 2B,
= b, gives

_Ze,t+ by
fin

This is called the generalized 8 —~ N rule and is the subject of
.an extensive literature {51-56). The equation can also be
applied to the structures of pure elements lying to the right
of the Zint] line. Some examp]e applications are shown in
Tabie &, :

Extended versions of Langmuir’s original equation have
also appeared in the literature which incorporate the possi-
bility of the multicentered bonds required for the description
of both electron- deflcxent (57} and electron-rich (58}
species.
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Chemistry Olympiad Mentor Applications Invited

Applications are invited from chemistry teachers interested in serving as mentors for a group of American high schoot students
entering the International Chemistey Olympiad (ICO) in Frankfurt; Germany, this summiez. Duties involve helping plan and conduct
a special study camp for student finalists to be held at a 1.8, site in June, accompanying four student participants to the 30 June-9

. July ICO competition in Getmany, and serving there as a member of the ICO jury,

Applications ere invited from both experienced high school and university teschers of chemistry possessing strong background
in the teaching of general chemistry and a broad, working knowledge of both theoretical and deacriptive chemistry; experience
in organic and analytical chemistry is also sought. Applicants must be prepared to commit full time to ICO activities from mid-June
to mid-July this vear, as well ag a comparable time period in 1985, All mentor expenses and travel costs will be covered and an ho-
norarium paid for the provision of the services described above. Interested individuals should apply by mailing a letter of application,
resume, summary of relevant experiences, and the names and addresses of threg references to Prof. Marjorie Gardner, Department
of Chemistry, University of Maryland, College Park, M) 20742, (301) 454-3307. To guarantee consideration, applications should
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G. N. Lewis and the Ghemical Bond

Linus Pauling
Linus Pauling Institute of Science and Medicine
440 Page Mill Road, Palo Alto, CA 94306

My first knowledge of Gilbert Newton Lewis came from

reading his paper on “The Atom and the Molecule,” published
in 1916 in the Journal of the American Chemical Society (1).
During the year 19:9-20 I had a full-time job as instructor in
_quantitative analysis in the Oregon Agriculturai College. At
the beginning of 1919 I had not returned to the college, be-
cause of lack of money, and { was pleased when I had the op-
portunity to teach the courses in quantitative analysis. My
office was in the chemistry library, where copies of the Journal
of the American Chemical Society and of other journale were
available, My teaching load was very heavy, but { had some
spare time to read the journals, and when I ran across the 1919
papers by Irving Langmuir {2} I read them with great interest,
and also read G. N. Lewis’ paper. ! spoke on the subject of the
electronic theory of valence in the chemistry seminar that
year-—chemistry seminars were rare, onty about one each year.
In 1922, when I received my degree of Bachelor of Science in
Chemical Engineering, I was offered and accepted an ap-
pointment as teaching fellow in the Califorsiia Institute of
Technology. In September of that year, in the middle of the
train ride from QOregon to Pasadena, there was a stopover of
a few hours in the Bay area. ¥ went to the chemistry building,
Gilman Hall, and found a young chemist, Roy Newton, at
work in a laboratory on the first floor. He was good enough to
talk to me for about half an hour about the work that he was
doing and about the nature of graduate work in chemistry. I

did niot see Lewis at that time, nor did I see any other person

in the building—perhaps it was Saturday.

I first met Lewis in 1924, when my wife and I went to
Berkeley to see my old friend Lloyd Alexander Jeffress, who
had got me interested in chemistry when we were both 13
years old. ¥t is ;my recollection that I talked with Lewis about
the work that I was doing on the determination of the struc-
ture of cryatals hy the X-ray diffraction method, and that I
got his permission to say in my application to the National
Regearch Council for a fellowship to begin in July of 1925 that
1 would do the work in Berkeley. It turned out, however, that
f did not go to Berkeley; instead I resigned the fellowsbip in
the middle of the 1925-26 year, after having spent.the first few
months in Pasadena, in order that I might go immediately to
Europe on a Guggenheim fellowshbip. '

In 1928 Lewis spent a day or two in Pasadena. I learned
about 50 years later that he had come to offer me a job, hut
that Arthur A. Noyes, the Chairman of the Division of
Chemistry and Chemical Engineering ib the California In-
stitute of Technology, had persuaded him not to do so.

For five years, beginning in the spring of 1929, I spent one
or two months each year in Berkeley as visiting lecturer in
physics and chemisiry. During these exiended visits to
Berkeley I had the pleasure of tatking with Lewis for many
hours, in his office, his home, and bis Marin County country
place, My lectures were largely on new ideas about the
chemical bond and molecular structure based in patt on the
theory of quantum mechanics and in part on the empiricat
analysis of the properties of substances, Lewis was, of course,
intensely interested in the work. I am now, in retrospect,
rather surprised tbat he and I did not write a paper together.
So far as I can remember, our discussions led to some clarifi-

cation of the new ideas, but not to the discovery of anything
significant.

G. N. Lewis’ 1916 paper introduced the theory of the shared
electron pair chemical bond and revolutionized chemistry.
Comparison is often made of (. N. Lewis’ paper and the paper
by W. Kossel (3) that was published in the same year. Kosael’s
paper {138 pages) was much longer than Lewis’ (22 pages).
Even so, | think that Kossel’s paper represented no significant
contribution. Much of it is nonsense. He gave a long discussion
of electrostatic valence, but nothing about covalence, although
he suggested electronic structures for some molecules in which
the elecirons were related to two nuclei. He mentioned the
suggestion by Niels Bohr that in the hydrogen molecule two
electrons occupy the same circular orbit in a plane perpen-
dicular to the midline between the two nuclei, and he sug-
gested that in the nitrogen molecule the two nuclei, each with
a pair of K electrons, are held together by 10 electrons moving
in the same circular orbit in the plane midway between the
nuclei and in the plane perpendicular to the internuclear hine.
On the other hand, the two papers that Irving Langmuir
published in the Journal of the American Chemical Society
in 1919, comprising 84 pages, contained many significant
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contributions and additions to the theory of the shared elec-
tron pair chemical bond. For some reason Lewis was an-
tagonistic to Langmuir, and in my opinion did not give him
proper credit. In his 1923 book “Valence and the Structure of
Atoms and Molecules™ (4), Lewis mentions that after pub-
lishing hig 1916 paper he had intended at a later time to
present in a more detailed manner the various facts of chem-
istry that made neceasary his radical departures from the older
valence theory. He then continued (5)

This plan, however, was interrupted by the exigencies of war,
and in the meantime the task was petformed, with far greater
success than I could have achieved, by D, Irving Langmuir in a
brilliant series of some twelve articles, and m a large number of
lectures given in this country and abroad. It is largely through
these papers and addresses that the theory has received the wide
attention of scientists,

1t has been a cause of much satisfaction to me that in the conrse
of this series of applications of the new theory, conducted with
the greatest acumen, Dr. Langmuir has not been obliged to
change the theory which I advanced. Here and there he has been
iempted to regard certain rules or tendencies as more onfversal in
their scope than I considered them in my paper, or than ¥ now
consider them, but these guestions we shall have a later opportu-
nity to discuss. The theory has been designated in some quarters
as the Lewis-Langmuir theory, which would imply eome sort of
collahoration. As a matter of fact Dr. Langmuir's work has been
entirely independent, and such additions as he has made to what

was stated or implied in my paper should be credited to him

alone,

G. N, Lewis’ main contribution to chemistry was the idea

that the chemical bond {named the covalent bond by Lang-
muir} is at all times a pair of electrons held jointly between two
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atoms. Lewis also, after having placed the eight electrons of
what Langmuir called the octei (s2p®) at the corners of a cube,
suggested that the electrons are in pairs at the corners of a
tetrahedron. In this way he could ascribe to the acetylene
molecule a atructure with a triple bond, three shared electron
pairs lying at the corners of the common face of the two carbon
tetrahedra. Lewis discussed the partial ionic character of co-
valent bonds by writing that the electron pair is midway be-
tween two identical atoms but may be shifted toward one or
another of a pair of non-identical atoms.

Langmuir {6} contributed the important idea of the elec-
troneutrality principle—that atoms in a molecule hold elec-
trons to such an extent as to keep the electric charge of each
atom close to zero. In applying the electroneutrality principle
he did not, however, make any correciion for the shift of
electric charge resulting from parfial iohic character. He
showed, using the electroneutrality principle, that a transition
metal may have high covalence, such as 8 for nickel in njcke}
tetracarbonyl, to which he assigned a structure with a double
bond between the nickel atom and each of the carbon atoms
of the carbonyl groups. He introduced the concept of iso-
sterism, pointing out that molecules with an equal numher of
nuclei and an equal number of total electrons in general have
very nearly the same structures. He concluded that CO9, N2O,
NCO~, NNN-, and other such molecuies are Hinear. The lin-
earity of the trinitride ion and the cyanate ion was shown later
hy Sterling Hendricks and me through our X-ray diffraction

studies of potassium trinitride, sodium trinitride, and sodium

cyanate. Langmuir also reached the remarkable conclusion
that the nitrous oxide molecule has the linear structure NNO
rather than NON. In his discussion of the Heusler alloys,
which contain manganese, copper, and smalt amounts of ar-
senic, aluminum, or otber elements and are ferromagntic, he
stated that “Copper has too many electrons. It gives one to
manganese t0 make the atom like the jron atom.” This
statement shows remarkable insight.

Langmuir, however, wag wrong in some of his ideas. He re-
garded guartz as containing Si0; molecules similar to the
molecules of carbon dioxide, and said that the hardness is the
result of the leaking of residual silicon-silicon forces. Lewis,
in fact, had made a similar suggestion in his 1916 paper. Only
in 1923 did Lewis realize that the silicon atoms are held to-
gether by bridging oxygen atoms,

Langmuir also assigned to the P, molecule a ring structure
containing alternating single and double bends. He overlocked
the possibility of a tetrahedron with only single bonds between
the phosphorus atoms. Similariy, his structure for P40Oq in-
volves a square of phasphorus atoms held together by single
bonds, with two oxygens attached to each of two phosphorus
atoms and one to each of the other two-—-not a very sensible
structure, '

In his 1923 book Lewis discussed early suggestions about
the electronic structure of molecules that had been made by
Kossel, Stark, and others, especially A. L. Parson, a student
who in 1915 published an interesting paper emtitled “A
Magneton Theory of the Structure of the Atom.” Parson
considered the electron as a rotating ring of negative electricity
that accordingly possessed a magnetic moment and could be
called a magneton. Lewis says that it was he who suggested
to Parson that the magnitude of the magnetic moment to be
assigned to such a spinning electron was constant, whereas
Parson had considered it to be variable, Parson and Lewis thus
anticipated by 25 years the discovery that the electron has a
spin and a magnetic moment. Lewis, however, then rejected
the idea, writing, “This idea has not proved fruitful, and it
seems unlikely, although perhaps not impossible, that an
electron possesses any magnetic properties except when it is

-a part of an atom or a molecule.”

Lewis felt an indebtedness to Werner, writing that “His
‘Neuere Anschanungen auf den Gebiete der anorganischen
Chemie’ (1905) marked a new epoch in chemistry; and in at-




tempting to clarify the fundamental ideas of valence, there
is no work to whicb I feel so much indebitedness as to this of
Werner's.” However, in his discussion in 1923 of the types of
coordination postulated by Werner (octahedral, tetrahedrai,
square planar), Lewis did not make any mention of the results
of the study of crystals containing these coordination com-
plexes that had been published during the preceding two years
by Roscoe G. Dickinson and R. W, G. Wyckoff, who had ver-
ified the octahedral arrangement in crystals such as KzSnClg
and KsPtCls, the square arrangement in K,PdCl; and
K3PiCly, and the tetrahedral arrangement in KoZn{CN}), and
K2Cd{CN)4. No X-ray work was being done at that time in the
College of Chemistry at Berkeley, and Lewis seems not to have
been following the developments in X-ray crystallography.
G, N. Lewis was remarkable in his originality. I was much
impressed in the early 1920's when I read his paper an-

nouncing the discovery of the O molecule. He had asked why -

the paramagnetism of oxygen dissolved in liquid nitrogen
decreased as the concentration of the oxygen increased. He
was able to show that he could account for the experimental
values of the magnetic susceptibility of solutions of oxygen
in nitrogen by the assumption that there is an equilibrium
between paramagnetic molecules of dioxygen and the dia-

magnetic molecules of tetraoxygen, O;. From the values of the

paramagnetic susceptibility he was able to evaluate the
standard Gibbs free energy change and the enthalpy change
for the reaction.

As I think ahout the history of the chemical bond, I ask
myself why some of the discoveries that were made in the
quanium-mechanical era of the 1930’s were not discovered
earlier. The elecironegativity scale of the elements is an ex-
ample. It was formulated in 1933 through the analysis of the
decrease in enthalpy accompanying reactions in which single
bonds between like atoms are converted to single bonds be-

tween unlike atoms, such as 1%5H; + %Cl; — HCL The basic

iden, attributed to quantum mechanics in 1933, is that the
partial ionic character of a hond makes it more stable, with
lower energy, than a pure covalent bond between the unlike
atoms. This idea is, in a sense, not a quantum mechanical ides;
we might well have concluded before quanium mechanics was
developed that if the actual bond is a covalent bond with
partial ionic character it must be more stable than the pure

covalent hond, because if it were less stable the molecule would
have a structure involving pure covalent bonds between the
unlike atoms. The necessity for making a correction in the
heats of formation of compeunds involving reaction of diox-
ygen or dinitrogen {Qz or Ny} with single-bonded elemenis to
form single-bonded products is a compiication, but chemists
knew even before quantum mechanics that the bonds in these
molecules are not single bonds and that the molecules might
have greater stability than single-bonded molecules have,
Langmuir formulated the electronentrality principle, but did
not make much use of it, and Lewis ignored i#t. The reason may
well be that the principle does not work very well uniess the
partial ionic character of bonds is taken into account, and unti
the electronegativity scale was developed it was not possible
to discuss the partial ionic character in a satisfactorily quan-
titative way. Moreover, Lewis did not make use of the theory
of resonance, which had not yet been formulated in 1923 but
which mighi have been proposed, as was done by Robert
Robinson and C. K. Ingold in 1926, in the theory that Ingoid
called mesomerism. Lewis in 1923 expressed some concern
that a structure of the carbonate ion in which one oxygen atom
is held by a double bond and two by single bands seerns, as had
been stated by Latimer and Rodebush (in Berkeley) three
years hefore {7), to be in coniradiction with the apparent
trigonal symmetry of the ion in calcite as shown by X-ray
diffraction. The idea that the double bond resonates among
the three positions apparently did not develop in Lewis’ mind
at that time.

Gilbert Newton Lewis showed himself to be one of the great
chemists of the 20th century through his work in chemica}
thermodynamics and other fields, as well as through his for-
mufation of the basic principle of the chemical bond—the idea
that the chemical bond consists of a pair of electrons held
jointly by two atoms.
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Puldications on Envirohmental Analysis and Ground Water Avatlable from AGS

“Principies of Environmental Analysis,” published in the December 1983 issue of Analytical Chemistry, is now available
as a separate brochure from the American Chemical Society. Developed by the ACS Committee on Environmental Im-
provement’s (CED Subcommittee on Environmental Monitoring and Analysis, this publication identifies elements needed
to obiain reiiable data as welt as factors that have been shown Lo produce unreliable measurements. Its inient is to aid in
the evaluation of the many aptions available in designing and conducting analytical measurements of environmental samples
and in the intetligent choice of those that will meet the requirements of the situation at hand. These situations range from
semi-quantitative screening analyses to those involving strict quality assurance programs intended to document the accuracy
of data for regulatory enforcement or legal purposes. Discussion focuses on planning, quadity assurancs, and quality conirol,
verification and validation, precision and accuracy, sampling, measurements, and documentation and reporting.

While the *Principles” brochure is meant as an aid to those working in the field, the ACS hag also produced the third
in its series of informational pamphiets that discuss science-related regulatory issues and that are peared to the general
pubtic. The “Ground Water Information Pamphlet,” also written under the auspices of CEI, focuses on what ground water
is, where it oceurs, and its volume and guality. Due to the extensive ase of ground water, the pampblet also outlines the sci-
entific aspects of ground-water depletion and degradation. It is not meant to formulate answers to the complex questions
inherent in ground-water management. It does, however, present fundamental contcepts concerning the chemistry of ground
wafer and begins to build a basis from which citizens can evaluate information about ground-water problems, constrnct
ptans of action, and gauge the implications of that action, The pamphlet iz written in clear, concise language that educators
will find useful in the classroom for high school and college students alike.

Single copies of the pamphlels are free. Multiple orders can also be accommuixlated. T'o obtain n copy, call 202/872-8725
or write to Ms. Jean Parr, Department of Public Affoirs, American Chemical Society, 1156 16th Street, NW, Washingion,
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The Triplet State

An Example of G. N. Lewis’ Research Style

Michae¢l Kasha

Department of Chemistry and institute of Molecular Biophysics
Florida State University, Tallahasses, FL 32306

In the last two years of his life, between tbe ages of 68 and
70, Gilbert N. Lewis brought to fruition and focus his fong-
germinating ideas on the triplet states of molecules. I had the
great fortune to be his collaborator in this research. These
researches, published in two papers in the Journal of the
American Chemical Suciety in 1944 and 1945, were destined
to have a profound effect on the course of the subsequent
development of melecular spectroscopy and photochemlstry.
However, the influence was not instantaneous, since more
than a decade was required {o overcome the negative pressure
of prestigious opponents (Franck, Teller, Livingston, Rabi-
nowitch} and to unrave! the complexities and misunder-

-standing of earlier research.

In this presentation I shall examine in retrospect the
hackground of ideds against which Lewis’ last researches were
done, report my personal interactions with him in the hope
of revealing his personality and joi de vivre, reflect on some
general observations and views of Lewis on the conduct of
gcientific research, give an analysis of a unique habit of Lewis’
writing of research previews, and indicate through his per-
sonal research memoranda to me his intensity of research
interest and activity in the last years of his life,

Hisloricaf Perspeciive on Molecufar Triplet States

A spectroscopist today is easily baffled by any indication
that observing triplet states of organic molecules constifutes
in any way a difficulty or a mystery or puzzle, The evelution
of the observations and understanding of polyatomic molecule
singlet-triplet transitions took a quite different path than the
development of atomic and diatomic spectroscopy. The
knowledge of the latter suh;ects ied Sponer and Teller {1941)
(i) to the view

Aa in the case of atoIns we have, in first approximation, the se-
lection rule that only states of the same muliiplicity combine
with each other. Intercombinations occur with appreciable inten-
sity only if the molecule contains some heavier aloms.

Such a background sets the stage for the expectation that in
molecules with low Z {or “light™} atoms, such as C, N, O, and
H, no singlet <= triplet transitions are to be cheerved, Here we
can state at once the origins of the dilemma

{1} Radiationless transitions are essentiaily absent in atoms and
diatomic molecules and are known today to be simply the
common phenomenon in polyatomic molecules; thus, in
polyatomics a prevalent mode of excitation of highly foz-
bidden states {e.g., triplets} is abundantly available.

{2} The terms “high intensity” and “high transition probability”
carry an implication of a direct correlation. But “intensity™
of emission is measured by quantum yield, so that “forbid-
den” iriplet state of low transition probability (measured
by long mean lifetime) can be observed with high “intensity”
{meaured by high gquanium yield) in- polyatomic mole-
cules,

(3) The original observations on phosphorescence emiesicn of
organic molecules were made for rigid glass solutions {organic
solvent mixtures frozen to glass at 30 K or 77 K. Most of the
eatly interpreters of the phosphorescence phenomena of
otganic molecules were preoceupied with “elamping of un-
usual conformations {tautomers) by the rigid glass me-
dittm”—which in those days seemed so essential to the ob-
servatiun of the long-tived luminescence.
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Confusion concerning the three items just mentioned
abounds in the literature before 1944 and had a considerable
momentum afterward. We shall examine some of the key
contributions to the general background in the various au-
thors’ own words and diagrams to indicate the graduaily de-
veloping tapestry of uncertainty againgt which the work that
Lewis and | puhlished in 1944 was hung,

G. N. Lewis on Triplet Ethylene and Singlet Oxygen

Lewis began to think about electron arrangements in eth-
ylene and molecular oxygen on the basis of electron pairing
long before any other researcher, as a consequence of his early
electronic structure models. Because ethylene friplet and
oxygen moleculé singlet states are so intertwined with general
thoughts about the triplet states of malecules and their
quenching (involving singlet molecular oxygen), it is of interest
to cite Lewis’ developing ideas on these species.

In his 1916 paper, “The Atom and the Molecule™ (2), Lewis
states in considering interactions of oxygen and ethylene

These two forms of oxygen {which of course may metge into one
another by continuous graduations) can be representad as

s

10::00 and :0:0:
and the two forms of ethylene as

HH HH

e wa

'HC:ICH and HCOH

These are clear Lewis electron-dot representations of sin-
glet and triplet arrays for the molecules. A later statement
{1924) clarifies the issue of their representing discrete
atates

The enormous difference in magnetic properties between the
oxygen molecule and other molecules to which we attribute dou-
ble bonds seems to support the idea thaf the change from a non-
magnetic to a magnetic molecule is not a gradual process, but that
the molecule must possess at least one unit of magnetic mement
or no magnetic mnment at all.

This paper (3) is titled “The Magnetochemical Theory”
and was the first to present in effect an electron spin restric-
tion on molecular interaction, a topic very much alive today.
Lewis did not specuiate on the spectroscopic implications of
hia normal and “diradical” configurations.

H. Kautsky: Sensitization Mechanisms by Molecular
Metastable States and by Singlet Oxygen

The German photochemist Kautsky wrote a long series of
qualitative papers which reported ingenious experiments
deacribing metaatable excited states involved in photosensi-
tization processes.

Metastable states of molecules were cited in one series of
papers {4) in which Kautsky, et al. demonstrated effectively
that sensitization of molecules (energy transfer) by dyes is
facilitated by aggregation of the dye molecules. Kautsky
mistakenly thought that aggregation was a necessary pre-
condition for metastable state excitation, failing to distinguish
between intrinsic metastable state excitation and induced




metastable state excitation. The nature of the metastable state
of dyes adduced by Kautsky was not aliuded to. His diffuse
writings, merging many discrete phenomena and interpreta-
tions, had no diagrams or quantitative data.

Singlet molecidar oxygen was cited by Kautsky et al. (5}
in another series of papers in which the excited singlet mo-
lecular oxygen species, generated by energy transfer from
metastable states of dyes, were considered the active inter-
mediate in photooxidation, This interpretation was lost until
its recent belated and fiery revival {6-8). :

Singiet-Tripigt Spectrum of Ethylene

In an early paper (9} C. P. Snow and C. B, Alsopp presented
a seemingly authentic weak absorption spectrum of various
ethyléenes, interpreted as representing the singlet-tripiet ab-
sorption. This observation escaped particular attention at the
time and proved to be ten times too intense fo be genuine (10).
The singlet-triplet absorption was found by C, Reid in 1950
(11), the extracrdinarily weak absorption observed frem
31,000 to 37,000 cm™~1 at 120 K requiring a 1.4-m path of liquid
athylene.

Robert Mulliken visited Berkeley sometime in 1942 and
gave a talk about molecular orhitals of ethylene. G. N. Lewis
told his research student Jacob Bigeleisen® afterwards, “You
know, those triplet states that Mulliken was talking about in
ethylene are probably the phosphorescent state.” So Lewis
had: triplet states of organic malecules like ethylene very much
on his mind. S

Jablonski Diagram for the Lowest Metastable State of Dyes

Jablonski, the Polish theoretical physicist, published an
interpretation {12) of some of the Kautsky ohservations on
the metastable states of dyes and other known physical ob-
servations on dye-phosphors {dye molecules dissolved in sugar
glasses and boric acid glasses). He ignored the aggregation
phenomena which confused Kautsky and treated only the
intrinsic properties of dye molecules. A replica of his diagram

is lahelled I in Figure 1. His states are labelled N, normal; F,
fluorescent; M, metastable. Jablonski could never accept the
M state as a triplet state, and even as ate as 1958 (13) he still
tried te account for this state as a singlet excited state of low
probability! Key quotations from his first papers {(12) clearly
reveal the concepts of (1) an intrinsic electronic metastable
state, and (2} attempts to interpret the forbiddeness of tran-
sitions by multipole or other than singlet-iriplet mecha-
nisms:

We assume in the case that an “energetically isolated” dye-
molecule is phosphorescence-capable, then there musi exist in
this molecule at least one metastable level.

The transition between the ground level N and the metastable
jevel M can occur oniy with smal probability (as for exarapie hy
forced dipole radiation or quadrupole radiation). If there exists
somewhat ahove the level M and unstable level F, which eom-
bines with the ground level ¥ {only this case will be discussed in
detail here), then will the level M in greater part he reached by a
detour through F.

Jablonski was entirely concerned with the mechanism of
photoluminescence processes of dyes, stressing a kinetic
derivation of the thermal activation of the F (fluorescent) level
from the M (metastable} level. ¥t could be said that his
treatment would not apply to polyatomic (non-dye) molecules
in general, since the large excited singlet-triplet energy gap
would preclude Jablonski’s kinetic treatinent, aside from his
failure to accept the triplet designation of the metastabie state
of motecules. Later use of the “Jablonski Diagram” fails to
recognize the limitations of his interpretations.

Franck and Livingston Tautomeric Metastable Mode!

The use of glassy media and adsorbed states in the study
of the phosphorescence of dye molecules was a major preoc-

1 Parsonal communication.
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cupation of all authors writing on the subject before 1944.
Thus in 1941 James Franck and Robert Livingston (14) pre-
sented the idea of a tautomer of the normal molecule rigidly
clamped by the environmenial medmm

Many of the apparent]y conflicting facts of the photoehemlstry

as well an of the phoﬁphmeacence and the fiuorescence quenc‘hmg

" of dyes can be given 3 rational and umified interpretation if it is

assumed that an electronically exeited dve molerule can go over,

by & process of internal conversion, to the electronic ground state
of a réaciive energy rich tautomer.

The Franck and Livingston diagram is reproduced as H in
Figure 1. A potential curve model later given by Forster (15)
for the Franck- Livingston model suggests the seemingly un-
surpassable difficulty of generating a radiative phosphores-
cence by their scheme. Later experiments that | performed
{16} on perchlorinated aromatics, which can experience no
tautomerism but still possess phospherescence, did not per-
suade Franck and Livingston to ahandon their scheme.

Lewis, Lipkin, and Magel Study of Fiuorescein
Phosphorescence

- In 1941 a general study of the phosphorescent state of acid
fluorescein dye was pubhshed by G, N. Lewis and his col-
leagues {17). One of the main themes of this paper was the
quantitative corroboration of the Jablonski thermal activation
seheme for the M — F decay path. Their diagram is repro-
duced as HI of Figure 1 and was labeiled “Energy diagram of
fluorescein in boric acid.” The Lewis, Lipkin, Magel paper
presents ambivalent interpretations of the P {(phosphorescent)
state

There seem to be but two reasonable assumptions as to the na-
ture of Lhe phosphorescent state.

"The first assumiption is that a molecule in the F state changes
from a state of electronic excitaiion to a very highly excited vibza-
tional state of the V state. . . . The new molecule could now he re-
garded as a geometrical isomer of the normal molecule . . ..

The second reasonable assumption is that in the P state the
atomic configuration is approximately the same as in the N state,
hut that one is an electromer of the other, such as a triplet state
{biradical}, which now has a low probability of returning to the
normal state because of quantum inhibitions.

Lewis, like his contemporaries writing on the subject, was
also preoccupied with the rigid glass environmental effects,
and he wrote {{7} colorfully on this aspect:

We coiild think of the P molecules as held hy the rigid medium
in their unsteble configuration, as though by the jaws of a powet-
ful trap.

The Lewis, Lipkin, and Magel research (i7}. contamed
two experimental observations which were to have a powerful
effect on latér researches.

{1} The saturation curve fot phosphorescence of fluorescein dye
in boric acid glass was 10 prove fundaments) to later studies
of phatomagnetism, since triplet slate population inversion
with respect to the ground state was demonstrated.

{2} The ahsurptwn spectrum of the P state way observed,
opening the door to many laeter triplet-tripiet absorption
speciral studies and to the triplet state flash-spectroscopy
kinetic techniques.

Teranin on Photochemical Processeas in Arornatic
Compounds

Terenin, the Russian photochemist, wrote s long des(:nptwe
review interpreting and correlating previous researches in
photochemistry and luminescence studies in dyes and simpler
aromatics (18). This paper heavily depended on the Lewis,
Lipkin, and Magel (17} study and genercusly references the
latter. Terenin presented rio specira of phosphorescénces of
organic molecules, and his paper gave no energy level diagram
for metastable elecironic levels of a molecule. His words show
gome of the same ambivalence ag Lewis, Lipkin, and Magek
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Several snggestmns have been so far advanced as to the nature
of this metastable state in dyes, viz.

{a} a highly endotherniic and reactive dye tautomer, formed
by the transposition of a “tabile” hydrogen atom;

(b} ageometrical isomer or distorted dye molecule formed as a
result of a strong vibration, imparted to the molecule in its radia-
tioniess transit to the ground state, the abrormal coufiguration
being stabilized by the environment, acting like “jaws”;

(c} an electromer of the dye, in particular, a triplet state or
biradical, from which the transition to the ground level is being
prohibited by selection rules.

Terenin rules out tautomerism on the basis of energy con-
sideration and then states

It is, in our opinion, the alternative, mentioned under {b),
which, supplemented by the viewpoint (¢}, can account for the
rhain facta, .

Tereriin, like his predecessors, was preoccupied by the rigid
glass environment problems, and concludes

. The molecular modification of ahngrmally long life, which we
have denoted T', shouid correspond to a definite electronic config-
uration of the compound, differing from that of the excited state
1F™. We assume, furthermore, that i is stahilized by the forma-
tion of hydrogen bonds with the environinent. The rigidity of the
medium, emphasized by G. N, Lewis and co-workers {{17)], has,
in cur opinien, not only a purely mechanical meaning fempha-
sized by Lewis], hut alsu a chemical implication, viz. the forma-
tion of “hydrogen bridges,” participating to some extent in the
resonating structures of the compound and “smoothmg the way
from ' to T; we should rather speak of an “incipient fautomet-

" of the molecule, in this connettion.

Terenin’e appraisal (18) seems to be at sbout the same
statis of uncertainty as that of Lewis, Lipkin, and Magel (17).
Although apparently taking geometrical isomorism, triplet
agsignment, and tautomerism with H-bonding in concert,
Terenin did start seriously discussing electron spin configu-
rations of triplets. His discussions of friplet aromatic mole-
cules together with singlet and triplet oxygen configurations
show unusual prescience.

Lewis and Kasha Molecular Triplet State Assignment

In our first paper in 1944 Lewis and I (19) made the un-
ﬂ]IlblgUOllS jump to assign the lowest excited metastable state
of organic molecules as an intrinsic triplet electronic state. Our
broad study of spectra of 89 molecules reported the great
generality of the phosphorescence phenomenon, and we es-
tablished the independence of the triplet-singlet emission
from the nature of the medium hy using a variety of rigid giass
solvents. The detailed story of the personal interaction be-
tween myself, a young graduate student, arid Lewis, who was
doing his last piece of major research; to produce both the data
and its theoretical interpretation will be told in a later section
of this paper. _

The energy level diagram which we proposed is reproduced
as IV of Figure 1, with explicit labelling of singlet and triplet
manifoids. This diagram is an explicit relabelling of the Lewis,
Lipkin, Magel diagram, I} Since the latter diagram was for
data on acid fluorescein in boric acid glass, we unwittingly
performed a disservice to the literature by labelling IV as
“Jablonski diagram for fluorescein in boric acid glass,” in-
tending to stress the a-phosphorescence (thermally activated
T8’ -+ 8} versus the spontaneous A-phosphorescence (T —
8) (the primes also not corresponding properly to excited
configuration singlets!). In view of the relation of Jablonski’s
contribution, this diagram should be properly labelled “En-
ergy level diagram for acid fluorescein.”

McRae and Kasha Exciton Intersystem Crossing Diagram

We return in concluding this section to the Kautsky di-
lemma: intrinsic metastable states of dyes versus dimeriza-
tion-induced metastable stales. Theo Forster in 1946 accepted
the gauntlet thrown down by the Kautsky experimeint and



showed (20} that by dipole-dipole coupling of parallel-tran-
sition-moment dimers a forbidden {metastable) singlet-state
for the dimer should arise. He assumed this to be the meta-
stable level ascribed by Kautaky to both phosphoerescence and
photosensitization (our 1944 paper was still not available to
Firster because of World War II dislocations). Forster later
(21} adopted our triplet state model for the metastabie
state.

McRae and I (22, 23), pursumg Szent- Gyorgyl s experi-
ments on dye phosphorescence enhancement in frozen waber
versus frozen alcohal glass, approached the dye-dimerization
prohlem by molecular exciton theory. Qur diagram is given
in Figure 1 as V; showing that for a dye molecule singlet- smglet
Auorescence dommates the luminescence, whereas in the
dye-dimer (in water) the metastahle singlet exciton $tate ra-
diationlessly goes over completely to the triplet state, giving
phosphorescence dominance in the dimer. Thus, we effectively
expldined the Kautsky dilemma, and in effect, comhined
Firster’s two diagrams into one.

Research with G. N. Lowls?

First Contacis

When [-came to Berkeley in Fehruary, 1943, G, N. Lewis was
68 years old and had recently stepped aside as dean of the
College of Chemistry; I had just turned 22. 1. had come as a
graduate student determined to work with Lewis, as he was
certainly the best known physical chemistry professor then
at the University of California at Berkeley. The chemistry
graduate students were required to sefect a professor before
the end of their first semester and to commence research in
that term. I went through the obligatory list of interviews in
pro forma routine, saving Lewis for the Jast. My first hour with
Lewis was impreszive. | must have appeared nervous, for
Lewis paid, “Now don’t think I’'m going to einbarrass you by
asking you a lot of detailed questions about physical chemis-
try. I would just like totéll you about some of the interesting
research which we have been thinking about recently,”

Lewis then proceeded to talk with excitement ahout the
phosphorescence studies done with David Lipkin and Theo-
dore Magel and the absorption and photochemical studies just
then being completed with Jacob Bigeleiseri, who overlapped
with me for the month of May of 1943, Lewis and Calvin had
developed earlier a semi-classical theory of Hght absorption
in dye molecules, and Lewis and Bigeleisen had done both
some elegant polarization studies of x-band and y-hand mo-
tecular coordinate resobution of the electronic transitions as
well as related photochemical studies.

Lewis had his mind on a new class of dye molecules, the
large polyeyclic quinones (like pyranthrone, violanthrone),
and suggested that I measure their absorption spectrd care-
fully. Bigeleisen gave me a master’s introduction to what was
probably the Chemistry Department’s sole electronic in-
strument, the battery-operated Beckman DU Spectropho-
tometer, housed in the Uld Chemistry Building, Having
learned its operation {and idioayncrasies}, I proceeded to
measure ahsorption curves of my dyes. The instruinent acale
started at 2000 nm (then mg!}, and so did my readings.

An Intensive Month of Spectrophotometry

I measured several curves one week from 2000 nm ¢hardly
knowing that I was in a forhidden region of the infrared}, to
200 nm, the other ihinit of the instrument. No one in the lab-
oratory had done this before {as al} sensible operators started
at 750 nm--the viaible limit), and I.ewis was astonished to see,

2 This and the sections of this report designated with an asterisk are
taken from Kasha, M., “‘Four Great Personalitles of Science—G. N.
Lewis, J. Franck, R. S. Muliiken, and A. Szem-Gyomyl,"” Sclentific Es-
says, Tokyo Science University Lectures, 1979, ta be puhlished.

" that in-addition to a strong absorption band expected in the

visible region, I had found an urexpected characteristic strong
band in the middle of the near infrared for each dye I had
studied.

Lewis began to speculate: what could thiz new electronic
band be? He soon hdd an explanation. The polycyclic quinone
dyes which we were studying could be described as large pia-
nar obel or round molecules. Lewis thought: “Could it be that
we have found the low-energy circuler oscillation of electrons,
in addition to the higher energy x and y Cartesian oscillation
of the previous type?” Tlie test was then to study as many
linear absorbing molecules as could be found: a carotene or
lyeopene, Special samples were obtained from Professor
Zechmeister of Cal Tech. While waiting a week or two, I added
to our list of new spectra.

The absorption curves for the “linear” electronic systems
(carotenes) revealed once again strong electronic bands in the
near infrared region, characteristically mimicking the visible
absorption bands of the molecule; as in previous “round
molecule” casea. Kach molecule showed a typical vibrational
envelope, band width, and spectral position, analogous to its
strong characteristic visibie absorption.

When Lewis saw that the Beckman Spectrophotometer
gave these results on linear molecules as weil, he said,

“Take Me To Your Spectrophotometer!”

Lewis asked me to explain the various components and their
operation, He had me unscrew the phototube and ceil com-
partments, exposing the exit slit of the spectrometer.

Then he said,

“Set the mouochromator dial for 560 my,”
and poised himself in line with the exit beam.
Heé said,

“I see GREEN.”

Then,

“Set the monochromator for 600,”
He paid,

“1 see YELLOW.”

Then,

“Set the monochromator for 700.”
He said,

“I see RED. i
Then,

“Now, set the monochromator for 1,000 mp.”
Witb excitement,

“Alia! [ am the first man to see the INFRARED. And it is
GREEN!"

Lewis had suspected that the monochromator was mishe-
having, and we quickly saw that the whole of the visible
spectrum could be seep on this instrument by scanning the
near infrared from 750 to 2,000 mu. Thus, any visible dye
would show an illusory absorption spectrum.on the back-
ground of this scattered light, apparently reflected off the
instrument wall. There are probably some false curves in the
earlier literature based on this error. Lewis taught me to be
wary of instrumental performance.

Phosphorescence and the Triplet State

Lewis held a daily research conference with me at 11:00
a.m., usually lasting an hour. Each session launched major
plans to be carried cut that very afternoen and evening. By
the end &f such an hour, a whole strategy for the day was
mapped out. No apparatus was too complicated to be assem-
bled that day, at least in a preliminary form, Uf course, I had

an enormous advantage over other graduate students since
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Lewis could call on any and all shop men for mstant ser-
vice,

After the month's debacle with the dye specira, Lewis and
. Fboth wanted a refreshing change. I suggested phosphores-
‘cence had many puzzles to resolve. Lewis agreed, and said,
“Have the shop huild a phosphoroscope.” Lewis then left for
a month’s vacation. It was the first day of June 1943, and Bi-
geleisen had two or three days left in Berkeley. “Jake, what
is & phosphoroscope?” I asked. He was furious that I had not

used the Hbrary. “Lock it up!” was his answer. I studied the.

idea of the Becquerel phosphoroscope, and designed one with
‘parallel discs and had it built the next day. Bigeleisen’s parting
‘suggestion to my question “What shall 1 study?” was: “Try
-carbazole, it seems to have a very long-lived blue-violet
phosphorescence.” This suggesiion proved to be worth its
weight in gold. In the Lewis inner lahoratory, where the old
brass-tube and mahogany-wood-boxed Medium Hilger Quartz
Spectrograph was housed, was a score of large desiccators
contaimng boric acid and dextrose glass phosphor slabs made
with various dyes as solutes {from the 1941 work of Lewis,
Lipkin, and Magel). All of these dye “phosphors” exhibited:
broad-structureless phorphorescence. If I had also studied
only dyes, our work may never have developed the direction
and significance that it did subsequently.
The carbazole molecule spectrum waa astonishing, even to
me as a beginning spectroscopist. The spectrum consisted of
~ numerous marvelously detailed “sharp” bands. I don’t kmow
how I contained my excitement. I probably showed my spec-
trographic plates to everyone in the building. Jacob Bigeleisen
had left before I got a spectrum. Lewis was away for a month.
I was the only graduate student in his laboratory. Having just
finished Harvey White's Atomic Specira and Structure course
in the Physics Depariment, the excitoment of spectroscopy
was in me. That month I ran through several dozen molecular
samples: naphthalene, benzophenone, anthraguinone, benz-
aldehyde, nitronaphthalene, etc. Every molecule showed
‘characteristicaily “sharp” handed structure, All of these were
studied in EPA glass at 90 K {(we had only liquid air as a
coelant), The bands cbserved were very numerous and highly
structured compared with any of the dye spectra which had
been obtained in the laboratory before.

Lewis was delighted and excited by the result when he re-
turned. Qur work was now turned fully to a hroad exploration
of the phosphorescence of organic aromatic molecules in rigid
glass solution at low temperature. My phosphoroscope, vac-
uum sublimers, and vacuum stills ran 24 hours a day for the
vear. At the end of that firet summer I was allowed to give a
research seminar on the preliminary observations. Admit-
tedly, the presentation was somewhat repetitive in that I tried
to show how virtually every molecule we studied showed a
characteristic low-temperature phosphorescence—especially
if the molecules were non-fluorescent. The rest of that year
was spent in an intensive study of the phosphorescence of over
100 different molecules,

In July of 1944 our work was ready to be written up. The
procedure used in writing this long paper is worth record-
ing—as it at first startied me. Lewis zeated me comfortahly
in the wide-armed, high-backed wicker chair which greeted
all his guests, with pad and paper in my hand, and dictated
the paper in perfect flowing English from begmnmg to end!
1 was aflowed little interruptions here and there, with an oc-
casiona! slight change of perspective, but on the whole that
first paper {entitled “Phosphorescence and the Tripiet State
{19)) was aiready in Lewis’ mind. How could he do it? I won-
dered. Then [ realized that everything had been discussed
endlessly in the laboralory, and finally, as Lewis puffed his
cigar and paced up and down Gilman Hali and across campus,
the perfect phrasmg of each thought was developed. And when
we sat down together he was ready!

It is odd in retrospect that “Phosphorescence and the

Tripiet Stete” should have to come as late in 1944 as a secure
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molecular correlation, In atomic spectroscopy and diatomic
spectroscopy there was no difficulty with assigning mulfi-
plicities and cbserving forbidden transitions. I believe that
one of the retardations on the understanding of polyatomic
triplet states was the fact that the techniques used for obser-
vation of molecular phosphorescence, solid solutions in rigid
glass matrices, impinged on the doped-inorganic-impurity
phosphors, and the suspicion carried over that the strange
rigid-glass media those Berkeley chemists were using could
involve analogous solid state phenomena. It is hard to helieve
today the general negativism and even hestility which greeted
the presentation of this work. It touk 10 years to overcome
early prejudices before the phosphorescence of molecules
assigned as the lowest triplet — single{ iransition became
universally accepted ag it is today. Certainly the Lewis and
Kasha study showed that phospharescence was an intrinsic
molecular characteristic, independent of the medium or sol-
vent used. Probably, aside from the novelty of the spectro-
scopic technique, the lack of comprehension of the role of
radiationless processes in polyatomic molecules was the other
aource of diffidence.

In the second year of my work with Lewis, World War II was
in its intensive final stages, and T was permitted to remain in
Berkeley only if I joined a wariime research praject. ] easily

- made the timely decision to take on the heavy extrg burden

in order to continue with Lewis. So in this second year, Lewis
and I saw each other each evening and Saturdays, and fre-
quently on Sundays. We averaged six hours a day together in
our whole period of two and one-half years of contact. Qur first
paper was written in July and August 1944 in the evening
hours between 7 and 11 p.m. Meanwhile, our attention had
turned to singlet-triplet absorption studies, and a paper was
pubtished in June 1945 entitled “Phosphorescence in Fluid
Media and the Reverse Process of Singlet-Triplet Absorpiion™
(24). In February $245 I had completed my Phl) degree on the
basig of these two researches.

G. N. Lewis Daily Research Memoranda

In June 1943 the research on phosphorescence of organic
meolecules in low-temperature rigid glass solvents had started
in earnest. 1t may not be out of place to give some indications
of the intensity of this research and the pressures which pro-
duced such a concentrated effort. The world was at war and
academic research in universities was under severe restriction
from every side. In 1943 ] was stili eligible for deferment from
Army conscription since I was a teaching assistant in general
chemistry, teaching especially the large groups of Navy
Medical Corps students. There was a realization that all of the
few graduate students of chemistry would rather soon take up
wsr work of one kind or another, Perhaps that contributed to
the pace of work as much as anything.

