


Before you order chemicals again,
stop and think.

It 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 chemicals, so we're also your best “one-stop” source

be getting better quality and much more reliable Tor 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.

scientific community for over 30 years. We keep

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

50 you'te assured of getting what you need, and at Service Department at 919 584-0381.

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

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

Carolina Blological Supply Company

2700 York Road Box 187
Burlington, North Carolina 27215 Gladstone, Oregon 97027
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Today’s academic laboratory is a modern Who flowmeters, and other equipment
‘facility that trains students to control them properly.
for careers in the high tech- ags lt an Safety in the laboratory is
nology iob mar(li{:t. Sucha ’ ir:a}?;rﬁangl To aid gou in the
laboratory needs equipment I‘y T e handling and storage
and supplies that are as : 0[“ 0wer ® of gases, we have fla
sophisticated as the laboratories that arrestors, toxic gas detector systems, hand
will one day employ these students. Matheson trucks and cylinder stands. We also have a

has a complete selection of gases and equipment  system for buying back empty lecture bottles
for the modern laboratory. We have more than  so that you won't be stuck with a disposal

80 different gases and prepare gas mixtures to  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 products, prices and specifications.

Matheson belongs in the modemn Iaboratory.

datheson

Gas Products

World Leader in Speciaity Gases & Equipment
3G Seaview Drive, Becaucus, NJ (7084
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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
novel cutter grooved to
bring fresh lubricant to
the cutting edge and
other areas of the cutter:
stopper interface con-
tinuousty during the
boring operation and (2}
a modified drilf press
which drives the cutter
and sets its orientation to
the stopper.

Put these two together
and you have cur Power
Boring Machine —a real
skin and temper saver
which belongs in any
laboratory doing even a
maoderate volume of cus-
torn boring of stoppers.

We have #erature on the
Sargent-Welch Power Borer. For
your copy, phone, write or circie
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 sc frustrating an
experience. With our
Power Boring Machine
stoppers (and corks) are
bored perlectly —with a
straight, smogcth, uniform
bore — quickly, safely and

effortlessly —and even
off-center or al an angle,
as desired. ' :
A large selection of
interchangeable cutters
provides the exact bore
size for every application
and corks and rubber
stoppers of any 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 includes six
commonly used cutiers,
three holders for small
stoppers, a bottle of
lubricant, an gjecting rod,
a cutter sharpenerand a
3-wire cord and plug.

5-23207 POWER BORING

MACHINE-—Porlable, Eiectric,
Sargent-Welch. For 115 volt,
60HzAC.......... 675.00

p SARGENT-WELCH SCIENTIFIC COMPANY

7300 NORTH LINDER AVENUE e SKOKIE, iLLINOIS 60077 # {312} 677-0600
Anaheim/Blrmingham/Chicage/Cleveland/Dallas/Denver/Detroil/Springfleld, N..)./Toromto/Monireal
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The Cover

Each of the photographs shows six test
tubes arranged in the following se-
quence

Aqueous Non-Agquaous
acld neutrat base acld neutral base
H* water OH™ SnCl, sclvent Et,N

To the test tubes in the top set the indicator
bromthymol blue has been added, to those
- in the botlorn set bromeresol purpie. The
generat similarity, though not identily, of the
indicator coiors produced by the addition
of acids and bases in the aqueous and
non-acseous syslems is apparent. {Photo-
graphs by George M. Bodner and Derek A.
Davenport}
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The

Parr 1451
Solution
Calorimeter

A convenient bench-fop instru-
ment for measuring enthalpy
changes produced by chermical
reactions in solution, with
provision for conversion to a
semimicro bomb calorimeter.

A Mulii-Purpose

Calorimeter

Utllizing a unigue rotating
sample cell and a sensitive
electronic thermometer, the
1451 Solution Calorimeter pro-
vides a moderately priced and
easily operated instrument for
measuring:

= Heats of Reaction

a Heats of Solution

» Heats of Mixing

a Heats of Dilution

» Heats of Wetting
with a precision adequate for
most analytical and exEloratory
research applications. En
changes ranging from 2 tgr%OO
calories in either liquid-tiquld
or fiquid-solid systerns can be
measured in a straightforward
mannﬁr wifth results plotted on a
strip chart for interpretation.