In interviewing me a few months earlier, Lewis gave a fair,
thoughtful appraisal of our future relationship, He gaid, “You
don*t know me, and { don’t know you. Let us say you start an
apprenticeship, and in a month or so, for any reasan, if you
don’t like working with me, or 1 don't like working with
you—then we can part freely without friction on efther side.”
We immediately worked so weli togethar that the appren-
ticeship was never mentioned again.

Lewis had asked no questions ahout my background, but
two of my past experiences prepared me especially well for the
intensive period ahead. In my teen years I was in effeci the
apprentice of a Penngylvania earpenter and cabinet maker of
unusuai skill. ] was his “man Friday.” Every evening [ was his
instant assistant, knowing every tool, knowing every piece of
stock in his shop. I could teil hy his glance what he wanted
next, hardly more than a nod being necessary. In working with
Lewis, I developed the same relationship. In our many hours
together each afternoon, I knew his favorite optical filters, his
favorite aptical accessories. Our work went swimmingly, and
we had much good humor between us.



the time tn 1940°s when he was conducting research on color and the Iriplet
state.

My second experience of which Lewis had no inkling was
my two and one-half years empioyment at the Merck Research
Laboratories in Rahway, N. J. While going to The Cooper

“Union Night School of Engineering in New York City, 1
worked first with the famous chemist Kari Folkers on eryth-
rina alkaloid extraction from poison heans, and fractionation
of the alkaloid components. My triumph was the separation
of 1.5 g of crude alkaloid into 14 pure alkaloid components by
microcrystallization techniques. In my second year I did mi-
crobioassays for the entire research laboratory, whose staff
was in hot pursuii of a then unknown vitamin, pantothenic
-acid. I worked on every aspect of this (at the age of 18-19):
pilot plant isolation, synthesis of intermediates, and the daily
bicassays (Lactobacilius casei growth curves). The excitement
of pursuing an elusive research goal, and the pressure of the
responsibility of the daily bioassay coupled with night school
engineering studies tuned my working habits to the intense
regime tacitly demanded by Lewis.

Our daily routine started when Lewis appeared in his office
at 11 a.m. for our 1-hr lecture-discussion at the blackboard.
The afternoon’s work now cutlined, he went to the Faculty
Cluh, with the expectation that upon his return at 2 p.m. the

" new experiments would be ready. Quite often this meant a
major feat of glassblowing, metalwork, carpentry, electrical
wiring—especially if apparatus had to be moved into the
building corridor as it occasionally was, Several shop people
would be working furiousty to get things ready. From 2 untit
5 or 6 p.m. wild, rough experiments would be done. (Figure 2
shows Lewis doing vacuum line work from this period.) Then

Lewis would take his departure with the comments: “Very

(ood! Very Interesting! Just polish up the measurements a
hit and we'll study them in the morning,” After a quick dinner

I would return to the lab and frequently work until midnight

on the expected polishing of the afterncon’s work. In the
morning, with a lot of neat curves, spectral plates, tables of
data lajd before him, Lewis would say: “Well, we did very wel}
yesterday afternoon, didn't we?!”

Lewis would scribbje notes to me if we somehow missed
each other. I saved these in a file so that I would not forget to
carTy out any requests, Then later | realized they could be of
historical interest, so I still possess what I recall to be the

cornplete set. They are scribbed in soft pencil on yellow paper.
Unfertunately, most are undated, but the research they de-
scribe allows their sequential arrangement. The few that I
dated at the moment are indicated. They tell a fascinating
story of Lewis’ intense interest in our rapidly evolving
project.

Our first molecule of special interest was carbazole because
of its “sharp” bands. By the strangest coincidence the two
strongest vibrational peaks of the phospborescence of car-
bazole coincided almost exactly with the 4047 and 4358 A lines
of our 1-kW AHG6 high-pressure, mercury-exciting light. Lewis
at firat thought we had some super-enhanced Raman scat-
tering. In a rather dramatic experiment using a powerful
Mg-cored carbon arc, with the beam transported across 5m
of laboratory and with our phosphoroscope flashing (everyone
in Gilrnan came top see the big experiment); we quickly found
that even with fartber UV excitation the same carbazole
phosphorescence bands resulted. We did every kind of ex-
periment to prove that our previously unchserved carbazole
bands were unique, real, and characteristic. Lewis left me the
following message.
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I think the most important next thing is to get the fluorescence
of carbazole in liquid air—it may take a very long exposure but the

. overexposure of the phosphorescence is toa far gway to bother.

GNL

We then began systematically to study all sorts of typical
organic structures:
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After dinner the whole still should be ai room temperatiire
Remouve inner port---scrape off what you want of the naphtha-
lene-—and replace inner part in still
GNL

We began to recognize quickly that we could tell purity of
our compounids from the simplicity and beauty of the phos-
phorescence bands. Naphthalene usually showed a ghost
spectrum to higher frequency, which I could only get rid of by
crystallization from ethanol, whereas sublimation seemed to
concentrate the impurity, I later diagnosed the volatile im-
purity to be benzothiophene.

" 'The very large polyeyclic quinone vat dyes were still on
Lewis’ mind, but running concentrated H,50, as a glass so-
{Juti(:ln of the polycyclic quinenes at 90 K gave very complex

ands.
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When vou do the vat dyes in Hz SO, 1 suppose you will use the 2000
A plates if there is phosphorescence :
GNL

Lewis got very interested in the vibrational structure and
had Linus Pauling pay a visit. Pauling then wrote a commu-
nication for the Journal of the American Chemical Society
at Lewis’ suggestion uaing our data,

Can [ have the first 4 values of f-ekior3-Brom B-fodo and a chior
for this evening, GNL

We began to study molecules with unsaturated functional
groupa {nitro-, carbonyi-, ete.} and began to observe the
uniquely short lifetimes and simpler spectra of their phos-
phorescences (they were later recognized as n,m* triplet
emissions).

I think ['would like one photogroph of 2-nitro-fluorene
’ GNL

Lewis was toying with ideas of O perturbation, but we did not
succeed in accomplishing any definitive work on this, since
when our solvents were frozen in plass, the perturbation effects
were negated, {This dilemma plagued me for several years
until I thought of the singiet-triplet absorption experiment
in ethyl iodide solvents.) The data of this memorandum re-
minds me that I had Christmas day off from research that
month, but it was very lonely hecause my family was 3000
miles away and my hrother was fighting tanks in Europe.

] ' 12/27/43
1 think this is the filter we want—511. with a yellow filter on the
other side. CuS04 should alsv be used. )
Perhaps, when I come in tomorrow we will try the effect of Og. We
shall want fluoresein and ecsin in slightly alkaline aleohol

We kept up the oxygen quenching experiments; we con-
tinued extending our repertoire of spectral types of phos-
phorescence.

12/28/43
My experiments were interesting, and I want to try them all again

in your presence. o ) . )
In the meantime start subliming in vacuo e little dinitro-di-

pheny! ' _ GNL
We spent quite a bit of time looking at simple molecules,
discussing literature ideas on triplet ethylene especially. The
ethylene experiment was done badly, since we did not check
if any light was absorbed. The high-pressure arc probably was
unsuitable as an excitation source.
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Regrease main stopeock on voc line.

Tried two tubes of CoHy—no phosph. to speak of.

This tube is 80, Brilliant green phosph! one of the shortest half
lives we have seen. No good bands

We were aware of the wavelength problem, hut bad no better
luck with the next larger polyene.

Butadiene—no phosph.!

Polyenes turned out to be elusive for a long time afterward.

In about February 1944, a big personal decision loomed: join
the U, 8. Army, go to Central America on a Signal Corps
project, or join the Manhattan District {Plutonium Project)
in Berkeley. Lewis expressed his hope that I would do the last,
and 1 did without hestiation, as I could continue working with
him eveninga, Saturdays, and Sundays. The Plutonium
Project work was very demanding, and was also emotionally
driven, since we were able to secure secret German war reports
on their project. Consequently, we were dedicated to this work,
and I rememher 60—65-hour workweeks heing normal. Then
I worked with Lewis from 7 until 10, 11, or 12 p.m, {and he




came in regularly each evening) and every Saturday morning
and afternoon. On Sundays I worked alone.

At the end of our first year of research on phosphorescence
1 had recorded the spectra of more than 100 molecular species,
Eighty-nine of these were published, and very few proved to
be erroneous-—in spite of the lack of refined techniques of
chromatography, VPC, IR, NMR, mass spectrometry, etc.
available today,

In about July 1944 we began to write our first paper, and we
started exploring singlet-triplet absorption, Looking at the
long-wavelength edge of dye spectra proved difficult and fu-
tile. We began to look at the absorption spectra in long tubes,
first in a I-m cell, then in a 5-m optical cell rigged up in the
corridor in front of our spectrometer.

First of all we must try, in our long tube, all sort of pure lig-
uids—stch as toluene, alcohol (either ethyl or methyl) ete. GNL
: N

Otto Redlich, of the Redlich-Teller vibrational frequency
product rule, was living in Berkeley, and was called in for ex-
pert advice. I believe it was he who suggested to Lewis that the
weak bands we were finding in 5 m of liquid benzene in the
visible and near UV {!) were really IR overtone bands.

which he was opening an ampule of 3-carotene obtained from
Zechmeister (“Open in an Os-free atmosphere™). So ! said,
“This is Professor Lewis,” pointing to Lewis in a frog-like pose
on the floor. Redlich was visibly embarrassed but introduced
himself, Lewis exclaimed to me, “Oh, this is the man who
improved my book!” Redlich had added a chapter on statis-
tical thermodynamics to the German edition of Lewis and
Randall. Redlich again blushed with embarrassment.

As we began to think harder about singlet-triplet absorption
and to develop the Einstein A/B relationship, we initiated a
study of shorter-lived phosphorescent molecules for their
correspondingly enhanced ginglet-triplet ahsorptions -

Unfortunately it is now pretty sure that our bunds are an exten-
sion of the molecular bands of benzene—but do benzene and perhsps

dichlorethylene and acetone in the long tube anyway.
GNL

Nevertheless, the observation of the IR overtone bands gave
us confidence tbat the 3400 A region weak absorption bands
found in liquid benzene were indeed electronic bands, which
could be correlated with our triple-singlet emission bands
found for benzene commencing in the same region,

Lewis knew Otto Redlich on two grounds. First, Jacob Bi-
geleisen had got his MS degree with Redlich at Washington
State in Pullman for a Raman study of the dissociation of
nitric acid—then he came to Berkeley and proved to be one
of Lewis’ hest students Lewis ever had. The second was an
instance which eccurred when I was in the laboratory and a
dark-haired, robust Austrian gentleman appeated at my door
and said with a heavy accent, “Where may I find the Herr
Doktor Professor Lewis?"” As it happened, Lewis was sitting
on the Aoor with a hucket containing dry ice chips within

I think benzophenaone is the most important substance ta get ab-
sorption of in fong tube--—perhaps anly 20 cm. :

In November 1944 we were well into our singlet-triplet ab-
sorption studies, and Lewis personally began preparing some
nitrosoalkanes, which had a beautiful blue color. The ab-
sorption we thought to be singlet-triplet, but this has proved
to be wrong. I believe that the phosphorescencea (IR) are,
however, triplet-singlet.
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Kasha.
Your semple of bromnitrosopropane is in quartz tube in L.A.
lliquid air] It is clear and you could get absorption curve if you

wish

G.N.L.
The Proof has come!
The proof of our first paper was very thrilling to receive. In
December 1944 after the paper appeared in the Journal of the
American Chemical Society Sam Weiseman took the trouhle
to write Lewis a congratulatory letter on the paper. Lewis

esteemed Weissman very highly, and his Ietter, stating that

the phosphorescence and triplet state paper was “like a breath
of fresh air,” gave Lewis immense joy and satisfaction. He
went around Gilman Hall with a freash new smile for a
week.

I am sure that Lewis was very fascinated by the color effects
in optical phenomena, He ioved making the nitrosocom-
pounds, and the deep sky blue color was very beautiful.

Tubes are on Vac Bench Take your choice of the blue ones and

disregard the quartz one, which is my stock
GNL

In about January 1845 our work on singlet-triplet absorp-
tion was coming to an end, and we began to write our second
paper. Nitroso compounds absorptions are displayed prom-
inently in this work.
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Keshao:
{CHa)e CHP in Dewar
1 hape the ice does not matter. If it does put it in cold acetone.
Don’t worry about lack of meniscus
GNL

The singlet-triplet absorption paper {24) was a landmark
paper in correlating absorption spectroscopy with phospho-
rescence a8 a further spectroscopic proof of the intrinsic
electronic character of the phosphorescent state as a triplet
state. Although later research revealed far better examples
of singlet-triplet absorption bands {(we were hindered by lack
of knowledge of spin-orbital Z-effects, which never entered
our discussions}, this work initiated the direct spectroscopic
study of triplet states.

By the end of February 1945 my work with Lewis was
completed, my dissertation accepted, and all my energies were
devoted to an intensive phase of the Phrtonium Project for the
rest of 1945.

Lewis began thinking ahout the consequences of triplet
state spin properties quite early. His sketches of the spin or-
ientations for the triplet state began popping up in the labo-
ratory, one on his personal note pad,

(C/ l\{!

1RET

From the &2k of
GILRERT X, LEWIES

+

A dated sketch {(July 18, 1944) shows that at a time near
completion of our firsi triplet state paper, in discussing the
expected magnetic properties of the friplet state he had
sketched a Guoy balance.

July 18, 1944

Starting in March 1945, Melvin Calvin as our focal param-
agnetism expert worked with Lewis on an atiempt to measure
the paramagnetism of acid fluorescein in its phosphorescent
state. A communication was submitied by them June 16, 1945
and puhlished in the Journal of the American Chemical So-



ciety (25). They indicated a qualitative deflection into the
magnetic field in the right direction for the illuminated haif
of the sample, but immediately afterwards observed a contrary
deflection. In January 1946, the main pari of my plutoniuvm
research completed, I was able to join Lewis full time on this
photomagnetism determination. Lewis died shortly after-
wards {March 23, 1946), and 1, with Melvin Calvin’s occasional
overviewing, was able to eomplete a quantitative determina-
tion. The mathematical analysis was due almost entirely to
Lewis, but it took a major effort on my part, with cogent help
from William Gwinn and Harrison Shull at two points, to
bring the calculation to a conclusion. Also, it took me two years
of meticulous physical experimentation to unravel the side
effects, eliminate them, and to refine the laborious quanti-
tative steps in the measurement. In our final day at the
20,000-Gauss magnet, the reproducibility of the Theorell
boom displacement in the beam, its dependence on light in-
tensity, and return to zero displacement in the dark, made
Calvin exclaim, “G. N. would have loved to be here today! He
would have loved this experiment!” I wrote up the paper, and
it was submitted in 1849 to the Journal of Chemical Physics,
as a joint paper by Lewis, Calvin, and Kasha (26). An elegant
refinement of this work was published in 1964 by Joussot-
Dubien and Lesclaux {27}

Glibert Lewis’ Research Style
Mathematical Prowess

At the blackboard during our conferences, at firsg in our
morning sessions and later in the evening sessions, Lewis’
powerful analytical and intuitive scientific prowess shone
through. There were two rather detailed mathematical
problems that we worked on, one being the derivation, from
the Einstein A and B coefficient relations, of the integrated
absorption-lifetime equation used in our second paper (we did
not know that R. C. Tolman had done this earier). The other

- was laying the analytical groundwork for a detaiied photo-
magnetism study which I completed with the overviewing and
help of Melvin Calvin after Lewis’ death {26}, I wag at the
blackhoard groping with a difficult step a couple of times, and
Lewis seized the chalk and quickly showed in a few powerful
steps a way to its resolution, Aithough Lewis had pubilshed
some highly mathematical papers in his career (e.g., on rela-
tivity theory with Edwin Bidwell Wilson; statistical thermo-
dynamics with Joseph Mayer)}, his later years were spent on
rather qualitative experimental studies, But the old ability
was very much in evidence, hiding just heneath the surface.

Overcoming L ogical Barriers

A special trick was used by Lewis when we got boxed into
a logical impasse, and it proved to be very effective. It did
happen quite frequently that our series of logical steps in some
srgument or development carried us seemingly to a stone wall:
A—B— C D -+ |. Lewis would realize this, and he would
say, doing almost a little dance around a semni- circle -5 agif
to look at an object from behind: “Let’s look at it backivards!”
S0 the argument was dissembled D — C — B — A, and then
suddenly it seemed clear that the steps should have been A
— B — C — T -+ E ~» solution, the blind aliey becoming
maglcaﬂy revealed by unraveling and reexamining the steps
in the logic.

A Delayed Love Affair with Organic Molecules

Lewis died of a heart attack working one Saturday morning
in the spring of 1946 at his favorite place in the laboratory, the
vacuttm bench. He had just passed his 70th birthday. Lewis
ioved to vacuum distitl liquids from one flask to another, to
sublime materials into reaction vessels, to watch color changes

as reactions took place. The turning of the stopeocks, freezing’

samples with liquid-air Dewars, warming up a solution with
a water bath, or even with a match which had just lit another

cigar, these were all part of the visual physical chemistry that
Lewis enjoyed most. He confessed to me that organic mole-
cutes had been his special joy in his later years, and how, be-
cause he had failed a course in organic chemistry at Harvard
as a student, he had developed a lifetime dislike of organic
molecules—much to his later regret and chagrin.

Cautlons on Heavy Insirumentation

Lewis had strong feelings against a researcher becoming too
attached to a large instrument or heavy research machinery.
Although he admired and made use of heavy instrumetation
at times, he feit that someone who developed such instru-
mentation was inclined to become a slave to and an exporient
of the instrument or machine. He preferred to be free to
wander among available technigues and to wonder about ideas
and not be tied to one technique. For somewhat analogous
reasons he was prejudiced against complicated chemical
syntheses as an aid to physical chemical research. He admired
researchers who could make mojecuies, but he preferred to
leave this to others so that he could devote himself mazimally
to developing and testing physico-chemical theories. He be-
lieved that if a theory was general enough, there should be
ample scope for the physical chemist to select a suitable
sample from the chemical storerooms to test it.

Gilbert Newton Lewls’ Last Day

I was working with G. N. Lewis on the Saturday afternoon,
March 23, 1946, when he died, and I find it worth recording
the events of the last day of his life, particularly because there
has been misinterpretation of the c1rcumstances of his

"death.

The Saturday morning was a particularly sunny one sci-
entifically speaking. We had an unusually fruitful discussion,
and I especially remember being fifled with 50 many ideas on
research that they seemed enough to sustain a year of work.
F had some new ideds on triplet-triplet absorption, and Lewis
described more of his ideas on photomagnetism which T was
then to undertake.

Lewis had a particular experiment he planned to do by
himself at the vacuum bench that afterncon. A few days be-
fore, he had read in the latest issue of Transactions of the
Faraday Society a paper which he showed me containing a
graph indicating that the dielectric eonstant of liquid hydro-
gen cyanide changes hy a factor of over 100 in a certain ac-
cessible temperature range, Lewis said, “That would be a very
intereésting medium in which to test the effect of dietectric
constant on the color of dyes!” He planned that experiment
for 1ate Saturday afternoomn,

Lewis went to lunch with a distinguished guest and returned
at 2 p.m. It was unusual for Lewis to go to the Facuity Club on
a Saturday. When he returned, he went to his vacuum bench
lab, which was at the opposite end of the hall From his office,
my laboratory being in between.

¥ was working on the spectrophotometer in my laboratory.
About every 20 minutes or so I walked by to see if everything

~was all right. Around 4 p.m. when I passed the vacuum bench

room on my way downstairs, I glanced in and noticed Lewis
missing. I began to step into the iahoratory and got a notice-
able whiff of HCN. Stepping back into the hail I saw Lewis’
feet just visible behind the bench. I gave out a yell to the lab
at the end where I knew Daniel Cubiciotti was probably
working, and I ran toward the hood with my nose clamped
shut with my left hand. I threw a hrick, which we kept as a
weight in the fume hood, through the window. Returning to
the hall I noticed the bottle of sodium bicarbonate in the hood,
and rushed into the 1ab again, and covered the liquid on the
vacuum hench table with bicarbenate, the active bubbling of
which suggested that liquid HCN had just spilled out. Shortly
afterwards Cubiciotti and I dragged Lewis into the hall and
called for medical help, He had a serious welt in the middle
of his forehead, indicating that he had fallen forward and hit
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his head on a vacuum bench clamyp. Lewis was dead on arrival
in the University Hospital, and a medical autopsy mdlcated
clearly that he had diéd of a heart attack. We concluded that
many minutes after he had died, the pressure had built up in
the container of liguid HCN, from which the Dewar had been
removed, and the vessel dropped to the vacuum bench, spilling
the contents. . _

Lewis’ death was a very traumatic experierice for me, and
because that evening ! was previously invited to have dinner
with Otto Redlich and bis wife, I tried to cancel the visit. Re-
dlich prevailed, and I owe a great deal to him for the warm,
considerate, thoughtful conversation that ensued that eve-
ning.

Reception and Veritications of Tripiet State Theory
The American Chemica} Society had planned a reséarch

syinposium honoring G. N. Lewis to be held Deceinber 30 and -

31, 1948, at Northwestern University in Chicago, but his death
- changed the ineeting plans. As his last research student to
complete work under his direction, I was invifed to present
the work on the triplet states of moleculee
My presentation was the first of the meeting, and I was al-
lowed approximately 20 minuteés. I knew that a very strong
challenge was to be presented by James Franck, hat I had not
expected that two hours of rebuital of our work bad been
planned by Franck, followed by Robert Livingston, Eugerie
Rabinowtich, and Edward Teller. BEach demonstrated the
impossibility of the Lewis and Kasha triplet state interpre-
tation on the hasis of his knowledge, and Teller’s detailed
mathematical development of the theory of spini-orbital in-
teraction seemed particularly devastating. I report in another
place® more details of this interesting confrontation and of
Franck’s prior meeting and relationship to Lewis. Robert
Mulliken, whom I met at this meeting, tried to defend our
thesis, The conference committee seemingly was suspicious

of my paper, 1 now realize, for although my paper {16) was .

presented first in the program, it appeared 1ast in the pub-
lished volume! :

At the Faraday Society Discussion in 19491 presented (28)
my own new work on intersystern crossing, the radiationless
transition leading to triplet excitation, and a kinetic analysis
of the rates of radiationless processes with and without spin.
Jamesd Franck, a medalist at that meeting, was there to oppose
the triplet state idea again. Often repeated was the criticism
voiced by Radinowitch (1956) (29)

The hypcthesis of meteetable {tr:plet) electronic states of or-
ganic moleculés has been revived by Lewis and Kasha {1944);
however, it seems that if the rule which prohibits singlet-triplet
transitions does not preclude the formation of the triplet state
from the excited singlet state within 107 sec., it is unlikely to
delay its transformation into the singlet greued state for as losig
as several seconds or even minutes,

It is obvious that these critics (whlch included Franck and
Telier} had not considered the implications of intersystem
crossing, whose kinetic analysis (28) so clearly indicated an
answer to the eriticism.

Several spectmecepic elements were provided which ﬁm]ly
settled afl suspicion concerning the validity of triplet state
gssignment to organic melecule phoephorescence' The main
electronic spectral proof lay in the Z-effect, since atomic
number of substituents could be used for proof of spin-orbital
perturbation. Learning about the quantum mechanics of
spin-orbital interaction from David Bohm in Berkeley in 1948,
I was able to show the Z-effect in intersystem crossing (28, 30),
and Don McClure immediately afterward was able to show the
Z-effect on phosphorescence lifetimes (31). A review (32} of
“Spin Intercombinations in Molecules” in 1956 revealed that
Terenin still believed that external “paramagnetic pertur-
bations” were essential to induce triplet state emission.

3 See reference in foginote 2.
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Chronclogy of Key Discoveries In Triplet State Molecutar

Spectroscopy
Refer-
Year . Authotis) ance Research
1944 Lewis end Kasha (19 Phosphorescence
© assignedas T — S
1845 Lewis and Kasha {24 Singlat-triplet absorption
1949 Lewis, Galvin, (25 Paramagnetism of triptet
Kasha state
1949 McChire 31 Z-effect on
phosphorescence
lfetimeas
1950 Kasha {28) Z-attect bn intersystem
crossing
Kinelics of
radiationless
transitions
Uniqueness of
emiling siates
1952  Kesha {38} Environmantat Z-affects
. on triplet states
1958 Huichison and {33) EPR ebsorplion of riplet
Mangum state (Crystals})
1959 van der Waals and {34 EPR absarption of triplet
: slate {glasses)

de Groot

The difficulties of finding a triplet state EPR signal prob-
ably delayed full acceptance of triplet stete ideas, hut they
were finally resolved by the work of Hutchison and Mangum
in 1958 (1) (33) and van der Waals and de Groot in 1959 (34).
The sub]ect of “Magnetic Properties of Trlp]et States” was
reviewed in 1979 by Pratt (35).

Dellinger dnd Kasha (36) returned recently to the problem
of vibrational potential effects which so dominated discussion
before 1944 and concluded that only such large amplitude
motions as phenyl ring torsion would be inhibited by rigid
glass solvent cages. So all of the early preoccupation with
specific glass effects {aside from dlffusmnﬂl quenching) seems
to have been unnecessary.

Today triplet state studies of molecules have advanced to
highly refined stages, as-exemplified in symposia (1967) {37)
and research treatises (1969) (38). The key historical steps in
the evolutton of experiments and 1nterpretet10n of triplet
States of organic molecuies are summarized in the table.

Gﬂbeﬂ l.ewts’ Reseaich Preﬂews"

Gilbert Lewis’ career, rich as it was in permanent contri-
butions to the understanding of physical chemiistry, also had
a most unorthodox pattern, not noted especially by anyone
until now, but one which was typical of Lewis and which had
a profound effect on. his intellectual fertility and freshness
through his whole scientific life. Lewis previewed a research
field in print, using his own anaelysis, sometimes without an
exhaustive litergtire review, before embarking upon research
in it. Most scientists think of reviewing a subject in print at
the end of & long study and research period. Lewis told me he
thought that approach could stifle originality. If a scientist
got an absolutely thorotigh knowledge of the literature before
doing research, he was likely to acquire many of the prejudices
and mental blocs of his predecessors,

For example, in the beginning of his career he wrote a paper,
“Outlines of a New System of Thermodynamic Chemistry”
{40} in which the physical thermodynamic laws were applied
to physico-chemical problems. This was the origin of Lewis’
concepts of activity, aetivity coefficients; fugacity, partlal
molal free energy, etc.

Lewis told me that not long after comp!etmg hig PhD at
Harvard, he took a two-year appointment in Manila (as head
of the Philippine Bureau of Weights and Measures) 1904-5—a
most unorthedox start for a scientific career—ao that he could
think for himself. He worked his way through Walther




Nernst’s “Physikalische Chemie” (“correcting all of the
mistakes™), hiked his way around the volcanos and country-
side of Luzon, and acquired a lifelong taste for Philippine ci-
gars. Lewis then published his chemical thermodynamics
overview paper and followed this with about 15 years of re-
search on chemical thermodynamies, culminating in the
classic work, “Thermodynamics and the ¥Free Enerfy of
Chemical Subatances” {41}. Publication of this book marked
the essential close of Lewis’ researches in chemical thermo-
dynamics; he then turned his attention to other areas. His later
works oni statistical thermodynamlcs belong to another period
of his work.

- Lewis did indeed change research frelds abruptly through
his career, usually prefacing a research period with his char-
acteristic penetrating research-proposat-overview paper. His
jater interest in isotopes could have been presaged by his
paper, “The Chemistry of the Stars and the Evoiution of
Radicactive Substances” (42). Siarting in 1933 he wrote an
extensive series of papers on heavy hydrogen and heavy water,
g paper'on Hthiwm isotopes, and several papers on neutl'on
physics, culminating in “The Genesxs of the Elemen
{43).

- Lewis’ interest in valence theory began w:th A precocious
master’s thesis, *'The Electron and the Molecule” {Harvard,
1898}. Lsaw a copy of this once in Lewis’ office, and ] have a
clear recollection of its title. I never had the chance to examing
it, and it is tantailizing to specuiate on what it contained.
Lewis’ copy of it appears to he lost, and the Harvard Chem-
istry Library and the Harvard deener Library have no copy.
In Lewis’ summary book, “Valence and the Structure of
Atoms and Melecules,” {(44) appear replica pages from Lewis’
notébooks of the ear!y 1900’s, showing his early thoughts on
eleciron arrangement in atoms and molecules. Lewis contin-
wéd the development of ideas and nomenclature concerning
valence theory, especiafly the role of electron pa;rs, octets, odd
electron numbers, and diradical configurations in a series of
papers, with Wﬁrld War interruptions, in 1913 {45) and then
in 1916-17 €2). At a joint symposium of the American
Chemical and Physlcal Societies and the American Academy
of Arts and Sciences in 1917 he threw the challenge to the Bohr
atorn, showing that it could not expiain molecular geometry
(46). His chemical intuition set conditions on valency inter-
actions for which only’ Quantum Mechdnics was able to pro-
v;de the basis.

Other research preview papers by Lewis mclude his paper
on the electronic theory of acids and bases (47), preceding
experimental work with Glenn Seaborg on the suhject. “The

Color of Drganic Substances,” (48) preceded almost a decade:

of research on the color and photochemistry of dyes.

Perhaps the atypical case was Lewis’ work on heavy water.
Lewis had discussed the possibility of heavy water (Dz0)
apparently before the actual discovery of deuterium as a
proven isotope. Urey used the Rydberg isotope shift in the
atomic spectrum of hydrogen to prove that a new isotope of
hydrogen {deuterium) existed, after an extensive program to
concentrate natural deuterium. Lewis then worked furiously
to establish his part of a claim to the discovery of beavy water
by doing every conceivable measurement. Finally ali of this
work was reviewed in a comprehens:ve summatry paper {49)
uncharacteristic of Lewis’ research previews. :

Gilbert Newton Lewis typified the physical chemist of great
intuition who was able to conceive of heautifully simple
models and concepts to explain complex physical and phys-
ico-chemical phenomena. His conceptual contributions have
made lasting additions to our knowledge, and his aptness for

good nomenclature has enriched our scientific vocabulary, viz.,
Lewis introduced the term photon for light quantum (50).

- (ilbert Lewis once defined physical chemistry A% encom-
passing “everything that is interesting.” His own career
touched virtually every aspect of science, and in each he left
his mark. He is justly regarded as one of the key scientists in
American history. It would be a great omission not to record
the warmth and intellectual curiosity radiated hy Lewis’

personality. He epitomized the scientist of unlimited imagi-
naticn, and the joy of working with him was to experience the
life of the mind unhindered by pedestrian concerns.
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of Atomic Structure

Hung-cheh Chiang and Ching-Hwel Tseng
{nstitute of Chemistry, National Taiwan Normal Univarsity

No. 88 Sec. 5, Roosevelt Rd., Taipei, Taiwan, Republic of China

In the course of both high schoo} and undergraduate eollege
chemistry, students are often puzzled by the theory of atomic
structure, In order to help them Jearn this more easily, we have
designed a simple demonsiration to show the Pauli exclusion
principle, Hund’s rude, quantum numbers, electronic energy
levels, and electron configurations. The exercise involves
hanging valence electrons (represented by pieces of rubber)
onto a game board which depicts the energy sequence of a
given atom,

Materials
1 wooden plate (60 ¢m X 40 em X 1 cm)
33 iron nails (1.5 cn in fength) :
2 rubber tubes of different colors (16 cm X T cm), cut these into
i-cm pieces, vielding 16 pieces of each color
7 blank index cards

Sel-Up

The game board, or orbital plate, is cut from a piece of wood.
It is labeled as indicated in Figure 1, where n is the principal
quantum number, s; p, d, and f are the suborbits, and the
number in parentheses after the suborbital designation in-
dicates the angular momentum quantum number, The spin
guantum nurmber will be designated by using differently
colored pieces of rubber tubing which should be cut as de-
scribed above.

Hammer the nails (which will be used as holders for elec-
trons) into position as noted. Each suborbit shiould bave the
number of electron nails that corresponds to the maximum
number of electrons that can be held in that suborbit.

Seven index cards should be labeled as shown in Figure 2,
These n-value cards will provide the players with standard
information about the principal quantum numbers.

The Rules

Remember that the goal of this exercise iz to fill out the
game board with cards and pieces of tubing so that it provides
a visual representation of the electror configuration within
the atom. T'otdl the number of electrons within the given atom
and compare to the electron totals on the n-value cards. The
n-value card with a total that is either less than or equal to the
number of electrons in the atom of intetest is then chosen and
hung ento the upper left nail.

I the number of electrons is equal to the n-value card, you
are done. If it is not, determine how many more electfons are
present. Take that number of pieces of cut rubber tuhing and
hang them, as répresentatives of valence electrons, on the nails
according to the following energy sequence. Use differently
colored pieces of tubing to represent electrons with opposite
spin, The energy sequence of the suhlevels w1th the same n-
value is:

na<in—2)f <{n—1d<np
if n < 6,then {n ~ 2){ is absent
if n < ¢, both (n — 1}d and (n — 2)f are absent

216 Journal of Chemical Education

Exampie: »,Cr :

The student would choose the fourth card, because 24 is
smaller than the 36 required by the fifth card. There are 18
elections on the fourth card, thus the rermaining six electrons
of Cr will distribuie themselves in the fourth energy level ac-
cording to the rules. Rule one-

ns <(n~2)f <in—-1}d <np

translates to
4s <2F <3d <4p

Because 2f does not exist, the aix electrons would be dis-
tributed into the lowest available levels; two being placed in
the 4s level and the remaining four into the 3d level,

Thus, the configuration of 2,Cr is shown to be (Ar}4s?3d4+
{see Fig. 3). With this the instructor can speak to the special
stability of a half-filled sublevel and can show the students
that, with 3d sublevels close to those of the 4s subleve}, the
effect is large enough t6 allow “promotion” of a 4s electron to
the 3d sublevel, giving Cr five 3d electrons. Thus, the accepted
configuration of 24Cr should be shown to be (Ar}ds?3d®.

0N ey RS o1zt . . Ppaza —-{iri.linqon?ht
nafis -4 —— o == vy plate reprasents
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sublevel}
("“ Ddiaynze
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: trrrr ~-wogden plote

Figure 1. Construciion of the gamse board.
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Photoelectrochemical Solar Gells

John T. McDevit?

California Polytechnic State University, San Luis Obispo, CA 93407

We receive an enormous amount of solar energy from the
gun; the solar energy falling on the earth in a fortnight is
equivalent to the energy contained in the world’s initial supply
of fosgil huels (7). Since the 1350%s, much attention has been
given to the possible use of photoelectrochemical effects to
convert solar energy directly into electric power or synthetic
{fuels, and, as a result of the energy crisis, the study of pho-
toelectrochemical phenomena has become increasingly more
popular and important (2} This introduction o photoelec-
trocherical cells will review topics pertaining to solar energy
conversion as well as demonstrate the esse with which a
working photoelectrochemical cell can be prepared.

There are numerous ways to convert the solar radiation
directly into electric power. The silicon solar cell is the most
efficient in this respect, hut its use is limited to the more en-
ergetic portion of the solar spectrum. Such solid state photo-
voltaic cells have been quite usefu} in the space program and
now appeat promising for terrestrial uses. Endothermic,
photochemically driven reactions which produce stable {(or
isolatable} products (synthetic fuels) are an alternate method
of solar energy conversion. Although no economically prac-
tical, large-scale photoelectrochemical {PEC) cell has yet been
discovered (3}, a system of this type could provide a usefut
source of energy.

A photoelectrochemical effect is defined as the production
of a change in electrode potential {on open circuit) or current
{on closed circuit} in an electrode/electrolyte aystem as a direct
result of irradiation. The effect is cauaed hy either a photo-
chemical reaction producing electroactive products in the bulk
solution or the presence of a photosensitive memhrane or
electrode. Solar irradiation produces PEC effects on most, if
not all, surfaces. PEC effects at clean metal electrodes are very
small, usuaily measured in mV and nA ranges, and are due to
such processes as photoelectric emisgion from the metal sur-
face or thermal effects of the radiation {2). Semiconductors,
on the other hand, which may or may not be coated with a
sensitizing dye, bave been found to produce pronounced PRC
effects. Semiconductors therefore appear to be likely candi-
dates for use in the conversion of light energy into electrical
energy. This is reflecied in the recent interest in this area
{1-5).

' Present address: Stanford University, Stanford CA 84305,
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Figue 1. Drbhal energy diagrams showing the formation of an excited species
when the ground state molecule is redialed with light of energy greater than
the anergy pap.

The conversion of light to electrical or chemical energy in
PEC cells results from light in the visible region acting as an
electron jump (4). The absorption of a photon by an atom {or
molecule) results in the pumping of an slectron from its
ground state orbital to a higher energy orbital, The wavelength
of light required for such a transition must have an associated
energy greater than or equal to that of the energy difference
between the two orbitals. This energy, usually called the en-
ergy gap, Eg, is illustrated in Figure 1.

Light absorption within semiconductors occurs in a similar
fashion. In semiconductors, the most energetic ground state
electrons are located in the valence band and higher energy
levels are available in the conduction band. These two energy
bands are separated by an energy band gap, Ene, in which no
electron energy leveis are available. Photons with energy
greater than Epq are able to stimulate electrons from the
valence band to the conduction band. Photen absorption by
semiconductors results not only in promotion electrons to the
conduction band but also in vacancies or holes in the valence
band {left by ieaving electrons) as shown in Figure 2.

The result of this process in the production of an eleciron-

hole pair (e, h*} which may be denoted hy the excited state

S*, The light may then be stored chemically if S* reacts by one
of the two following paths:

§* 4+ A5+ + A"

9%+ D-» 5"+ D*
wbere A and D are suitable acceptor and donor species, re-
spectively. However, unless the back reaction between S* and

A~ or 8~ and D is alow, the energy associated with the pair
will be lost almost immediately as heat

St+A-—-85+A+A

if the energy is to be stored in chemical formn, either the energy
of activation for the hack eleciron transfer must be large
thereby retarding this reaction, or the two components of the

Conduction
Band

hpE
Fpg —.5G,

D

Valence
Band

Figure 2. EHects of fight absorption within semiconduclors. Electrons are
promoted to the conduction band and holes are formed in the valence band.
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redox couple must be formed at some distance from each other
as in 8 two-compartment cell. Unfortunately, excited states
_{electron-hole pairs) are very short-lived and frequently re-
combine with a total loss of the captured energy into heat.
Rapid separation of the electrons from the holes, such as might
be promoted by an electrical field, must be achieved in order
to use the light efficiently.

Conversion of light energy to the highly desired electrical
form has been one of the basic goals of solar energy research.
In order to achieve this goal, it is necessary to produce a flow
of electrons in an external circuit. Such a condition requires
the formation and efficient separation of oppositely charged
species {i.e., electrons and holes) which results in charge flow
in the external circuit. Semiconductors are ideal candidates
for use in such systems due to their ability to separate pho-
togenerated charged spectes efficiently. A review of some of
the basic semiconductor principles may help explain their
function in PEC cells. :

Intrinsic or undoped semiconductors, like silicon and ger-
manium, are essentially small band gap insulators. Such
substances have completely filled valence bands and totally
empty conduction bands with bands separated by a few
electron volts. A semiconductor such as silicon, a group IVA
element, can be doped (impurity added) with a group VA el-
ement with one more electron, such as nitrogen, phosphorus,
or arsenic, or with a group IIIA element with one less electron
such as boron, eluminum, or gallittm. The group VA atom with
its extra electron fits into the crystalline array of silicon atoms,
This extra electron is not required for bonding and is relatively
free to migrate through the crystal. This produces an n-type
semiconductor where the n denotes negatively charged mobile
carriers. Doping silicon with a group I1IA element produces
a p-type semiconductor containing mobile vacancies as posi-
tive holes in the crystal.

Although the doping process retains electrical neutrality,
since the dopants are neutral atoms, hoth mobile and sta-
tionary charge carriers are provided. For example, when silicon
is doped with nitrogen, an n-type semiconductor results. The
oxtra electron from the nitrogen is relatively free to move
throughout the crystal and can participate in charge con-
ductance. Nitrogen, however, also has one extra proton in the
nucleus, which when introduced into the silicon array is rigidly
bound by the bonding mechanism and cannot participate in
charge conduction. Doping of semiconductors results in.the
production of both stationary and mobile charge carriers; only
the mobile carriers can participate in charge conduction. A
similar treatment could also be given for p-type semicon-
ductors which have mobile holes and bound negative sites,
These charge carriers are responsible for the use of semicon-
ductors in a variety of electrical devices such as diodes, pho-
tovoltaic cells, light-emitting diodes (LED), and PEC cells.

When an n-type semiconductor is immersed in a solution,
a number of the mohile electrons migrate from the solid sur-
faces to the solution in oxder to lower the chemical potential

Field Direction

\

n-type

Semiconductor Following Eiectronic

Equilibration

Before Contact

Figure 3. Eiactron transfer from n-type semiconductor to the soiutlon with redox
coupte D/DY producing an induced electric fiekd.
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of the system. This charge transfer results in a negatively
charged liguid surface layer and a positively cbarged solid

- surface and an electric field is thus eatablished (Fig. 3).

When light of the proper energy impinges on an n-type
semiconductor/liquid interface, electrons are promoted from
the valence band to the conduction band of the semiconduc-

- tor. The induced electric field, shown by the curvature of the

bands in Figure 4, drives the photoseparated electrons o the

‘bulk of the semiconductor and the hole to the surface. If the
-solution contains an electroactive species, D, whose redox

potential is above that of h*, then electron transfer can occur

*in the foliowing fashion

D +h*—D#

The excited electron can be transferred away from the bulk
semiconductor assisted by the induced field, and if the device
is connected by a wire to a second electrode, it is possible for
the light-energized electron to reduce a suitable acceptor

O+e —0"

Therefore, the overall process may be summarized by the
foHowing equation

Ry
0+4D-»0-+Dt
I both O and R were water, the above equation would repre-
sent the photolytic decomposition of water
2H20'“"‘02+2H2 .

The solar spectrum does not possess the required energetics
for efficient water splitting, at least not hy a single photon
mechanism. However, several other fuel-forming reactions

‘requiring less energy for conversion have been studied {5).

Unfortunately, many commerciatly attractive reactions re-
quire too much energy to use the solar spectrum effectively
(zee table). A band-gap energy equal to L1 eV or less is re-
quired for the most efficient use of the sun’s energy (2), Only
the oxidation of HyO by molecular oxygen approaches this
ideality. Although no practical, large-scale system of this type
exists at this time, the outlook appears promising.

The basic principles behind the operation of pbotovoltaic
cells is quite similar to that described for semiconductor-liquid
interfaces. Both systems require irradiation of a semicon-
ductor junction from which efficient charge separation occurs
due to an induced eleciric field. In the case of the solid state
photovoltaic cells, the junction potential is obtained by doping
the surface with a foreign material. This process, although
quite efficient, is expensive and hag limited the use of such
devices. Semiconductor-liquid interfacial devices, on the other
hand, are prepared quite simply by dipping a semiconductor
into a solution containing_electroactive species. Their sim-

hl”-EBG

Patential

Solution

h*o

n-type
Semiconductor

Figwe 4,  Electron-hole flow upon irediation of an a-type semiconductor im-
mersed into solution with redox couple D/DY,



plicity (and moderate cost) make them aiiractive candidates
for future use in solar energy conversion.

The major hurdle associated with semiconductor-liquid
junctions involves the kinetics and energetics of the electron
transfer. The semiconductor itself becomes susceptible to
oxidation if electron transfer from the donor species is too
siow. An example of this fype of anodic decomposition is
shown for CdS {an n-type semiconductor)

Zhy
CdS > CdP* gy + S + 2 6

Stabilization may be cbtained by edding reducing egents that
can scavenge the photogenerated holes at a rate that prevents
anodic decomposition. An alternative appreach to this prob-
lem has been to attach stable eleciroactive species directly to
the surface of semiconductors via surface functional groups,
Perrocene has been used to modify n-type silicon chemically
and thereby suppress the growth of Si0, and bring about a
dramatic improvement in the photoanode stability of aqueous
solutions (5). In addition, the derivatized silicon is ab]e to
oxidize anything oxidizable by ferricenium.

The attachment of visible-light-absorbing dyes to the sur-
face of a semiconductor is another possible solution to the
problem of photolytic decomposition. Such a procedure in-
volver sensitizing a larger band gep semiconductor with an
absorbing dye. Thus the dye, rather than the semiconductor,
is the light absorber and the semiconduector is not susceptible
to decomposition. The thickness of the sensitizing layer must
be controlled very carefulty. Too thick a coating results in the

Typlcal Photochemical Reaclions
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Figwre 5. Schematic represemation of a phaloslecirochemical celi for con-
verting fight energy into etectricity using n-type silicon as the photoanade ang
platinum as the reversibie counter electrode. Both elecirodes are immersed in
a fermocene/ferricenium electriyta.

insulation of the semiconductor properties and the tendency
for back electron transfer increases; too thin a layer resuits in
inadequate absorption, There are several chemical methods
available to modify surfaces including chemisorption, cova-
{ently binding reactive compounds to surface functionality,
and redox polymerization, Carefully controlled experimental
conditions must be employed to attain the optimal th:ckness
of the insulating absorbing blanket,

A workable photoelectrochemical cell demonstrating many
important aspects of these devices can be prepared quite
easily. A stable liquid junction photoceH using n-type sificon
as the photoanode and platinum as the counter electrode in
an ethanol solution of ferrocene can be used to demonstrate
the utility of such systems. A schematic diagram of such a
system is shown in Figure 5. 'The functioning of this system
is based on the following: Immersion of the n-type silicon in
the selution results in charge transfer of the mohile electrons
from the silicon to the solution forming a negatively charged
surface layer and leaving the semiconductor with a pogitive
surface region. Light of sufficient energy impinging on the
negatively charged surface can cause tbe promotion of an
electron from the valence band to the conduction band,
leaving a hole where the electron once was. The induced
electric field, spontaneously formed at the semiconductor/
liquid interface, forces the promoted electron away from the
surface into the bulk and the hole towards the surface. At this
point a ferrocene mofecule donates an electron to the vacancy
and returns to the solution in the form of a ferricenium ion.
Meanwhile, the photoseparated electrons pass throtigh an
external circuit to the platinum counter electrode and reduce
the ferricenium back to ferrocene, as shown in Figure 6.

Experimentai

Materials. Single-crystal, n-type silicon wafers (0.25 mm
thick, 100 face) doped with Sb and having resistivity of 4-5
2 cm were donated by Signetics Corporation, Cuperting, CA.
Ferrocene and absofute ethanol were used as received from
commercial sources, _ :

Electrode and Cell Configuration, Electrical contact to the
silicon electrode was made by depositing indium metal on the

" back side of the semiconductor using a soldering iron, A cop-

per wire was attached to the back with silver epoxy and the
whole device was encased in a glass rod. Al} metallic surfaces
were insulated with regular epoxy so only the silicon was ex-
posed to the electrolyte {(~0.13 em®). In all experiments a
platinum counter electrode was utilized, positioned as close
as possible to the silicon phetoanode. A one compartment cell
with a capacity of approximately 50 cm? of electrolyte was
assembled from Plexiglas®. The electrvactive sclutions were
composed of .07 M ferrocene and the amount of ferricenium
appropriate for each experiment dissolved in ethanol. Con-
centrations were determined from optical density measure-
ments (ferrocene: Aysy = 450 nm, €457 = 90 1 mol™ cm; ferri-
cenium: A,y = 618 nm, ey = 450 1 mok~* ¢m). All elsctrodes

ey
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Figwa 8. Conversion o light into etectrical energy far n-type allicon photoamda
immersed 1n ferrocene/ferTiceniumn {Fe{Cp)/Fe{Calst).
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were etched in concentrated hydrofluoric acid and rinsed with
ethanol immediately before the experiments. A 0.1 M ferri-
cenium gulfate stock solution was prepared by adding 3.3 m]
of concentrated guifuric acid to 1.86 g of ferrocene, then di-
luting to exactly 100 mi with ethanol.

Ezperiments. Stability of the silicon photoanodes was de-
termined in ethanot sclutions containing 0.07 M ferrocene and
0.001 M ferricenium sulfate. Input light intensities of ~25
mW/cm?, obtained from a simple spectrophotometer light
source and simple lenses, were utilized throughout these ex-
periments, The voltage was measured with a strip chart re-
corder. Current, in series with the recorder, was measured with
a digital muitimeter. :

Kinetics of Si0; formation. A SiOs layer spontaneously
forms oh the surface of the semiconductor. This oxide layer
was elecirochemically removed from the semiconductor sur-
face by applying a potential difference of 15 V across the
photoanode and the platinum elecirode immersed in ethanolic
ferrocene solutions. With the negative terminal aitached to
the sHicon electrode and the positive to the platinum, gas
evolution (presumably hydrogen) from the reduction of water
along with Si0Os reduction to silicon was observed at the silicon
electrode, and the oxidation of ferrocene to ferricenium was
observed at the platinum surface. Upon removal of the applied
potential, the open circuit voltage was monitored as a function
of time. A decrease in the output voltage, presumably due to
oxide formation, was observed in all experiments. The rate of
this decrease was used to monitor the kinetics of oxide for-
mation.

The effects of water content on the rate of oxide formation
were determined by observing the voltage characteristics after
water {5,5 M) was added to the helium-purged ethanolic fer-
rocene/ferricenium solution. In a similar fashion, the effects
of oxygen were determined following an oxygen purge of the
ethanolic solution,

Results and Discussion

Most nonoxide semiconductors used in PEC devices are
susceptible to photolytic decomposition. In the case of n-type
ailicon photeanodes, the semiconductor itself can be oxidized
if the photogenerated holes are not quenched prior to elec-
trode decomposition {oxide formation)

Si+2H0—+8Si0;+4e” +4HY

Oxide formation may also be produced by the reaction of sil-
icon with dissolved oxygen

Si+ 02 e SiOg
Si(); formation has the effect of insulating the surface. As the

oxide layer thickens, the photocurrent and voltage levels de- .
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Figure 7. Plois of opan clrcuit phofopotantlal againsi time for n-fypa silioon
electrode immersed in 0.07 M ferrocene and 0.001 M ferricenium sulfate. For
run (@), 0.13 om? of n-type sificon was kradiated with 25 mW/orm? white light.
Run 2 (O} was cbiained under dark conditlons.
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crease significantly. Since rigorous precautions were not taken
to eliminate moisture and dissolved oxygen from the system,
it was imperative that the oxidation of ferrocene was kineti-
cally favored over oxide formation.

Long-term stability charcteristics of the silicon photoanodes
was established by irradiating the semiconductor electrode
in anhydrous ethanol containing the ferrocene/ferricenium
redox couple. Figure 7 shows the electrode potential obtained
over the course of several hours, Also shewn here for com-
parisen is the electrode potential under dark conditions. In-
deed, the ability of ferrocene to capture photogenerated holes
preventing Si0; formation is quite good as demonstrated by
the stability of this device.

8i0y can be removed from the semiconductor surface to
restore original activity. This may be accomplished electro-
chemically or with the use of HF etching. Both methods have
proven successful in restoring the efficiency of the system
following oxide passivation. The latter method has been used
almost exclusively by previous authors, but the former offers
insight into the kinetics and energetics of oxide formation.
After a negative potential is applied to the photoanode, the
efficiency of the device increases significantiy. This is most
likely due to the reduction of 8i0; to free silicon

BiDz +4HY + 4™ > 8i+ 2H0

Following reductive treatment of the photoanaode, the open
circuit voltage decreases exponentially, gradually leveling off
at an equilibrium value as the passivating oxide layer re-
forma.

The results of the three exporiments testing effects of
oxygen and water on the rate of oxide formation have been
summarized in Figure 8. Oxygen content was found to have
little effect on the rate of oxide formation, showing photopo-
tential characteristics gimilar to the O2/Ho0 free reference.
Solutions containing water, on the other hand, showed signs
of increased oxide formation.

In summary, a PEC cell demonstrating many important
aspects of the chemical solar cells can be easily asgembled with
n-type silicon as the photoanode and a platihum counter
electrode, both immered in ethanolic ferrocene/ferricenium
solutione. A system of this type can be used to convert solar
power directly into elecirical energy for an extended period
of time. Unfortunately, such systems are plagued with pho-
tolytic decomposition of the photosensitive electrode which
limits their efficiency. This is the major scientific hurdle as-
sociated with these devices. ‘The sun can contribute greatly
to our energy needs if an efficient, inexpensive, workahle
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Figure 8. Plats of pholopatentlal agzinst time immediately following slectro-
chemical removal of tha pxide layer from the siticon alecirede. These plols
display the rate a1 which oxide reforms on the sificon slectrodea under varous
conditions, noted by the decreass in the photopotential as the passivating oxide
reforms. Run 1 (O} exhiblts the kinetios obrtained with a hellum-purged anhydrous
electralyte; run 2 {—}, with an antrydrous oxygen-saturatad eioctrolyte; and run
3 (#), with a solution cordaining 5.5 M HzD. Each run was perfarmed in athano!
conlaiing 0.07 Mierrocene and 0.00F M ferricenium sulfale with lncidont Nght
intensities of ~25 mwW/cm?,



gystem can be devised. The present work suggests that such
a system may soon be developed.
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Thermodynamic Inetficiency of Conversion

of Solar Energy to Work

Arthur W. Adamson, James Namnath, V. J. Shasiry, and Vida Siawson

Universfty of Southern California, Los Angeles, CA 90089

it might be thought that photon energy should he pure
energy, that is, should have no entropic content, and hence
that solar energy should in principle be entirely convertibie
into useful work. A more conservative guess might be that
since solar energy relates to radiation from a 6000 K source,
a Carnot efficiency factor of about {(6000 — 298}/6000) = 0.95
might apply. Neither of the preceding statements is cortect
for a quantum or tbreshold solar device, but it is true that
there iz & thermodynamic limitation te the efficiency with
which light energy can be converted into work. The limitation
depends on the intensity of the radiation and its wavelength
and can be substantial. _

Chemists practicing in the solar energy field seem generally
not to pay much atlention to this limitation. Its treatment is
not new {I-4), but analyses seem not to have appeared in
easily accessible chemical [iterature, A useful review, however,
is by Boiton and co-workers (5). In addition, the various
treatments have been couched in terms of black-body radia-
tion fluxes or semi-conductor solar cell analyses, and the
language has been more that of physics than of chemistry. In
this paper, we present a more chemical and less sophisticated
approach.

Einstein Did Us In

The thermodynamic limitation is wsually mingled with
another kind of efficiency limitation, and it seems well to
separate the two aspects. This other limitation is 2 conse-
quence of the quantum aspect of nature, as embodied in
Kinstein’s law of photochemical equivalence {6, 7). Light
energy comes in quantum packets of value hy, where h is
Planck’s constant and # is the frequency. Photochemistry
involves putting a molecule in an excited state of some definite
energy £* above the ground state. {In the case of a seémicon-
ductor solar cell, there is 4 minimum energy E* of promotion
of an electron into the conduction band.} Einstein’s law af-
firme that unless the energy hv is at least oqual to E* there can
be no ahsorption of light energy.

Pursuing this last aspéct, suppose that we have the photo-
chemical system

by .

A=A (1)
where the electronic excited state A* is to be the source of
chemical or electrochemical energy. Nowadays, for example,
many inorganic photochemists are exploring the case of

h
Ru(bpy)?* = [Rubpy)s?*]*  AG°we~ E* =21V (2)

where hpy denotes 2,2"-bipyridine, and G* is standard free

energy. The approximation of equating energy and free-energy '
differences is discussed later in this paper. As we discovered

some years ago (8), [Ru(bpy)s*t]* is a good reducing agent,

good enough to redice water. The product, Ru(bpy)s®*,is a
good oxidizing egent, good enough to oxidize water. The
simple scheme,

{Ruibpy)s?*}* + HaOt — Rulbpyis® + %Hy + HpO
~AG%90s = %959 2« 0,84V (3}

Ru(bpy)a®* + 3% Ho0 — Ruibpy}s® + ¥ Oz + HaO*
-~ Al 9293 = 50293 ~ 0,03V (4}

gives, in combination with eqn. (2}, the net Teaction

A
BLHO*%H+ % 0:  ~AGus = %95 ~ —1.23V  (8)
{the polentials are from ref. {9)). In effect, Ru(bpy);** acts
a8 a catalyst whereby light energy is used to aplit waler. The
produced hiydrogen could be used as a fu€él to runan engine,
There are many difficulties with the simple scheme above, but
a more complicated version has shown some success (70). The
system is cited here merely to iliustrate how the energy con-
tained in an excited state may he used to produce useful work,
We do not concegn oursetves here with the many complexities
and inefficiencies of actual conversion scheimes, Rather, we
are after some basic limitations upon which no scheme can
improve.

Returning to the type reaction of egn. (1), if the transition
wore between two specific states, we would see a single sharp
lirie absorption spectrum of A. In this case, only light of fre-
quency corresporiding to i¥ = E* would be absorbed, ne-
glecting line broadening inherent in the uncertainty principle.
In practice, however, we are dealing with at least diatomic and

‘vsually with polyatomic molecules and the electronic excited

state A* wil} have a different bond length in the diatomic case,
and different bond lengths and bond angles in the polyatomic
one. Thus, A* will be geometrically distorted relative to the
ground state A. The situation is illustrated in Figure 1.

The Franck-Condon principle tells us that no appreciable
nuclear motion occurs during the absorption of a light quan-
tum, that is, that the transition is a “vertical” one. The con-
sequence, shown in Figure 1, is that light absorption produces
& distribution of vibrationally excited A* molecules. The ex-
perimental observation is that the absorption hands are broad,
as illustrated for the case of Ru(bpy)s?* in Figure 2. Our en-
ergy E* is now actually that of the transition from the v = ¢
level of A to the v = 0 level of A*, or of the so-called zero-zero
transition {(where v denotes vibrational quantum number},
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This transition is not totally forbidden by the Franck-Condon
principie and can, in fact, sometimes be seen as a weak feature
on the long wavelength tail of an absorption band. In the case
of Ru(bpy}s**, E* is about 50 keal mole™8, corresponding to
a A* of 570 nm,

Einstein’s law tells us that light of wavelength longer than
A* will not be absorbed (neglecting the small tail of the ab-
sorption band beyond A*). Now, however, light of wavelength
shorter than A* will be absorbed because of the broad natire
of the absorption band {for example, 450 nm radiation in the
case of Fig. 2). The produced A* is vibrationally excited, but
this vibrational energy is ordinarily very quickly lost to the
solvent medium (within picoseconds). We thus end up with
non-vibrationslly excited, that is, A* species, Moreover, this
is apt to be the situation even if we are populating some higher
excited state by using llght of yet shorter wavelength {(such as
light of below 300 nm in the case of Fig. 2). Usually (although
not always), crossing from one excited state system to another
occurs so that we still end up with A*.

A further, and important point is that we actually are

.dealing with a collection of A* molecules in thermal equilib-

*
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Figure 1. Energy ievel diagram showing the alfect of excited siate distortion.
Straight armows represent a radiative process and wavy armows non-radiative
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rium with their surroundings. Thig collection is, in effect, a
thermodynamic ensemble having entropy and hence free
enerpy as well as energy. This excited state ensemble has been
called a thermally equilibrated excited state; we bave used the
spec:al term thexi state (I 1) A thexi state is a good chemical
species; it is, in effect, an isomer of the ground state. Thexi
states, as noted above, have well-defined energy, entropy, and
free energy. They have standard oxidation and reduction
potentials; they have a definite structure, reaction chemistry,
abgorption spectrum, etc., all of which may be different fromn
the corresponding ground state properties. One special feature -
of a thexi state is that it may be able to return to the grourid
state A by emission of light. This is true for [Ru(bpy)s?*]*, for
example, and the emission spectrum is included in Figure
9 - . ;

" We are now at the point where the limitation imposed by
Einstein’s law can be examined. The problem is that solar light
covers a wide energy spectrum, being essentially black-body
radiation. A standard intensity spectrum for light incident on
the earth’s surface is shown in Figure 3. The situation is that
all light of wavelength greater than A¥ is wasted since it cannot
be ahsorbed at all. Because of the typical broadness of ab-
sorption bands, we can assume that all Jight of smaller wave-
length can be completely absorbed. However, the energy
cantent in excess of £* per mole of light guanta is also wasted.
This excess energy goes into vibrational excitation of A*, an
excitation which is premptly lost as heat to the surroundings,
We will Iimit ourselves to the case of an isothermal system, so
that this heat is unavailable to do useful work. -

The above qualitative exposition can be made quantitative
in the form of the integral, .

A*
£ _f IOVAA
fi = e ©

, _f TVENA

where I(A} is the intensity of solar radiation in incident quanta
per wavelength interval and E()) is given by he/A. The coef-
ficient fg 16 the efficiency factor resulting from this working
of Einstein’s law. This integral has been evaluated as a func-
tion of E* (see Ref, (5) for example) it maXimizes at fg = 0.44
for A* about 1100 nm. {There is a second-order dependence
on whether we are talking about the solar spectrum reaching
the earth’s surface, or that just uu{:{-;ide the earth’s atmo-
sphere. ) :
"It is probably no coincidence that the chlomphyll of plants
absorbs in the red, so that f5 is relatively large. An interesting
point is that while 7z is thus made large, light of such long
wavelength does not carry enough energy per quantum to do
the needed photochemisiry. Plants sdive the problem by
means of a complex chain of molecular events whereby two
or more photons are used to provide the energy needed for the

1600 &
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Figure 3. The spectral distribution of solar erergy with the sur at 66° from the
zenith { 72, {The dips in the spectra are due to absarption by various atmospheric
and solar atmaspheric species.} )



reduction of CQy, Man-conirived chemical sclar energy con-
version systems, however, are more likely to take the
mechanistically simpler route of doing the job with just one
photon per primary reaction event. There iz a trade-off,
however, in that the requ_ired photon energy is increased, with
a corresponding reduction in fg. To take the Ru{bpy)s®*
system ?s an example k“, is now 570 nm, and fr has dropped
to 0 20.

The Thermodynamic Limitation

We come now to the additional limitation that is the focus
of this paper. Any means of reversible generation of work
would do, but for convenience of exposition, let us assume the

. follawing. We have the cell

Solution of AX
concentrations are

Pt/Cis} (A*eg) and (A oq)

shy

Solution of AX und
ion o er Cis)/M/Pt

irradiation. Concentrations
are {A*} and (A**).

We take species A as actually to be a cation, AT, so we can be
dealing with an electrolyie; the anion, X, is purely a spectator
species. C is a one-electron-reduced form of A*. We suppose
that the couple C{s)/A{solution) is reversible at a Pt electrode,
and that the elecirode M is such that the couple C{s)/
At*{solution}/M is reversible while the couple C{s}/A*+(s0-

Tution)/M is not, that is, that electrode M is polarized with the-

respect to the second process.” The dashed vertical line in the
ceil denotes a lHquid Junctnon

The right-hand sciution is under steady irradiation of
wavelength }*, and is of sufficient conceniration that the in-
cident light is completely absorbed by A+, The irradiation
buiide up a concentration of A** to some value (A**) and at
this point the cell is allowed to operate, drawing just sufficient
current to maintain {A**) at a steady state value. The whole
system is at constant temperature axid, under the steady staie
condition, light energy is being converted to useful work,

" A potential problem is that A*™* can in general disappear
by other processes than the cell reaction. A** can, for example,
return to A* by light emission or by non~rad1at1ve relaxation.
These are first order processes with rate constants k, and k.,
respectively, and the sum, & = k, + &y, determmes the rate
at which A** would ordmanly disappear. The requirement
here is that the cell reaction must keep (A**} smalil enough
that k{A**) is negligible compared with the rate of the pho-
tochemical reaction (see Example below),

We want our jdealized cell to be one which can operate
under steady state condifions. To accomplish this, suppose
that essentially all of the current across the liguid junction is
carried by A*.3 The cell precesses per furaday are as follows.
The right-hand compartment gains one mole of A+ hy trans-
ference, loses gne mole of A* by photoexcitation to At*, and
this mole of A** is reduced to C(s). The left-hand compart-
ment gains one mole of A* by oxidation of C(s} and loses one
mole of A* by transference, There is thus no net change in
either compartment.

The net cell reaction is just A** =
sponding emf is

At, and the corre-

RT '
& = % Cap/atsotution) ™ & °(is)/A% solution) ™ i learfasr) (7

where a denotes activity. In the left- hand solution A** is in
equilibrium with A*, and’ for the process At*eq = Ay, we
have

AG® = GO ~ G+ = ~RT In K, K = ap+fopse )]

Further, AG = ~F& and AG® = —~F£°, and we can replace
AG® by its equivalent from equ. (8). We thus ebtain

= ~AG = R In ZAIa0AT 9

apte 0 e

where 1/, is the reversible wark. The activity coefficients of
A™* and A**¢q can be taken to be the same (beth solutions will
be very dilute in A**), as can those of A*,; and At {the total
concentration is the same in the two compartments) eqn. (9)
simplifies to

Brey = RT Ifx*(1 = 2%0}/{1 — x*)x*yg} {10}

where x* is the fraction present as At*,

For any system hkely to be of interest, x* . will be very
small, and likewise x* (soe bxemp!e belew). Equation (10}
reduces to

gy =

Wy = RT ln(r“/x*aq) (11)

Equation {11} is essentiaily eqn. (16) of Ref. (5) and eqn. {(6)
of Ref. (2), obtained by a more general raute,

The simple assamption is that the excited state energy, E*,
is entirely available for work, and we now want to compare this
amount of work to iy, We can structure this assumption
maore specifically as follows. Flrst, we say that A* is converted
entnrely to A+* so that the energy producing process A** —
A ig between species at the same concentration, that is, the;‘e
i ne entropy of dilution difference. We can take the conditions
of A* and A** to be their respective standard states. Next, we
neglect any internal entropy difference between A and A**,
that is, we take AS® to be zero? and equate energy’ and en:
thalpy.? With these assumptions, E* = <~AG?,

The thermodynamic efficiency factor, fp, can now he
written as

fr= ‘!”N""‘"AGO = ln{x?‘fx".‘gq}f]n K ' 12)
or - .
Fr = 1~ In(e*)/inix*.o) (13)

(We have approximated aa+.,/aa+«,, by 1/x%¢.)

A Numericai Example

We can build an example around the Ru{bpy)+®+ case. We
take A* to be 570 nm or £* = 50 kcal per mole of Ii_ght quanta.

¥ I reading articles on solar energy conversion, it is well to remember
that authors generally do niot include fz in thelr efficiency statements,
Rather, the efficlency repoited is that for complete absorption of light
of optimum wavelength, or around A", (For exampls, Graetze! and
co-workers report this type of efficiency as ~0.1 for their Ru(bpy),**

. systemn (701} Such an efficiency statement is useful, of course, in

evaiuating the chemical performance of the particutar system; it is
misteading, however, in that if the % factor were to be inciuded, the
practical interest of the system might be greatly diminished,

2 Remember that A** is an isomer of AT which can have quite dif.
ferent properties from those of A™. As an example, At and A™* might
have acidic protons, but the pK, of A** might be very different from
that of A*; 50 that in a given solution, the degres of dissociation would
be very difisrent. This difference might allaw electrode M to be polarized
with respection to the reduction of A* but reversible with respect to
that of A**. Such selectivity is a matter of kinstics, and whila the
condition might be diffict 1o achieve ln practice, it Is a therrnody
namically permissible one.

3 The condition of near unitary transfarence nurnber for A* might
be achieved, for example, by using a cation exchange rnembra.ne to
separaie the two compartments.

# This could be a dangerous assumption. One might guess that A.5°

. is apt 10 be negative on the grounds that some bond weekenmg should

occur in the excited state, with concomitant reduction in .
5 This amounts to neglecting any partiai molal vo!ume diﬂerenoe
between A* and A**.
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~ If this is taken also to be —AG®, then 1/K at 25°C is 2.13 X
1037, This is also the value of x40
The average solar power af nooh in the general latitude of
the U.8, is about 750 watf m™2 (J2). With fr = 0.20, about 15¢
watt m™2 might be available to produce [Ru(bpy)z2*1*. The
molar extinction coefficient of Ru{bpy)s?* is quite large (note
Fig. 2}, and we can suppose that a layer 1 mm thick of 0.001
M solution will be totally absorbing. One liter of solution will
thus eover 1 m? and in this solution (150)/4.184) (50,000} =
7.17 X 10¢ mol sec™! of {Ru(bpy)3®*|* will be produced.
We can now estimate a practical value of x*. The rate of
production of [Ru(lipy)s2*]*, is 7.17 X 10~ mole/liter-sec, and
is also to be the rate of its removal in our hypothetical cell.
This rate must comfortably exceed the combined rate of the
various dissipative processes. That is, we want 7.17 X 104>
k(A+*), The minimum value of k is given by 1/r, where 7 is
the emission lifetime in the absence of specific quenchers or
excited state reactants. This lifetime is about 600 nsec at 25°C
. and in an aqueous medium, giving a minimum % value of 1,67
X 10f sec Y, Our requirement s that {(A+*) « (7.17 X 104/
(1.67 X 10%) or «< 4.29 X 10-1°. We cantake 1 X 10711 M as a
" reasonablé maximum value for (A**), and a corresponding
maximum value for x* of {1 X 10-11}/{0.001) = 1 X 1078
Returning to egn. (13}, we obtain

fr = {1~ In(3 X 10-8)/In(2,13 X 10~%7)) = 0,78 (24)

There is thus an additional 22% loss of efficiency due essen-
tially to the difference in entropy of dilution of A**, and A+*.
The efficiency fr varies with light intensity. If the intensity
were reduced one-hundredfold, so that x* = 1 X 10~12, then
fr = 0.73. Conversely, one might think of focusing suntight
g0 a8 to increase the intensity. The sun is not a point source,
and it turns out that the maximum factor by which the in-
tensity can be so increased is just 3/w? where w is the solid

€ White 2.13 X 10~% is, unimaginatively smali as a laboratory
number, it represemnts a perfecily good alternative thermaodynamic
statement o that of 1/K.

7 A typical nuclear o coal-fired power plant might pit out 1000
megawatls of power {for example, one of the San Onofre units in Cal-
ifornia). At 16% efficiency, the ideal Ruibpy)s2* device could daliver
about 0.16 X 750 or about 100 watl m™2, For 1000 megawatts, one
would need 1 X 107 m? or 10 km? of 1-mm thick solution, or t X 107
liters of 0:001 M solution, corresponding to about 1 X 10* moles or 7
tons of a sali of the complex. At the currer price of aboud $10 per gram,
this amounts to a cost of $65 million {assuming that there is that much
ruthenium arourd!)

angle subtended by the sun’s disk, assuming a perfect f 1 lens.
Since w is about 8.3 X 108, this factor is 1.16.X 104, giving a

- new z* value of 1.16 X 10~4, The new fr now has the fairly

respectable value of 0.89. The combined efficienicy frf is 0.16,
0.15;, and (.18 for the three cases.”

We might, alternatively, consider a system of smaller B*
value. For example, if we take the A* of maximum fz, or 1100
nm, E* becomes 26 kcal mole~?. With the same x* value of 1
¥ 10-8, fr is now only 0.58. The combined efficiency ffr
hecomes 0,26, Thus, the gain in fz is largely offset by the loss
in fr. Other, more soplisticated analyses, give the maximum
fefr value as about 0.34 (5).

Conclusion _

The above has been presented as an interesting exercise in
an uncommon area df first and second law thermodynamics.
The resuit has also some importance in that it teHs us that no
single chemical system converting solar energy into useful
work, can be very efficient. By contrast, if solar energy is ab-
gorbed as heat for heating purposes then it is aimost com-
pletely used (13). To the extent that we use fuel for heating
purposes it should be far more efficient to release that fuel by
using solar heating than to replace it by solar energy conver-
sion devicea.

Acknowledgment

1t is a pleasure to acknowledge very helpful discussiona with
J. R. Bolton and with J. Fineberg.

L#erature CHed

(1) Hayght, A. F., Abstracts, Third Int. Con?. Photochem. Cony. Stor. Soler Energy, (Editor:
Connoll, J. 5.} Bovlder, Colorado, August 1957

{2} Ross, R, T., and Hsiao, T. L., J..Appi Phya., 48, 4763 (18771

i3 Shockdey, W., and Queisser, H, ., J. App! Phys,, 32, 510 [19'?‘?}

{4) Trivich, D, and Flins, P A, in “Soiar EnergyRes_earch {Edatars Daniela, F,, a1l
Bruffie, J. A, Univ. of Wi in Press, Madigoin, Wi 1955,

{5) Bolion, 4. ®., Haught, A, F., and Hoss, R. T, in “Phni‘.oc.hemma] Conversion and Storage
of Selar hziergy (Edator Connolly, J. 8.3, Academic Press, 381,

{6) Glasselone, 8., “Textbook of Physical Chemistry,” D. Van Nostrand Co., Now York,
1946, p. 1159

N Adamson A W, “A Texibook of Physical Chemisiry,” 2nd ed., Academic Press, 1979,

B 854, . .

(#) Galney, H. D., and Adamaon, A. W., J. Amer. Chem. Sore., 84, 8238 (1972},

(# Sutin, N., and Creute, C., Pure end Applied Chem. 52, ZT17 (1980},

(1)} Borgarelio, E., Kiwi, J., Pelizzetii, ., Visea, M., and Graslzal, M., J. Amer. Chem, Soc..
L3, G324 {19813

{11} Admmson, A W., Ade. in Chem., 150. 128 (1976

{12 Ref. {7}, p. 826

{148} Mauiala, R. R, King, R. 0., and Kut&l C., in “Bolar Energy: Convezsion arld Sicrage,”
{Editors: Hautala, R. R., King, R. B., and Kutal, .}, Hnmana Press, Clifton, NJ,
1979,

Déuiscon of CHEMICAL EDUCATION

airmning at health-related careers.

7818,

Juint Great Lakes/Central Regional ACS Meeting

"T'he Division of Chemica! Education has organized a stellar program for the Joint Great Lakes/Central Regional ACS
Meeting being held in Kalamazoo, ME, May 23-25, 1984, The following symposia are planned: Coping With CPT Guidelines,
Derek A Davenport, Chair; Using Computers Creatively, John W. Moore, Chair; The Analytical Curriculum, Roland Hirsch
and Harry L. Pardue, Co-Chairs; Environmental Update: Problems of the Great Lakes Region, John W. Moore, Chair;
Chemistry for Allied Health Sciences, Anne Deckard, Chair; Spirited discussions are expected on incorporation of desetiptive
inorganic chemistry and computer literacy into the curriculum; how and whether the current analytical chemistry curriculum
nght to be changed; the probiems of Love Canal, PCBs, dioxin, and hazardous materials; and appropriate courses for those

In addition there wilt be a high schoo! chemistry teachers’ day with a program on chemical demonsirations appropriate
for the high school classroom. Those presenting the demonstrations will be: Glen Dirreen, Douglas Halsted, Doris Kolb,
. and David Tanis—two coliege teachers and two high school téachers. The high school symposium will take piace the morning
of Friday, May 25. All teachers are invited to aitend, whether or not they are members of ACS or DivCHED.
For more information ahout meeling registration, accommodations in Kalamazoo, other divisions' programs, etc.,
please contact D#. Lydia E. M. Hines, General Chair, The Upjohn Company 7284-126-6, Kalamazoo, MI 48001, (616) 385-

Hmernican (Chemical Society

224 Journal of Chemicat Education,
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The knowledge that the ahsence of double-bond reactivity
in benzene is associated with an enhanced thermochemical
stahifity dates back to the 1890%, Stohmann {7} showed that
in the three successive hydrogenation steps wherehy benzene
is converted into cyclohexane, and terephthalic acid into
hexahydroterephthalic acid, the first step is far less oxother-
mic than the other two, if not endothermic (see Table 1).
Furthermore, the second and third steps have reaction heats
much more Iike those for simple acyclic olefins, e.g., ethylene
«~31.9 and propylene —32.5 kcal mol~? (). In later, more ac-
curate experiments, Kistiakowsky et al. found that the first
step for benzene was aiso endothermic (7).

With the advent of valence-hond theory in the 1930’ this
stabilization was accounted for in terms of quantum me-
chanical resohance, involving in the main the two equivalent
Kekulé structures (4) and an empirical resonance energy of
37.3 keal mol™! was calculated as the difference between the
experimental energy of atomization of benzene and a value
calculated using bond energies E{C.—H), E(C--C), and
E{C=C) derived from thermochemical data for paraffins and
olefins {5). Ta meet the requirement that the single valence

bond structure used as reference should be a distorted .

1,3,5-cyclohexatriene structure in which all the carbon-carkon
bonds are equal in length, 1.39 A, and not a structure with
alternating long singte bonds of 1.54 A and short double bonds
of 1.34 A, a “compressional energy” correction factor was
subsequently introduced {6).

The present article deals with the nature of this empirical
{i.e., experimental} resonance energy—how its magnitude
depends upen the choice of reference molecules from which
the bond energies are derived, and how, in fact, it can be
evaluated much more simply, without recourse t¢ bond
energies, ag the enthalpy change for a reaction predetermined
by the choice of reference molecules, As a corotlary, reference
molecules can be chosen so as to minimize contributions to the
reaction enthalpy arising from structural changes that have
nothing to do with aromatic stabilization. Since reaction
enthalpies are phenomenclogical in nature and not dependent
on any theoretical approach, the more general term “stabili-
zation energy” will be used in the later discussion.

A clear distinction can be made between empirical reso-
nance energies and theoretical resonance energies (7) based

Table 1. AN® for the Thrae Successive Hy'dr&genaﬂon Steps, in
kecal mol~1 (date {a} from Stohmann { 1}, (b) from Kistiakowsky

et al. {2, 3)).
First Second Third
Malacute Sty Step Sieg
Benzena {a) ~0.8 {a) —25.0 {a} —27.8
o) +5.8 by —28.7 {b} ~28.8
Teraphthalic {a) +2.8 (a}—28.9 {a) —23.5
Acid

on the properties of individual bonds inferred from calcula-
tions using, for example, the r-electron approximation, or
calculated using model structures with idealized bonding or
hypothetical reference structures such as an infinitely large
cyclic polyene. Empirical resonance energies can be calculated
theoretically simply as the difference between the energies of
product and reactant species. Ab initio calculations are well
suited for this purpose because all electrons are taken into
account.

Stablilzation Energles Calculatad from Bond Energies

AH for the gaseous melecules at 298 K, in kJ mol~1, have
been taken from a computer-analyzed revision (8) of ther-
mochemical data (9). However, to maintain continuity with
the older literature, the results are reported in keal mol™t- 1
keal = 4.184 kJ. All the calculations have been carried out fo
two decimal places and rounded off to one decimal place.t
AH,® is used to denote enthalpy of atomization, and for a
hydrocarbon, C,. H,,,

AH2(CrH,) = mAH#(C) + nAHSH) ~ AHP(CnH,)
(1) -

where AH°{C) and AH°(H} are the enthalpies of formation
of the carbon atom from graphite and the hydrogen atom from
H, 170.9 and 52.1 kcal mel 1, respectively (8).

Following Pauling and Sherman {5) the sfabilization energy,
SE, for benzene is given by the expression

SE = AH_°(benzene) — 6E{C—H} ~ 3E(C—C) - 3E (C=C)
' ' 2)

E(C—H), E(C—C), and E(C=C), catenlated for various sets
of reference molecules by the usual procedure, equating AH ,°
for each molecule to the appropriate sum of bond energies, are
given in T'able 2 along with stabilization energies for benzene
calculated using eqn. {2). The very wide range of values for SE,
from a high of 64.2 to a low of 4.4 kcal mol~1, will be com-
mented on latex,

Stabilization Energies Equivalent to Reaction Enthalpies

The particular reaction that underlies the calculation of SE
from a given set of bond energies can be identified by carrying
out the following steps.

1} Express AH,® for the paraffin{s) and olefin(s) in terms of
E{C—-YH), BE{C—C), and E{C=C}, and solve for the bond
energies,

© 2} Eapress AH," for benzene as the function of bend energies and
SE according to eqn. {2).

*Using the rounded-o#f bond energies in Table 2, the mulbiplication
factors in egn. {2) for calculating SE lead to round-off errors of 0.1-0.3
kcal mot™? in some cages.
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3} Substitute the bond energies from step 1 in eqn. {2} and collect
like terms, SE then appears as a sumn and differénce of AH®
values for benzene, the paraffinés) and the olefin(s} which is

AR® for the particular reaction.

The calculations of SE using the bond energies derived from
the sets of molecules 1-10 in Table 2 are thus found to be
equivalent to AH® for reactions I--10 in Table 3 evaluated
directly as the difference between AH® for the product and
reactant species.

The procedure iniroduced by Kistiakowsky et al. for the
calculation of §E, namely taking the difference between AH®
for the hydrogenation of benzene to ¢cyclohexane and three
times AH® for the hydrogenation of cyclohexene to cyclo—
hexane, i.e., —49.8 — 3(—28.6} = 36.0 kcal mol—! (3, 10), is, in
offect, the determination of SE as AH® for the reduction of
benzene by cyclohexane,

benzene + 2 cyclohexane — 3 cyvelohexene

i.e., reaction 7, Table 3.

The Matching of Structural Elements In Reactents and
Products '

Dewar and Schmeiging {11} criticized this procedure on the
grounds that there were energy contributions to SE arising
from the stabilizing influence of Cspsmcspa honding in the
cyclohexene that was not matched in the benzene and cyc10~
hexane, which would serve to diminish the value, from the ring
strain in the cyclohexene, which would serve to enhance the
value, and from hyperconjugation effects. To avoid these ir--
relevant energy contributions, they proposed that the hy-
drogenation heat of ethylene be taken ag reference. This is
equivalent to evaluating SE as AH® for the reduction of .
benzene by ethane,

benzene + 3CH;—CH; — cyclohexane + 3CHz~CH,;
i.e., reaction 3, Tabie 3. But this reaction also has mismatched,

bonding. The C;,2~Cy,2 bonds are not matched in the
products, nor ate the various kinds of C—H bond {12).

Tabls 2, Values for the Bond Energies E(C-—H), E{C—C}), and E(C—C} Obtained Using Different Seis of Reference Holenules, and the
Corresponding Values of SE for Benzens In keaf mol™? al 208 K.

Reference Molecules® BC—H HC—Cy® EC=C)* SE

1} CHy, CH3CHs, CHz=0H, Al4=1893 C— B3A/2 = 76.8 B A= 1408 84.2
2) CHgCHa, CHgCH,GHg, CHy=CHz Ci2 ~ Etd = 98.8 8E/2 - 2C = 82,8 B+ E-2C= 1432 484
3) GHaOHs, cyclohexane, CHy=CH, Ci4 — 1124 = 96.8 L4~ Cf2 = 2.8 B+ (/8- Cw= 143.3 48.4
4) GH,, CH3CH=CH, Afd =993 sum = D BA/2 = 224.6 48.1
5) CH,, CHyCHa, (CHa)2C==CHCH, Af4 =983 C—3A/2=70.8 I+ 24—13C=156.3 17.0
B} CHa, CHaCHa, (CHakG==C{CHy)z Ald = 99,3 C- BA/2 = 78.8 J+B8A~4C=1805 4.4
7} {CHa) cycichexane, cyclohexene A/4 =993 L/6 — A2 % 815 K~ SN/B = 147.4 85.6
8) {CHa], GHaCHa, rans-CHyCH=CHCH; A4 =053 C—34/2 = 76,8 H+ A—2C= 151.5 3ty
8) [CH], CHz==CHp, trans-CHz=CH—CH—=CH, A/4 =593 F+ A2 =~ 28 =931 B— A= 140.8 216
0} [CHy], CHz=CHz, 80° GH;—CH—CH==CH, Ald =893 G+ A/2— 28 = 858 B~ A= 1406 430

2 The referance molecules In square brackels have been atded In order o sohe the simultansous equalions for the band energles. Thelr prthalpias of at

appear In the tinal expreasion for SE.

jzation do not, however,

2 The capital ietiers denote enthaipies of alomization as follows: A, CHy: B, CHy==CHy; C, CHyGHy; D, GHyCH==CHy; F, GHyGHzGHo: F, rane-GH—CH—CH—CH; G, 90° CHgCH -

CH==CHy; H. trans-CHaCH==THGCH,; £, {CHaleC==CHCHg; J, (CHp)pC==C{CHy);; K, cyclol

and £, cycloh

Table 3. Varlous Reactions Whose AH® Values, in kcai moi™*, at 208 K can be Taken ag a Measure of the Stabilization Energy of Benxene,
SE, Togelher with Their Specitication as to Whether There s Matching between the C—H, €—C and C—C struchmal Eioments in
Reactants and Products. *

G-+ Structuraf Elements

C—C and C—C Skructural Elements

Aeaction AR Cf4lHy Cl4JHz CJ4}H: Cf3]H: Ci3]H c[4]—Cl4] C[4}—C[38] ¢©[3]—C[3] c[3]==Ci{3]

1} benzene + 8CH, > 642 % 1.7 no ne no no . RO . no .yes
3CH3CH3 + 3CH;=CH; {24:0)  (0:18} {0:12) - {6:0} {0:3) {3:0 {3:3}

2} benzene + 9CH4CH; — 485+ 1.8 e ne no n o no - na  yes
BCH3CH;CH3 + 3CHz=~CHp® {54:38) (0212}  (0:12) (80} {812y {3:0) {3:3)

4 banzere + 3CHRCH; -+ 4684 L 1.2 . no no no no na e no yes
cyclohexane + 3CH,—CH; {18:00 (0:12) (0:12) (6:0} {3:6} {30} {3:3)

4) benzene + 3CHy — 48,1+ 0.7 no o HUY) ne ces no no yoé
3CHCH===CH, {120y {08 {3:6) {6:3) {3y a0 {33}

5) benzeno + &CH;CHg 7.0 1.3 ao - no no . - no no o yes
ICH, + 3{CHz),C—=CHCH3 G:12y  {3@:27) 6:3) {6:0} (0:9} {3:0} {33

&) benzene + 9CHyCHy — 443+ 17 no na no no no ‘ no yas
6CH, + JHCH3)oC==C{CH,}» 024y (54:36) &0 {8:0} 0:12y (3:0) {3:3)

7) benzeno + 2 cyclohexane -+ BeL 0.6 e N yes yes no no no yes
3 ¢cyclohexens® {24;24} {8:8) {12:8) {0:6) {3:0) (3:3}

8} benzene + 3CH;CH; —~ 31.7£ 0.8 yes i yes o no no yes
3 trans-CHyGH—CHCH, ¥ (18:38} (8:6) {20} (08} {3:0} {3:3)

9} benzene + 3CHy=~CH, — 216+ 1.5 N yes yes e N yes yes
3 trans-GHy=CH—-CH==CHy {12:12)  {6:6) o B < i< S {3:3}
10} benzerme + 3CHz=CH, — 43.0 3.8 yes yes FN e yes yes
3 80° CH~CH—CH~CH. {1212 (B:8) {3:3) {3:3}

a]4] and Cf3] denate carbon atoms to which four and three other atoms, respectively, are bonded. GI4]Ha. Cl4iHs, Cl41Hz, Cl3]H. and CL3IH dencie a carbon-hydragen bond in
GHg and Ghgrne, “CHgerr, =CHg ang ==GHm- groups. respectively. The numbers in parentheses {x:y) give tha fotat numbsr of each kind of carbon-ydrogen bond i the reactant {x) and

product {¥] motecules,
. ® The generat oquation for This type of reaction iz

bhenzene + 3()1 + 1JCoHopqz — 8nCL11Han+4 + 3CHp==CH,.

< Corracting for tha ring sirain energy associated with cyclohexene, 1,42 keal mol™ (), AH® becomes 31.9 keat moi™ 1.
o With. ¢ls-2-butene, which is 1.05 koal mol " loss stebie {8, AH® becomas 34,8 keal mol™ .
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In fact the very wide range of SE values in the tables is due
to contributions to the reaction enthalpy arising from struc-
tural changes other than thosé responsible for the aromatic
stabilization in the benzene. To trace these changes, the
bonding state of the carbon has to be taken into account, C[4]
tetrahedral and C[3] irigonal {so" there are C[4]—C{4],
C{4]—C[8] and C{a]—C{3] single bonds?), as well as the
number and kind of nearest neighbor atoms around each kind
of carbon. Nearest neighbor bonding can be specified conve-
niently in terms of the number of bonded hydrogens.

The results of this analysis are set out in Table 3, where it
can be seen that the majority of the reactions fail into one of
three categories. In reactions 1-6 only the C—=C bonds are
matched; in reactions 7 and 8 the C-—H bonds are also
matched; and in reactions 9 and 10 the C—C bonds are
matched as well.

Closer examination shows thaf [iner distinctions can be
made. Although the mismatch in the C—C bonding is the
same in reactions 1 and 2, the mismatch in the C—H bonding
iz quite different and the SE values differ by 16 kcal mol—%,
Inreactions 1, 4, 5, 6, in which the ethylene is unsubstituted,
mono-, {ri- and tetra-methyl substituied, respectively, the
mismatch ig different in both the C—¥H and C--C bonding,
and at the extremes the SE values differ by 60 keal mol-?, On
the other hand, in reactions 7 and 8, not only is the C—H
bonding matched, but the mismatch in the C—C bonding is
the same. If AH®° for reaction 7, which is the reaction that
underlies the procedure of Kistiakowsky et al. is corrected for
the ring strain energy of the cyciohexene, it becomes 31.9 kcal
mol ™, which is identical to the value for reaction 8 within
experimental uncertainty. Although in their entirety the
structures of the reactants and products in these reactions are
very different, this very close afreement is in accord with more
recent assignments of bond energy terms which take into ac-
count the bonding state af the earbon and the number and
kind of nearest neighbor atoms {9, 13, 14), and with corre-
sponding group additivity schemes (15, 16).

1n matching the C—C bonding in reaction 8, C[31—C[3} is

identified with the central bond in the pianar trans-1,3-bu-
tadiene molecule (] 4}. But this amounts to assessing the sta-
bilization in benzene relative to three times wbatever the
stabilization is in the aliphatic diene. It has been argued,
rather convincingly, that the stabilization is quite small, at
most only a few keal inol~1 (17}, and recent ab initio caleula-
tions strengthen the case (18). There is no way ii can be
evaluated from thermochemnical measurements, because there
is no appropriate stable molecule with a C{3]—C{3] bond to
" gerve as reference. An alternative approach is to use the ro-
tomer of 1,3-butadiene in which the HyCp==C;;H-plane is
twisted 90° with respect to the -Ci;H==CHy plane as the
reference molecule {19}, In such a molecule 7, -delocalization
energy is absent, but there would be some hyperconjugation
exerting a small stabilizing influence {(20). A recent study {21)
of the torsional potential function, using Raman spectro-
photometry and a high-intensity argoh-ion laser source, finds
the energy of the 90° rotamer relative to the stable planar trans
structure to be 7.18 kcal mol™%, which would lead to an SE
value for henzene of 2156 + {3 X 7.168} = 43.0 keal mal™.
At first sight it might seem contradictory that the SE value
based on reactions 7 and 8 is }ess than that using 90° 1,3-
butadiene in reaction 10, since the elimination of a mismatch
in the structural elements might be expected to lower SE. But
- this is not necessarity so because a mismatch can make either
a positive or negative energy contribution to SE depending
upon the direction in which the structural change oceurs.
Al the reactions in Table 3 are of the type called fsodesmic,
i.e., there are equal numbers of formal single and double bonds
between the carbon atoms in reactants and products {22).

.

Reactions 9 and 10 belong to a special subgroup cailed
haomodesmotic (23} to emphasize the sameness in the char-
acter of the bonding in reactants and products over and above
the equality in the number of bonds of each formal type, i.e.,
there are equal numbers of each kind of carbon-carbon
bond—C[4]—C[4], C[4]—Ci3], C[3]—C{3] and C}[3}
==(}[3]—and equal numbers of C{4] and C[3] atoms with one,
{wo, and three hydrogen atoms attached. Since homodesmotic
reactions minimize energy contributions arising from changes
in the bonding state of the carbon and changes in the bonding
of the hydrogen they are the reactions of choice for the eval-
uation of stabilization energies from thermochemical data,
e.g-, for polycyclic benzenoid hydrocarbons and other cyclic
conjugated hydrocarbons (24). Similar reactions, in which
nitrogen-carbon bonds are matched according to the bonding -
state of the nitrogen together with the number of hydrogen
atoms attached to each kind of nitrogen atom, can be set up
for the evaluation of stabilization energies for aromatic ni-
tragen heterocycles, e.g., pyridine, pyrrole, and porphine {25).
The stabilization of aliphalic acyl compounds

R0
. X
with respect to reference molecules containing C==0 and
C--X bonds, and compounds of the type

¥)c=o
with respect to molecules containing C===0, C--.X, and C—Y
bonds, can also be treated in the same way
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Analytical Ghemistry
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It is important to realize that in the practice of his or her
profession the analytical chemist uses a wide variety of ex-
perimentat procedures. The field of chemistry has tradition-
ally been divided into the major disciplines of analytical, in-

organic, organie, physical, and biochemistry. Today, however, -

there is a large amount of overlap among the various disci-
plines as seen by job descriptions for chemists in areas such
a9 physicai-organic, envirohmental, analytical, bio-inorganie,
organometaltic, as well as medicinal, clinical, and polymer
chemistry, In view of such a muitidiseiplinary marketplace,
it should be understood that an effort to describe the activities
of the analytical chemist is meant only to be suggestive and
by no means limiting.

Whaft is Analyticali Chemisiry?

Analytical chemistry basically deals with the qualitative
and. quantitative identification, characterization, and mea-
. surement of the chemical species present in a sample, The
measuremeni process can range from standard techniques for
routine quality controi to state-of-the-art techniques used for
fundamental studies. However, regardiess of the measure-
ments made, the actual experimenta}l determination of a given
chemical species is only one aspect of a much more compre-
hensive analytical procedure which takes into aceount:

1} definition of the problem &nd the manner in which chernicat
analysis will be relevant to s salution,

2} identification of the appropriaie chemical species to be mea-
sured,

3) ecollection and preliminary freatment of the sample,

4) selection of a suitable measurement technigue with respect to
species concentration, accuracy, precision, cost and time,

5) separation of the desired species if interfering components are
present,

6) measurement of the concentration of the species

7) evaluation of the data, and .

B) communication of the results,

A closer look at each of these individual operations will pro-
vide an idea of the diversity and chalenges mvolved with the
problem-solving aspect of analytical chemistry.

The first three of the above operations will often not be
under direct control of the analytical chemist, but will be the
responsibility of the person, or client, requesting the chemical
analysis, This, however, does not mean that these operations
can be neglected. The analytical chemist should ohtain as
much information as possible about the client’s problem, the
way in which the chemical data are to be used and interpreted,
the general composition of the sampie, and the manner in

This feaiure suveys lthe diversifled careers which are available to
chemisls or which require some chemical training, We are alt career
consiitants to some degresa. This feahse may supply some new insights
as 1o what is available.
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which the sample was collected, stored, and treated. This
overall understanding of the problem and the sample is a
necessary prerequisite for choosing a measursment process
which wiil provide both the desired information and the re-
quired level of reliability in terms of accuracy and preci-
aion,

Choice of the optimum experimental procedatre is a decision
for which the analytical chemist is uniquely qualified. The
wide variety of problems encountered by the analytical
chemist requires the use of methods which range from tradi-
tional wet chemistry to modern instrumentation. Compendia
of analytical methods provide ideas as to what techniques may
be most applicable, but it is up to the analytical chemist to
organize creatively the appropriate methoeds into a procedure
which works well for the samples at hand. The method selec-
tion and experimental design must be based on previous ex-
petience, general knowledge of the chemical reactions in-
volved, the desired accuracy and precision of the data, and the
suitability of various instrumental and wet chemistry proce-
dures. In situations where more than one type of procedure
is capable of providing the requisite precision and accuracy,
the analytical chemist must use cost/benefit considerations
in choosing the least éxpensive way of obtaining the desired
information. For example, the benefit associated with an ex-
pensive, highly accurate, and very precise quantitative anal-
ysis of drinking water for a component which may affect
human health is worth the cost, but the henefit of an equally
expensive, accurate, and precise analysis for a component
which only imparts a slight odor to the water may not justify
the cost when a less expensive, less accurate method can
provide the required information. Analyses which are more
accurate than the situation warrants can be costly and
wasteful in both time and resources; while, on the other hand,
analyses that lack the necessary accuracy are of lttle use.

Other factors which enter into the cost/benefit consider-
ation are the time required for a single determination and the
tota]l number of determinations 1o be performed. The overall
impaect of these two factors is often reflected in the choice
between wet chemistry and instrumental procedures. While
wet chemistry procedures such as titrations and gravimetric
methods offer low cost with good accuracy and precision for
high concentrations of selected components, they may be
lengthy if many sampies are analyzed. fnstrumental proce-
dures, on the other hand, are generally more expensive in
terms of initial cost, offer lower detection limits with some loss
in precigion, and require less analysis time per sample, which
can make them cost effective for large numbers of samples.
The experienced analytical chemist will realize that the proper
use of both instrumental and wet chemistry methods com-
plement each other and will make extensive use of both.

Since most samples are really complex mixtures they often
require some type of clean-up procedure in order to isolate
effectively the component of interest, or analyte, from other
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components which may interfere inthe analysis. In order to
avoid time, expense, and possible logs of any analyte due to
lengthy isolation procedures the analytical chemist should
develop efficient separation schemes. The separation may
require the comhination of several standard methods into a
unigue procedure for the matrix of interest. For example, the
vanadium content in a new alloy may be critical to its physical
properties. While meéthods for determining vanadium exist,
none of them may be suitabie for the new alloy. Thus, the
analytical chemist would need to develop a procedure which
would be suitable for this new matrix,

After the approprlate collection anid separatmn steps have
been taken, it is the measurement process used in the labo-
ratory which finally provides data on the analyte concentra-
tion. The quality of the experimental data will ultimately
depend on the ability of the person performing the measure-
ments. In many cases the data wili not be obtained by the
analytical chemist; but rather by personnel traired specifically
for that purpose. These technical personnel, or analysts, need
not be concerned about the overall scope of the problem, but
. should focus on the quality of data, ensuring that it is acquired
with the best possible accuracy and preeision inherent to the
methad. The position of analyst is one frequently filled by
bachelor degree chemists, since a general background in
chemistry is needed 1o learn effectively and understand the
specific experiméntal procedures used in any given laborstory.
Although the job of analyst is not as involved as that of the
analytical chemist, it is very demanding and requires a high
degree of profimency

After the data have been acquired they must be converted
to a form which is relevant to the problem, §uch as absorbance
readings heing converted to the weight percent of analyte
present in the original material. For many Toutine experiments

acqms;tmn of the raw data and cohversion to meaningful re-

sults is automatically carried out by computers, but the fact
that a result is caleulated to 12 digits does not mean that it is
correct. The analytical chemist should have some intuitive,
commgon sense feeling for the quality of the data based on past
experiences. Thus, he or she should he able {0 identify those
results which may indicate erroneous procedures. In addition
to caleulating the final result, it is essential that the analytical
chemist caleulate the retiability of the result in terms of pre-
cision and accuracy. The random érrors asscciated with pre-
cision will tend to cancel one another when a large number of
measyrements are made, but determinate errors such as op-
erator, instrumental, or pracedural bias which affect aceuracy
do not cancel and will offset the expetimental results from the
true resulis. By proper use of statistical procedures the ana-
lytical chemist can determine the extent of random and de-
terminate errors and consequently design or re-design ex-
perimental procedures which maintdin the required accuracy
and precision. The degree of uncertainty indicated hy the
accuracy and precision must also be communicated to the
client. This aliows the client to arrive at an interpretation of
the data which is consisient with the experimental procedures
and which also takes inte account any limitations 4ssociated
with the data.

The analytical chemist must oversee a large number of
operations in the process of performing a chemical analysis.
The task of selecting the best procedure for a given analysis
can be compared to seiecting the best path through a maze.
In selecting a path through a maze, there are many directions
in which to proceed and one may encounter many wrong turns
and dead ends. The task however becomes much easier if one
has an overview of the entite maze and clearly knows in which
direction to proceed to find the end. Similarly, for a chemical
analyeis, there are many procedures which may be used to
obtain the desired information, but selection of the best pro-
cedure becornes easier when the problem is clearly defined and
the requirements for the date wel! estahblished.

Career Planning

Students interested in analtytical chemistry should realize
that the discipline is hoth applied and fundamental in nature.
The applied concépt uses established procedures fo bbiain
information about a specific problem, while the fundamental
coticept is concerned with overcoming problems associated
with the dévelopment of new tools and techniques with which
to better investigate the physical and chemical properties of
materials. The new knowledge which is obtained as a result
of fundamental studies has the potential to improve the ap-
plied aspects of the discipline. While the applied studies are
generdily found in industrial settings and the fundamental

- studies in acadernic settings. there dre no fixed dividing lines

and both applied and fundamental studies arée carried out in
both settings. Regardless of the setting or the type of work,,
the andiytical chemist will be presented with challenging
opportunities to investigate new and interesting afeas, to
overcome unforeseen technical and chemical difficulties, and
{o gather original information in response to unigue questions.
With the rapid development of computer technolegy, op-
portunities for analyticsi chemists promise to be even more
exciting and demanding. In a special report on the future of
analytical chemistry!, Thomas Isenhotr comments on the
future of computers in analytical chemistry, “It looks great.

~ 'The table has heen set for a feast of new analytical ¢hem-

istry.”

Ti prepare for a career as an analytical chemist or an ana-
lyst, students shouid take as much math, chemistry, and
phiysics as possible in high school, At the coliege level the
student should take courses required for a chemistry major,
as well as courses in statistics, electronics, and computer
science. Courses which.deal specifically with analytical
chetnistry, instrumentdtion, or separations should be taken
if they are not included in the chemistry major requirement.
Indeperident research should be part of the student’s program
if it is at all possible, because it is through this type of activity
that the student leatns how to define a problem and to develop
a systematic approach for obtaining the data needed to ad-
dress the problem. While the formal training offered at the
undergraduate level cannot turn out students ready to attack
every type of prohlem (and is not intended to), it can provide
students with both a sound background of fundamentals on
which to base decisions and a confidence in one’s ability to
gather accurate, reproducible data.

Education at the undergraduate level will, in most cases, .
be appropriate for a student to seek employment as a tech-
nician. For students who wish to seek positions with a broader
range of reponsibilities and to develop seif-directed research
programs it will be necessary to obtain a master’s or, prefer-
ably, a doctoral degree, Many graduate programs are struc-
tured such that the student can proceed directly from the
bachelor’s degree to the PhD without earning a separate
master’s degree. In graduate school, the student will generally
take courses which have a strong emphasis on analytical
methods, such és separations, spectroscopy, electrochemistry,
electronics, or sohition equilibria, although many other spe-
cialized courses are offered. The PhD is a research degree, so
that a major portion of the student’s activity will be invoived
with a unique research project under the direction of a pro-
fessor who serves as the student’s mentor during the course
of the studies. Students who are thinking about attending
graduate school should also be aware that there are a rés-
sofable number of graduste teaching assistantships available
which pay stipends.

Upon completion of the PhD the analytical chemist may
prooeed into a variety of governmeéntal, industrial, or academic
posttlons An extensive survey of salaries for chemists is given
in the July 11, 1983 issue of Chemical and Engmeenng News.

! isebhour, Thornas, Anal. Chemi., 55, 824 (1983),
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While the job descriptions will vary greatly, the activities of
the analytical chemist most often will involve answering
guestions which deal with various aspects of the overall ana-
lytical procedire outlined at the beginning of the articte. To

provide the best answer to these questions, the analytical
chemist must have a critical attitude toward the techniques
and procedures which are used and the results which are ob~
tained. :

report of _t_he polymer core courre committee

Inclusion of Polymer Topics into llndergraduate

Inorgamc Chemistry Gourses

Inorganic Core Coq._lrse CQmmit_téq‘

Inorganic Core Content Related to Polymer Science

Inorganic chemistry core courses Lypicaltly focus on the re-
lationships of structure and reactivity in compounds of ali the
elements except catenated carbon {(organic chemistry). In-
cluded ns ihtegral parts of these courses are discussions of
polymers and polymeric structures since many inorganic
substances lack discrete molecular species and have chemistry
inextricably related to their extended structures. Notable
examples of these substances would be metals, metal salts,
oxides, silicates, nitrides, etc. These and even the more clas-
sical inofganic polymers such as siloxanes, boranes, silanes,
phosphazenes, polyphosphates, ete. often do not have isolable
monomeric units typical of classical orgamc polymers, so the
actual-* pulymer science” conlent in the core courses hag
soméwhat different format. Practical applications of poly-
meric inorganic substances likewize extend beyond the usual
purwew of polymer chemistry concerns, which are largely
organic in nature. It ia safe to conchude, nevertheless, that no
study of inorganic chemistry is inteliigible without an un-
derstanding of its intrinsically “polymeric” structural con-
tent. '

It does seem appropriate that chemistry of the more tra-
ditional inorganic polymers be included in the core along with
discussions of mechanisms and syntheses of substances ca-
pablé of forming linear or branched polymers. Additionally,
the chemistry of inorganic species that catalyze organie
polymerizations or the synthesis of important monomers
should be presented. A listing of important inorganic topics
of current interest to polymer science would thus reasonabi_v
include:

a) Notable linear and branched polymers: silicones, phosphazenes,
polysulfides, (SN),, borazenes, polyphosphates, silicates.

b} Ca!:ai)’tm syatems impertant to condensation processes of or-
ganic monomers: Ziegler catalysts, organolithium reagents, or-
ganometallic catalysts, and anchored metal catalysts.

* The inorganic Core Cowse Commities consists of:

Norman E. Miller, Chair, University of South Dakota, Vermillion, SD
57069

John J. Fortman, Assistamt Chair, Wright State Unwersity Dayton, Chio
* 45435

Ronald D. Archer, University of Massachuselis, Amhorst, MA 01003

Martel Zeidin, indiana University-Purdue University in Indianapoiis,
Indianapotis, IN 08453

B. Péter Btock, Pennwalt Corp., King of Pmssia PA

Rober] Brasied, University of Minnesota, Minneapoiis, MN 55455

John E. Sheats, Rider College, Lawrenceyville, N 08648 ’
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¢} Polymeric solid state structures: oxides, chiorides, sulfides,
carbon (graphite and diamond).

d) Important polymers {(but not necessarily in commerce): alumi-
num hydride/alkoxide, {SOs},, metal alkyls, 5bF;, sulfur,
phosphoras. ’

e} Concepts useful to the understanding of polymerizaticn reac-
tions; structure and chemistry of organometallics, metal car-
bonyi chemistry, and olefin complexes.

These topics are, in fact, considered in eurrent inorganic
texts in enough length and detail to p!&ase polymer scientists,
Where only one course of truly inorganic chemistry is in the
curriculum it is impossible for it lo inciude of all polymer
science concerns, I the séructire and reactivity relationships
ameng the elements are faithfully portrayed, however, the
interests of polymer scientists, biochemists, biologists, solid
state chemists, physical chemists and analysts, engineers, and
nuclear scientists, ete. are being well served. When possible,
an additional course can provide for study of organometaliic
chemlstry in a depth more sulted to polymer ac:ence inter-
ests,

Resource informa ﬁoh and llustrations

In order to stimulate student interest and emphasize real
world relationships of inorganic chemistry and polymer
science, it would be extremely valuable to have, for classroom
use, samples of actual commercial materials employing inor-
ganic polvmers. Some materials like {SN),, boron-fiber-re-
inforced plastic, ferrécene, and polycarborane polymers would
be uniquely and ¢compellingly iHustrative but are not readily
available, Other materials, such as zeolites, silicones, moly-
sulfide, are availahle at retail stores. The prohlems and op-
portunities related to obtaining these types of illustrative
materials are considered in another, associated report that was
puhblished on page 161 of the February 1984 issue of THIS
JOURNAL,

Other information in this section i is provided as examples
of tesource material for students that: {a) belps them to ap-
precrate the relationships of inorganic chemistry and polymer
science; (b} itlustrates theory and concept; and éc) pomta to
emerging areas of research and application.

Commerc!a! Materials :

"The relationship of inorganic materials with polymer
science extends 1o auxiliary uses such as fillers, colorants,
opacifiers, antistatic agents, preservatives,' processing aids,
and reinforcing agents. The table is a partial listing of trade
and hrand names of i lnorgamc materials utilized in the poly-
mer industry.



- List of Inorganie Compaunds Uthized in the Polymer industry

_Trage or

Brend Narte " Product Manutacturer
Acrylacon Fibrous-glass reimtorced  Rexali Chernical Company
S palymets .
Albacar Calcium carbonale tiler  Plizer Gorporation
Absibronz Weatground muscovite Frankln Mireral Prod. Co.
o . mica _
Alsjlate Clays . Fresport Kaolin Co.
Atomite Calélum carbonate Thomgson, Weinman & Co.
Aczdel Fibrous-glass reinforced Goneric
- - ABS sheet .
Barden - Kaolin clay Huber, 3. M., Corp.
Bondstrand Filament wound fiber glass  Ameron Gorrosion Comrol
o rainforced plastic Dhv.
Borofil Boron filaments Texaco Corporation
Cab-0-8if GColioida! silfca Cabot Corporation
Catwhite Gaitiurh carbonate Georgia Marble. Co.
Camal-Carb  Calcium carbonate Harry T. Campbalt Sons' Corp.
Catboloy Cemertted carbides Gonerzal Eectric Co.
Cathospheres  Huollow carbon spheres Verzar, Inc. _
Celite Diatomnite fitlae Johns-Manvitis Gorp.
Celramic Gless nodules Pittsburgh Comning Corp,
Dicalite Diatomacsous éarth Dicalite Grefco, Inc.
Ectospheres Hollow glasa sphares Emarson & Cummings, Ing,
EH Carbon black GCabat Corporation
Fiberglas Fibrous glass Owena-Corning F}barglas
: . Caorp.
Fifmex Garbon black GCohmbian Carbon Co.
Fakeglas Glass flakes Yor Owens-Corning Fiberglass
reintorcement Gorp. _
Fiuorobastos Asbastos-Teflor Raybestos Manhatan, InG.
- * composits -
Goma-Sperse  Gakcium carbonate- Goeorgia Marbte Co.
Qaran Fibrous-glass raving . Johna-Mamville Corporation
Glagkyd Glass-reiniorced alkyd Amarican Cyanamid Co.
resin .
Hi-5if Amarphous sifica PPG Corporation
Herge Head Zinc oxide plgmernts New Jersey Zinc Go.
Hydrocal Gypsum L 5. Gypsum Co.
Kadox Zinc oxide New Jersay Zinc Company
Kalite Precipltated calcium Oiamond Alkall Company
) carbonate o
Kalmac Calctum carbonerts Georpia Marnle Company
“Kaofil Coating and filler clay Thiele Kaokn Comgany
Kosmios Carbon black United Carbon Cofripany
Kronos Titanium dioxide Kronos Titan .
Ludox Coltoldat sitica du Pont de Nemours & Go.
Micronex Carbon biack : Columbian Carbon Ce.
Miner Alumnirasmn silicate filer American Nephatina Carp.
Mogu! Carbon black - Cabot Cotporation
Powminco Asbestos Hbers Powhatan Mining Co.
a-Cal Inorganic holiow Phitadeiphia Quartz Ca.
' microspheras.
Santocal Silica serogel fillors Mongaento Co, )
Silastc Silicone materials Dow Corning Corporation
Silastormer Silicones - Midland Silicanes, Ltd.
Sitane Caicium sificate PPG Corporation
Statex Carbon black Columblan Carben Co.
Styraglas Fiber glass minforced Dran Indugtries, Inc.
. polystyrens :
Surhym . lonomer resing. du Port de Nemours & Co.
Thermax Carbon black Commercial Solverte Cop.
Thoimet Graphita filamants Union Carblde Corporation
Ti-Pure Titaimum dioxide pigments  du Porrt de nemours & Co.
Titanox Tianium dioxide pigments  Tilanium Pigment Corp.
Vicron Fina calclum carbonate Pfizer Minerals, Pigments &
Metals
Anchored Metal Catalysts

One of the most active research areas in chemistry is the
study of chemical reagents and catalysts supported on poly-
mers. A majority of these materials can be considered or-
ganometallic polymers. A number of “anchored metal” cata-
Iysts offer advantages over “nonanchored” catalysts in terms
of efficiency, selectivity, and separation.

Hemogeneous metal complex catalysts are known which
selectively promote useful reactions under miid conditions.
Such reactions include hydrocarboxylation, linear oligomer-
ization, cyclooligomerization, hydroformyiation, decarbox-
ylation, and hydrogenation, Through attachinent of a homo-
geneéous catalyst to a cross-linked polymer, the catalyst is
made “heterogenecus™ with respect to the specific reaction
environment. Many transition metal complexes have been
attached to swellable styrene- divinyihénzene resins,

The wider topic of polymer supports in crganic synthesis
is covered by a continuing column (since vol. 4, 1977} by
Charles Pittman in Polymer News.

Polymers Modified or Formed by Coordination

Polymers involving coordination at metal sites have been
technologically important before recorded history. For in-
stance, the tanning of leather depends on the coordination of
metal ions with the proteins which make up the hide. These
protein-metal ion complexes resist bacterial attack, wear, and
weathering which befall nentanned animal sking, Similatly,
metals bound to other natural polymers, including proteins,
affeet numerous enzymatic and membrane interactions.

Metals can be coordinated with organic ligands to form a
polymer or to form a coordination complex within an already
formed polymer. The correlation of product structure with
property is more comprehendibie when the coordination
polymer is designed to contain a repeat unit with one metal
ion per unit. Even so, there exists a larger number of gynthe-
sized coordination polymers for which the exact structure is
unknown and probably varies within a single polymer
chain.

Bailar has listed a aumber of prmclples in demgnlng oot~
dination polymers {1-3): {1} little flexibility is iinparted by
the metal ion in its immediate environment, so the flexibility
must arise from the organic moiety; (2) metal ions only sta-
bitize ligands in their immediate vicinity, thus the chelates
should be strong and close to the metal atom; (3} thermal,
oxidative, and hydrolytic stability are not directly related,
thus, polymers must he designed specifically for the properties
desired; (4) metal-ligand bonds have enough tonic character

‘to permit them to rearrange mare readily than typical “organic

bonds,”. {5} flexibility increases as the covalent nature of the
metal-ligand bond increases; (6} coordination number and
stereochemistry of the metal ion determines polymer structure
{such as square planar, linear, planar, or three-dimensional);
(7) complex formation is favored through use of pure reactants
in stoichiometric amounts, :

Polymers involving coordination can be prepared by a
number of routes, the three most common being: (a} pre-
formed metal complexes polymerized through functional
groups, where the actual polymer forming step may be a
condensation or addition reaction, :

H—0

3¢ ;5@’ Aol

/Jl H =H1

NS
E ; 54

/é\

HH[LH
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{b} coordination of a metal ion by a polymer containing che- -
lating groups,

P
\E LH),

and (¢} polymer formation via coerdination reactions which
are condensation-type reactions

211

HA—R—AH + éi“ -(—A-—R“-*A-—E

b i

HA—-R—AH + XMII,WX —— +A-~R-—A-——1\£+

Condensation polymers of the iatter type which involve
organometallic halides (or another organometallic moiety of
high polarity) and polyfunctional, potentially anionié¢ Lewis
bases can be considered extensions of classac organic con-
densgations. -

cawéwn—j;—m + HN—R—~NH, ==

—(—c—-—-ngmeR-—-_I—)-

Condensation Polymer
1|1 I
Cl—M~Cl + HN—R-—NH, = ~=N-No—Ro-eN-3

Condensalion
Grganometallic Polymer

.n fact, research in this area was catalyzed by observation that
the organometailic halides behave like orgamc acid chlondes
3, 4).

Patysdoxanes

Lack of strong single bonds between elements other than
carbon has limited the interest in catenated inorganic poly-
merts. Linkage between dissimilar atoms is stronger, for ex-
ample 8i—C (58 keal/mole) ang Si—O (89 keal/mole) bonds
are much stronger than 8i--8i (30 keal/mole) bonds, making
hetercatam hackbone polymers inherently more stable. Im-
portant classes of commercial polymers of this type are those
with —8i~~(0— linkages that are the bases of the diverse
technologies of glass, cement, and ceramics dating to antig-
uity, and more recently to polysiloxanes or silicohies {a mis-
nomer ariaing from a kétone formahty propoaed in Kipping’s
work of the 19207},

By reducing functienality of silicon to two by organic sub-

stitution, the spontaneous condensation of silanol groups is
used to advantage to make a host of commercially attractive
silicone polymers:

) n Hy0 ) “nH 0 N\
n RaiCl s n [RBIOHR] = RS I
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Capping the hydroxyl end groups with monofunctional groups
derived from trisikyichlorosilane or trialkylalkoxysilane
stabilizes the polymers, and addition of trifunctional linking
groups derived from alkyltrichlorosilane gives cross-linked
silicones, Because of the ease of formation of six- and eight-
membered rings, there are many “wasted loop” side reactions,
but fortunately, cyclic siloxanes may be removed by distilla-
tion and reused in the feed.

Silicone oligomers are used as lubricants and antifoaming
agents. Bouncing putty is produced when polydimethylsil-
oxanes with capped ends are heated with boric acid. Siticone
oils are prepared in the presence of hexamethyidisiloxane
which produces trimethylsiloxyl capped ends, The viscosity
of silicone oils is conireiled hy the ratio of hexamethyldls»
loxane to the dimethyidimethoxysilane used.

Since polymerization of alkoxy- or chlorosilanes takes place
in the presence of water, one-package systems are used as
room temperature curing (vuléanizing) silicone elastomers,
Linear silicones may also be cured by free radical reactions.
Cross-linking is alao promoted by bubbling oxygen through
silicone solutions in order to oxidize the alky! groups and thus
form oxygen linkages between chains.

The characteristic resistance of silicones to degradatlon at
elevated temperatures is related to the siloxane backbone. The
ubricity and water repeliancy are related to the pendant
lvophilic atkyl groups which encase the backbone.

Phosphazene or Phosphonitrilic Halide Polymers

Phosphazenes are very important phosphorus-containing
inorganic po]ymers Thiree types of polymers based on the
phosphazene siracture have been developed: linear, cyclo-
linear, and cross-linked cyclomatrix.

_Low glass transition temperatures, T';’s, for most poly-
phosphazenes indicate low barriers te internal rotation and
potential for elastomer applications. In fact, theoretical cal-
culations hased on a rotationat isomeric model asswming lo-
calized -bhonding predict the lowest (~100 cal/mole repeating
unit} known polymer barrier to rotation for the skeletal honde
for poly{d1ﬂuor0phosphazene) (5).

From a practical point of view polyphosphazenes are usually
soft just above the lowest phase transition, so that compres-
gion molding of films can be carried out. This suggests that the
lower transition of the two firgt-order transitions usually ob-
served for organo-substituted phosphazenes represents the
upper temperature for most useful engineering applications.
Polyphosphazenes are descnbed in greater detail in references
(6) and (7). .

Heterogeneous Polymerization Catalysts

Prior to 1950, the only commercial polymer of ethylene was
a highly branched polymer called high- -pressure polyethylene
{extremely high pressures were used in the polymerization
process). A technique for making a linear polyethyiene at. low
pressure was discovered by Karl Ziegler in the early 19507s.
Ziegler prepared high-density polyethylene hy. polymerlzlng
ethylene at low preasure and ambient temperatures using
mixtures of triethylaluminum and titanium tetrachloride.
Giulio Natta used these complex coordination catalysts, now
known as Ziegler-Natta catalysts, to prodice crystalline
polypropylene and to study stereoregular polymerization of
olefins, Because of these remarkalble contributions to poiy"mer
scxence, Ziegler and Natta were honored by the Nobel prize
in Chemistry in 1963.

In general, a Ziegler-Natta catalyst may be described as a
combination of a trangition metal compound from groups IV
to VIII and an organometallic compound of a metal from
groups I to 1T of the periodic table. It is customary to refer to
the transition metal compound such as TiCl, as the catalyst,
and the organometallic compound, such as diethyialuminum
chioride, as the cocatalyst. - '

Beveral exchange reactions between catalyst and cocatalyst



take place, and some of the Ti{{V} is reduced to Ti{{H}. Ii is
customary to use the purple, « or § forms, rather than the
-brown, (§ crystalline form, of TiCly as the catalyst for the
production of stereoregular polymers. Both the extent of
steregregularity and the rate of polymerization are increased
by the addition of triethylamine. Thus, at least 98% of the
isotatic polymer is produced when propylene is polymerized
in the presence of triethylamine, v-titanium(II)chloride, and
diethylaluminum chloride,
It is generally agreed that a monomer molecule

R

|
{HyC—CH}

is insexrted between the titanium atom and the proximatl car-
bon atom in the growing chain, and that this propagation re-
action takes place on the catalyst surface at sites activated by
the ethy! groups of the cocatalyst. Recent discussions of
mechanisms can be found in references (8) and {9).

Most vinyl monomers with Ziegler-Natta catalysts poly-
merize to give polymers emphasizing the isotactic form. The
degree of stereoregulation appears to be dependent on the
amount of exposure of the active site; the more exposed the
catalytic site, typically, the less is the isotactic fraction in the
resulting chains,

The potential versatility is clearly demonstrated in the
polymerization of conjugated dienes, such as 1,3-butadiene,
where any of the four possible forms—isotactic 1,2; syndio-
tactic 1,2; trans-1,4; and c¢is-1,4~-can be synthesized in rela-
tively pure form using different Ziegler-Naita catalysis sys-
tems.

Stereoregular pelymers are also produced uiilizing a num-
ber of other organometallic and inorganic catalysts including
Philips and Alfin catalyst-systems.

Solubility

Many inorganic polymers become soluble only with ac-
companying degradation (this is particularly true for three-
dimensional networks such as sand and diamond}. Even the
ostensibly more tractable organometallic polymers are soluble
in fewer solvents and to lesser extents within these solvents
than classical organic polymers. While a few are soluble in
typical solvents such as toluene and chioroform, most are ei-
ther inscluble or soluble only in a few select dipolar aprotic
solvente and salt-dipolar solvent combinations. Even where
solubility appears to have been achieved, actual polymer in-
tegrity in solution may be questioned.

The poor solubilities of organometallic polymers are
probahly due to a combination of refated factore including (a)
high cohesive (secondary bonding) forces between chains, {b)
the highly crystailine microstructure of a number of products,
and {c} a peculiar combination of bonding offered by the or-
ganometailic polymers-—a combination of hoth nonpolar
{organic} and polar contributions, Attemiptis to achieve better
solubility include {a) use of flexible and/or dissymmetric re-
agents, {b} copolymerization using two metal-, with one
nonmetal-containing reactant(s) or one metal-, with two
non-metal containing reactants, {c) uze of model compounds
{monomers} as a predictor of polymer solubility, and {d} ad-
dition of a chain terminator to shorten the chain length,

Applicability

Apart from pure science, the interest in polymers which
include metal atoms is related to the enormous and varied
chemistry of the metals and the technologies that might he
developed around them. For instance, polymers with CpzM
moieties (M = Fe, Ti, Zr, Hf) are reported to be stable to uv
radiation; thus, polymers with such groups might impart to
outdoor paint better wearability relative to uv degradetion.
Similarly, polymers incorporating tin would be expected to
have antifungal and antibacterial resistance typical of or-

ganotin compounds. Certain metal complexes are exquisitely
specific catalysts, so metal-containing pelymers might afford
this specificity along with selective stereoregulation imposed
by constraints of the polymer chain,

More recent research with conducting polymer {films on
sificon, pelymetaliophthalocyanines, polyacetyiene, and (SN},
promise a future in lightweight hatteries, better solar cells,
conducting {ibers, etc., as well as a better understanding of the
chemicai physics of conduction theory. It is not clear just
which applications will prove commercially successful, but it
iz clear that the potential is enormous, in view of the almost
limitless variety of metal-containing polymers and the esca-
lating need for specielty materials.
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- Appendix: Questions for Inorganic Core Content

Closely Reiated to Polymer Science

1. Contrast the structures in (a} HNO3z and {HPO3}, ; {b) COy and
(5i0z),; (¢} BCL and (BeCl),.

2. 3ketch the structure of each of the following, showing empirical
formula.

{a} single chain silicate
{b} doubie chain silicate
{c} sheat silicate

3, SaN; slowly polymerizes without much change in erystallinity.
Suggest a reason and explain the interest in the resulting
polymer,

4, Show structures for dismond and graphite, and explain why
graphite is a conductor and diamond is nut.

i With chemical equations describe the synthesis of high polymars
of the type (NPHRz).. What is the critical atep which allows for
high molecular weight {dagree of polymerization)?

6. List advantages and disadvantages for the inorganic polymer
clesses of silicones and phosphazenes, compared to organic

~ polymers,

7. Bonding of inorganic polymers is varied. For the following poly-
mers select the single {best) phrase which describes the
bonding. .

Polymer  Bonding Explanations

{a) (PNClg)y e 1 Sheet structure with sigma-

bonded network reinforced by =

honding.

{b) (MesBe), 2, Lewis acid-base honded
backhone

{c) (SN}, e 3. Sigma framework enforced by
d-p w bonding.

{d) (8S0a}x eresmnen 4, Shared eorners, edges, and/or

faces of octahedra and
tetrahedra.

(e} PW304* .. B Chainstructure with one-
dimenatonal metal-like
delocalization

—— 6, Three-centered honding in
bridges

{f} {BN)

8. {a} Outline a mechanism for Ziegler-Natta polymerization of
ethylene, CHz=CHoa, by heterogeneous Ti(IH) catalyst,
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surface ——\/'r/\zo

{b) Why is this type of polymerization significant?

Multiple Choice.
Circle single best answer for:

9. The heating of suifur is a ¢pmplex process,
{a) Rings break primarily to form aggregates of 54 chains.
* (b} Rings break to form polymers with radical ends.
{c) Chains break to form Sg rings.
{d) Two of the above are correcl.
10. Moiybdenum disulfide iz a lubricant because it is
{a) a viscous liquid from helow room temperature to elevated
temperature.
(b} a sofid composed of microspheres when precipitated from
solution,
* {¢) alayer structured solid wilth weak interpiane bonding.
{d) none of the above,
1. Oxygen, sulfur, nitrogen, and phospborus form homo-catenated
compounds,
* (a} such as ozone, hydrazine, red phosphorus, and dithionite.
(b} such as hydrogen peroxide and pyrophosphates.
(¢} such as the various aliotropes of nitrogen and phosphorus.
{d} Two of the ahove are correct.
12, For the tranaformations

L.Ni (1) + H* — L.NiH" {(2) + L
LaNiH+ + CHFCH; _"LaNiH+ (3}

CH. H,
. " LgNiCH:CI‘I; (4)!;
L=PR,

{a} Species {2) and (4} are “16 valence electron” complexes.
(b} Species (1) and (3) are “16 valence electron™ complexes.
(¢} Species {1) and (3} are 18 valeoce electton™ complexes.

*  {d) Two of the above are correct. )

13. Some solid metal chlorides have discrete molecular units as ex-
emplified by
ia) CdClz and Hg:Cly.

* (b} AiCls and AuCls.
{¢} NaCland KCL
{d) none of ihe above.

14. Ferrocene, like benzene,

{2} haa 6 % electron six-membered rings.
{b} is a coloriess liquid.
*  {¢) has aromatic character,
{d) T'wa of the above are correct.
15. Silicate, borate, or phosphate glasses
{a) unlike organic viireous materlals have sharp melting
points.

*  (h) differ structurally in that borate glasses have occasional
planar triangulsr arrays of BO, as well as the EO; tetra-
hedra. _

{c) are preparable from giant molecule precursors Si0q, BgO;,
and P03,

{d} capnot be made from melts of basic oxides and the oxides of
silicon, boron, or phosphorus.

' {Possibie) Answers.

iXa) H-6=\ ' /0 N Hma\ff;dwm =t!'r

Nitrogen forms N==0 double bonds about as stable as 2 single
bonds {gpod w-orbital energy maich) but phasphorus does not. For
phosphorus oxyanion acids polymeric structures are poasible via
P-O-P bridges. Formally, a head-to-tail polymer of the double-
bonded monormer results,
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(b) ?/
. P
Woakness of 8i=={) is obviously a facilitating property.

l‘;‘{ _ E _ :f: . WOk
d%  dh Ik J)L e

Be, being more electron deficient than B, forms halide hridged
~ polymers,

Each 8i surrounded by 4
oiygens and each oxygen
honded to 2 slicons to

Form framework (quarks)

(e}

In solid

2){a) repeat §i0;* unlt

® N LA AN

A&
7

smphibole minerals
repeat 81,0 15 unle

@ AN o N o N

oo X

N -
repeat @(m szt:m% - = 8i0g ¢~

or 8iy052

3) Little change in positions of atoms muat be responsible for amall
chenge in crystalljnity during polymerization,
-——N 8= N 8==N
-
‘\‘lw—-«. Nume

—b ==,

B T =‘S— Ne==H- mﬁ‘ b (—
A T Ul

WN=f Ne== Neesife  Nessg
Bond structures difficolt to draw because SN unit js “odd” in
electran number. x-Molecular orbitals encompasaing chain form
partly filled conduction bands. Polymer consequently has
metal-like conduction and can be considered a one-dimensional
metat. It has been used to store electrons in battery systerns.
Diamond has each carhon tetrahedrally bonded io 4 others. The
lattice is the zinc blende structure with C—=Zn=_8

4

—

fee of earbon with carbon
in every other {(shaded)
gmaller cube.

Carbons at face centers and centered in smalier cubes (10 in
number) form adamantane cage whose 3-fold axis is coincident
with cube diagonal. '

adamantane cage’

e m ey -



Graphite forms bonded layers with liitle inter-plane bonding.
Consequently, graphite is “stippery,” Each carbon shares 1 double
bond and 2 single bonds with 3 other carbons and js thus
(2 + 2)/3 = 1%, bond order. The « orbitals form extensive MO's
which are ke 2-dimenstonal metal band structures. Being partly
filled {1  electron per « atomic orbital} the band is conductive

S
NH,CL + PCls »{NPCly)zs

cyelic structures separated; when highly purified from cross-
tinking PClg) the trimez thermally polymerizes to

v
?(:;P;L X ~ 15000

The linear polymers so obtained are still soiu}:le in organi:; solvents
and a host of substituted polymers are possible, many with phya-
jcal and chemica! properties for practical use.

' ' Rﬂ\ _/ou
(NPCL), + Na'OR™ —> ?(N=P7L'

RHN KHE
Base N 7
(NECL), + NHR N"-=P7L

6}

1}
8)

8}(a)

Strictly organic substituents like Ph ar CHa are not accessible from
chloropolymer reactions.
Silicones {or polysiloxanes)

R R
P
Xy %
and polyphosphazenes,

R R
\PP
Fah ™ N)E

have strong sigma-bonded backbones {with d-p = bonding in
phosphazenes} which impart thermal stability. Hydrophobic or-
ganic subatituents (I = alkyl, aryl for siloxanes; R = -0O-alkyl,
-0-aryl, or -NH3R for phosphazenes) confer a kinetic hydrolytic
stabifity to the polymers. Depending on substituents and cross-
finking, polymers range from oils to elastomers.
Phoephazenes are more susceptible to hydrolylic degradatmn bt
can be prepared in seemingly limitless classes by substitution re-
actions on preformed {NPCl X high polymer.
Novel features include a bouncing putty (silozane polymer) and
surgica! sutures which hydrolyze to harmless products {phos-
phazenes with -NH:R moieties heing amino acids).
?{ii}; b{8}; e(5); d(2); e{4); £(1}

a

surface \/;I‘]Ll/C) + iiz: — yl!:l/ b - ‘%LCHQHQ
. ]

ele, < ;’I‘i/—CH,CH,R
HL==CH,

CH=0Hy

{b} Polymer grows from T aite outward leading to strictly linear
polymer with high molecular weight and higher stereoregu-
larity than polymers derived by radical initiation. Steric
comstraints at Ti site require higher olefins to polymerize with
stereoregularity {to give isotactic polypropylene, for ex-
ample}.

institute for High School Chemistry Teachers

An Institute for High School Chemistry Teachers will be held July 616, 1984 at San Jose State
University, San Jose, California. The purpose of the Instifute is to provide background in theory through
lectures by Ronald Ragsdale, University of Utah; Arthur Campbell, Harvey Mudd College; and George
Pimentel, University of California at Berkeley. Special sessions are planned for teachers of advanced
placement courses and for beginning teachers. Laboratory experiments, demonstrations, computer
workshops, and model building will also be included in the program. T'wo college credits will be given

for successful completion of the Inatitute,

For further information write to: -
Claire H. Smith
San Francisco University High School
3065 Jackson Street
San Francisco, California 24115
(415) 346-8400
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Mark Whitman .
William Henry Harrison High School, West Lafayette, IN

The first two weeka of school present a unique blend of the
good and the bad, which makes the beginning of schoo a time
of considerable adjustment for both teachers and students.
Though many students possess a vibrancy and an eagerness
to tearn that may well be missing by November, their attention
spans have heen adjusted over the summer to expect g com~
mercial break every seven minutes. In addition, late arrivals,
tranafers, and student schedule changes serve to undercut
attempts by the teacher io achieve classroom continuity early
in the school yvear. T'o accommodate tbese inherent idiosyn-
crasies best and still to achieve academijc progress, I have
hegun each of the past three school years by assigning to my

firet year chemistry students “The Double Helix” by James -

Watson,! a very readable account of the events leading to the
discovery of the structure of DNA by Watson and Francis
Crick. _ .

During the first two weeks, 1 tentatively allocate half of each
class period to discussion of “The Double Helix,” but ] let class
interest dictate. Some days the entire hour is consumed by
such discussion, while on other days ten minutes will suffice.
Regardless of the time spent, dividing the hour hetween text
material and “The Double Helix” guarantees a break in dis-
cussion. Thus, the students are not forced early in the vear to
concentrate on one topic for a full heur. In addition, aliotting
suhstantiat time to “The Double Helix,” allows me to establish
an acadernic atmosphere and to reintreduce my students to
the discipline of study, without covering so0 much “funda-
mental” material that late arrivals will be hopelessty lost only
two weeks into the school year. However, the true value of the
book is in its content, not just in its ability to buffer the nui-
sances associated with beginning a new term,

Watson’s narrative is illuminating and direct, and students
rapidly develop a fee} for the human side of science. Reading
about Watson, Crick, Pauling, and the others who figure into

the account, students come to realize that chernical knowledge -

is a produci of real people with real feelings and real hang-ups
as the book removes the shroud of mysticism that the unini-
tiated sometimes asgociate with genius. One quickly comes
to appreciate the role of the individual and the relations be-
tween individuals in striving for scientific achievement.

The reading assignments coincide with start-of-the-year
lectures intended to develop an understanding of the scientific
method, and the lectures and reading complement one an-
other weli, Students find it exciting to follow Watson and
Crick as they collect background information, develop hy-
potheses, test the hypotheses, and formulate new hypotheses.
Mapping their progress awakens the students to the fact that
scientific achievements are the cumulative results of the
contributions and errors of a large number of individuals. To
view the blunders, as well as the achievements, is particularly
enlightening.

I refer to the book repeatedly during the remainder of the
school vear. If students are to understand the flow of Watson
and Crick’s investigations, it is necessary to discuss X-ray
diffraction, hydrogen bonding, erystallography, macromole-
cules, molecular geometry, and acids and bases. Obviouzly,
during the first two weeks of the school year only the most
superficial explanations can be made, but when we broach

! Watson, James B,, “The Double Hellx,"” New American Library,
New York.
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these topics later, [ see the lights come on when reference is
made to our eariier discussions of ““The Double Helix.”

I have found it necessary to conclude our study of “The
Double Helix” with a short quiz, in order to present just re-
wards to those who have pursued the book in earnest, as well
as 1o those who have fallen along the way. | have real misgiv-
ings about quizzing my students over faciual material from
the book, for it is not the facts which make it valuabie; how-
evet, aome students will not invest their time unless they
perceive a material benefit for doing so. This is the nature of
the beast, and I am certain that the threat of the quiz en-
courages a number of students to read the book who otherwise
would not.

Two or three days prior to the quiz the students are given
a list of main characters and a set of questions that are to be
asked about the one specific character on the quiz. The
identity of the character remains secret, until the name is
pulled from a hat just before the students begin the quiz. The
quiz is open book, and while the students may not mark in the

-books, they may use btank bookmarks. The questions asked

about the character are

1} place of employment,

2} one area of scientific expertise,

3) one major scientific achievement,

4) one distinctive personality trait,

B} one error made which hurt his/her chagces for discovering the
strocture of DNA, and

6) the character's reaction to Watscen and Crick’s sucress.

In addition to an answer, the students are asked to cite the
pages in the text from which their answers come. The inclusion
of the citation insures that the students must become familiar
with the book, rather than rely upon their recall of class dis-
cussicns; and to prepare angwers for each of the main char-
acters, the students must understand the book’s content.
Each vyear, as I have read and reread the book and have
developed background material, “The Double Helix™ has
become an increasingly important part of my curriculum. For
background information, I recommend volumes 159 and 160

‘of Science, which contain original reviews, as well as com-

ments of some of the principal characters discussed in the

book. Below are some of my student objectives and some

sample discussion questions.
After reading “The Double Heliz” students sheuld:

1} know the steps of the scientific method of research and how they
are ntilized in the book,

2} be aware of the individual differences among ecientists, and how
their approachea to the same problem may differ, and

3} be aware of the strong infinence personatities and politics have
on scientific achievement.

Sample questions include:

1) Chapters 1-3. What role do personalities and politics play in
acience? Be able to snpport your answer with examples from the
book.

2} Chapters 46, What is the difference between inductive and
deductive reasoning? Consult a dictionary.

3} Chapters 2225, What was most surprising about Pauling’s
error? What were Waison and Crick able to determine from
Franklin's work that Franklin did not know? How would you
characterize Watson's thinking at this point? Organized? Pro-
ductive? What was Watson’s new hypothesis?

[
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Who is Anti-Markovnikov?

J. M. Tedder
University of St. Andrews, Scotiand, KY 16 98T

A common reaction in organic chemistry which is of wide

commercial and academic interest is the addition of free’

radicals to olefins, Naturatly ail organic chemistry texthooks
describe these reactions, and the majority discuss the factors
which contro] the rate and orientation of addition of radicals
to unsymmetric olefins. Unfortunately the great majority of
texthooks pive interpretations which are derived from ex-
planations of the rate and orientation of heterolytic addition
to similar olefins. Such analogies are extremely precarious,
and they have undoubtedly led to much misunderstanding.
The factors which control free radical addition reactions are
complex, but this cannot be used as a justification for perpe-
trating incorrect ideas.

Chemists are usualty fairly quick to accept new ideas and
are willing to adjust the structure of the subject to accom-
modate new knowledge. Qccasionaily, however, new factors
are ignored if they appear to challenge accepted belief, in the
hope that further work will prove the “new facts” wrong. This
phenomenon occurs sither when a really majoer breakthrough
is achieved which involves a substantial change in existing
outiook, or when the point in question affects a fairly smail
area of knowledye and the existing incorrect interpretations
give predictions which are qualitatively correct in many
common cases, It is the latter type probiem we are concerned
with in this article.!

The question we are going to consider is: “What are the
factors which control the rate and orientation of free radical
addition to alkenes?"” The addition of alkyl radicals to olefins
is usually an exothermic reaction, irreversible at normal
ternperatures. Addition of atoms (e.g., halogena) or some
“hetero-radicala (e.g., HS+, CF3S., etc.} is often reversibie. This
article is based pmnarll).r on results involving the behavicr of
alkyl radicals. The arguments to be developed, however, un-
doubtedly apply to the addition of atoms and hetero-radicals
to olefins, though experimental verification is difficult hecause
of the kinetic complications associated with reversible pro-
cesses.

The problem was first confronted when it was established
that the orientation of addition of hydrogen bromide to un-
symmeiric olefins differed according te the experimental
conditions. In the presence of ultraviolet light or in the pres-
ence of peroxides the normal orientation of addition was re-
versed.

dark, solution phﬁ'.

RCH—CH; + HBr \
UV light or peroxides = RCH,CH,Br Anti-Markowmikov

It was suggested almost simultaneously by Kharasch in
Ammerica and independently by Hey and Waters in Britain
that this reversal of addition was due to a change in mecha-
nism, the normal Markovnikov addition involving iong and
the anti- Markovnikov addition involving atoms and radi-
cals.

RCHBrCH: Markovnikov

" 1 The present article Is based on conc!usions derived from fifteen
years research aided by numerous collaborators of whose contributions
that of J. C. Walton was predominant.

% The importance of steric effects in Free Radical reactions was
emphasized by Rochardt ten years sgo (7).

RCHCH, -3+ RCHBICH,

RCH=CH3
RGHCH,Br ~—» RCH,CH,Br (+Br.)

This occurred at, the end of the 193('s, that is, at a time when
the electronie theory was having an enormous impact on or-
ganic chemiséry, and it was natural to invoke similar ideas to
explain hoth ionic and radical mechanisms. Thus ionic addi-
tion was believed to yield the intermediate carbonium ion in
which the charge was the most délocalized, so similarly radical
addition was assumed to yield the initial adduct radical in
which the unpaired spin wag the most delocalized. This wag
long hefore the contribution steric compression makes to bond
strengths was fully appreciated.? At that time the relative
weakness of a tertiary carbon-hydrogen bond was attributed
exclusively to resonance stabilization through hyperconju-
gation in the incipient tertiary radical. However, even at that
time the “rescnance explanation™ of anti-Markovnikov ad-
dition to vinyl chleride was unsatisfactory.

: G—8H—CH, = :8==CH—CH,
H(B . .

Cl—CH==CH, .

Br- . w2

:Cl—CH—CH,Br = :Ci--CH—CH,Br
The resonance stabilization of the intermediate carbonium
ion is reasonable; we have plenty of evidence that chlorine can
act as a donor when atfached to a site of high electron demand.
In contrast, the corresponding resonance structure for the
2-bromo-1-chioro-ethy] radical is unimportant; it requires the
donation of an electron from electronegative chlorine to
neutral carbon, and it results in the formation of a dipole. The
contribution such a structure can make to the ground state
of the 2-bromo-1-chloro-ethyl radicel is smail. Finally since
radical addition is usually a very fast exothermic reaction it
would be expected to have an “early transition state,” and
therefore resonance stabilization of the adduct radlcai would
be unlikely to be a major controlling factor.

The importance of other factors, expecially steric effects
was clearly discussed by Mayo and Walling in their seminal
review (2). However, the analogy with ionic addition proved
too strong and emphasis on “resonance stabilization of the
adduct radical” continued to be the popular textbook expla-
nation of the orientation of radical addition,

More than 15 years ago it was discovered that trichloro-
methyl radicals preferentially attacked the unsubstituted end
of viny! fluoride because atiack at the substituted end was
retarded {3}. Since then this has been established to be quite
generally true and similar data is available for vinyl chloride,
propene, 3,3,3-triffucropropense, acrylonitrile, methylvinyl
ketone, etc. (4). (At 164°C the rate of addition of trifluoro-
methyi radicals to the unsubstituted ends of these olefins
varies by little more than a factor of two although the rate of
addition to the substituted ends varies by several powers of
ten.} Radicals attack the unsubstituted end of mono-substi-
tuted olefins preferentially, bocause attack at the substituted
end is retarded by the substituent. One cannot emphasize too
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strongly that orientation data by itself without kinetic data
canhot be used to elucidate mechanism, The fact that a methyi
radical adds to the ~CH; end of vinyl fluoride five times faster
thax it adds to the ~CHF end could be becsuse attack is en-
hanced at the <CHs end or because it ig retarded at the -CHF
end. Kinetic results show that the methyl radical adds to the
—CH; end of vinyl fluoride at almost exactly the same rate it
adds to one end of ethylene: In other words attack oceurs
preferentrally at the mCHg end of viny] fluoride because ad-

dition to the ~-CHF end is retarded at this site by the fluorine
atom, i.e., the activation energy is gredter for addition to the
—CHF site. Kinetic data for a wide range of radicals shows that
in all the monosubstituted sthenes studied so far, attack oc-
curs preférentially at the unsubstituted end of the molecule,
mainly because the substituent inhibits attack at the site to
which it is attached. Substituents with 7 orbitals of the correct
symmetry {e.g., CHz==CH-; -CgHj, etc.) do accelerate attack
at the unsubstituted end, bt even here the very large orien-
tation ratios are due more to lack of attack at the substituted
end than acceleration of attack at the ~CH; end of the mole-
cule. Similarly vinyl substituents with nonbonding pairs (e.g.,
F-, Cl-, -CH3z0) have avery small resonance stabilizing effect,
whlch can be comp]etely swamped by the resultant po]aru,y
{see above). In ionic addition, cations {especially the proton)
add to the uinsubstituted ends of propene (CH;CH—CH,) and
vinyl fluoride (FCH==CH,) but to thé substituted ends of
1,1,1-trifluoropropene (CF3;CH==CH,} and methylacylate
(MeOCOCHmCHg) In radical reactions the radica} invar:
ably adds preferentially to the unsubstituted end of these
olefins and kinetic studies confirm that this is attributable to
greater actwatmn energles for addition to the substituted
site,

Experiment shows that steric effects are of major 1mp0r4
tance in determining the orientation of radical addition. Al-
though most radical additions are exothermic the approach
of the radical to an olefih carbon atom in the transition state
is sufficiently clese for the increasing steric compression (ie.,
mitual repulsion between the nuclel, their bonding electrons,
and adjacent atoms) to be important. It will be expected that
butky radicals are particularly discriminating. Thus, at 164°C
trichlorometbyl radicals add at approximately the same rate
to the -CF; end of CFy~CHEF and CF»=~CHCI, but attack the
~CHF end of the former olefin approximately 85 times faster
than the ~-CHC1 end of the latter olefin.?

CCl,CF,CHF + C'FchFcch

_ }V 22% T8%
F, .
CCLCF,CHCI + CF,CHCICC,

f. : T (184
diix \C}
: X=Ci
96% 1%

Fluorine and chilorine have similar slectronic propertles {i.e.,
both are electron-attracting donors), but their size is very
different. The importance of the size of the radical is well il-
lustrated by the orientation of addition of perfluoreaikyl
radicals to vinyl fluoride écf. Table 1). Notice that although
ihe orientation ratio o:f varies 200-fold, the relative rate of
addition to the « site and to ethylene varies hy Jess than a
factor of two. -
Although steric factors are predorninant, polanty does in-
.{luence the rate of reaction (cf. Table 2. Table 2 clearly shows
that fluorine stoms in the olefin enhance thé rate of addition
of methyl radlcals which therefore behave like “nucleophiles,”
while the same fluorine atoms retard the addition of triflue-
romethyl radicals, which behave like “elecirophiles.”
Steric effects normally overrule polarity in determining the

" 3 Rules for determining the rate and preferred orientation of radical
addition have been given in rej. (@} and in greater detait in ref.{fb).
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orientation of addition (cf. the orientation of methyl and tri-
fluoromethyl radicals to vinyl fuoride).

83% CHSCHQCHF] CHy (‘Hp—CHF o {CFgCHzCH.F‘ 90%
17% CH,CHFCH; 1684°C CHsCHFCH; 10%
However, ina polysubsﬁtuted olefin, steric effects and polarity
can be in opposition such that polarity has a decisive effect,
i.e., under these circumstances different radicals may add

preferentially to different ends of the same olefin,

39% CHscHFC-Fz} CHy CHR=CF; OFy {(:m.«,cmrcF2 95%
68% CHFCF:CH, 1654°C CHFCF.CF; 5%

We thus conciude that the rate and orientation of radical
addition to olefins is controlled by an interplay of steric and
polar effects, while delocalization of the unpaired efectron in
the adduct radical is only a major factor in special cases such
as radical addition to conjugated olefins {e.g., styrene, buta-
diene, etc.). It is possible to develop some qualitative rules

“{e.g., In monesubstituted ethenes addition is always preferred

at the unsubstitisted end), but in alkenes substitited at both
ends no single criteria is adequate, and, as we have seen, dif-
ferent radicals may add preferentially at opposite ends.?

These resulis aiso illustrate another characteristic of radical
additions. When two radicals are compared the more reactive
radical is often the more selective. This is quite general for
atkyl and fuoroalky! radicals and represents a direct contra-
diction of the Reactivity- Selectivity Principle, which implies
a decroase in selectivity with increasing reactivity, The reason
for this breakdown of the Reactivity-Selectivity Principle
when CHz' and C¥F'y are compared is that the more reactive
radical {e.g., CFy) is also that which leads to the more polar
transition state (7),

Radical addition i5 a very importani process hy which many
polymers are prepared. Mistakenly, it is usually introduced
in texthooks as an exception (i.e., anti-Markovnikov addition
of HBr), and the explanation usually given is almost always
mlsleadmg and sometimes wWrong. Unfortunately, the true
picture is more complicated than the vartous gingle alterna-
tives, but nature does not organize herself for our henefit.
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Tabte 1. Orienlalloﬂ and Relative Fla!e of the Addition of

Perlluoroalkyl Fladlcals to \ﬂny! Fluorlde Csz—CHF
{160°C gas phase) (from ref. {3))

Radicat® CFge CF3CF o {CFa)CF- {CFa)Cn
a:f 1:0.1 1:0.06 1:0.02 1:0.005

2k, kg 0.5 0.6 .5 05

# k, = rate conskants far eddition to ethylene

Table 2. The Ratios of Addition to Tet_raﬂuordethylene and
Ethytene by Methyl and the Fiuoromethyl Radicals, (184°C gas
phase) {trom ref. {3})

Radical CHye FCHy FaGH- F3C-
Kogr o Kognis 9.5 3.4 11 0.1
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Why Teach Organic Chemistry

Medical schools suggest that ealeulus and orgaric chemistry
distinguish students who have analytical abilities from those
who have cluitered minds. Analytical ability is oné quality the
medical schools look for in prospective candidates. After
teaching organic chemistry at several levels for 42 years I

-would rict quarrel with this view. Howevet, I do doubt whether
learning to think analytically in one field transfers to another
situation, For example, I can think of more than one famous
chemist whose views on political questions were completely
prejudiced and unreasaned. In the history of chemistry there
are examples of scientisis who clung to theories lorig after
evidence was overwhelming against them,

This does not discourage me, however, as I look elsewhere
for reagsons to learn some organic chemistry. Today a citizen
cannct read a newspaper intelligently without sorae knowl-
edge of organic chemistry. Certainly advertisements for as-
pirin can be read more critically if one knows that aspirin is
a single pure substance. How then, can one brand of aspirin
be better than angther? Of course one company may have
better safety precautions for testing than another, but that
is a matter of trust in proceedings, not a property of a sub-
stance, and generally not the point of the advertisement.

In the last few years I have taught principally pre-medical
students. I have had conversations with former students now
practicing medicine who are proud to teli me that they have
not used organic chemistry since they left my class. I know
that this cannot be true, because what I have tried {o leave
with them after they have forgotten the mechanism of the
Cannizzaro reaction, the utility of a Grignard reagent, and the
structure of ghucose include the following.

1) Some feeling for the limitations of the measurements
they get from iaboratory technicians. In particular, doctors
need to be aware of the limitations of instruments, as, for ex-
ample; in determining the amount of sugar in a urine
sample.

2) The use of tracers (D, T, *0, '3C, 1*“’N and others) in
following the pathway of a chermcal reaction. Such tracets
maér be used in medicine to follow the pathway of a drug in the
body. :

3) Some appreciation that prot.ems, carbohydrates, and fats
as well as amygdalin (laetrile}, ascorbic acid, dioxin, nylon, and
cocaine are chemicais.

4) Some notion of the problems they may encounter in
practicing medicine. A doctor I met in India who had practiced
1% years in this country before returning to his native land
said, “The.most trying problem I face day-to-day is telling a
patient that he could cure his illness by eating better food
when 1 know he can’t afford it.” What should he say to his
patients? Where hetter to think about ethical problems than

The Place of Organic Chemistry in the High
School Curriculum

At Detroit Country Day School, approximately one-third
of the course time in second-year chemistry is spent on the
study of organic chemistry. This is rather unusual because
most high school courses tend to concentrate on the physical
or descriptive side of inorganic chemistry. If organic chemistry
is mentioned at al}, it is usually in a brief survey of simple
functional groups with a mention of combustion, addition, and
esterification reactions. This amourits to a memory exercise
and provides tbe student with no depth of understanding of
the molecular interactions so vital to the nature of chemistry.
These problems are noted in a recent paper dealing with the
inclusion of organic chemistry in the CHEM Study program.?
The many reasons for our focus on organic chemistry are

elaborated upon in the following parag'i-aphs

Students enjoy organic partly because it is a break from the
constant emphagsis on the quantitative nature of chemistry,
There is an under_lymg beauty in organic reactions stemming
from the predictability afforded hy our detailed under-
standing of reaction mechanisms. This provides an exciting
challenge to students and truly tests their understanding of
the material. Because natural and man-made products of
organic reactions are so corimon and important in all aspects
of life, students take a different view of chemistry and
chemists. They come to see that chemists are not people who
merely solve problems on their calculators but that they also
are involved with exciting eynthetic procedures and inter-
esting laboratory e_xperiences.
~ Our first-year course is a comprehensive one which covers
most of the traditional topics: atomic structure, bondmg,
gases, solution chemlsuy, thermodynamics, kineticg, equi-
libria {inciuding acid/base chemistry dnd solubility), oxida-
tion-reduction reactions, and electrochemistry. Beginning in
the fall of the second year, organic chemistry is introduced.
One very important reason for this is to review, in a new con-

“text, many of the major concepts taught previousty. Students

need a thorough review of the introductory course {especially
if a year has elapsed since their first exposure} in order to place
these topics in the proper perspective. Rather than repeating
the same examples, reinforcement of important principles
comes from using organic chemistry:

The course begins with a discussion of bonding and hy-
bridization, using carbon compounds as examples, Emphasis
is placed on the stereochemistry of these compounds, and both
structural and stereoisomeriem are introduced. Nomenclature
and the reactions of various functional groups are then dis-
cussed. Oxidation of alcahols provides a review of halanecing

1 Beasiey, W., Cem. Enuc., 57, 807 (1980).
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in the organic class? In 1946, DDT was used to spray for
mosquitoes in Sri Lanka, and the death rate from malaria
diminished from 30 to 22 per thousand pepulation in cne year.
Some years later some of the people of 81i Lanka starved to
death hecause there was not enough rice for the extra people
who had escaped the ravages of the disease, Was it ethical to
supply DDT in the first place?

5} Organic chemistry is part of our culture. Culture is what
remains when you have forgotfen alt that you learned. Organic
chemists have added to our cultural heritage in a very short
time. Even today’s 20-year-olds have lived ihrough ahout
one-seventh of the entire history of organic chemistry, In 1828
Wohler synthesized urea (an anima! substance) from ammo-
nium cyanate {strictly a mineral substance) and forever re-
moved the mystery which previousiy had held the synthesis
of an organic substance required a “vital force.” Citizens,
chemistry majors, and pre-medical students ought to appre-
ciate some of the clever thinking and strenuous laboratory
work that have highlighted accomplishments in this field in
the past—Emil Fischer’s proof of structure of glucose and his
synthesis of a peptide of 18 units; du Vigneaud’s and Tuppy’s
work that resulted in elucidating the structure of the first
proteins, the pituitary hormones oxytocin and vasopressin;
Carothers’ work on polymers; and Woodward’s remarkable
synthesis of chlorophyll and many other complex mole-
cules.

As in all young sciences, theories and research in organic
chemistry are still empirical in many respects, aithough
quantitative explanations are slowly creeping into the field.
The role of catalysts, particularly heterogeneous catalygts, is
atill a dark corner to be explored.

Students say that chemistry is less “cut and dried” than
physics, by which they imply that every phenomenon in
physics has already been explained. Instead, what they mean
is that in chemistry it is easier to get to the edge of research
than it is in physics. In biology it is still easier for a beginner
to make a contribution, becayse many biological problems
yield to empirical methods, At the moment chemistry is in the
ideal position between these two disciplines.

Leallyn B. Clapp
Brown Linlveraity
Providerce, Rl 02512

The 1984 international Chemistry Olympiad
in Frankfurt/Main (West Germany)

The 16th International Chemistry Olympiad will be held in
Frankfurt/Main (West Germany} from June 30 to July 10,
1984, with more than 20 countries participating. The four best
pupils from eack country are given the opportunity to test their
skills against those of others. Participants must perform both
theoretical tasks {(from ali spheres of chemistry) and practical
iaboratery work, these assignments going far beyond what is.
required in school.

An extensive mformation and culfura] program provides a
chanee to become better acquainted with the host country and
its people. Many students find that the Olympiad ajlows them
to transcend political and ideciogical boundaries and to es-
tablish contacts and make friends; this may well be the most
valuahbie contribution of the International Glympiad.

The Olympiad {as well a8 some of the reguirements for
participation) has been described in: Ellig, P. R., Edue. Chem.
20, 208 (1983}, '

For further information concemmg participation in the 1984
Intérnational Chemistry Olympiad in Franl(furUMam con-
tact: - , .

StD Klaus Hagensiein

(Geschaftsfiihrer der 16. Internationalen Chernieolympiade
Brandsbornstrasse 11-15

[-8050 Offenbach, West Germany
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oxidation-reduction reactions as well as an introduction to
aldehydes, ketones, and acids. The study of ¢arboxylic acids
affords an opporiunity to reemphasize the importance of
equilibrium, particularly with respect to weak acid/base
chemistry, and the relationship of pK,, equivalence point,
buffers and indicators to the titration procedure. Mechanisms
play a vital role in modern organic chemistry, and discussions
of Sn1, 8x2, E1, and E2 reactions foliow directly from a review
of kinetics and the orders of reactions. Polymers and medicinal
chemistry are other topics which can lead info discussion of
many relevant issues facing today’s society, and these subjects
would be difficult to study without a knowledge of molecular
structure.

Organic reactions can be used to introduce many new lah-
oratory techniques. Kinetics experiments such as the oxida-
tion of ethanol (followed titrimetrieatly)? and the bromination
of acetone followed spectroscopically) are two examples, Of
course these experiments could be performed without any
knowledge of organic chemistry. However, students have a
hetter appreciation of the experiment when they understand
the reaction behind the procedure. Each student is required
to synthesize and purify a different organic compound and
then, using instrumentation avaiiable at a nearhy university,
to verify its structure by NMR and IR spectroscopy. Students
enjoy the challenge of searching the literature to find a suitable
procedure and then making the proper analysis.

On the more practlcal side, students have found that a
background in organic chemistry is an advantage when they
go on to their college studies. Some take survey courses in their
freshman year which include organic and binchemistry. The
pace of such courses is usualiy rapid; prior exposure to the
subject is of great value. Other students place out of firet-year
chemistry and go directly into organic, a very challenging
course at the university level, Students with some organic
background are less bewildered by the introduction of many
conceptsin quick succession. Also, students from our course
are already familiar with refluxing, distiliation, recrystalii-
zation, and some chromatography techmque& and feel much
more at ease in a college Iab.

Finaly, our school follows the curriculum of the {nterna-
tional Baccalaureate, a program involving a rigorous course
of study over a broad range of disciplines, and organic is a vital
aspect of the chemistry covered in this program. However,
even if our school were not involved, I still would try to place
a major emphasis on the teaching of organic chemistry in ei-
ther a second-year or a third-semester of high schoot chem-
istry. Since a great deal of all chemistry done in industry, in-
chuding agricultural, pharmaceutical, paint and polymer
chemistry, involves organic reactions, it does seem sirange to
leave such an enormous wealth of material out of the curric-
ulum, even at the high school Jevel.

In previous years, I have taught a one-semester course of
organic chemistry to non-honors students, using common high
school equipment along with old glaseware denated by a
university. [ have found that we could make a decent attempt
at good lab experiments without a tremendous outlay of funds.
The course does not have to be a rigorous one, duplicating a
college-level course, to be interesting and educational to the
student. My only regret is that at present I do not have enough
time in the first-year course to offer more than a superficiai
sketch of organic chemistry for those who will not be going on
to the second-year class. '

Mary C. Johnson
Detroit Gountry Day School
Birmingharm, Ml 48010

ZFintayson, M. E., and Lee, D. G., J. GHeM. EDUC., 44, 47 (1971).
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Neoprene and Nylon Stockings: The Legacy of
Wallace Hume Carothers

Carol Cummings i

Warren Township High School
Gumnee, IL 60037

What do rabber tires and nylon stockings have in common?
They are both made with synthetic substances developed by
the brilliant chemist Wallace Carothers. Neoprene was the
first successful gynthetic rubber developed in the United
States. It has a wide variety of uses from tires and life rafts to
sealants for space vehicles. Nylon revolutionized the fextile
industry by ushering in the era of synthetic fibers, In addition
to its use as a textils, nylon has many applications as a molded
plastic, Today, many well-dressed women would not consider
leaving their homes without wearing nylon hose. If Carothers
only knew what he had started!

Wallace Hume Carothers was born in Burlington, Iowa, on
April 27, 1896. His paternal forebears were farmers and arti-

sans of Scotch origin. His father, ira, was born on a farm in |

Nlineig but left the farm at age 19 and taught country school.
Later, he entered the field of commercial education and was
a teacher and eventually vice president of Capital City Com-
mercial College in Des Moines. His maternal ancestors were
farmers of Scotch-Irish stock who loved music, It may have
heen the influence of his mother, Mary Evalina McMullin,
that led to Carothers’ keen interest in and appreciation of
music as an adult. _

Carothers was the oldest of four children, He was especially
devoted to his sister, Isobel, who achieved radio fame in the
early 31930°s as Lu in the trio Clara, Lu, and Em. When she
died suddenly in 1936 after a short illness, Carothers was
Igreatly shocked, and he never complately adjusted to her
058.

" When Carothers was five, his parents moved to Des Moines
where he began his education in the public schools. He grad-
uated from North High in 1914, During these years, he dis-

played an overwhelming interest in tools and mechanical

things and spent bours experimenting. Carothers was a per-
fectionist. He carefully finished every task he started.

Carothers enrolled in the Capital City Commereial College
in the fall of 1914 and graduated in the accountant curriculum
in July 1915, In the fall he entered Tarkio College in Misgouri,
where he pursued a scientific course and also accepted a po-
sition as assistant in the commercial department. Carothers
excelted in his chemistry courses and, after two years, his su-
perior record in English earned him a teaching assistaniship
ih that department. Then, during World War I, Arthur Par-
dee, head of the chemistry department, accepted a position
at another institution, Carothers, who had taken all of the
chemistry courses at Tarkio by the end of his sophomore year,
wag appointed to take over the chemistry instruction. He had
been rejected as a soldier becanse of a goiter condition, so he
served as a chemistry teacher during his junior and senior
years while he completed his studies.

“Profites in Chemistry” is a biographicat feature, highfighting the
contributions of distinguished chemists in the context of their lives. The
column Is destgned for curricutum enrichment, aflowing the secondary
school teacher to enhance the vitadity of chemistry with the sense of
scholarship and adverture shared by chemista throughout history.

In 1920, Carothers lefi Tarkic College with a bachelor of
science degree. He began his graduate studies in the chemistry
department of the University of Il}inois. After one year, he had
completed the requirements for the master of arts degree but
lacked funds for further study. Carother’s former insiructor
at T'arkio, now chairman of the chemigtry department at the
University of South Dakota, was looking for a young inatructor
to teach analytical and physical chemistry. Carothers was
chosen for the pogition and weni to South Dakota with the
idea that he would make enough money te complete his
graduate work. The careful preparation of his courses and his
concern for the students demonstrated that he could he a very
successful chemistry teacher.

Carothers started to develop some independent research
projects while he was teaching. His first contribution to the
Journal of the American Chemical Society was “The Iso-
sterism of Phenyl Isocyanate and Diazobenzene Imide™ in
1923. His second paper, in 1924, was “The Double Bond,” in
which he presented the first clear application of the electronic
theory to organic chemistry, it became evident that teaching
was not his primary interest, and he spent all of his spare titne
on research projects. His friends urged him to relax, but it was
as if he were driven by an inner desire to investigate.

Carothers returned to the University of Elinois in 1922 to
complete his studies, and in 1924 he received the PhD in or-
ganic chemistry. His thesis research explored the catalytic
reduction of aldehydes with platinum-oxide platinum-black,
and the effect of promoters and poisons on this catalyst in the
reduction of various organic compounds. These studies were

" completed under the direction of Roger Adams, the legendary

{ilinois chemist who trained his research students as careful
experimentalists and ingpired in them an intense interest in
chemistry. Adama was strongly oriented toward the chemical
industry, and this attitude apparently influenced Carothers,
While at the university, Carothers also studied physical
chemistry and mathematics. He held assistantships in inor-
ganic and organic chemistry, was promoted to a research as-
sistant, and was later granted the Carr Fellowship, the highest

~ award offered by the chemistry department.

After graduation, Carothers was appointed instructor in
organic chemistry at the University of Illinois where he taught
for two vears. In 1928, he was chosen to fill an organic chem-
istry position at Harvard University. During his first year at
Harvard he taught experimental organic chemistry and an
advanced course in structural chemistry. It was here that

‘Carothers began his studies on polymerization. Then in 1928,

Du Pont began a new program of fundamental research at the
Experimental Station at Wilmington, Deiaware. Carothers
was agked to head the organic chemistry program, and it was
at this time that he permanently left education.

From the time Carothers joined Du Pont until his death,
his accomplishments were plentiful and of great value. During
the nine-year peried that he was with Du Pont, Carothers not
only made numerous contributions to the theory of organic
chemistry but also provided inspiration and guidance to the
chemists under his direction. His work {aid the foundation for
several new developments of commercial importance.

The firat area which he studied extensively was acetylene
polymers and their derivatives. Julius A. Nieuwiand, a priest
at the University of Notre Dame, had completed the basic
research on the synthesis of vinylacetylene and divinyl-
acetylene. When a chemist from Du Pont heard Nieuwland’s
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presentation at an American Chemical Society Organic
Chemistry Symposium in 1925, he realized that Nieuwland’s
knowledge couid be valuable to Du Pont, and an association
was formed. Now that vinylacetylene and divinylacetylene
were available to Carothers, he completed a detailed study of
these substances. Further, he found a way to add hydrogen
chioride to monovinylacetylene to form chloroprene. This
substance is structurally anatogous to isoprene, but polym-
etizes several hundreds of times faster to produce polychlo-
roprene. The first polychloroprene was named duprene;
however, Carothers changed the name to neoprene. Neoprene
resembles rubber and is used as an additive to natural rubber
to improve ity properties. The first large-scale application of
neoprene was for the production of gasocline hose which could
withstand attack by gasoline and hydrocarbons. Today, Du
Pont produces about 175,600 tons of neoprene a year, which
results in sales of about $400 million annually.

While investigating the chemistry of polymerization, Car-
others also synthesized some cyclic polymers which possessed
a musklike aroma. Du Pont marketed these substances under
the irade name Astrotone synthetic musk for the perfume
industry. :

Carothers’ most outstanding scientific accomplishment was
his work on linear polymers. He wrote a series of 31 papers in
the field of polymerization and held 50 patents. In these pa-
pers, he proposed a theory of condensation-polymerization
and a terminology suitable for this field. During the 1930's
Carothers devoted his attention to the preparation of poly-
mers which were structurally anatogous to ceflulose and sitk,
Many compounds were studied; however, the results were
disappointing. Du Pont wag on the verge of abandoning the
project when in 1935, success was attained when nylon was
developed. Nylon is a macromolecule obtained az a conden-
sation product from adipic acid and hexamethylene-diamine,
with a molecular weight of over 10,000, Nylon has become a
fiber particularly suited for textiles.

Carothers’ advice was sought hy chemists throughout the
world. At the age of 33, he was elected associate editor of the
Journal of the American Chemical Society. The following
year, he became the editor of Organic Syrtheses. In 1935, he

spoke before the Faraday Society in London on “Polymers and
the Theory of Polymerization.” He was the first industrial
organic chemist to be elected to the National Academy of
Sciences. Apparently Carothers never regretied his decision
of research over teaching; he turned down several academic
positions during his years at Du Pont.

On February 21, 1936, Crothers married Helen Everett
Sweetman of Wilmington, Delaware. She had received her
bachelor’s degree in chemistry at the University of Delaware
and was employed in Du Pont’s chemical patent division.

Carothers was an avid reader and especially enjoyed poetry.
He also liked to sing, and he found it very relaxing to listen to
his many recordings of great composers such as Bach, Bee-
thoven, and Brahms. Carothers was shy and sensitive, and he
avoided parties and crowds. His close friends described him
as deeply emotional, generous, and modest. In very small
groups, he was a brilliant conversationalist.

Carothers suffered from a nervous condition, revealed in
his later years, in his poor health. He was plagued by periods
of depression which became more and more pronounced. On
April 29, 1937, at the age of 41, he checked into a Philadelphia
hotel and committed suicide by drinking cyanide. He never
saw his daughter, Jane, who was born seven months later.
Despite the brevity of his career, Carothers’ contributions to
organic chemistry are recoghized as outstanding, and he is
acknowledged as a pioneer in the field.
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., 'The Density of Solids

Dale Burgess

Eastern Wyoming College, 3200 West C Street, Torrington, WY 82240

An experiment to determine the density of a solid usually
is & simple one in which the student carefully slides a cylinder

of metai into a graduated cylinder partially filled with water

in order to determine velume by displacement and weighs the

metal cylinder. The student calculates the density from the

formula 2 = M/V and answers a few pertinent questions, -

In my experiment, however, I have a large collection of as-
sorted objects. This coliection inchudes rebar, concrete, boards,
Tocks, gears, hose, pipes, corks, styrofoam, rubber stoppers,
and odd pieces of metal.

Each student is given one of the objects and is told that he
can use anything in the lab in his determination of the ohject’s
density, bui that the size of the measuring device must bave
an accuracy cornmensurate with the size of the object being
measured. The volume of the object must be obtained both
by displacement and by using a ruler to get its dimensions.

The students have the normal chemistry lab equipment and
some large pans to be used for large ohject displacement,
There is also a trip balance with no weights. The objects either
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do not fit easily into 4 graduated cylinder or are too heavyto
be weighed on the tripie beam balancea, so the students must
think up ways to weigh the objects using the trip balance and
to determine the volume with a reasonable degree of accu-
racy.

There is generally a short period of student confusion and
aimlessness, hut then the students start getting ideas and the
experiment becomes both challenging and fun for most of
them. In my last ciass a couple of the students found a hox that
contained vermiculite that had been used as packing, and they
used the vermiculite as a displacement medivim and the box
as a container to determine the volume of a large board,

Following tbe experiment I discuss: {1) the comparisen of
the measured densities with the real densities, {2} the com-
parison of the results of the two methods, {3) the possible er-
rors introduced by the measuring devices, (4) relative error
in the experimental data, and {5) other methods of density
determination. The discussion of relative error leads nicely
into a discussion of significant Hgures.




Use of the Computer for Chemistry Instruction

Robert Suder
Portage Northern High School, 1000 idaho, Portage, Ml 49081

In these times of rising costs and decreasing revenues, one
muet be able to work as efficiently as possible. At the achool
aystem where 1 teach chemistry we have seen a drastic de-
crease in funds, resulting in many changes. Therefore, the
teacher must be able to work smarter, rather than harder.

Several years ago, I purchased an Apple II computer with
an Epson MX-80 printer. Since I had programming experi-

ence, adapting to the Apple presented little difficulty for me. -

The personal computer has been the greatest invention for the
- teacher since the chalkboard. It has allowed me actually o
increase my efficiency without compromising quality, How-
ever, one must be careful to do only tasks with the computer
that actually result in time saving. Too often, the coinputer
is used to accomplish tasks that can be done better without
it.

Gradebook

In our school system, student grade reportis are issued six
times per achool year. As any teacher is aware, considerable
time is needed to determine grades and, hecause of the sheer
number of grades being calculated, errors wiil inevitably re-
sult. Therefore, I decided to uge the computer as the grade-
book. This allowed me to compute the grades for all my stu-
dents in a matter of minutes. At the end of each week, I spend
about fifteen minutes entering scores into the computer.
When the grades are due, I simply enter the grade cut-off
point and the computer determines the grades. Then I have
the grades transferred from the printout sheets to the school’s

- report card sheets by iny student assistant. My actual time
involved in preparing grades is a few minutes, rather than
hours.

Since I have extensive programming experience, I decided
to write my own gradebook program, rather than buy a
packaged one. In this way, I could design the program to fit

my needs exactly. Admittedly, it was a considerable amount

of work, but well worth it. My gradebook program will perform
the following:

record scores

record absences

determine test score averages

determine total points for each student

determine letter grade for each student

determine the number of each grade given per class
allow for addition or deletion of students

permit either screen or printer display (see Fig. 1}
allow for easy changing of information

The records in the program are stored %equentm]ly on the disk.
An added advantage of the program is that a student is able
to determine his or her grade at any time during the marking
period. Therefore, he or she knows how hard to work in order
to improve the grade. Naturally, the program must have a
security system that will permit the student to check only his
or her grade, not change it. ] use a password syatem that pre-
vents the unauthorized modifying of grade records. The
password uses control characters which cannot be seen by
listing the program.

Chemisiry Laboratory

The microcomputer is also very useful in t.he laboratory.
Too often, the student simply performs the experiment, rec-

HANE ABSENCES  POIATS "~ BRADE
ADANS & q 243 ' A-
DGE & 9 217 B~
GARY R 2 F&H A
JONES ® ! 194 E
HILLER R 4 25

FHILLIPS F 2 203 : C+
SHITH J 3 240 B+
TAYLOR & £ 198 C
WHITE B 0 211 C+

SUMMARY TABLE

e i e

- 2
B-- 3
C--4
i-- 0
E-~ 0

POSSIBLE PDINTS ~- 263
FAILING POINT ~-- b0 X%

BRADING SCALE

i+ 235 - 263
A 249 - 54
A~ 241 - 247
Be 232 - 240
B R -23
B- 212 -
C+ 201 - 21§
C 196 - 200
C- 179 - 189
bt 1# - 177
D 144 - 170
D- 137 - 143

FAILING SCORE - &0 %

Figuwe 1. Sample prirtout nf computer gradebook,

ords data, and has no idea if the experimental results are
correct or not. The student generally does not learn whether
the experiment has been done correctly until the graded ex-
periment write-up is returned. Therefore, I have written a
number of programs that wiil permit the student to check his
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or her experimental data right in the laboratory. The student
performs the experiment, enters the data into the computer,
and then the computer informs him or her whether the data
is good. ¥ it is not, the student knows to repeat the experi-
ment. Since I began using the computer in the laboratory, the
work of my students has improved considerably.

I have also attempted to have the student first type his or
her name before entering any data. The idea was to record the
student’s name and data, use the computer to calenlate the
experimental results, and save afl this information on the disk.
When checking lab reports I would be able to recall the in-
formation from the disk, and then cotpare their calculations
with the computer’s. This should make lab report grading very
easy. However, it has not worked out that way. 'The problem
is that there is only one computer available and lab periods
are only one bour long. Most students have no typing skills or
computer experience. A non-typist may require several min-
utes just to type a name. I was finding that most of the stu-
dents were niot working at their lab stations, but waiting to use
the computer. Having more computers available or mere lab
time would help to solve the problem,

The computer also can be used te gimulate experiments.
This is especially appropriate in cases that require special, or
expengive, equipment or chemicals. One such simulation
which I bave written is adapted from the classical pressure-
volume experiment.! After the student types hig or her name,
the computer graphics show the apparatus (Fig. 2). Pressing
the return key changes the applied pressure, which causes the

corresponding volume change. The computer will randomily .

generate different values for each student; therefore, each will
have different experimental data. In addition, the computer
will calculate the correct experimental results and record this
and the students” names an the disk, making it a simple matter
to retrieve the information and compare with the students’
results, _

Students are required {o show their calculations in their lah
reports. However, by encouraging them to check their calcu-
lations with the computer’s, they will be able te investigate
their mathematic computations and hopefully remove any
errors before submitting tbeir reports, The programs ] use do
not show the students how to perform the calculations but
stmply provide them with a computed result.

Because of the very easy access to the Apple’s input ports,
it is a relatively simple matter to interface it with laboratory
instruments. Usually ali that is required is an analog-to-digitat
converter, A-to-I) converters that fit directly into the slots can
be purchased for about $100.2 A less-expensive alternative
would be to use the analog inputs in the game controls.’ One
apphication of interfacing would be to provide a digital readout
of analog devices, such as a Spectronic 20. It is very eagy for
students to read absorbance incorrectly because it reads
backwards on the meter; however, they can check their meter
readings with the digital readings displayed on the computer.
It is also possible to save the experimental results on disk to
check the students’ results.

The computer can be used for pre-lah quizzes I have found
that most titration errors involve reading the buret, and,
therefore, | designed a quiz that will simulate a buret {Fig. 3).
The volumes are selected randomly by the computer. If the
student has read the buret and answered two questions cor-
rectly, his or her name will be stored on the disk. I can then
determine whe has passed the pre-lab quiz and is therefore
ready to perform tbe experiment in the laboratory.

A modem allows one computer to communicate with others

' Dialz, P, Tellofsen, R., Parry, R., and Stelner, L., “Chermistry Ex-
perimental Foundations: Laboralory Manual,” Prantice-Hail, Englewood
Clitfs, New Jorsay, 1975.

2 John Ball Englneering, inc., 1014 Center Street, San Carlos, CA
24070,

3 Daininger, A., and Berger, C., InCider, 74 {January 1983},
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uging the telephone line, which enables one to contact chem-
ical information services such as CAS ONLINE. A very
valuahle exercise is {o have the student perform a compound
search using this facility.

Communicating with the Student

When writing programs for student use, one must. realize
that very few of them have any computer experience. The
simple instruction “ENTER NAME” will confuse many of
them. It would be better to use “TYPE NAME, THEN
PRESS RETURN.” Also, the numbers one and zero are
confused with the letters 1 and 0. Numerous error-trapping
routines are required. After the students enter their data, one
must make provisions for the correction of errors. I uge the
statement:

CHECK YOUR DATA. IS IT CORRECT {Y/N)?

The problem that arises is that some students wilt type “Y”
and others will type “YES.” Therefore, the program should
only look for the first letter, Also, some students will type “T*
or another letter. The program should be able to handle this
problem.

There should be n no provision for exiting the program other
than by special commands known only to the instructor or by
turning off the computer. Assume that a student has finished

Record the volums in
your notebook. Then

press ‘RETURN’ 1o
] Blace the next book
n the sg_rlnge

BOK 3

=35

=38

=20

£15

Z1p

=5

Figure 2. Preasure-volume simutation.

~=5  Question 1

What iz the buret reading
in nl? '

illi{;il!l

lillilill
e
La ]

]
e
=3

Figura 3. Thratlon simulation,



his furn at the computer, and the foliowing instructions appear
on the screen:

{1} PRESS {RETURN} FOR ANOTHER SET OF DATA
{2) PRESS (E) TO EXIT PROGRAM

Option {1} should be selected so that another person can use
the computer. However, since most studenta have no idea of
what exit means, they will select this option when done, The
instructer will have to reload or rerun the program. On the
other hand, there are the hot-shot programimers who like to
get a ligting of the program and then change the commands,
Therefore, if possible, disahle the reset key.4

Database Syslem

A database program is similar to a computerized index card
system. It will store information for easy retrieval. There are
many database programs available. Examine several before
making a decision.

One use for the database program is atockroom inventory.
Since we have a large chemical stockroom, computerization
seemed the logical choice. One can have information con-
cerning the name of compound, class, amount; etc. One of the
features of database systems is their ahility {o sort and search.
I one wants to know what bases are available in the stock-
room, the computer can be instructed {o search the base
classification and al} these compounds will be referenced.
Another advantage of the computerized stockroom is that one
has instant access to the chemicals that are availabte. Since
I do not have an office in school (it wag converted into a
classroom), ali my reference books are at home. If I find a
promising experiment that I would like to try, I can easily
check my computer listing to see if the required chemicals are
availahle.

Another use of the datahase program is to record student
data, such as home phone number and hook number. i a
student leaves his book in class, I simply have the computer
do a search to find the owner. Also, one can keep a permanent
grade record of the students. One problem with the database
program is that a considerable amount of time is needed to
record ali the information. It is very helpful if one has a stu-
dent agsistant who is able to type.

When selecting a database program, be certain that it uses
machine language for sorts and searches. The first program
tried did not, and an hour was required to sert 175 chemieals,
My present database program can accomplish this task in a
few seconds using machine language.

Word Processing

The term “word processing” is computerese for typing. The
word processor is probably the most used progam that I have.
With it I can write letters, tests, and experiments and edit
them as needed. Once satisfied with the document, I can have
it printed out. The document can also be saved on disk if I
desire.

Since fam noi. able to purchase texthooks for my organic
chemistry class, I must generate most of the written materials
used, The word processing capahility of my computer has
proved to he a valuable resource, eapecially when I am pre-
paring leb experiments. Once I type them, they are saved on
disk and updated as needed each year.

¥ like to give my students as many practice problems as
possible, and i seems they are always asking for more. To
handie this demand, I prepare a master worksheet using the
word processor, and need only to add new data to produce any
subsequent worksheets. For example, if I am writing a mo-
larity practice sheet, 1 typically vary only the names and
amounts of the given substances.

The same technique can be used to write tests. I had found

- even before | began using the word processor that my tests -

follow a similar pattern year after year. Thus, with the word
processor, I have freed a considerabje amount of time that can

be used more productively elsewhere. I typically take an oid’

test and make numerical and nomenclatural changes. Thus,
the main body of the test remains the same; this is especially
useful for preparing makeup exams,

There are several features to look for in a word processor,
First, there must be provision for subscripts and superscripts.
Without this ability, it is difficult to write formulas or expo-.
nents; however, it may be inconvenient to use these features
because special printer codes are reguired. My word processor
uses the ESC key for upper case, and contro} keys for sub-
scripting and superscripting. Writing the formula for sulfuric
acid uses the following key sequence:

ESC H CTL B ESC 4 CTL B ESC ESC S CTL B : 2 CTL
B ESC 5 ESC S ESC 0 CTL B E3C 4 CTL B ESC ESC H
CTL Bt 4 CTL B ESC 5

It is hardly worth the trouble,

Secand, the screen display should indicate exactly how the
docurnent will appear on the printed page. One must know
where the marging and the end of the page will be. When I
write a question on a test, I leave space for the calculation and
answer, Therefore, | must know exactly how it is formatied
and where it will be on the page.

Next, it is very heipﬁd if ane can see an entire line of text.
Since my computer has only a 40 column dispiay, and the
printer 80 columns, this could he a disadvaniage. There is
hardware available that will give an 80 column display but this
is often expensive. My solution has been to purchase a word
processor which uses the computer’s hi-res graphics to show
70 columns and lower case. I have been using the Magic
Window II word processor by Artaci and have been extremely
pleased. My only complaint is that it is protected software; it
is not possible to make a back-up copy of it. The company does
offer a liberal warranty, but if for some reason I accidentally
damage the disk, I wili not be abie to access any of my docu-
ments unti! a replacement disk arrives.

To print numerous copies of any one document it is neces-
sary to make dittos because we do not have access to a pho-
tocopier. There is a problem, however. A dot matrix printer
does not impact hard enough to make a ditto. Thermofax®
dittos of the original can be made, hut this does not always
produce a clear copy. Therefore, to get around this problem
1 make a ditto using a Thermofax® master directly in the
printer. In order to obtain best results I use both the double
atrike and emphasized printing modes. In addition, I remove
the printer ribbon se that the pins strike directly on the
Thermofax master,

One final problem is that my printer is tractor feed only, and
Thermofax® dittos will not pass through. One sotution is to
tape the ditto to the paper. A bétter solution is the purchase
of a Paper Porter.? This is a plastic sleeve carrier that will
allow regular paper or dittes to go through the printer.

VISICALC®

The VISICALC® program is an electronic spread sheet. It
can he used to make forecaste or projections as well as store
data. We have used the program to perform calculations with
large amounts of data. A number of teachers use this program
for their gradebooks. Recently, we have used Visicalc® for
contract negotiations. The current salary schedutes were
placed in the program; then, using the projection feature of
the program, our school system conld see how the values would
change if certain percent pay increases were granted. The
administration may want to use Visicale® to make projections
of student counts, costs of utihities, etc. Visicalc® is probably
one of the most important programs ever written for the
computer.

I have described a few ways in which the mlcrocomputer can
be helpful to the classroom teacher. I would never want to be
without one again.

4 Softalk, 44 (March 1983).
5 Beslina Services, 57 18 Ponderoza, Stevensvilte, M| 48127,
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The Basic Elements of Wrmng a Scientific Paper:

The Art of Sclentmc Style

Carol Potera?

Efeanor Roosevelt Institute for Cancer Research, 4200 East Ninth Ave., B-128, Denver, CO 80262

Winston Churchill is reported to have said of literary crities
who insisted that sentences never end in a preposition {1},
“This is the type of arrant pedantry up with which I shall not
put.” This historic exampie of what is and what is not con-
gsidered proper in good writing applies to technical scientific
writing as well as other, more literary forms of communication.
For those who do not write regularly, the experience can he
intimidating. Knowing what is important and reviewing some
common pitfalls of science writing at the outset is always
helpful.

Scientific writing is a form of Wntmg called expository. Its
primary goal is to explain, Implicit in any expository writing
is angther goal: to persuade. The two go hand in hand, for it
is hard to explain a scientific fact without taking a position on
it. The goal, then, is both to have your readers understand you
and to convince them that your interpretation of your data
is the only correct one.

Correct and Concise Usage: Less |s More

Good writing beging with a profound respect for words, their
precise denotations, and their connotations. Do not use three
or four words when one will suffice. Every word of every sen-
tence should work for maximum efficiency to achieve clarity
and brevity, What looks [ike a natural gift to write is really
great persistence, compulsiveness, and discipline. _

Along with brevity and clarity, accuracy is the third element
of good scientific writing. The words “scientific” and “data”
themselves suggest knowledgeable, documented, and orga-
nized informaticn, Any manuscript should be written with the
goat of its becoming a permanent and accurate record in the
scientific hiterature,

Organization and Continuity

Good scientific writing, thern, is direct and definite. It
demonstrates confidence and inspires confiderice in your
readers. Weak writing, on the other hand, reveals uncertainty.
One serious fault that weakens the reporting of careful sei-
entific work is the Iack of organization. Results reported in a
disorganized ranner take more time to mterpret thdn readers
are willing to spend. Without a well-organized presentation
of the data, years of work and money may be wasted.

For good organization, effort is reguired. For any subject,
interrelationships should be addressed and then recapitulated
as they relate to other elements. Transitional aentences, which
bridge thoughts, are ofien missing in poorly written pieces.

Inherent in good organization is continuity. Kvery sentence
shouid connect the one preceding it to the one following it.
Often neglected are explicit. connectors that signal to the
reader that the direction of the argument is changing, heing
paralleled, or being contrasted to an earlier one. The signposts
to use in these cases are confunctive adverbs or brief transi-
tional phrases that gignal the thought coming next. The fol-
lowing list offers a variety of choices for creating continuity
and greater precision. Use them often.

This is publication no. 388 from the Eleanor Roosevelt Institute for

Cancer Research,
1 Present address of author; Health Data In'tamatlonal P.C. Box 2400,

Ketchum, iD §3340.
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above all in particular
accordingly instead
and so in summary
again likewise
also MOTEOVEr _
hesides * more specifically
but nevertheless
consequently - nonetheless
finally : on the other hand
first rather
for exampie second
for instance simifarly
furthermore 80
hence still
however then
in addition therefore

" ity conclusion thongh
indeed thus
in fact 1o sum up

vet

Specific Parts of Scienilfic Papers

Science writing is.a unique process because scientific papers
consist of specific elements that include the title, introduction,
methods, results, discussion, conclusions, summary, and
bibliography. Do not underestimate the importance of the
title. It is a clear statement of the paper’s content and contains
key words that will be indexed for information retrieval ays-
tems.

The introduction gives the necessary hlstorlca] perspectlve
and then states why the work was done. It should seize the
attention of the readers and emphasize the drea of interest.
Often the introduction is more effective if it is written last.

Unfortunateiy, the structured methods and results are often
written as rote copies of previous, similar works, This can re-
sult in incongruities between these two complementary sec-
tions. The important point is to give the reader enough ac-
curate information to aliow a good understanding of how the
work was done and what the results were. _

In the discussion and conclusion, it is necessary to return
to the argument you planted earlier in the introduction. Your
readers cannot be left seeing the trees but no forest. A com-
parison of your work with others’ and explanations of simi-
larities or discrepancies form the discussion, which moves to
a logical justification and eonclusior of your paper.

The writing of a summary follows easily. The summary is
composed of highlights of each preceding section, and though
it often appears first as the paper’s abstract, it is best written
iast.

It is hoped that your readers will respond intellectually to
your informatiox, D:sa.greement with you¥ conciusions is far
better than disinterest in ideas that are not c]early enough
stated to be understood. The goal of slt writing is to get a
message across. A well-written paper is a pleasure to read and
a great satisfaction to the seeker of scientific information.

Common Pitfalls

The hardest step for most writers is gettmg past the first
draft. One must be able to say, “This wonderful creation of
mine still needs wotrk.” Compulsiveness is a trait of good
writers. When you think that ¥ou have a finished product, go
back over it several times to check the specific points outlined




below which 1dentl.fy some of the most common errors and
weaknesses.

Read your manuscript through once, looking exclusively
at your subjects and verbs. Are subjects and verbs matched
for singular and plural forms? Check that verb tense and form
denote conviction instead of doubt. Do not use constructions
like “appeared to be™ and “can be seen to” if verbs like “oc-
curs” and “shows” would stale the same ideas. The latier not
rm]);] result in more decisive stafements but also use fewer
words,

Nexi read through your manuscript checking to see that
each procedure described in the methods section was actually
performed and reported on in the results section, At the same
time, compare every figure and iable o the statements at-
tribuled to them in the text. Make certain that the text fully
describes these illustrations. In addition, captions for figures
and tables should stand by themeelves as brief explanations
of such visual representatives of the data.

Recall that brevity and clarity are eszential, Do not use three
or four words where one will suffice. Why say “in the event
that” ingtead of “if”; “on the order of” instead of “about™; “for
the reasom that” instead of “since”; or “one and the same”
instead of “the same"? '

Finally, check the cited references to insure that they ac-
tuaily contain the material attributed to them. Do not rely on
references from similay papers. Typing errors are very com-
mon among the numbers used i in blbhogl’ﬂphlcal informa-
tion,
0Odds and Ends

" What follows is a catch-all of various stylistic and proce-
durat items that particularly plague science writing.
Punctuation

Semwotnns A semicolon replaces 4 connecting word like
and” and can be replaced by a period; it is not a substitute
for a comma. {t is often used to combine two or more related
independent clauses. Another common use of the semicolon
is to separate items I a series. This is not a violation of the rule
that each part must be a complete sentence; the form may be
viewed as élliptical, the missing words being understood. The
writings of Mark T'wain and G. B. Shaw abourid with semi-
colons. Anillustration of the use of semicolons in good scien-
tific writing occurs in the paragraph below (2) in which the
words “These hybrids have beer used for” are understood as
a common prefude to each plirase separated by semicolons:

In this paper I review newer experimental developments in our

laboratory, which are based on development of auxotrophic and
other mutants of mammalian celis and the construction of a se-
ries of hybrid Chinese hamster ovary {CHO) cells containing sin-
gle, or small numbers of, human chromosomes, These hybrids
have heen used for genetie, biochemical, and differentiation anal-
ais of ceff surface macromolecules; regional mapping of particu-
lar genetic markers; an approach 16 bicchemieal understanding of
the human aneuploid diseases; a new method for detection of en-
vironmental metagens and carcinogens; and an amalgarmation of
somatic cel} genetic techniques with those of recombinant DNA
in grder to devise a new method for mapping the human genes,
which promises wide appiication and high resolving power (2).

Commas. Insert a comma where there is a light natural
pauge. Reading aloud your words is the best way to determine
this. Conjunctive adverhs and signpost expressions like
“moreover,” “therefore,” and “on the other hand,” must be
set off hy commag both before and afier if they occur in the
middle of a sentence. Never connect two independent clauses
by a comma; use only a semicolon.

Colons. The colon, like the semicolon, joins related
thoughts; however, it is used only when the first thougbt in-
troduces the second. Any colon used properly can be replaced
by “that is” or “nameiy

Abbreviations
Abbreviations that have not become standardized must be

defined the first, time they are used in your text. Some well-
known abbreviations that are generally acceptabie but
commonly misused, are given with their full meaning:

e.g., exempli gratios, for example~Use commas before and
after and periods after each letier of the abbreviation.

etal, etalii,and others—Since “et” is a complete Latin word,
do not use a period after it. The second word is abbre-
viated, and a period must foflow it.

ie., id est, that is—As with “e.g.”, i.e. mugt be set off with
commas before and after and periods after each letter.

viz., videlicet, namely—Also set Lhis off with commas before
and after,

Some Commonly Misused Words

Affect—effect. “Affect” is commonly used as a verb that
means o influence and less commonty as a noun that means
an artificiality. “Effect” is used commonly a8 s noun to mean
the result or outcome and less commonly as a verb that means
to cause or to bring ahout.

Cansensus. Itis redundant to use the phrage a “consensus
of opinion” because conisensus means a collective opinion.

Criterion—Criteria. Criterion is singular; criteria is plural.
Other related words are medium-media, datum—-data, and
stratum-strata.

Different fmrn-f)sﬁ‘emnt than. The preferred prepoaition
after different is from; however, different than is acceptable
if it avoids a wordy clause.

Factor. This word resonates with scientific overuse; its
synonyms—eiement, ingredient, and component—-»are und-
erused,

First-Firstly, “First” is a genuine adverb itself and should
be used without the suffix “-ly.” “Second,” “third,” etc., fall
into-thiz same category. -

Imply-1 nfer If an author implies sémething in his paper,
something is hinted at; the reader infers or understands the
‘hint.

Like-As. In formal usage “like” should be used only as a
prepoaition. “As” is acceptable as both a preposition and a
conjunction. ' :

Only. Make sure “only” ig placed immediately hefore the
word it is intended to modify.

Principal-Principle. A rule or truth is a principle and it is
used only as a noun. Its homonym, “principal,” isa noun or
adjective and means chief or Jeading. -

y Revert back. Simply use “revert”; “revert back” is redun-
amt.

Reason is because, “Because” means *for that reason®; this
is & common redundancy.

Thus—Thusly. “Thus” is an adverb by itself and needs no
suffix.

Unique. There is only one of a kind of a unique thing. “Most
unique,” “very unique,” or “rather unique* events do not exist.
Use “unusual” or “rare” in place of these incorrect terms.

Everyone can develop skill in the use of language that
conveys scientific information in a meaningful, persuasive,
and understandable manner. It is an accomplishment that is
learned and that grows by paying attention to good writing
to see how these skills are used to their fullest. None of these
learned skills are intended to conflict with an individual’s
writing style, which is a unique porirayal of the author's per-
sonality. A natural writing style is the best and most plea-
sirabie to read; such a style comes only with practice and a
desire to improve your writing. Two guotes, one front a sci-
entisi and the other from a well-known literary figure, sum
up these ideas approprlately.

.When we encounter a natural siyle, we are astonished and de-
fighted; for we expected to see an author, and we find a man,

Pascal {3)
Interviewer: How much rewriting do you do?

Hemingway: 1t depends, § rewroie the last page of Forewell fo
Arms thirty-nine times before 1 was satisfied.
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" Interviewer: Was there some technical problem there? What was
it that stumped you?
Hemingway: Getting the words nght

Ernest Heminguway
interviewed by George Plimpton {4)

Literature Clled
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{2) Pk, T. 'T Control of Celiulsr Division and Development; Part D, 353 {1981}

(3} Pagcal, “Pensces,” Section I, no. 20,
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Scenarios in Science

Sharon J. Sherman and Alan Sherman
Middlesex County College, Edison, NJ 08818

Many students who are nonscience majors are enrolling in
science courses today at both the high school and college levéls.
These students are interested in learning more than science
history and fact. They want to know how science and tech-
nology are affecting them now and how it will affect them in
the future. A technique that we have employed while teaching
nonscience majors a$ our school involves the use of scenarios
as introductions to the topics under discussion. These scen-
arios are sometimes biased and may take either a pesitive or
negative view of thé subject mattef. Most important, the
scenario gets the student involved in the topic and sets the
stage for an in-depth discussion onée a particular chapter in
the course has been covered.

Here is our suggested method of operation. A scenario is
presentéd to the student in hand-out form at the time that a
new topic is introduced. The majority of students have not yet
begun to read the assipned chapter. A short discussion of the
subject matter follows and students are allowed to ask ques-
tions pertaining to the topic. On many occasions it becomes
appsrent that the students are not familjar with the suhject
matter and are not able to discuss the izsues raised hy the
scenario. The students clearly see the need to read the text
assignment, as wel} 65 any supplementary material available,
and attend the lectures so that they will be able to participate
in an in-depth discussion of the scenario upon concluston of
the topic, .

What follows are emmpies of three scenarios that we use
in our nonsciénce majors chemistry course. The first scénario
is entitled “New Bodies for Old.” It is used as an introduction
to the course when discussing the impact of chemical science
and chemical technology in today’s world. The second scenario
is called “The Day We Lost New Jersey.” 1t presents a
somewhat biased view of nuclear energy and serves as an in-
troduction to the topic of nuclear energy and nuclear power.
We must point out, lest wé offend the propenents of nuciear
power, that although this particular scenario appears some-
what one-sided, it is quite successfu} in getting the students
involved in the subject matter. A well-balanced view of nuclear
energy is presented in ciags. When students have read the
assighed material and attended lectires, they have sufficient
information to allow them to make their own dec1slons re-
garding nuclear power.

The third scenario entitled “Starting Off Right” is used to-

introduce the subject of food chemistry. The scenario deals
with the topic of infant formula versus breast miik. As you
read these short scenarios, keep in mind their main purpose
which is to whet the student’s interest and foster involvernent
in the subject matter.

Scenario: New Bodies for Old

The vear is 2050, During the first fifty years of the 21st
century science and technology were used by the governments
of the earth to improve the quality of life on this planet for all
people. It was the year 2000 when the major powers on this
planet agreed to stop spending billions of dollars in weapons
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of war and destruction and decided instead to pool their
knowledge and wealth to improve the human condition. Many
of the problems that plagued human society in the late 1900’s
were brought under control by 2025, Programs to stabilize
population growth and produce adequate food for those living
on the planet were becoming effective. Medical science, as well
ds the natural sciences such as biclogy, chemistry, and physics
reached néw frontiers, _

However, it was the discovery in this year of 2050 that was
to bring startling news to the scientific community, Scientists
end engineers had transplanted the brain of an individual into
an artificial body. The new body had the appesrance of a
human being and functioned in a completely humanlike
manner. The transplant had been a succesa 'The ramifications
of thiz event were awesome. "This new bc-dy would not age and
would last 200 years!

Scenario: The Day We Lost New Jersey

1t is a bright, sunny day in New Jersey on Aprit 5, 1990, New
Jersey has grown through the years to become a major in-
dustrial state in the northeast; a state that consumes a tre-
mendous amount of industria] power. Almost 80% of this
power is supplied by ten nuclear power plants iocated either
in the gtate or surfounding it. Two of these power plants are
off the eoast of Atlantic City, built on manmade islands in the
Atlantic Ocean, New Jersey is not a state that is prone to many
natural hazards, Tornados, hurricanes, and edrthqualkes are
irifrequent. That is why it came a8 such a complete suprise
when on this day a major earthquake hit the state, sending
shock waves from Boston to Virginia Beach, The quake was
as strong as the one that devastated the city of San Francisco
in the early 1900's. However, in New Jersey the results were

more devastating. The earthquake demolished numerous -

buildings and toré up many roads. The quake was centered
on the central Jersey coast, not a highlty populated region.
Large numbers of peopie were not killed by the initial devas-
tation. The problems arose with the four nuclear power plants
located just off the coast and with those located on the coast
of the Jersey share.

Although these plants were supposed to be earthquake-

proof, they were not strong enough to withstand the power of .

this quake. Sections of these power piants broke away. Cooling
systems weré lokt and the atomic cores heated to meltdown.
Radiodctive clouds of steam were diapersed into the atmo-
sphere. Offshore breezes hlew the clouds across the state.
Tens-of-thousands of New Jersey residents died of the effects
of this radiation and tens-of-ihousands more were to die of
radiation-linked diseases.

Scenario: Starting Off Right

It is the year 2010; a step into the 215t century A baby has
just been born and hes been given to her inother to be fed. The
baby is being hreast-fed and a natural process is taking place
once again. The mother is relaxed and comfortable and the
baby is being weil nourished.



Toward the end of the 20th century, during the last few
decades, a trend toward artificial feeding of infants was seen.
In the industrialized countries of the world substitutes for
breast milk became easily available. Millions of mothers gave
their infants formulas made from pasteurized cow’s milk.
These babies showed a fine pattern of growth and weight gain.
But experts learned that breasi mitk was better. It provides
the infant with some forms of immunity to disease. It is more
easily digested and it rarely causes an allergic reaction. Breast
milk also contains a natural laxative.

Problems arose with artiftcial feeding in many of the Middle
Eastern and African countries and in South and Central
America, as well. Largely as a result of commercial advertising,
urhan women of these couniries abandoned breast-feeding
and swtiched to milk formulas. In the absence of absolutely
safe drinking water, good sanitary conditions, and refrigera-
tion, baby formulas sometirnes hecame cartiers of common
infections. This caused several diseases which were once seen
mainty in older chiidren 1o be seen in infants, Re-education
of the population as to the values of breast-feeding reversed
this trend. Even an undernourished mother is abfe to produce
400 to 600 ral of milk daily for her child. In the year 2010, this
is the more advisable method of feeding infants throughout
the world.

Using the Scenarios

After reading these introductory scenarios, the student
realizes that in order to understand and discuss a science-
related issue, the scientific concepts behind the issue must be
studied. At this point the instructor begins the lecture mate-
rial, The six basic questions-—who, what, where, when, how,
and why-—will be answered in the lecture and lead tn an un-
derstanding of the topic. The instructor must be careful to
point ottt to the students that their opinions must not neces-
sarily agree with the view presented in the scenario. The

thumbnail sketchers

scenarios are in many cases one-sided, and designed specifi-

cally to promote discussion. After studying nuclear power it

might be a geod idea to plan a nuclear power plant discussion

session. Students can cheose or be assigned pro-nuclear or.
anti-nuclear sides. They then present their views in a debate

or planned discussion session, Students will see that the group

armed with the greatest amount of research material and facts

will be able to argue a stronger case. Students might also try

to write their own scenarios to demonsirate another point of

view on some of the other topics.

There are several uses for this teaching toof in acience ed-
ucation. It ean be the basis of a one-semester course at the high
school jevel called “Decision Making in our Technological
Age.” Here students would be presented with the varicus
issues facing us today and learn how to evaluate these issues.
Another use at the high school level is the application of this
technique to add relevance to the topics studied in science
class. After scientific principles are learned, the instructor can
point, out the applications of these scientific principles and
discuss the issues which have developed as a result of these
technological advancements. Finaliy, we use this technique
in our college leve! nonscience majors course to introduce and
motivate students in chemistry and teach ahout the deci-
sion-making process.

As we progress in the area of science education it is clear
that seience courses for nonscience majors and high school
students which present only science fact are not sufficient.
While understanding concepts is central to learning and un-
covering hew information, the effect of science on humanity
is of gignificance. The students of today who will be the leaders
of the future must have a clear picture of how scientific dis-
coveries can affect ug both positively as well as negatively.
Only in this menner will they be able to make logical decisions
based primarily on fact and not on emotional persussion.

edited by
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Coflege of New Rochalle
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Is Sugar from Sugar Beets the Same as Sugar
from Sugar Gane? '

W. Conard Ferntlius

Herm State University
Kent, OH 44242

At the beginning of this century when the beet sugar in-
dustry in this country was relatively young, there were those
who insisted that cane sugar was different from and superior
10.beet sugar. Chemists took no stock in the arguments be-
cause to them it was obvious that a pure compound was the
same regardless of the source. Nevertheless, it actually is
possible to tell whether a given sample of sugar came from
cane or from heets by means of a mass spectrometer, an in-
strument now in common uge in most laboratories, since the
ratio of isotopes of carbon Y3C to 120 is different in the iwo
kinds of sugar. :

These two stable isotopes of carbon rormaily exist in the
ratio 1.104 to 98.892. (For present purposes we can forget
about the minute amounts of 4C whose weak radicactivity
makes carbon dating possible.) In the products of photosyn-
thesis the ratio of 13C to !2C iz slightly less than their ratio in
the COs of the atmosphere, Such isotopic selectivity is known
for many reactions. However, the conversion of CQs to ear-
hohydrates in plants takes place by two routes: the familiar

Brief descriptiona of phenomena, topies, and fatts which chemicat
educators have lound to be of interest in thelr 1saching, are presented
in & “note type” formai throughout the JGURNAL.

path involving the three-carhon intermediate phosphoglye-
erate (1), and a more recently established path involving a
four-carbon dicarboxylic acid intermediate {2). Plants are
divided rather sharply into two classes, designated C; and C,
according to the number of carbon atoms present in the
photosynthetic intermediate. The selective rejection of 13C
is greater by the C3 pathway than by the C, pathway (3). If
613C equals the difference of the ratie of 13C to 12C, times 1000,
in a sample and the ratio in a reference standard marine car-
bonate, then 629 for atmospheric carbon dioxide is —7, the

_average for C; plants is —26.5, and for C; plants, ~12.5. Now,

sugar beets are Cg plants and sugar cane a Cy plant. So a mass
spectroscopic examination of the products of combustion will
indicate the source of the sugar.

Since bees gather honey from C; plants and corn syrup
comes from C, plants, a measurement of the }3C/12C ratic of
a sample will show whether it is pure honey or one dijuted with
low-cost, high-fructose corn syrup (4}, Similarly, knowledge
of the ratio will indicate whether a glass of orange juice is the
real thing, which has a large negative shift in "C/'2C, or a
synthetic one made from orange pulp, artificial flavoring, and
high-fructose corn syrup, with a smaller negative shift in
B0 (5}, Archaeologists are even using 012 values of bone
collagen to reconstruct the diets of ancient man (3, 6).
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Peroxides Gan Be Tr&achemus

Miriam C. Nagel

Avon High Schooi
Avon, CT 08001

Peroxides are unstabie; shock-, thermal-, and friction-
gengitive compounds whose sensitivity increases with con-
centration. Organic perexides are all highly flammable. High
school teachers need to he aware of the possihility of peroxide
formation in aging organic solvents and stored alkali metals.
A peroxide present as a contaminant in a reagent or solvent
can change the course of a planned reaction” (7). That change
cah be a violent explosion.

In normal oxides each oxygen atom has a —2 oxidation state.
In peroxides two oxygens form a nonpolar covalent hond with
a net —2 oxidation state (2). The oxygen linkage (—0—0—)
of the peroxy group in some organic compounds is actually
useful when properly handled. The {(—0—O0—) bond splits,
producing free radicals which can initiate polymerization, This
instability makes them useful in polymer industries (3}, But
industrial settings are far removed from first year chemistry
courses. Some peroxides are 30 sensitive they have no com-
mercial value.

Different peroxides vary in their degrees of hazard de-
pending on the structure of the compound and the concen-
tration of the active oxygens. Dangerously reactive peroxides
can build up in old solvents such as diethy! ether and isopropyl
ether, Half-empty containers of ether can form treacherous
peroxides from autooxidation. Peroxides of this type.are more
shock sensitive than TN'T. Any purchase of ethers for use in
a high school has to be questioned. Where the high school
needs to be especially concerned is in the accumulation of
unwisely purchased solvents such as ethers, or atkali metals
such as potassium, in which dangerous peroxides could be
accumulating.

Even hydrogen peroxide shouid he handled with extreme
care, particularly the 30% solution commenly found in high

scheol 1abs. Besides being a very strong oxidant, contamina-

tion of the HoO; from metals and metal ions can cause vieolent
decomposition reactions as large quantities of oxygen gas are
generated, Dilute hydrogen peroxide mixed with dilute acetic
acid forms explosive peracetic acid when heated to 110°C.
Hydrogen peroxide mixed with organic matter under scme
circumstances has the same explosive power as an equivalent
weight of TNT {4).

One high school chemistry teacher inherited a bottle of
cyciohexene that had been in the stockreom for at least a
decade. The teacher, new to the school, noticed crystals in the
bottle and suepected peroxide formation. The problem was
reported to school authorities. After some persuasive con-
versation, they took the prohlem seriously, A phone call to the
state police was made to have the bottie removed, The police
checked with chemical safety experts and were convinced of
the hazard, When scheol was not in session, the police re-
moved the bottle with the same care as a suspected bomb
).

““Safety Tips™ presents safety information and praclical suggestions to
magt the special needs of hiph school chemistry teachers. Ris also a
farun in which teachers can share their experiences and seek solutions
1o safety related problems, )
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On the guestion of possible unstable, unwanted peroxide
contamination of a reagent, cne is wise to err on the side of
safety. There are tests that will detect the presence of perox-
ides. However (6),

Any suspect material will be in some kind of container, If there is
a deposit of sensitive peroxide in and around the cap of that con-
tainer, the act of removing the ¢ap-—in order to ohtain a sample -
10 test for the presence of peroxide—may initiate the detonation
of the peroxide, This test, though reliabiy positive for the pres-
ence of peroxide, yields undesirable results. Therefore, a first
principal policy statement:

If I think T ought to make & test for the presence of peroxide
then | have already kept if too Jong; instead of testing 1 should as-
sunte as certain that unstable peroxides are present and dispose
of the material in a suitable manner.

Life would be much easier if there were a list of peroxide
formers and reliable information on how to store them safely.
Unfortunately, the problem is too complex for the simple so-
hations. CHAS Notes (7) offers some suggestlons on potential
perexide fermers, One such list includes organic compounds
with these structural components (examples are illustrative,
not definitive):

ethers, acetals, secondary
alechols, oxygen
heterocycles

olefins with allylic H, terpenes, .

- . tetrahydronaphthalene
—~—CH, . .
;t!-—- isopropyl compounds,
onCH o I!I decahydronaphthalenes
w: L
>3=£-—T—- allyl compeunds
H
- X
F?/ haloalkenes, vinyls
H .
>c.—_1?~—1i:=c< dienes
H H '
P ?——CEU—- vinylgcetylenes
H
__.q%ﬁ_%_._m cumenes, styrenes
H
h-?=0 ' aldehydes
H o _
N2 N-alkyl amides, ureas, lacta
_’E T\‘ Y v , 1ACLAMA
H
Other compounds and element.s
alkali metals potassium
alkali meta] alkoxides and amides sodamide
organometellics Grignard reagents

Regarding the problem of storage, as noted above, high
schoo} teachers should carefully weigh the merits of getting
involved with peroxidizable reagents before ordering supplies.
Does the benefit justify the risk? It is hard to imagine any
situation where a safer experiment, a good film, or even a
challenging problem fer the computer would not suffice to



teach the principles involved at the high school level. If
chemicals prone to peroxide formation must be purchased,
limit the order to the minimum amounts reguired. Then,
“store peroxide formers ont of heat and light in closed vesgels,
perferably in the container furnished by the supplier . . | [and]
keep no peroxide formers on hand longer than two menths”
(7.

If a high school teacher has to handie peroxides or potential
peroxide formers, a few cautions for handling them should be

- followed (8):

1) Unused peroxides should never be returned to the container, .

2) Clean up erganic peraxide spills immediately with vermiculiie;
ditute the waste to a conecentration of 2% or less, then transfer
to a polyethyiene screw-top container containing an agueous
sofution of a reducing agent such as ferrous sulfata.

3) Never concenirate by evaporation or distillation.

4) Do not use metol spatulas; instead, use ceramic¢ or wooden

spatulas, This caution is particularly important for those using
alkali metals.

tested demonstrations

5§) Avoid all potential for friction or impact hazards. No
grinding!

6) Do not use giass containers with screw caps or glass stoppers for
slorage. Use polyethylene boities with screw caps.

In a high school lab, where the naiveté of students can make
any experiment risky, peroxide problems are best avoided by

- avoiding the chemicals that can produce them.
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The pressure inside a container with a porous surface can
he changed due to the rate of diffusion of low molecular weight
gases.

Materials
Plastic wash bottle {(250-ml or 500-mi)
Porous cup {such as Coors # 60485 or 70001 or Sargeni-Welch
#5-437550A)
Rubber stoppers and glass tubing
Cylinder of H; or He
608-m} beaker

Procedure

Hook up the wash bottle and porous cup with the stoppers
and glase tubing as indicated in the figure. Filt the wash bottle

. with water, but not so full that siphon action would hegin. A
dye such as methylene biue may be added to improve visibility
from a distance. Fill an inverted beaker with hydrogen or
helium gas. Place the inverted beaker over the porous cup.
Water should “magically” ! begin to squirt from the wash
bottle. Lift the beaker, and it stops. Repeat the procedure.
Empty the beaker of the gas by turning it right side up (you

A

may wish to discuss gas densities at this point) and try it again.
This time the wash hottle does not squirt since the beaker has
air in it.

Problems

The porous cup must be dry. A wet surface slows the dif-
fusion sufficiently to prevent the bottle from squirting. If the
_porous cup gets wet, oven dry it for several hours. Also, if the
water level in the wash bottle gets too low, the demonstration
does not work well.

Hazards
Hydrogen is flammable, Helium is much safer.

Discussion

Low molecular weight gases diffuse or effuse more rapidly
than do heavy gases. (Kinetic Molecular Theory of Gases says
two gases at the same temperature have the same average
kinetic energy, KE = Yome?, so light gases must have higher
average velocities and hence diffuse faster,) Thus, when the
beaker ig held over the porous cup, Hz or He goes into the cup

-faster than the other heavier gases {air) can leave, thereby
creating a positive pressure. Measurements made on this
gystem with a manometer indicate that the pressure mside the
porous cup cap increase by almost 0.25 atm within 10-15 s,
The process described here occurs due to the difference in
concentration of Hz or He on the two sides of the porous sur-
face. The preasure difference between the two sides of the
porous surface should drop to zero after the concentration of
H; or He is the same on both sides. Again manometer mea-
surements verify that the pressure drops slowly to atmo-

-spheric pressure. Within -2 min, 90% of the peak pressure
is lost. If the Hy- or He-filled beaker is removed after it has
been over the porous surface for more than a minute, the
pressure difference is immediately reversed as Hy or He dif-
fuses out of the cup, creating a negative pressure. Air bubbles
are ohserved entering the wash bottle through the spigot. Of
course, in a short time equilibrium wili again be established
and no pressure difference will exist.

* A digression on the difference between “magic™ and a sciantific
demonstration: in magic one tries to daceive the audience by slelght
of hand, but in scientific demonstrations, one uses laws and theorles
1o explain observations. it would be very easy to perform this demon-
stration as a magic #rick If the gas cylinder and its tubing were con-
cealed. :

2 Baikess, R. 5., and Edelson, E., “*Chemicat Principies,” 2nd ed.,
Harper & Fow, New York, 1981, pp. 113—116.
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Chemical Storage of Solar Energy Using an Old colof'

Change Demonstration

- L. Gene Spears, Jr.
Rice University, Houston, TX 77005

Larry G. Spears
Untversity of Houston Downtown, Houston, TX 77002

One of the major problems associated with the utilization
of solar energy as a primary energy source for heating and
cooling is the lack of a practical, efficient means of storing
large amounts of energy after it has been collected (). Below
we describe the results of & student research project that could
be used as a class or group experiment at the high school or
first-year college level to Hlustrate the potential of hydrated
salts for salar energy storage. It involves a demonstration often
used to illustrate the ease with which some transition metal
ions can change their coordination numbers (2). The dem-
onstration requires a solution, containing approximately 10
g CoCla-6H20 per 100 mi. of isopropyl aleehol, that has been
made distinctly pink by the dropwise addition of water.

At room temperature, the pink color of the solution is due
to the octahedral complex, Co{H;0)**, On heating in a hot
water bath, the solution changes to a deep biue color due to
the formation of the tetrahedral complex, CoCly2~. This sys-
tem can be described by the equation

Co{Hz0}?* + 4CF + heat = CoCl,? + §HZ0

Since this reaction is endothermic, it provides a potential
means of storing solar energy via the unhydrated CoCly2~ ion,
On cooling (the reverse reaction), energy would be released
based on the heat of hydration and the specific heat of solu-
tion,

To determine the petential capacity of this system for solar
energy storage it is necessary to know the foliowing: (1} the
solubility of CoCl; in isopropyl alcohol at different tempera-
tures, (2) the heat of hydration for CoCl2~, (3) the specific
heat of the solutions, and (4) the effects of H,(Q and CI~ on the
equilibrivan system. Based on these dats and puhlished data
on solar energy systems and energy use, calculations can be
made to determine the amount of CoCly-6H30/isopropyl al-
coho! solution that would be needed to store the necessary
energy required for a average residence in the United States.
The same procedures may also be applied to other hydrated
salt systems in anhydreus solvents.

The different sets of data needed to complete this project
may be assigned to different students or groups. The only
items of equipment needed to obtain the data are a balance,

constant temperature bath, drying oven, and a visible-range

spectrophotometer. Expanded polystyrene cup calorimeters

can be used for determining the heat of hydration and the:

specific heat. The needed solar energy and energy use data can
be obtained from a number of publications {3).

Experlménlai Procedures

Determination of Calibration Plots
In order to measure the amounts of Co{HpO)g%* and
"CoCl4? present in the test solutions, Beer’s Law plots must
be determined since it i8 necessary to use the Beer's Law ex-

Part of this paper was presented at the Stxth International Conterence
on Chemical Education, Untversity of Maryland at College Park. Augusl,
1981,
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Figure 1. The visible spectra of Go(H;0)%%" and CoCl?,

pressions for a system with two absorbing species (4). A
gpectrophotometric scan of both the pink and blue solutions
indicated a maximum absorbance of the pink complex at 513
nm and a maximum absorbance of the blue complex at 655 nm
(see Fig. 1). Calibration plots of absorbance versus molarity
were made for CoCly?~ &t 513 and 656 nm and for Co{H,0)2t+
&t 513 and 655 nm, using a cell pathlength of 1.0 ¢m, and the
following molar absorptivity values determined (P = pink
complex and B = blue complex)

e{L/mole-cm)
g = 18.0 ap’ = 5.46
ag” = 491 ap” = 0.60

513 nm
555 nm

Since the molar absorptivity constant ag* is very small
compared to ap”?, it can be approximated that at 655 nm

ep = JAass
ag”bp”
However at 513 nm the relatively large value for ep’ requires
that
_Agz—an'be’en
fp=Er—————
ap'bp’
Thus, it is necessary to determine cp before calculating the
vatue for ¢p,

Solubility Determinations

The amount of cobalt chioride which can be dissolved in
isopropyl alcohol solutions would be important to the effi-
ciency of a solar energy storage system; the more that can be
dissolved, the greater the energy storage capacity. For these
determinations twelve solutions were prepared using three
different concentrations of water and heated at four different
temperatures, Large amounis of CoCly-6Hz0 were placed in
each solution to insure saturation. After one hour, the values
for cp and cp were determined from absorbance measure-




L& 2 100% alcahol
o 85% nlcahal/5% H,0
& B0% aloohol/10% H,0

1.3

Log Solubflity {g/i00 ml}

n Log Boly. = 0,031T — 0.24
o Log Boly. = G,038T — 0.87
& Log Boly. = 0,052T —1.33
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Figure 2. Logarithmic plots of the sohubility of CoCla-{H,0s in isopropyl alca-
hol/HzO solullons at different temperatures, :

ments, and then added to obtain the total concentration of
dissolved cobalt chloride. The results of these measurements
are shown in Figure 2.

Determination of Product/ Reactant Ratios

For the reaction in this study the equilibrium constant ex-
pression can be written as

_ _{CoC12}[H,0)¢
7 {Co(H0)62H3CI ]

Due to the difficulty in measuring values for the free water
concentralion in this system, values for the ratio [CoCL&Z}/
[Co{H20)¢?*} were used instead of K.

Effects of Hy0 on the CoCly® /Co{H 0} ratio. Fifteen
solutions were prepared with five different concentrations of
added water and heated at one of thrée different tempera-
tures. After one hour of heating, the product/reactant ratios
were determined and plotted as a function of temperature
(Fig. 3). This data is important since it shows the sensitivity
of the system fo the water content of the solvent.,

Another set of measurements was made at room tempera-

ture to further illustrate the sensitivity of this equilihrium
system to water; For this experiment seven solutions of
varying water concentration and a constant total concentra-
tion of cobalt chloride were prepared and their CoCls?/
Co{Hz0)¢?* ratios determined dfter one hour. The sample
with the highest water concentration was sslected as a refer-
ence and a plot of the per cent increase in the CoCl2—/
Co(H30)* ratio versus the per cent decrease in water con-
centration was made using the other six sets of data {see Fig.
4} '
Effects of CI~ on the CoCl % /Co{Hy0)g?+ ratio. For this
experiment five solutions of varying chloride concentration
and a constant {otal concentration of cohalt chloride were
prepared and their product/reactant ratios measured after one
hour at room temperature. The sample with the lowest chloride
concentration was selected as a reference and a plot of the per
cent increase in the CoCl2~/Co{H0)2* ratio versus the per
cent increase in Cl~ concentration was made {see Fig. b).
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Figiire 3. Effact of temperature and Hy0 on the CoC, 2™ /CoHz0)? T ratic.
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Determination of Specific Heat '

The specific heat describes the amount of heat a particular
solution can absorb. A schution of 0.1 M cobalt chloride in
isopropyt alcohot was selected as representative for this study,
and a double-walled expanded polystyrene, student-type
calorimeter used for the measurements (5). A value of 3.37
J/e/°C was determined.

Determination of the Heat of Hydration of CoCl,

The major reason for-considering a hydrated salt system for
energy storage is that the heat of hydration associated with
the salt can store and release larger amounts of energy than
just the specific heat associated with the heating and cooling
of a liquid such as water. Using a modified Nalgene® Dewar
flask with cover for a calorimeter and a previously reported
method for determining the heats of hydration (6), a value of
52.7 kJ/mole was obtained for the heat of hydration of CoCly.
This value is higher than a reported Yiterature value of 76.8
kJ/mole for the heat of solution of CoCl; (7), and a value of
89.4 kJ/mole calculated based en the heata of solution for
COCig and COCI’;-GHzO (8)

Energy Calculations

Some basic properties of a solar heating systemn using cobait
chloride as a heat storage medium were calculated based upon
data collected in this study and from various published doc-
uments. '

Dally Heat Enorgy Requirement for the Average U.5.
Residence '

Assuining that the average U.S. residence of 1500 ft* re-
quires 1000 therms of héat per year {2}, the daliy heat re-
quxrement 18

(1000 t.hermsfyr} X {1065 X 10% J/therm)

X {1 yz/365 days} = 2.89 X 10° J/day-

Concentration of Cobalt Chioride

The solar coliector was assumed to eoncentrate incoming
heat at a 4:1 ratio, and to operate at a mean temperature of
60°C. Using Figure 2, the concentration of cobalt chloride in
a satturated solution of 100% aleohol was determmed to be
10,47 M at 60°C.

Heat Content of Solution

‘The heat content of the solution is due to both the heat of
hydration and the specific heat. In Figure 3, it is seen that for
100% alcohol at 60°C, the CoCl? /Co{Hy0)s?* ratio is 0.64
and at 20°C it decreases to 0.44. From these values it can be
determined that at 60°C, 39% is unhydrated, and at 20°C,
30.6% is unhydrated. Thus on copling from 60°C te 20°C, 8.4%
of the CoCly2~ undergoes hydration.

{92.'? kJ/mole) X (10.47 moles/L} X {0.084) = 81.5 kJ/L

The specific heat of 1.0 L of a 10,47 M solution is approxi-
mately

(3.37 J/g/°C) % {0.793 g/mL) X (1000 mL/L)} = 2.67 kJ/°C/L
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Voiume of Energy Storage Solution Needed

For these calculations it is assumed that the energy storage
solution is circulated only once in a 24-h period and that the
temperature of the cooled solution is 20°C and that of the
heated solution is 60°C. The heat absorbed per liter of the

solution is
81.5 kJ/L + 2.67 kJ_/"C/L ¥ 40°C = 188 kJ/L

Since the amount of heat needed per day is 2.89 X 10° J/day,
the required volume of solution needed per day is

{2.89 X 105 kl/day) x (1 L/188 kJ} = 1537 L/day
= 1.067 L{min.

Volume of Storage Tank Required

The volume of the heat storage tank required to store a
one-day supply of heat using the above conditions is thus 1537
L or 1.537 m? H a 50% efficiency factor for heat storage is as-
sumed, a 7.9-m? tank ¢ould store a three-day supply of energy.

If only water were to be used for energy storage under these .

conditions, a volume of 10.4 m? would be required. Obvioualy,
if the solution were circulated faster than 1.067 L/min, more
energy would be available and thus a smaller storage volumé
would be required. Circulation rates of 10-40 L/min are
commorily used for aqueous systems,

Solar Heat Collector Surface Area Required

~ Assuming that the solar collector is exposed to 2.05 X 10/
kJ of heat per square meter of surface area per day, an ac-
cepted figure for the southern United States {3), the avatiable
solar energy per square meter per minute would be 14.2 k.
Earlier we found that 2,83 X 16° kJ/day, or 200 kJ/min, of heat
are needed for the average residence. Assuming a 100% col-
lector efficiency, the area of collector surface needed is

{200 kd/min) X (1 m® min/14.2 kJ) = 14.1 m?

Agsuming a more realistic figure of 50% efficiency for the
collector, 28.2 m? of collector surface area would be required.
Usging a 4:1 heat concentration ratio and a 1:6 collector tubing
area to colléctor surface area ratio, 42. 3 m? of collector area
would be needed for the solar heat collector.

Possible Oil Dollars Saved by Using a Soler Heating System

Assuming that the residential heating requirements for the
above residence are obtained only from imported oil, the oil
dollars saved by using only solar energy would be '

{1.066 X 10 J/fyr) X (1 barrel/3.06 X 10% J) .
X ($34/barrel) = $1,184
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Purpose
" This experiment is designed 10 be an introduction to spec-
trophotometry and to general spectral analysis techniques.
Students will become acquaintéd with the hasic components
of a spectrophotometer and their functions, will use a spec-
trophotometer in an open-ended experiment, and wiil use
Beer's Law in several different ways, In addition, they may
compare the detectability (tolerance) of the spectrophotom-
eter with visual detection limita as an optional activity.
The concepis involved in these experiments are not new.,
‘The arrangement and method of presentation is, however,
thought to be unique at the secondary level.

Equipment

Spectruphotometer
Pipets {1-ml through 25-m], in 5-m! graduations)
Volumetrie flasks {100-mi)

100-200 ml of stock solution for each unknown {see speeial_

" notes}
Procedure

Because of the open-ended nature of these experiments,
students do not necessarily need a detailed, step-by-stép
procedure. They may only be given a general procedure and

n “unknown™ solution, Both the general procedure and one
abbremted step-by-step pmcedure are given in the following
sections.

Specirophotometric Determination of the Concentration of
an Urlk'nowq Soiulion

General Procedure

Students first determine the wavelength of maximum ab-
sorbance of a colored “unknown” solution by scanning. They
prepare a series of sclutions of this “unknown” of varying
comcentrations ((.01-2.0 A}, These solutions are from this
point referred to as siandards. Then, at the optimum wave-
length (identified earlier), studénts determine the absorbance
of each of the standards. Subsequently, the calibration curve
is preparsd by graphing the results of absorbance versus
concentration. Uging this graph, the students apply Beer’s
Law to identify the concentration of the original “unknown”
Bolutmn

Abbreviated Procedure: The Absorption Spectrum

1} Prepare the specirophotometer for use, as directed.

2} Fill one cell with distitled water and the other cell with your
cotored “unknown™ solution. -

3} Adjust the wavelength sélector knob to 350 nm; determine the
petcentage téansmittance of your unknown solution at this
wavelength.

4) Record the wavelength and carre‘zpondmg percentage trans-
mittance obtained,

New iactures and faboratory experiments and diractioos in Lleaching
chemisiry through the uaa of the [abiralory are provided in this feature.
Experiments wili be fully getailed and wili be fleld tested hefore they ere
published. Coniributions should be seat o e feature editor.

5) Repeat the above process, in increments of 50 nm, until a
wavelength of B00 nm is reached. Record the data obtained.

6) By looking over the data, determine the wavelength regions
where a peak of abserbance (minimum %7’} eccurred. In these
regionsg, scan (repeat steps 3-5) the solution in increments of 10
nm.,

7 Again, where a peak of absorbance ocours {minimum %7}, scan
the solution again; first in increments of & nm, and then in in-
crements of 2 nm, to determine the exact wavelength of mini-
mum tranamittance. It should be noted that the regions scanned
in these smaller increments should only be less than50nm This
entire procedure is called scanning a specirum,

8) Caleulate the ahsotbance from the percentage transmittance
data and graph the results (ahsorhance versus wavelength). This
graph is kmown as an absorption spectrum.

Abbreviated Procedure: Calibration CGurvel/ Beer’s Law

1) Using volumetric flasks, px'pets, and distilled water, prepare a
series of solutions of your “unknown’ from a stock solution
identified by your instructor. (Trstructor’s Nate: Usu.ally M
stock solutions aré used.) At least four solutions of varying
concentrations should be prepared; for example, 0.1 M, .25 M,
0.50 M, and 1.0 M sofutions might be considered a s'enee of
standu:d.a Be sure to record solutlon preparat:on methods in
yout notebook.

£} Prepére the spectraphotometer for use, as d;rected.
3) Adjust the wavelength selector knob to the maximum absorption
peak determined in the Abgorption Spectrum Procedure, which
will be calied the optimum wavelength. If two strong absorption
peaks oeeur, choose the wavelengths nearest 500 nnu, thag Ts,
choose the wavelength nearest the center of the walble spectram,
rather than at one end.

At this optimurn wavelength, determine the pe_rcentage trans-

mittance for each prepared solution as well as for your unknown.

Record the data. (The reference aolutmn should be distilled

water }

Calculate the abeorbance from your percentage transmittance

data. Graph the results, ahsarhance varsus conventration for

all the standards prepared. This graph is lmown as a calibration
curve or a Beer's Law plot,

6) From the linear relationship graphed, read the cencentratmn
of your unknewn, Record this concettration and repart xt ta your
instruetor.

4

—

6

—

Limits of Delectabilﬂy (Optional)
General Procedure

Student.s prepare several solutions (10-20) of varying
concentrations of their “unknown” ranging from very dilute
to very concentrated and determine the absorbances at the
optimum wavelength. To determine the limits of detection,
the students continue to vary the concentration of the solu-
tions until a coneentration is reached which exceeds 85%
transmittance {fowest limit} or transmits less than 20% (upper
limit}). These two concentrations, then, are identified as the
limits of detectability for the unknown substance,

Abbraviated Procedure: '._"he Limits of petecfabﬂ_’iry

1} Prepare t M, 0,10 M, and 0.01 M solutions of the chemical
compound you Stud‘led previourly. Record preparation methods
in your notebonk,

2} Prepare the spectrophotometer for use as directed. Adjust the

wavelength to the optimum wavelength determinéd in the Ab-
sorption Spectrum pricedure.

3} At this optimum wavelength, determine and record the per-
eentage transmittance for each prepared solution. The' reference
solution should he distilled water.”

4) If needed, prepare more dilute solutions and tepeat the mea-
surement procedure (step 3) untit a solution conceniration is
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Graph of absorixinoe versus wavelength for determining the optimum wavelangth
for C-c(NO:,h « §Hz0,

reached, that, when tested, transmits B0—85% of thie Jight. This
solutmn represents the lower limit of detection concentra-
tion.

5) M needed, prepare more concentration solutions end repeat the

measurement procedure (step 3) unti} a solution concentration

is reached, that, when tested, transmits only 15-20% of the light.

Thie solution represents the upper lmit of detection canéen-

tration, Be sure to record ali data, including the salution pren-

aration method, -

In order to make a comparison between the instrumental de-

tection limits and the visual detection limits, note the color and

shade of each solution tesied.

73 Calculate the absorbance from the percentage transmittance
data for each solution tested, and put in tabular form with the
corresponding concentrations {in molarity}.

B) {dptionel} Plot the data (absorbance versus concentration) to
determine whether Beer’s Law is obeyed over the entire range
of concentrations tested.

6

—

Special Notes

1) This experiment offers the students the opportuxity to explore
spectrophotometry while gaining the experience, practice, and
confidence necessary for independent research. Although stu-
dents are not usually given a detailed, refined proceduire, they
are given the general instructions presented here, along with a
list of background articles (-9}, Therefore, this experiment
would be especially useful in an AP or second-year cheniistry
class. Other references appropriate for the instructer and/of
student are listod below (10-20).

2} The preparation for this experiment is extensive the first time,
since all accepted values must be determined experimentally.

On a modern spectrophotometer (like the Beckman DB-G),
where manual and automatic scanning can be done inter-
changeably, the absorption specitrum of several colored solutions
cen be obtained. For each of these solutions, the concéntration
is adjusted so that no perceniage transmittance (360800 nm)
falls below 10%, and so that the major peaks of absorption
(400-700 nm) are clearly indicated, preferably with at least a
minimum transmittance of 25%. These solutions, then, become
the gtudent “unknowns.” For student use, they should ba labeled
with their chemical name but without a concentration.

1% is usually convenient, at this time, to prepare 100200 ml
of 1 M stock solution for each compound used. In this way, so-
lutions are available for riany of the standards and weighing can
be kept to a minimum. All solutions should be stored in arsber
bottles. Alternatively, students may prepare their own stock
sodutions, .

The following compounds seem to work best as student
“unknowns’ nickel(I} choride hydrate; nickel(1I} nitrate hy-
drate, cobalt{I} chioride hydrate, cobalt{II} nitrate hydrate,
copper{H) nitrate hydrate, copper(II} sulfate hydrate, chrom-
ium(El3) nitrate hydiats, on{Ill) chloride hydrate, iron{I{I}
nitrate hydrate, potassium permanganste and potassium
chromate. The yellow solutions (iron chloride, iron nitrate, and
potasgium chromate} ate more difficult ¢ work with because
the color remains intense even at lower concentrations. Neither
manganese{1f} sulfate nor potassium dichromate are recom-
mended.-Sample studeut, data and a graph of absorbance versus
wavelength for determining the optimum wavelength are given
in the table and figure for Co{NO3)-6H20,
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Limits of Detectability {Student Dala) for Co(NO3); * 8H,0

wavelength = A = 512 nm sitt = 0.05 mm
"dilution preparation : %  absorbance
from 1 Msolution molarity OVG T ° {calg) colgr
5 ml-10 ml 0.5 M % 038 242 dk. red
am-10mi . 0.3 M X 238 147 red
2 mi--10 | 0.2 M x 812  1.09 vad
17 mi- 100 mt 017M x 158 0.801  H.red
5 ml-100 ml 0.15 M x 235 0820  ft.red
12 m-100 ml 0.92 M x 220 0.668  It.red
10 mik-100 me 0.10 M x 312 0.508  Itred
§ mi-100 mi 0.06 M x 812 0213 pink
2 mi-100 mi 0.03 M x  TA7 0.127  pirk
2 ri-100 i 002 M  x 889 0.081 it pink
1 ml-100 ml 0.01 M x 888 0018 pale plnk
O = ppague C == clear {not visltly deteciabla)
V = vigibly dotectable + = detectabla Emite {spbcirophotometric)

] This instractor acenned the solutions listed on a Beckman

DB-G. The data obtained, with the corresponding absorbances,
was available for comparison as a set of “theoretically-accepted”

values, Therefore, arrors were quickly identifiable. The most
common student errors are: {1) dihution errors in either calcu-
iation or w_)lumetric equipment usage and (2} the choice of a
minor absorption peak (on one end of the visible spectrum) a8
the optimum wavelength. Studenis find it helpful to develop
a computer program to calculate absorbance and print out the
data calculation. _

The oniy disadvantage of the experiment is the extensive
soletion preparation required. The fact that it is an introductory
eiperiment does mean that students may do more retriats than
ia usual for an experinient. However, in spite of this, all students
seem to find the experiment interesting and a bit of a challenge,
and are able to complete it well within eight hou:s of laboraiory
time.!

Editor's Note: To obtain farther information on student handout
matetmls, laboratory procedures, and PB-G (“accepted values”) data,
contact the author directly.
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A New Method of Separating 2'°Pb from Ra-DEF for
a Radioactive Equilibrium Experiment

C. M. Waland J. M. Lo
University of idaho, Moscow, D 83843

The decay of 219Ph to ?!°Bi provides a good system to ii-
lustrate secular equilibrium between a long-lived parent and
a short-lived daughter.

. = 0.061MeV
2PhL » Z10R; » 210Pg
2y .64 1ag d

A 1. 17MeV « 5.3MeY
» 20EPh {stable)

A general procedure of separating *!°Pb from 2!°Bi for this
‘experiment iz by means of a precipitation technigue {I).
Carrier solutions made of bismuth nitrate and lead nitrate are
generally used for the precipitation of either radioactive iso-
tope. Incomplete separation of 21°Pb and ?“Bi may result if
pH of solution is not earefully controlled in the precipitation
procedure. Another difficulty involved is to handle small
quantities of precipitate and to make it into a uniform and
thin-layer sample for counting. We have recently developed
a new method of separating £29Pb from 2¥Bi and *"Po by
means of solvent extraction of their diethyldithiocarbamate
{CoH5)9CS2~ compiexes. This method involves a simple ex-
traction procedure which allows complete separation of 219Ph
from Ra-DEF within several minutes. Since the radioisotopes
are separated in different solutions, they can be easily trans-
ferred and made into uniform thin samples by evaporation.
The experimental procedure and the basis of this separation
method are described in this article.

Experimemal

Reagenis

The proposed extraction procedure requires a diethyidi-
thioecarbamate (DDC) complex, Bi{DDC)3, which can be easity
synthesized in the laboratory. The starting materials for
synthesizing B{IDDC); are sodium diethyldithiocarbamate
and a bismuth salt such as bismuth nitrate. The former can
be obtained from Baker or other major chemical companies.
The synthetic procedure involves the reaction of Bi3* ion with
DIXC in agqueous solution followed by extraction of the metal
complex with chloroform. After discarding the aqueous phase,
ethanol was added to the solution and the mixture was heated
to 70°C to drive off chloroform. To aveid inhalation of
chioroform vapor, the whole experiment should be car-
ried out in a hood. After evaporation, BHDDC); which s
tnsoluble in ethano}, is recovered by filtration. The metal
complex can be stored in a bottle for a prolonged period of
time. Radioactive Ra-DEF sojution used in the experiment
cen be obtained from Amersham or New England Nuciear.

Separation of 2"°Pp from Ra-DEF

Ahout 0.1 to 1 uCi of Ra-DEF is sufficient for a typical ra-
dioactive equilibrium experiment. ?!°Pb is separated from a
solution of Ra-DEF hy extracting ¥®Bi and 22P¢ into a
chlorcform solution containimg Bi(DDC)a. The extraction can
be performed in a 5-ml palyethylene liquid-scintiliation vial
with a plastic cap. The Ra-DEF solution is inéroduced into 1
m] of a 2.4% HNO; solution placed in a plastic vial. An equa)
volume of CHCl; solution containing about 1,56 X 1072 M
Bi{DDC); is then added to the radicactive solution. The acid
solution is used to prevent adsorption of radioactivities to the

container walls and to controt the forms of the ionic species
in solution. After shaking the mixture for 2bout 2 minute, the
system is allowed to stand still for the separation of two
phases. If a centrifuge is used, phase separation can be
achieved within a minute. The aqueous phase which containsg
pure 21°Pb s ready for the secular equilibrium experiment.
The time when two phages are separated is taken as the zero
time for the experiment,

To prepare a pure 210Ph source, an aliquot of the ageous
solution is taken from the vial and piaced in a ptanchet. De-
pending on the activities of the Ra-DEF sojution used, the
aliquot size can vary from 20 ui to 200 ui. The radicactive so-
lution is evaporated to dryness either at room temperature or
under a lamp.

Results and Discussion

Theoratical Basis of the Separation Method

The proposed methed of separating 229Pb from #9Bj and
210Pg is based on the difference in their complex formation
constants with diethyldithiocarbamate. The extraction con-
stants of some metal-DDC complexes are given in the table.

The extraction constant of Ph{DD()y1s much smaller than
that of BH{DDC)3 or Pa{DDC)4. Therefore, Ph%* can be sep-
arated from Bi** and Pott in aqueous phase using a metal-
DDC complex which has an extraction constant between those
of PhéDIPC); and Bi{DIC)s.

In this experiment, we chose to use Bi(DDC); to extract
21083 and 219Po from the Ra-DEF solution. The concentration
of Bi{DIDC)3 used in this experiment (about 1073 M) is much
greater than that of 21°Bi present in the aqueous phase (ahout
4 3 1071 M), Because of the lazge extraction constant for
Bi(DDC), virtually all 2:9Bi present in the aqueous phase
should be extracted into the organic phase by isatope ex-
change with nonradiocactive Bi in Bi{DDC). The extraction,
constant for Po{DDC), has been determined to be greater
than that of Bi{DDC)y (4). Therefore, in the extraction pro-
cess, 2P0 will replace BP* to form Po{DIC); leaving es-
sentially pure 21°Ph behind in the agueous phase.

Growth of 21981 from 21°pp

In generat, the growth of a radioactive daughter product
froma pure parent can be expressed by the following equation
6y

Az = a Aq (1 — g Dehity (1)
Ao — Ay
Extracilon Constants # of Some Metal-Diethyldithiocarbamate
Complexes
Extraction
Melat ion Complex congtant® . Reference
Pbet Pb{DDCY, 9.48 (2
Cu?t CuDEC), 13.4 {2
Bt BIDDC) 13.8 . &)
Pott Po{DLC), 14,1 (#H

# Extraction congtmm = 1/ 169 Ko Whera Kupec)., 19 defined as {MOOC) q]ogf
[Mm+ 1 [DDC~1™ and mis the charge of the melai ions.
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Figure 1. Growth of B} f(orn a pure *7%Pb sample @ and he decay of a pure 9B}
sample A.

where A and A represent activity and decay constant and
subscript 1 and 2 are for the parent and the daughter, re-
spectively, If Ay is much greater than A; as in the case of a
tong-lived parent and a shori-lived daughter, egn. {1} can be
simplified as

Ay = Ayl — g™M4) {2)

The beta activities from the decay of #1°Bi can be measured
by a Geiger-Miiller counter. A thin aluminum absorber (about.
10 mg/em?) should be placed hetween the sample and the G-M
tube to remove weak beta emitted from #10Ph and to absorb
the Po alpha particles. The growth of 219Bi from a pure 2:Ph
source obtained by this method is shown in Figure 1. The
decay of a pure 2°Bi source obtained from the same experi-
ment js also shown in Figure 1.

Since at equilihrium A; = A5, eqn. (2) can also be expressed
as

‘Io L4 ¥ ¥
0.5 L
Htt L .
.
~—
< - 3 B
§
8&
0.2 e
0.1 1 1 1
] wo 200 300 400

Time (hr)
Figure 2. Piot of {4 — A}/ A. for the growth of 208,

If 22°Pb and **9Bi are in equilibrium in the Ra-DEF solution .
to start with, the activity of 229Bj found in the organic phase
after Bi{DIC); extraction should represent 4524, Another
graphical lfustration of the secular equilibrium is by plotting
In{A g% ~ A)/A2%%) versus ¢ as shown in Figure 2. The slope
of the line should be —As.

This new method of separating Ra-DEF provides a simple
and fast procedure for studying the secular equilibrium be-
tween Z1'Pb and 219Bi, It illustrates several important concepts
such as solvent extraction, complex formation, and isotope
exchange which are relevant to undergraduaie laboratory
experiments in radiochemistry and in analytical chemistry.
The mathematical agpects of this experiment are important
for understanding the relations between parent and daughter
in a radioactive decay series.
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‘A Simple Method for Cleaning Mercury

The usuat method for the purification of mercury involves initial filtration, treatment with dilute nitric acid, and then
distillation under reduced pressuze.! The facilities required are not always available in school laboratories and in many in-
atances such highly purified mercury is not essential. Often, all that is required is a shiny mercury that does not stick to glass,
and is suitable for filling manometers, etc. The following procedure is extremely simple, reguires nothing more than a bottle
and some sugar, and converts all those dirty ald mercury samples into a bright, shiny, free-flowing liquid again.

Procedure. Place the sample of mercury o be purified (say 1-10 ml} in a glass (or plastic) jar with a tight-fitting lid,
add an equal volume of white sugar crystals (ordinary sucrese), and shake vigorously for several minutes. Pour the resulting
mercury/sugar mixture into a large beaker or jar containing water, stir gently until the sugar has dissolved, decant the sugar
solution and wash the mercury several times with water, The mercury can be dried either by rinsing several times with acetone,
or By air-drying afier removing the last droplets of water with a little absorbent paper (filter paper).

We have been unable 1o find any reference to this method in the more common inorganic chemistry texts, but a similar
procedure was reported Jate in the last century.? No explanation was offered as to why the method works, but presumably
the major impurities {metal oxides, dust) are adsorbed onto the surface of the sucrose and in this finely dlspersed form are
easily floated off by the water upon dissciution of the sucrose.

CAUTION: Carry out in a well vontilated area and carefully recover any spilt mercury droplets, Mercury
vapor is highly poisonous and the effeet is camulative.

! See for example, Vogel, A. 1., “Quantitative Inorganic Analysis,” 3rd ed., Longmans, 1961, p. 1056,
? Dick, W. B., “Eneyclopedia of Practical Rece]pts and Processes,” 5th ed Dick & Fitzgerald Pub]mhers, New York, 1892,
, 306.
P 3 1874.-1959.
Benjamin Jenkins?
amd lan D. Jenkins
School of Science, Griffith University
Nathan, Queensland, 4311, Australia
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Growth and Decay”

An Experiment Demonstrating Radioactivity Relationships

and Chelate Solvent Extraction Separations

D. M. Downey, D. D, Farnsworth, and P. G. Lee
Woest Virginla University, Morgantown, WV 28508

Many important techniques discussed in lecture material
frequently are not covered by laboratory experiments due to
limitations in availabhle laboratory time, Thus, experiments
which demonstrate more than one concept are often more
beneficial te the student than those which cover only one
topic. We have attempted to include in the undergraduate
radiochemistry laboratory course at West Virginia University
experiments which teach both important radiochemistry
concepts and anailytical chemistry fechniques that are not
covered in our formal analytical laboratory courses. These
experiments include the determination of solubility product
and solvent extraction partition coefficients, quantitative

paper and thin-iayer chromatography, metal separations by -

ion exchange and solvent extraction, X-ray fluorescence and
activation analysis.

One of the experiments, the separation of lead and bismuth
by cheiate solvent extraction, is of interest because of the
simplicity which the use of radiotracers allows in its demon-
stration. Chelate solvent extraction metal separations are
usually discussed in the introductory analytical course but are
seldom demonstrated by experiment. Yet the separation of
lead and bismuth may be conveniently followed with 2*?Ph
and ?12Bi which are readily obtained from natural thorium.
Furthermore, the parent-daughter relationship and the rel-

atively short half-lives of the tracers make possible the

teaching of the laws of radivactivity in the same experi-
ment.

Theory:

Meta! ions may be extracted very effectively from aqueous
solutions by the formation of chelates with weak acids which
are soluble in organic solvenis, The general chelate extraction
process may be represented by

M"* + n(HR), «= (MRs). + nH* {0

- for a metal ion, M~+, and chelaie, HR, with the subscript “o”
denoting the organic phase and no subscript denoting the
aqueous phase. A nonthermodynamic equilibrium constant
may be used to describe the process. That is
K. = MR L[H
ex T
IM"*]{HR},"
Quantitative separasion of metal M’ from metal M” is defined
ag .

£2)

[M'Exlo
m > 100 {3}
for the organic phase, and
M < 0.0 {4)
M '

for the agueous phase. The separation faclor, «, is defined
as

MR, J.[M"]
ey (5)

IM"R,.JIM]
and must be greater than 104 for quantitative separation. It
may be seen from eqn. {2) that o is simply K'o/K" o for two

equally charged metal ions. For the separation of metal ions

which differ by one unit in charge value, o is dependent on the

aqueous hydrogen ion conceniration and the equilibrium
chelate concentration in the organic layer, i.e.,

K’ iHR],
o = 20 )
| K* olH] @
Where K'oy is the extraction constant for the metal ion of

larger charge value. .
1t is useful to express eqn. {2) in logarithmie form:

log K.x = log [MR,], + n log [HY] — log [M"*] — n log {HA] {7)

Rearrangement gives
1 1 1
pH = —log (MR, — —log [M*] — log [HAl, — ~Jog Koy (8)

Equation {8) may be used to calculate the threshold pH value
which is the lowest value for complete extraction of the metal.
Tt may be seen that the threshold pH is dependent on the
conceniratipns of extracted metal chelate, residual {unex-
tracted) metal ion, and unreacted chelating reagent in the
organic layer, Thus, a threshold pH is calculated for a par-

" ticular metal extraction based on the anticipated concentra-

tions; then a pH value higher than the threshold pH is zelected
and used in the extraction to allow for variable conditions.
The separation of Bi#* from Ph** with dithizone {diphenyl-
thiocarbazone) is a classic example of a chelate solvent ex-
traction separation {7 }. The published log K.« values for these
metals are 9,98 and 0.44, respectively (2) and these values
allow the calcutation of threshold pH values by egn. (8} for the
separation conditions presented in the experiment below. If
a final aqueous metal concentration of 1 X 108 M is the cri-
terion for complete extraction (~100% extracted) from a so-
tution of initial metal concentration 2 X 10~5 with an initial
organic phase of initial chelate concentration 8 X 103 M, then
the threshold pH values are 2.46 for Bi%* and 5.83 for Ph%*.
Other values for the extraction of Bi** and Pb®* have been
calculated from eqn, (8) and are plotted in terms of the per-
centage of metal extracted versus pH in Figure 1. These curves

3] |
¥ Bi™* Pb™
| 2
4+
x
wt

o 3 2 d 5

PH

Figire 1. EHocl of pH on the extraction of BI** and Ph2* with dithizone in carbon
tetrachloride {initiaf concentrations: Gy == 2 X 10~5 M Cp = 8 X 1075 A,

<

i
-~
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are developed on the assumption that the dithizone concen-
tration is negligible in the aqueous phase and there are ho
secondary complexing reagents present, Experimentally, it
it found that optimum extraction for Bi** occurs at pH 3.2-3.4
and for Pb** a¢ pH 8.6-9.2 {3}, At pH 3.2, the & value for the
Bi2+/Pb** separation calculated from egn, (6) is well in excess
of 104 and quantitative separation should be obtained.

Several natural radicactive series were discovered early in
the history of nuclear seience, One of these series has its origin
in 232Th, which is 100% of natural thorium, The transforma-
tion of the radioactive 25?Th to slable 2 Pb proceeds through
a variety of intermediate radioactive daughters by means of
six alpha and four heta decays. This group of radionuctides
is calied the “4n” series since all the mass numbers are evenly
divisible by four. The everall decay scheme of the thorium {4n)
series is shown below.

o

ZZERa
1.4 % 10"

43 o
IPh e PP em— 220P

016 s 54 3.64 4

1.6 h
[+
‘zo_arlil IR
6O.5 min
60.5 min™, 57
&
08Pl e 21 7P
30X 107

It may be seen that Z2°Hn is an intermediate product of the
decay series. The radon is released as a gas from the solid
parent material and provides a ready source of the short-fived
daughter products that foliow its decay. To collect these
datighter products a platinum wire electrode at high negative
puotential may be suspended over a solid thorium compound
and the *2Rn, which is positively charged due to the loss of
elecirons in the decay of ils parent, migrates Lo the electrode
where it deposits its daughters as it decays, Such an apparatus
for collecting the short-lved daughters may be built with
common laboratory equipment and is known as a “thorium
cow” because it may be “milked” at 2-3-day intervals {4}
Other procedures for collecling the short-lived daughters have
also been suggested {3, 6). '

Washing the wire electrode with nitric acid provides a tracer
solution consisting of 222Ph {t1 = 10.6 h}, 22Bi ({4, = 60.5
min) and 28T1 {ty,5 = 3.1 min)} in radioactive equilibrium,
These tracers are very convenient for use in the monitoring
of the Bi/Pb separation discussed above, Furthermore they
exhibit properties which make them usefu! for sfudying the

¥

224 R4 _4_1_%_;_ 223

laws of radioactivity. The #'2Bi may be separated from the

212Ph by the dithizone extraction procedure. The separated
212Bi may then be monitored with a Geiger-Miiller detector
to determine its half-life. More ?2ZBi will begin to form
in the separated 2'%Phb as it decays and this activity may be
monitored to demonstrate the growth of daughter products
in a radicactive parent. . _
The *?Pb emits up to 0.4 MeV 3~ in its decay whereas *12Bi
emits up to 2.2 MeV 8~ particles. Tf an aluminum absorber of
80100 mg/cm? thickness is placed hetween the scparated
212Ph and the G-M tube, the detector will initially record no
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counts above background. However, the 212Bi will “grow’ with
time in the parent 22Pb according to the equation
dNp; '
dé .
where the A values are the decay constanis (0.693/1;0) and N
represents the number of atoms at a specific time after prep-
aration of the radiochemically pure ?2Pb, Solution of eqn. (9
for the number of #'?Bi atoms at any decay time gives
Aph '
Ap; ~ Apy _
when there is no initial 2!2Bi present and N°py, is the initial
number of 212Ph atoms. Figure 2 illustrates the growth and

decay of the radioactive materials. It may be seen that a
maximum activity of the daughter is attained

= AppNEy ~ ABiNB; )]

Np; = Neopy lexp(—Aput) — exp({—Apit)} (10}

after 2.7 h and that radicactive equilibrium is.

attained after 3.8 h. After 3.8 h the **?Bi decays
at the same rate as it is produced and the activi-
ty of the mixture decreases with the charaeteris-
tic half-life of the parent 222Ph,

Experimentai

Malterials

A thorivm cow should be prepared in the
manner suggested by Morimoto and Kahn (4).
Enough Th{OH), should be present to give 500
counts/s by G-M counting on the wire to pro-
vide sufficient activity for good counting statis-
tics. The apparatus may be set up in a fume
hood and left as a permanent source of the
short-tived daughters.

Two Geiger-Miiller counters, each consisting
of a G-M tube in a shielded lead castle and
scaler/timer with aluminum absorbers (80 mg/
cm?}, and a Nal(Th Scintillation Detector with
signal led into a Multichannel Analyzer (MCA)
should be available for J— particle counting and
- spectra collection. A standard pH meter with glass electrode
and reference electrode is used for pH adjustment.

Chermicals. Electrode calibration buffers (pH 4.0, 7.0, and
10.0); 2 M nitric acid; 1/10 nitric acid; concentrated aqueous
ammonia; 1/1) aqueots ammomia; ammonia/ammonium
chloride huffer; Pb?* carrier {0.1 mg/mL}; Bi®* carrier (0.1
mg/mlL}; dithizone (20,0 mg/L) in carbon tetrachioride.

Other materials. Test tube, Bungen burner, separatory
funne}, calibrated pipets, volumetric pipets, 10-mk volumetric

Activity
"

H a 4 8 0 T 4 [ L)

Time, hrs,
Figure 2. Aclivity varlations with time. {A) decay of 212Bt; (B} decay of 212PY; (C}
growth and decay-of 212Ri In inltlelly pure 213Ph; (D} fotal activity of the mixture
{8) + {C}.



flasks, counting planchets, heai lamp, and disposable
gloves.

Procedure

Warning: The student should be cautioned of the haz-
ards of radicactive materials and volatile solvents. All
work except counting should be carried ot in fume hoods and
students should wear safety glasses, lab aprons, and digposable

gloves at all times. Film badges, pocket dosimeters, and/or.

survey meters should be used, and appropriate containers for
radioactive waste disposal must be provided. The student
should he aware of the particular hazard of accidentally in-
gesting alpha-emiiting radioisotopes and therefore pipetting
by mouth must not be done, Radon gas is released upon
opening the thorium cow, and it must be kept in a properly
vented fume hood to prevent inhalation,

Transfer the wire electrode from the thorium cow to the
small test tube, add 2 m¥, of 2 M nitric acid, 0.5 mL of each
carrier solution, and heat to dissolve the radioactive daughter
products. Carefully transfer the cooled solution to a smail
beaker, immerse the calibrated pH electrode and add several
drops of concentrated ammonia to neutralize the acid, Care-
fully adjust the pH to 3.0 using 1/10 ammonia and/or 1/10
nitric acid. Transfer the solution to a 10-ml: volumetric flask
and dilute to volume with distilled water. Pipet exactly 1.0 mL
of this solution into a counting planchet (pianchet “A”) {Note
2} and evaporate to dryness with an infrared lamp. Planchet
“A” serves a reference as it contains both *2Bi and #12Ph.
Count the planchet in the G-M castle with the aluminum
absorber in place and determine the original counts per
minute {cpm) due to #12Bi (Nots 3}. Meanwhile, quantitatively
transfer the remainder of the aqueous solution to a separatory
funnel with as smal} a volume of distilled water as possible
{Note 1) and extract twice with 4-mI. portions of the dithizone
golution {Note 4). Quantitatively transfer the extract to a
second 10-mlL volumetric flask and ditute to volume with
CCly. Pipet 1 ml of this solution into a pilanchet {Planchet
“B") and evaporate to dryness, Transfer planchet “A* to the
Nal(T} detector and record the cpm for the .24 MeV peak
of 212Ph, Meanwhile count planchet “B” in the G-M castle
under the same conditions as planchet “A’” and record the
2128{ cpm. When the beta counis of *'ZBi are recorded,
transfer ptanchet “B” to the Nal{'T'l} and record the gamma
spectrum. Adjust the pH of the residual aqueous layer in the
separatory funne] to 8.8-9.2 with a few drops of ammonia/
ammonium chloride buffer. Extract twice with 4-mi portions
of the dithizone solution. Quantitatively transfer the extract
to a third 10-mL volumetric flask and dilute to volume with

CCl. Pipet T mL of this solution into a planchet (Plarichet
“C™) and evaporate to dryness. Allow a 10-min decay of
pianchet “C” to reduce the activity of any coextracted 2041
{f12 = 3.1 min) and count in the GM castle and Nal(T}) de-
tector as for planchets “A” and “B”. The half-life of 212Bi may
be determined graphically from the data recorded by counting
planchet “B" in successive 10-min intervals for up to 2 h. The
growth of 212Bi in 21ZPh may be obeerved by counting planchet
“C” for successive 10-min intervals in the second G- M castle
with an aluminum absorber in place.

Resufts

Planchet “B" should contain 212Bi free from 2:2Pb con-
tamination. Comparison of the heta activity cpm as deter-
mined by the G-M counting of planchets “A” and “B” will
indicate the completeness of extraction and may be used to
indicate the studenis’ laboratory technigue. The students may
be asked to comment on the “error” in the beta counts of
planchet “A"” due to the gamma activity of ?!2Pb, The radio-
chemical purity of the extracted 212Bi will be evident from the
lack of a 0.24 MeV 212Pb peak in its gamma spectrum. The
compleieness of the 212Pb extraction will be indicated by the
comparizon of the 0.24 MeV peak counts for planchets “A"
and “C”, Any residual 21?Bi that is coextracted with the #:?Pb
wiil be evident in the G-M count for planchet “C”. The half-
life of 22Bi may be determined from a plot of log activity
(cpm} versus decay time, The growth of 222Bj in 2:2Pb may be
demonstrated on the same graph by plotting the log beia ac-
tivity of planchet “C” versus time.

Notes

1} The dilution should not significantly change the solution pH.

2} The extraction of Bi** proceeds slowly. Shake the separalory
fuunel for 4-6 min per extraction.

3} The aluminum absorbers prevent the weak beta particles of 212Ph
from reaching the detector.

4) The student should ¢alculale the net full ¢nergy peak counts as
explained hy Bauver et al. {7}
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the solution with a positive nifrogen atmosphere,

be replaced.

Double Balloons—Long Term Protection for Sensitive Materials

In this laboratory we have heeu protecting basic solutions from carbon dioxide with an inert, dry nitrogen atmosphere.
Nurmally one could use an ascarite tabe (sodium hydroxide on ashestos) and change it periodicalty.

We have discovered an excellent way to protect a solution with an inert abmosphere with a very inexpensive apparatus:

: one balloon positioned inside a second halleon. Ore balloen is forced inside of asecond balloon with a pencil and the inner

balioon is inflated with nitregen, These “double balloons” are atlached to the solution through a glass tube which protects

These “doulrie baHaons" will last for several weeks and when they do break the outer balioon will always hreak first
and leave the inner ballooy still inflated. When one notices the breakage of the outer balicon, the double balloons should

The beauty of this system is that if une is gone for a weekend, the outer balloon may break but not the inner balloon.
We have not checked the daration of $he second balloon but we do know it has gone for several days without hreaking.

Robert C. Duty
Hinois State University
Normai, L 61761
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Phosphorus D"termi“a“"“ by Dei‘i\iative Activation
Analysis: A Multifaceted Radiochemical Application

E. w Kleppinger, E. H. Brubaker!, R. C. Young?, W. D. Ehmann, and S, W. Yates

Unwera:ty of Kentucky, Lexington, KY 40506

Traditional neutron activation analyzis (INAA} ig a sensitive
technique which is applicable to about two-thirds of the ele-
ments. The remaining third, whose nuclear properties make
tham difficult if not impossible to determine, include Bome
higlogically essential and environmentaily important ele-
mepts; conventional methods for many of these are both
¢omplex and fraught with interferences. Hence the develop-
ment of derivative activation analysis (IDAA), 2 method which
extends the applicability of NAA to some of these elements,
is particularly significant.

The determination of phosphorus is important in biology,
physwiogy, and environmental science; howéver, the tradi-
tiopal gravimetric and colorimetric methods are cumbersome
and Jack the requisite sensitivity (7). We have adapted the
PAA determination of phosphorus (2} for use in a radio-
chemistry Eaboratory course, although this experiment would
be apropos in many other settings. The DAA method itseif is
useful in teaching not only the principles of NAA, but also
problem -solving through the combination of several tech-
nigues. In this case, chemical, radiochemical, and instrumental
methods are combined to accomplish what eould not readily
be achieved by any one of them alone.

Theory

- In thermal NAA {3, 4}, a stable nuclide captures a neutron
o for;n a heavier isotope, which typically decays by the
emisgion of a beta partlcle and one or more gamma rays. Since
the gamma-ray energy is characteristic of the particular ra-
dionuclide, and the numher of gamma rays emitted is directly
proportional to the number of atoms of this radionuciide {and
element), hoth qualitative and guantitative determinations
are possible.

' The success with which any particulnr element can be de-
termined depends on its nucléar properties. The activable
isotope should have a high isotopic abundance and a large
therrnal neutron capture ¢ross section.? The product nuclide
must be radioactive, with an appropriate half-lite, Moreover,
the emission of one or more gamma rays by the product nue-

‘fide is essential to instrumental isclation of the element.

" Vanadium exemplifies elements amenable o NAA:
51V 4 1 — 52V — 82Cr 4 8~ + 7+ v(1.43 MeV}

The izotopic abundance of 51V iz 93.75% and ils thermal
neutron capture cross section is 4.91 harns, The product
nuclide, 3V, hags a beta-decay half-life of 3.76 min and emits
a1,43-MeV gamma ray (5).

Neutron capture by phosphorus (1005% %P}, on the other
hand, produces #2P, a pure negatron emitter (5},

31P+n_y32p_,328+6-—+i;

The absence of gamma-ray emission in the decay of 3P ren-

- Paper presented at the Southeastern Regional Meeting of .the

. American Chemical Soclety, Lexington, KY, November 1981,

! Prasent address: Arkansas Easiman, Batesvifie, AR 72501.

2 present address: Rockwell international, Rocky Flats Plant, P.O.
454, Goiden, CO 80401,

'8 Nyclear reaction cross sections are a rneasure of the probabiiity
of regction occurring and are given units of barns. 1 barn = 1 X 10~24
cm?,

262 Journal of Chemical Education

ders its determination by NAA in the presence of ofher beta
emitters impracticable without extensive chemical separa-
tions.

Through the derivative activation technique, the desirable
traits of an element such as vanadium can be employed to
determine phosphorus. 1f phosphorus and vanadium are
chemicatly combined with a definite stoichiometry, deter-
mination of the indicator element (vanadium) wili give an
indirect measure of the amount of phosphorus present. Qf
course, the chemical complex must be relatively stable and
easily separable from any excess of the indicator element.

While phosphorus has been determined through activation
of tungsten in tungstophosphoric acid (6}, the more sensitive
fechnique we have appropriated involves the formation of a
stable phosphovanadomolyhdate complex. This entity has a
phosphorus-vanadium ratic of 1:2 under our experimental
conditions and can be quantitatively extracted into methyl
isobutyl ketone (MIBK) (2).

Once the complex has been formed and isolated, the pro-
cedure duplicates the NAA determination of vanadium.
Following irradiation of the sample, the 1.43-MeV gamma rays
from the decay of 32V are instrumentally segregated and
counted.

If ahsolute activity (A} can be ascertained, the amount of
vanadium present can he cletermmed from the activation
analysis equation {3).

A = nfa(l — g=Mieita

where n = number of 51V atoms, f = flux density in neutrons
cm~2 g1 g = 3V capture cross section, A = 52V decay con-
stant, ¢; = irradiation time, and ¢4 = delay time hetween ir-
radiation and counting. A more practical procedure is to treat
the sample and a suitable standard identically, Then a direct
cornparison of gamma-ray count rate to quantity of vanadium
{and hence phosphorus) present can be made.

Elperimént

In this experiment, phosphorus is determined in a com-
mercial plani food preparation {Ortho House Piant Food 5-
10-5), nominaily containing 10% phosphoric anhydride
{P,05).* The student carries out the analysis logically from
beginning to end, starting with sample preparation. However,
in order to expedite matters and avoid clutlering the proce-
dure with needless details, a minimal amount of groundwork
is done by the instructor prior to the laboratory period.

Reangents. Stock solutions of ammonium meta-vanadate
(0.01 M) and ammonium molybdate 4-hydrate {0.1 M) are
prepared beforehand. The molybdate is particularly slow to
dissolve and may precipitate upon standing. Nevertheless,
since the concentration of these solutions iz not crucial, fil-
tration through coarse paper will make the molybdate solution
utite. Concentrated nitric acid, MIBK, comimnercial plant. food,
and solid potassium dihydrogen orthophosphate {(KH2PO,)
for use as a standard are provided at the laboratory station.

% This value represents a "'minimum guaranise.”

5 At the time 6f our measurerents the 1.25-mg {April 1971} 252C¢
source had decayed approximately four half-lives, so that the ilux quoted
is aboul ¥;gth the initiai value.



Sample Data

Spacific Activlty . ’

Studient Court Rate (cpmy Standard Samples Restilts

Group Standard Samples Background {ecpmimg P} {cpm/mg PF) {7%P)
2 527 + g2 51918 LEE 238+ 99 8.1+ 08 463 % 0.44
495 + 8 1.0+ 0.9 3.89 + 0.4
507+8 ) 120+£089 424+ 0.43
4 19945 205+ 8 11915 198 & 12 6.85 + 0.55 4.82 3+ 0.58
207+ 5 6.80 + 0.55 4,93 1+ 0.58
FARE ] 7.11 4+ 0.55 §5.15 4 0.60

= Giati | uncer les only are pl‘

_Equipment. The chemical procedures are carried out with
readily available laboratory accouterments. Volumetric
glassware, separatory funnels, irradiation vials, and an ana-
lytical balance are accessible for peneral use.

. Newtron source. The irradiation vials are lowered into ports
4 cm from a 282Cf source® where the flux density iz ahout 2 X
10% neutrons cm™ 2 51, .

Instrumentation. Figure 1 shows a block diagram of the
instrumentation used. The irradiation vials fi snugly into the
well of the 3.8 cm X 3.8 cm Nal{T} crystal. The single channel
analyzer is set by leaving the window wide open and rajsing
the discriminator until no appreciable count rate is observed
with a 1%Cs source (., = 0.662 MeV) (6} near the crystal.

Procedure. Standard (KHsP(}4) and sample {plant food)
solutions are accurately prepared with distilled, deionized
witer to be about 20 ppm phosphorus. Analysis is performed
on 25-mL aliquots of standard and sample.

The phosphevanadomolybdate complex is formed directly
in separatory funnels, as follows: To each aliquot of phos-
phorus solution, 5 mL of coricenirated nitric acid, 5 mL of
vanadate solution, and 10 ml. of molybdate solution are
added. Pipets are used to measure all volurnes. Kach separa-
tory funmnel is shaken well and aliowed to equitibrate for 5 min.
The appearance of a bright yellow color in solution indicates
the formation of the compiex.

A 10-mL aliquot of MIBK is pipeted inta each funnel. The
organic and aqueous layers are intimately mixed by shaking
at 30-g intervals for 5 min. The layers are then allowed to
separate undisturbed for 30 min. Half of each organic fayer
{5 ml)} is transferred to a labelied polyethylene irradiation
vial, The vials are sealed with epoxy or “heat sealed.”

Each specimen is irradiated for 10 min in the #52Cf source
and counted for 8 min in the Nal{T1) well crystai. A 1-min
waiting period is allocated between irradiation and counting
to aflow for transfer of the vial from the neutron facility ta the
gamma-ray detector,

Resulls

Representative data are presented in the table. The sig-
nal-to-background ratio is limited both by the etficiency of
the relatively small well crystal and by the amount of complex
soluble in 5 mL of MIBK. The great variation in counting rate
coriginates from the use of various counting conditions and
shielding arrangements around the detector.

The calculations, although straightforward, involve several
steps. There are many ways to obtain the resufts from the
data; presumably the most instructive is to carry out the cal-
culations in the same logical order in which the experiment
was performed (Fig. 2), ‘This method serves to reinforce the
logic and purpose of the experimental procedure, _

Resulis calculated from student data are presented in
Figure 3. All students worked in groups of two or three and
analyzed the same plant food: Each result is a weighted av-
erage of three sample determinations. The error quoted is
obtairied through propagation of a one-sigma statistical un-
certainty, associated with the counting of decay events.

Discussion

in any experiment involving radioactivity, the question of
safety invariably will arise. Derivative activation analysis is
particularly appropriate for a teaching laboratory in this re-
gard, All chemical procedures are carried out before any pa-
dioactivity is induced. When activity is handied, it 18 in a
seated vial, and the short half-}ife of 52V arid relatively small
amount of vanadium present keep the total activity quite lot.
In addition, no radioactive waste is generated; within a half-
hour of removal from the neutron source, less than 1% of the

freac:ation

“/_?// wial
28 x3Bcom
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Crystal
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Figure 1. Bloek diagram of gamma-ray detactor ant electronics.

CALCULATIONS

STANDARD PRGCEDURE SAMPLE

% phosphorus

% phosphorus
in KHaPO4

!

weight phosphorus
ind L
of sofution

1

weight phosphorus
in 25 mL
of solution

¥

weight phasphorus
n 5 mL MIBK

v

specific activity
tepmsmg P)

Prepare  Standard
and plont food
whutiansg,

Toke 25 mi aliguats
of each,

Form complex;
extract and tronsfer
to viat,

irrodinte and
count.

in pignl food
[mominal} -

g

weight plont food
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initial activity is present and the organic solutions may be
disposed of through normal procedures.
This experiment has two features which particularly rec-
ommend i as a teaching tool. First, it can be completed in one
- laboratory period. All students performing the experiment
carried out their laboratory work comfortably in 34 h. Sec-
ond, this determination yields good resulls without undue
meticulousness. Student data attest the fact that the method
works well.
While aclivation analysis with a nuclear reactor as the
source of neutrons has been widely exploited (7), this exper-

iment is viahle with more available neutron facilities. For
example, piutonium-beryllium sources provide up to 1.4 X 107
neutrons s Ci~? (3}, which is more than ample for this ex-
periment; and small 252Cf sources are becoming increasingly
more commonplace. Less potent sources could be used in
conjunction with more concentrated samples and a larger
volume of MIBK in order to yvield the requisite level of ac-
tivity.

In nitric actd medium, there are virtually no ionic inter-
ferences to the determination of phosphorue. Samples of
water, coal, biclogical tissue, and rock and mineral matter have
been assayed successfully by DAA (2). Solid samples must
first be dissolved, and all samples must be preconcentrated
or diluted, if the phosphorus concentration is not between 1
ng/mb and ~30 g/m1. The upper limit ia determined hy the
solubility of the phosphovanadomoiybdate complex in MIBK,
and the [ower limit by the avaiiabie neutron flux density (1
X 10% n cm2 5! for 1 ng/mb) (2).

With its wide options for sample {ype, neutron source, and
counting instrumentation, DAA of phosphorus emerges as a
versatile analytical method in addition to being a very useful
teaching tool
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HPLC Analysis of Chiorophyll a, Chiorophyll b, and

B-Garotene in Collard Greens

A Project for a Problem-Oriented Laboratory Course

Augustine Silveira, Jr., Jerry A. Koehler, Edward F. Beadel, Jr., and Pearle A. Monroe
State University of New York, College at Oswego, Oswego, NY 13126 '

The theory and application of high performance fiquid
chromatography should be an integral part of coflege chem-
istry curricula since many students will be utilizing this
technique in their profession. A popular experiment (1, 2) in
undergraduate organic laboratories is the separation of a ca-
rotenoid, such as B-carotens, from the chiorephylls in vege-
tables {e.g., coliard greens, spinach, etc.) using colurnn or thin
layver chromatography (T1.C}. We have expanded this tradi-
tional experiment by utilizing high performance liquid chro-
matography (HPLC) to separate and quantitate 3-carotene,
chlorophyll a, and chlorophyll b originating from collard
gteens. This experiment clearly illustrates to the student the
versatility of HPLC as a powerful analytical technique. A
project undertaken by SUNY Oswego students who have
previousty {3-5) heen involved in project-orienied laborato-
ries, is described.

Prasamed in part at the American Chemical Society, 11th Northeast
Regional Meeting, October 18-21, 1881, Rochester, NY,

information about Ominsolv™ glass-distilled soivents may be ob-
tained from MCB Manufacturing Chemists, Inc., 2909 Highiand Ave.,
Cinginnati, OH 45212,
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Experimental

Instrumentation

The instrument used wags a Varian 5020 liquid chromato-
graph equipped with a Model UV-10 variable wavelength
detector and a Model 9171-02 dual-pen, strip-chart recorder.
The 4-mm X 30-cm prepacked analytical column for this
separation was a MicroPak Si-5(Silica). A 4-mm X 30-cm
bonded reverse-phase column {(monomeric octadecyisilane)
MicroPak MCH-10 also was used. For a comprehensive dis-
cussion of reverse-phase chromatography, see reference {6).
Each of these analyticat columns was preceded by its appro-
priate 4.6-mm X 3-cm pre-column. The mobile phase was a
nonlinear, step-and-hold gradient of isooctanezisopropanot
(99:1 V/V) to a final composition of 85:15{V/V) (iscoctane:
is}oggo}panol}. All solvents used were Omnisolv™ glags-dis-
tilled.

The solvent flow rate was | m)/min. The detector was fixed
at 0.8 nm and 0.005 AUFS. The sample size was 10 ul (107€1)
and was introduced by a Valco Model AH-CV-6-TJHPa-N60
air-activated sample injector. The chart speed was 1 cm/
min,




Sample Preparation

‘Separatory Funnel Extraction Method. Crush approximatsly 15
g of fresh or frozen collard greens in 50 ml methanel with a mortar and
pestle. This is to remove as much water from the plant ceils as possi-
ble. Decant and discard the methanal solution and press the vegetable
as free of solvent as possible. Regrind the collard greens with 15 ml
methanol and 25 mi isooctane. Filter the mixture through a ginss
funnel plugged with absorbent cotton into a 125-mi separatory funnel,
Again, regrind the vegetabie with 15 ml methanol and 25 ml isooctane.
Filter as previously and place in the separatory funnel,

Discard the lower methanol phase and add 30 m! water to the sep-
aratory funnel and shake gently. If an emulsion appears, add sodium
¢hloride. Repeat as previously with another 30 ml water.

Place the iscoctane solution into a 125-ml Erlenmeyer {iask, and
dry by adding 1-2 g anhydrous sodium suifate. Decant the liguid fto
a sample botile with a serew top. Fill t¢ the top with additional iso-
octane as needed. This minimizes contact of the sample with oxygen.
Birong light and oxygen hasten the decomposition of coroponents.
To exclude light, the sample bottle is wrapped fightly with alominum
foil. Save the sampile for HPLC analysis, )

SEP-PAK™ 2 Extraction Procedure {7}. Add 10 mi 2-propanol to
5-10 g of collard greens and stir with a moriar and pestle for I min.
The 2-propanocl verves to eliminate the water from the disrupted cells
{i.e., same as methanol). Press the vegetable as froe of solvent as
possible and decant the mixture.

Extract the pigments by adding 5-10 m) iscoctane and stirring.
Decant the green colored mixture. Evaporate the tquid almost to
dryness using a steatn bath. Add 2--6 m} isooctane through the gjlica
SEP-PAK™ with a Luer-type syringe. Immediately dissolve ihe ex-
tracted residue in 3 mf isooctane and pump it onto the premoistened
silica SEP-PAK cartridge with the Luer-type syringe. Flush 3 ml
isoectane through the cariridge and discard the eluate. With 5 ml
g-propano! elute the yellow and green bands, collecting only tha col-
oted bands. Place this in a screw-top rample bottle, (31l to the top with
2-propanot and cover the vial with aluminum foil.

Results and Discussion

A typical chromatogram obtained by students showing the
separation of f-carotene from chlorophyll a and chlorophyll
b is ghown in the figure. The entire HPL.C analysis can be
accomplished in about 25 min. Interestingly, both the sitica
and the octadecysilane column gave comparable class results,
with the more polar compounds being eluted last. Therefore,
in the octadecylsilane run, one is actually observing a form of
“reverse-reverse phase” (i.e., normal) chromatography. The
HPLC class results from either the longer separatory funnel
extraction method or the shorter SEP-PAK™ preparative
procedure also gave comparable HPLC regults.

# Iformatlon on SEP-PAK™ cariridges may be obtalned from Walsrs
Associates, 34 Maple Street, Milford, MA 01757.

Chiy

B~ Carotens

RELATIVE ABSORANCE
at 45 nm

TIME

Chromatograph of B-carolena, chioropiyl a (Chl,), and chioropiyil b {Chig) from
coflard greens by the SEP-PAK™ method.

Average HPLC Student Results of 3-Carolene, Chlorophyl a, and
Chlorophyll b from Coliard Greens

Pigment Occurrshce ®
B-Caratene 47 %106 g
Chiorophyll a 18X 106g
Chiorophy!l b 1.2X 10 %g

# Valuas are expressed s por gram fresh welght of coliand greens. Standards were
purchased from Sigma Chemical Company, P.O. Box 14508, 81. Louls, MD 63178,

The selectivity {a) class value for chlorophyil a and b was
1.4, and the resolution was 1.1; this indicates that if one wished
to collect the samples, one would obiain approximately 99.2%
of each component. The average HPLC student results, ex-
pressed as per gram fresh weight of collard greens for 8-car-
otene, chiorophyll &, and chiorophyil b are summarized in the
table. The other, unidentified compounds appearing in the
chromatogram are typically pheophytins (chlorophyll which
has lost its magnesiumy), chlorophytlides {chlorophyll which
has lost its long-chain alcohel, etther phytol or farnesol),
pheophorbides (chlorophyllides which have lost their mag-
nesium), or pheophytins which have lost their phytol
moiety,

The literature is replete with time-consuming separations
utilizing cofumn or thin layer chromatography (8-11). Evans
et al. (12) have separated two chlorophyl! derivatives with
high-pressure tiquid chromataography and Fskins et al. (1.3}
have described a preparative HPLC procedure too lengthy for
routine analysis, Shoaf {14) has separated chlorophyil a and
b from aquatic algae utilizing dimethyl sulfoxide as the ex-
tracting solvent and water-methanol as the HPLC mobile
phase and Braumann and Grimme (15) have done a single-
gtep separation of photosynthetic pigments with HPLC. The
chromatographic separation of 8-carotene, chlorophy} a, and
chlerophyit b by TLC and open-column methods is time-
consuming and cauges pigment decomposition by exposing
these labile compounds to oxygen, light, solvents, and adsor-
bents for relatively long periods of time.

The project we have deseribed demonstrates to the student
that high performance liquid chromatography is useful for
rapid quantitative identification and analysis of such com-
pounds as plant pigments. Because the separation is rapid and
requires only a few, inexpensive standards, it can be integrated
easily into existing laboratory curricula.
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WALLACE J. GLEEKMAN-
Brookline High School
Brookline, MA 02146

Northeast

March 28-28, 1984

NEW YORK ACADEMY OF SCIENCES CONFERENCE ON MACRO-
MOLECULES AS DRUGS AND AS CARRIERS FOR BIOLOGICALLY
ACTIVE MATERIALS to be held at the Rocsevelt Holel, New York,

NY, .
For further information, sea the February 1984 isaue of THIE JOURNAL.

Aprii 5-8, 1984 o
32np ANMLUAL CONVENTION OF THE NATIONAL SCIENCE
TEACHERS ASSOCIATION {NSTA} wiif be hald at the Sheraton-
Boslon and the John B. Hynes Auditorium In Beston, MA.

Fer turther informalion, see the Fobruary 1984 isswe of THIS JOURMAL.

April 5, 1984
ALL DAY CONMFERENCE ON ACID RAIN sponored by Northeastern
Bection, American Chemical Society 1o be held at the Sheraion-
Lexington Holel, Lexington, MA.
Keynote speaker: Dr. Michagl Oppenheimer, Environmentat Defanse
Furd, Mew York, MY.
For hathor information, contacl: Marion Ryan, Polarpid Corporation, 750
Main Street— 1R, Cambridga, MA 02139, (817} 577-3585.

April 7, 1984
AVERY A. ASHDOWN HIGH SCHOOL CHEMISTRY EXAMINATION
CONTEST sponsored by thé Northeaslern Section, American
Chamical Society lo'be heid at Simmons College, 300 The Fenway,
Bosion, MA,
For further information, contact: ivan VanderWorkeen, Chemistry Dapt.,
Westwood High Schoo!, Westwood, MA 02090, (617} 328-7504.

May 21-23, 1984
18 MIDDLE ATLANTIC REGIONAL HEEHHG, New Jorsey institute
of Technology and Rutgers Univeraity, Newark, NJ.

For turther information, cemlact: G. E. Heinze, Janzen Pharmaceutica
inc., 501 George St., New Brunswick, NJ 68903, (201} 524-9575.

May 31-June 2, 1984
114 CONFERENCE OF COLLEGE CHEMISTRY CANADA to be held
at John Abbott College, Montreal, Quabac,
Theme: Lite in Chemistry = Chemistry in Lite
For further information comact: Shahid Jalil, John Abbott College, P.O.
Box 2000, Sle. Anna de Bellevue, P. Q. HEX 319,

June 10-14, 1984

14TH NORTHEAST REGIONAL MEETING, Fairfield University, Falr-

fiald, CT.
For further mformaﬂon conlact: D. {. Swanson, American Gyanamid
Co., Chernical Research Division, 1837 West Main Strest, Stamford, CT
089(}4 (203) 348-7331.
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MANCY LEMASTER

. W. Danisl High School
Cantral, SC 28630

ADVANCED PLACEMENT SEMINARS

Southeast

Aprit 3, 1984

University of Kentucky, Siudent Cenler Annex, Lexingion, KY
40508.

For further information, conlact: Timothy A. Burcham {606} 257-1806.
April 10, 1984 )
Tennessee Technological University, University Center, Codlmllle.

TN 38501,

For further information, contact: James G. Perry, (815) 528-3884.
For the State of Florida, the fist of AP seminars may be obtalned. For fur-
ther information, see the February 1084 issue of THIS JoURNAL, -

May 10-12, 1984
3T ACS FLORIDA SECTION ANNUAL MEETING at Rlorkla Southem
College, Lakeland, FL.

For further information, see the February 19884 issue of TS JoURNAL. -

adited by

ROBERT SaITS

D. H. Hickman High Schook
Columbia, MO 65201

Northcentral

‘April 6-7, 1984

The B3rD 2YC; CONFERENCE at the St. Louls Community College
at Florlssant Valiey, 3400 Parshall Road, St. Louis, MO 63135, In
conjuncilon with the 187th ACS Natlongl Mesling Aprll 6-13,
1984,

For further information, seie the Fehrua:ry 1884 igaue of THS JOURNAL.

April 8-13, 1984

1877H ACS NATIONAL MEETING, St. Louls, MO,
For turther information, see the February 1984 issue of THS JOURNAL.

April 9, 1984

“*HIGH SCHODL DAY" st the ACS Nallonsj Meeting, St Lowls, MO,
. For further information, see the February 1984 issue of THIS JOURNAL.

May 23-25, 1984

JOINT GREAT LAKES CENTRAL REGIONAL MEETING, Kalamaxoo,
M,
For further informatlon, contact: L. E. Hines, LUgjohn Cao., 301 Henrietta
Street, Xalamazco, Ml 48001, {818} 385-7814,

edited by

Douc ManoT
Sumner High Scheal
Sumner, WA BB380

Northwest

June 13-15, 1984
3%th NORTHWEST REGIONAL MEETING QF THE AMERICAN
CHEMICAL SOCIETY at the Unfversity of idaho, Moacow, ID.

For further informatlon, conlact: Dr. Stave Brown Washinglon State Unk
warzity, Pullman, WA 89184,
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ERi: STREITBERGER

University of California-Fulterion
Fuilerton, CA 96231

TEACHER WORKSHOPS sponsored by the Colorado
ACS Section, Regis College, Room 312 Science Bldg.,
Denver, CO 80221. 8:00 a.m.~5:00 p.m.
April 7, 1984
Descriplive Chemistry ol Metais
May 5, 19684
Degecriptive Chemistry of Non-Maetals
For further information, contact: Evelyn Bank Chalirman of the Colorado

ACE Section, Westminster, CO 80034, (303} 428-9541 Ext. 243 or {303)
424-3162.

WEDMNESDAY AFTERNOON LECTURES being held at
Calllornia Institute of Technology, 3rd #loor, Baxter
Hall, Pasadena, CA.
These lectures begin at 3:30 p.m. and are free for secondary school
students and teachers. They are as follows:
Aprit 4, 1884
The Crack: the Most Expenslye “Nofhing™
Speaker: Or. W, T. Knauss, Professor of Aeronautics & Appfied Me-
- chanlcs
May 2, 1884
The Atemic Nucleus: Quanhim Physics on & Grand Scale
Speaker: Dr. 5. C. Koorin, Professor of Theoreticat Physics. .
For further inforrnation on the above lectures, contact Lee F. Browne, or
Phyllis Brewster, California institute of Technology, Pasadena, CA
81125, {213) 356-6624.

LETTERS

Southwest

The Error inin x
To the Editor:

Ifound Leonard Nash's article on the “Ice Point and Triple
Poirit” in the Dlecember 1981 issue quite interesting, partic-
ularly his pointing out that a four digit logarithm can vield a’
six digit antilogarithm.

Although his demonstration was most convineing, I should
like to suggest an alternative derivation of his result. If we use
the notation of calculus for finite changes {errors), then we
may write than an errer in x, d{x}, causes, in the logarithm of
x,Inx, an error d{ln x) given by

diinz}= 1 dix}
I

Thus d{x} = x d{ln x}, the error in x is ¥ itself multiplied by
the error in the logarithm.

In one of Nash's cases, where In x = ~8.230 X 104 =
—(.0008230, if we assume an error of +1 in the last digit
quoted, thﬁn diln x} = 2 X 107, Now x itself is manifestly near

- 1 (i.e., 0.9991. . ), thus

dix} = (1)(2 > 107

or the resulting x is determined to within 2 in the seventh
figure.

Note that the above‘relationship indicates that the error
increages with i mcreasmg x and that the inverse process of
obtaining ]11 x, given x, can lead to quite large errors if x is very
small. _

Oliver G. Ludwig

Villanova University
Villanova, PA 19085

More on Chemical Storeoviews
To the Editor:

Since writing the note on the congtruction of a resource file
for chemical stereoviews,! I have come across a number of
additional references dealing with the history of chemical
stereoviews as well as several new sources of potentially useful
stereoviews, both of which may be of interest to the readers
of THIS JOURNAL.. Dr, Ivan Bernal has called my attention to
an extremely interesting collection of stefeoscopic drawings,
edited by von Laue and Mises, and puhlished as two separate
volumes by Springer Verlag in 1926 and 1936.% These volumes
contain a total of 48 hand-drawn sterecviews illustrating the
14 Bravais lattices and the structures of 34 elements and
simple inorganic compounds, ranging from NaCl to perovsk-
ite. The 1921 crystallography text by Groth? also contains a

-collection of stersoviews, though these are stereophotographs

of actuat physical models rather than line drawings,

The back cover of the April, 1923 issue of the JOURNAL OF
CHEMICAL EDUCATION carries an advertisement for Fisher
Scientific, complete with a photograph, of a “Camerascope”
for “visual insttuction in X-ray crystallography.” This device
sold for the then rather expensive price of $18.00 and conasisted
of a small folding stereoscope and 37 stereoviews: From the
description it iz apparent that it was essentially an American
vereion of the Bragg set mentioned in my original note.

As for sources of stereoviews, the first volume of the series
“Molecular Structures and Dimensions,” published hy the
International Union of Crystallography,® contains close to 920
computer-drawn stereoviews of organic compounds, organo-
metallic T-complexes, charge-transfer cormplexes, clathrates,
carboranes, and traditioual metal complexes of organic H-
gands. Regrettahly, a similar source of stereoviews for non-
molecular solids is apparently still lacking.

William B. Jensen

University of Wisconsin
Madison, Wl 53706

1 Jensen, W. B., J. Cuem. Epuc., 58, 385 (1982). S

2yon Laue, M., and Mises, R. {Editors), “Stereoscopic Crawings of
Cryutal Structwres,” Vols. t and 2, Springer, Berlin, 1926 and 1936.

3 Grath, P., “Elemente der Physikalischen und Chemischen Kristal
lographie,’" Oldenbourg, Berin, 1621,

4J. Crem. EDuc,, 8, 4 (1928),

5 Kennard, O., et al. {Editors), ‘Motecular Structures and Dimen-
sions,” VoI, A1, internationat Union of Crystallography, 1872,

The Supporting, Rather than Initiating, Role of Sclence In
Technology
To the Editor:

In his editorial in the May, 1982 issue of THIS JOURNAL
“The Public Attitude Toward Science™), J. J. Lagowski
correctly laments the priorities of the American pubic for the
support of science and technology with tax revenues, as in-
dicated by the most recent annual report of the National
Science Board, Science Indicators 1980. He comments that
“It should be more than slightly disturhing to the scientific
community that the general public perceives the acquisition
of new knowledge—the fundamental hasis of modern tech--
nology—to be so lacking in merit as to place it among the
fowest on the Hat of areas to be supported.” While the public’s
lack of appreciation for the benefits to modern society of
fundamental research is indeed cause for concern, Lagowski’s
justification for the acquisition of new knowledge as “the
fundamental basis of modern technology™ is ill-suited to his
purpose. Historians of science and technology have in recent
years devoted much effort towards the elucidation of the in-
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teraction between science and technology, and a consensus
has emerged that technslogical innovation most often evolves
from prior technology, and that when pure science does play
a role, its relation to the technological developments are sel-
dom those of cause and effect. In a careful study, for example,
of 84 successful Britich technological innovations of 1966/67,
F. R. Jevons found the role of science to be a supporting, rather
than an initiating, one and that in no singie case was an in-
novation induced by a scientific discovery.?
1If we choose, as many of us do, to justify the purauit of
knowledge primarily by consequent technological innovations,
then the importance of pure research will be diminished if, az
seems likely, the justification is rendered invalid, It is im-
portant for modern scientists, of whom chemists form a large
percentage, to seek societal support for the pursuit of new
knowledge as an integral part of the cultural attainments of
_mankind, a part moreover which encourages us to appreciate,
utilize, and live in harmony with, the world around us.

Melvyn C. Usselman

Univelrsity of Western Ontario
Lendon, Ontario
Canada N6A 5B7

* Jgvons, F. R., Technology & Culture, 17, 729 (1876).

Liabllity Insurance
To the Editor:

A contribution to the Safety Column last November by
N. T. and Marilyn C. Kurnath! has pointed out the increasing
numbers of law suits charging negligence on the part of labo-
ratory teachers. This has raised questions about Hability in-
surance for the financial protection of teachers and prompts
ue to call special attention to the ACS Professiona} Liability
Insurance Plan, just in case our readers failed to note the paid
advertisement. on page A344 of that same issue.

Reductions in rates have made this coverage a genuine
bargain in the opinion of your Column Editor. For peace of
mind and the protection of your solvency we recommend
writing for full information. Address inquiries to the American
Professional Agency, Ine., 95 Broadway, Amityville, NY 11701,
{The plan also includes coverage for industriai chemists, and
an aiternative plan is available for consultants.)

Malcolm M. Renfew

Univarsity of Idaho
Mascow, I 83843

1 Kurnath, N. T. and Kurnath, Marilyn C., J. CHEM. EDUC., 58, A329
(1981). '

Crib Cards for Tests
To the Editor:

I would like to note that Whitmer’s suggested use of a 3 X
5 “crib card” on tests [J. CHEM. EDUC,, 60, 85 (1983}] is not
limited to physical chemistry. T have succesafully used the
same idea for several years in my sophomore organic chemistry
course and I concur with Whitmer’s commenti that preparing
the card is an excellent focus for study. Y have had students
complain that by the time they have figured out what they are

going to put on the card they no ionger need the card. { rec-.

ommend its use by instructors interested in testing the use of
facts without testing the memorization of those facts,

John Henderson

Jacksan Cammunity College
Jackson, M} 4920

268 Journal of Chemical Education

Soiled Chemistry
To the Editor:

There are significant agronomice errors in the experiment
entitled, “Soil Analysis for High School Chemistry Students,”
by Mary A. Eisenmann, published in J. CHEM. Epuc., 57, 897
{1880). The Discussion section has several significant errors:
1) The fertilizer analysis 15-5-10 means 15% N, 5% P,0s, and
10% K20, not 5% P and 10% K as stated in the article. The
state fertilizer registration laws are 20-30 vears behind the
times. 2) In soil that is too alkaline {basic) (pH = 8), the mi-
cronutrients zine, copper, iron, and manganese are tied up as
insoluble phosphates and the phosphate ions {HPO,2) are
unavailable because of the formation of insofubMe calcium and
magnesium phosphates. 3) In acidic soils {pH < 5) the mi-
cronutrients (trace elements) manganese and iron become too
avatlable and may reach toxic levels. Aluminum becomes a
significant problem also. The ideal soil pH is 6.5, the pH of
maximum major and secondary nutrient availability and
proper micronutrient availability.

A professional 20il testing faboratory tests for the primary

* and secondary plant nutrients—N as NO;~ by specific ion

electrode, P colorimetrically as the biue phosphomolybdate
complex, and K, Ca, and Mg by atomic absorption-emission
spectroscopy. The micronutrients are also determined by AA.
A soil lab does not test for HCO3~, pH is measured with a pH
meter. Na-Churs Plant Food Company analyzes approxi-
mately 130,000 soil semple g year for is fertilizer cus-
tomers. .

I will be happy to answer any questions about soil testing,
agronomic recommendations, fertilizer manufacture, ete,

Walter C. Crouse

Director, Product Research
Na-Churs Plant Food Company
421 Leader 5t.

Marlon, OH 43302

An Alternative Proof
To The Editor: )

Cart W, David’s article, “Why is an LCAO-MO Not Nec-
essarily an Eigenfunction,” which appeared in the Apri 1982
JOURNAL provided one demonstration that Wi, = s, + Isy
is not an eigenfunction of the one-electron Hamiltonian H.
1 would like to suggest a much simpler and perhaps more in-
teresting proof.

Consider

H\hm] = [—{hzfﬂm)w - Zea,-’rg - Ze"/rb](lsﬂ + 18b}

But 1s, is an eigenfunction of the first two terms in H, and sy
is an eigenfunction of tha firat plus the last term in H. In each
case, the eigenvalue is simply the hydrogen-like atom ground
state energy Eyr, = —(13.6 eV)Z% Therefore

Hlisa = (B — Ze2/ry)la,
Hlsy = [Byy, — Ze2ir)ay,
and
Hibyi = Bup(isa + 1o} —~ (Ze?/rp)isa — (Ze?/ra)1sn
= Eat¥iia — (Ze¥/ru)lsa — (Ze?/ra)isy

1t is impoasible to factor the last two terms to yield simply Yiia
multiplied by a constant. Therefore, ;a1 i6 not an eigen-
function of H. :

This proof exploits essential properties of the Hamiltonian
H as well as of the AOs 15, and 15y, and offsets any need to
consider apecific functional details.

Frank_O. Elilson

Univarsity of Pitsburgh
Pittsburgh, PA 15260
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_ General Chemistry Principles and
Structure, Third Edltion, $i Version
Jameas E. Brady and Gerard E. Humis-
ton, John Wiley & Sons, Somersef, NJ,
1883, xix + 826 pp. Figs. and tables. 22 X
26 cm, $30.95,

The appearance of an 81 version of this
respected texthook fsee my review in this
Journal, 60, A103 (1983)] is a sign of a
healthy sales piclure, which for the admirable
texi under review iz altogether deserved.
Unfortunately, however, the need for two

alternative versions of first-year texthooks
teflects a déplorable lack of agreement among |

chemists over the basic grammar and spelling
of our science, At this time no consensus has
yet been reached on the names that should be
given to the well-defined physical quantities
and the symbols for those names, the names
given to well-defined unita and the symbols
for those names, and the ruies for the ex-
pression of relations involving numerical
values hetween such physical quantities and
such units. Thus, students of chemistry at all
levels are currently taught an incredible
mishmash of names and symbols, depending
on the whim of the particular instructor. In
this situation we Iook to editors and textbook
authors for the leadership which will lead ua
to a more Jogical and rational fuiure. Againat

this is the ronservatism of the professoriate

who, after all, can control at least the text-
book market by exercising the power not to
adopt.

Even in this version of the excellent text
under review, Professor Heikkinen, a well-
practiced chemical educator, has retained the
standard atmosphere (atm) aa a convenient
synonym for 101,325 N m~2 {101.325 kPa},

even though the N m™2 (pascal) is used as the-

SI-derived unit of preasure throughout the
taxt.

This popular and serious textbuok ie highly
recommended,

J. J. Zuckerman

University of Oklahoma
Norman, OK 73018

Reviewed in this issue

Introducilen to Chemistry, Fourth

EdHlon

" T.R. Dickson, John Wiley & Sons, Som-
erset, NJ, 1983. xvii + 540 pp. Flgs. and
tables. 19 X 24 ¢m. $25.95.

This textbook, intended for a one-term
course in chemistry, is supposed to Tulfill the
needa of two different groups of students—
those who need a foundation for additional
courses in chemistry and those who wish to
have only ao introductory course. It is a
challenge to teach both groups, and i iz a

‘significant chalienge to find an appropriate

texthook.

The author recognizes the need to provide
students with an appropriate background iu
systema of measurement and prohlem solv-
ing. This is handied wel through the factor-
labe} method in the first chapter and through
the use of three appendices,

Chapter two covers the chemical elements
{nature of matter, atomic theory, nuclear
atom, isotopes, and atomic weights), chapter
three covers compounds and formulas, and
chapter four looks at stomic structuze and the
periodic tabls, including electronic configa-
rations. ’

Subsequent chapters cover chemical
bonds, chemical nomenclature, chemical re-
actions and equations, chemical stoichiom-
etry, gases, water and soluficns, solution dy-
namics and chemieal equilihrium, acids, and

“bases, oxidation and reduction, ilqulds and

solids, nuclear energy, organic chemistry, and
biochemistry.

In short, most significant topics of general
chemistry are considered {though, obviously,
in limited detail). At first glance, then it
mighi seem that the book ia written for the
second student group. Actnally, the author
has faced the ditemma of what to include and
has responded by providing all students with
an honest view of chemistry ag the basic, ex-
citing, relevant central science that it is.

There is a ot of material here, but it is wel}
presentad, and the instructor can alter the

order of chapters after the first four without
penaity.

A final point: this book does not have that
fourth edition the-author-listened-to-ev-
ery-advisor-around look. It is a polished,
well-written, attractively designed texthook,
1t is recommended for those who are faced
with the challenge uf teaching the course for
which it is written.

Dean F. Martin

Liniversity of South Florida
Tampa, FL. 33620

Practfce of Thin Layer
Chromatography. Second Edition

Joseph C. Touchstone and Murrell F. Dob-
bins, John WHey & Sons, Somerset, NJ,
1983. i#i + 405 pp. Figs. and tables. 16 X
23.5 cm. 540.00,

The authors present a follow-up volume
of their successful first edition’ which was
published in 1978, The hook consiats of 16
chapters and is intended primarily for prac-
ticing chromatographers It contains much
“how to” information and is full of practlcal
advice,

Comparing the second to the first edition,
one finds that the majority of the chapters
was left essentially untouched. In many cases
the chapters are identical, including the lists
of references. The only significant changes
were made in Chapier 4 dealing with sampie
preparation and application, and Chapier 10
which haa been relabelled from “Radioactive
Procedures™ to “Procedures fur Radioactiv-
ity.” The anthors have, however, paid trihute
to 2 new developments, revise phase tech-

(Continued on page A114)

James E. Brady and Gerard E. Humiston, General Chemistry Principles and
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nigues, and high performance thin layer
chromatography (HPTLC). These two topics
are introduced in Chapters 13 and 14. )
Reversed phase methods are not expected
to play a similar role in TLC as they do in
liquid. column chromatography. Neverthe-
less, they are a useful addition to the Ieper-
toire of TLC. Most papers referenced in
Chapter 13 are legs than 10 years old which is
a clear indication of the relatively recent in-
troduction of RP methods. The chapter is
short but well written and informative,
HPTLC, also a relative newcomer, does not
fare ag well. Although the battle is still raging
whether HPTLC deserves the prefix HP or
is merely a refinement of existing technology,
the fact remains that it is rapidiy expanding.
Two symposia dedicaied to the subject have
been held in Europe with several hundred
seientists and practitioners in aitendance.

At14

The 16 papers from the first and 28 from the
second sympodiurn proceedings book are not
merntioned in the text and obviniisly have
boen overlooked by the authors. This is
somewhat surprising since the proceedings
from the first conference weze published in
regular book form in 1980,

Practicing chrnmatographers, especially
organlc chemisis and apphcatlonq oriented
users whe are not interested in thin layer
chromatography as a science but only as a
tool to accomplish a specific task wilk find the
book of considerable value. The reader is not
introduced to any theory and is exposed only
to a minimum of instrumentation. The im-
provementy offered by the second over the
first edition are amall. Readers who already
have access to the earlier edition ahoold stick
to the older version. Newcomers to the field
will find an above average teyt dt a reasonable
price.

Woalfgang Bertsch

The University of Alabarma
Uriversity, AL 35486

Journal of Cherhicat Education

'NEW JOURNAL
ANNOUNCEMENT

Drying Technology and International
Journal, Yolume %, Number 1
Car! W. Haif {Editor), Marcet Dekker, Inc.,
New York, NY, 1983. 163 pp. Figs. and ta-
- bies. 15 X 23 cm. Tiwo issues per volume;
institutional rate, $85.00; individual rate,
$47.50.

TITLES OF INTEREST
History of Clinical Chemistry
J. Butiner, {Editor) Walter de Gruyter and

Co., Beriin, Germany, 1983. 91 pp. Figs.
and tables. 18.5 X 26.5 cm. $44.50.

This volume is a collection of eight (8} pa-
pers on the history of Clinical Chemistry thiat
originally appeared in the Journal of Clinical
Chemistry and Clinical Biochemistry in 1981,
and 1982,

TITLES OF INTEREST
Symposium _
Analytical Chemisiry Symposia Series,
Vohime 15, Computer Applications in
Chemistry _
8. R. Helfer and R. Potenzone, {Edftors),
Elsevier Science Publishers, New York,

NY, 1983, xii + 394 pp. Figs. and tables.
17 X 24.5 cm.

Topics Covered: The Neglected Ingredi-
ent in Chemical Computer. Systems; Di-
rections in Macromolecular Structure
Representations and Display; Some As-
pects of the Appiication of Pattern Recog-
nition Metheds in Ciemistry; Knowledge-
Base Enhancement via Tralning Se-
quence: The Education of SYNCHEMZ2;
Chemical Imformation Systems; A Central-
ized Commiputer Systern with Distributed
Satellites for tha Acquisition and Interpre-
tation of Analytical Data; Teaching with a
Microcomputer; Local Area Networks,
Fourth Generation Languages and Mi-
croefectronics in the Research Laborato-
ry, Computer, Networks for Scientific Ap-
plications: A Status Report; Computerized
Standard Reference Data; The Random
Graph-Like State of Matter; Thé Federai
Role in the Support of U.S. Science and
Technology: A View from Congress; Com-
puter-Assisted Structure Elucidation Sys-
tem—Functions that “CHEMICS™ Systemn
Can Perform; Computers in Chemical Re-
search at the Novosibirsk Scientific Cen-
tre/Tha Chemistry in Fufure Moleculsr
Computers; Comparison of Logical Three-
Dimensional Molecular Structures by
Means of an Auto-Correlation Proceduwre;
Computer-Assistéd Drug Design.

This volume. contains papers printed at
the 6th international Conference on Com-
puters in Cherhical Aesearch and Educa-
tien In Washington, D.C., on July 11-16,
19682.

CONTINUING SERIES
Stereoelectronic Effects in Organic
Chemisiry, Vinmg 1

Pigrre Desiongohamps, Pergamon Press,

inc., Eimsford, NY, 1983. xi + 375 pp.
Figs. and tables. 15 X 23 cm. §27.50.
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