Convertib?e??z a Sermimicro

Bomb Calorimeter

Taking advantage of its com-
pact case and precise electronic
thermometer, the 1451 calori-
meter is easily converted to a
Parr 1421 Semimicro Bomb
Calorimeter for measuring heats
of combustion of small sampies.
The semirnicro bomb and all
parts needed for this conversion
are provided in a 1425 Conver-
sion Set,
For details,write or phone:

PARR
INSTRUMENT
COMPANY

211 Filty-third Street, Moline, IL 61265
309-762-7716

Citcle No. 37 on Readers' ingquiry Card

Journal of Chemical Education
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partment, Journa! of Chemical Bducation, 20th and Northampton Streets, Easton, PA 18042,

£ Copyriphl 1984 oy Thvision of Chermical Etuation, Amartcan Chemical Society







The chemistry
isright

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

AJa Journat of Chemical Education




General
Chemistry

Darrell D. Mark S.
Ebbing Wrighton

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®

Just published

,&E\ Houghton Mifflin

13400 Midway Road, Dalias, Texas 75234 Penrington-Hepewell Road, Hopewell, New fersey 08525
1900 Sauth Batavia Avenue, Geneva, Iilinois 60134 777 California Avenue, Palo Alto, California 94304
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Efficiency Expert

fyou are an educator in organic chemistry, you share

the same major concern as your colleagues in industry:

productivity. For peak efficiency in your teaching and
research, you need quick, easy access to the most current
organic chemistry literature. And you need a relizble
source of new research ideas—a source that will insure
against duplication of effort . ., You need the efficiency
expert: Curvent Abstracts of Chemisky & Index Chemicus®
(CAC&EICE},

Week after week, CAC&IC will alert you to new
compounds reported in the chemical joumal literature. In
minutes, you'll scan CAC&IC’s structural diagrams to
locate compounds important to your own and your
students’ research, That's because IS1%'s 22 chemicat
indexers work hard to make your work easier ... Froma
base of over 110 chemistry journals, our indexers scan
over 1,000 articles per week for reports of new organic
compounds. Approximately 300 of those articles yield the
desired information, and, on the average, CAC&IC alerts
you to 4,000 new organic compounds every week.
CAC&IC’s graphic abstracts also alert you to biological
activities, analytical techniques, and new synthetic
methods.

And there’s no better time than right now to subscribe
to CAC&IC—while the Institute for Scientific
Infor_matéorL@ /Chemical Information Division (ISI/CID) is
offering substantial discounts off the regular $2,600 annual
subscription price to qualifying colleges and universities:

if your envollment is: vour CAC&EIC subscription
costs only:
under 2000 § 600
2000 1o 4999 §1560
over 4999 $1750

Subscribe now, and you'll also receive these FREE
extras: a seminar conducted at your own institution (North
America only) by an IS chemical information lecturer; a
set of teaching materials, and a subscription o ANSA®
(Automatic Neiw Structure Alest®), the customized monthiy
substructure alerting service for organic chemists.

Put the efficiency expert to work for ypu! For more
information about this special CAC&IC offer, fill out the
coupon below and mail it today!

D YES! 1need fast, easy access to new organic
chemistry. Please send me a Current Abstracts of
Chemislyy & Index Chemicus® discount application,
along with more information about your FREE
extras right away!

Narme/Title

Organization/Department

Address

City/State Country/Province

Zip/Postal Code Telephone

1SN0 U R WA T N AN 2 T O OO OV W D PO 1

. (711 Chernicat
institute for I _information
l ﬁ@ﬁﬂ&ﬂﬂh"ﬁ information® (:r:f\i/]j ivision l

Chemical information Division Marketing
3501 Market 51., Philadeiphia, Pennsyivania 19104 U.S.A.
l Telephone: {215} 386-0100, Cabie: SCINFO, Telex: 84-5305
pioatis: TH-328%
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COLLEGE CHEMISTRY GENERAL CHEMISTRY
WITH QUALITATIVE ANALYSIS Seventh Edition

Seventh Edition 1984 Cloth 932 pages
1884 Cloth 8996 pages

Henry F. Holtzclaw, Jr., University of Nebraska — Lincoln
William R. Robinson, Purdue University
William H. Nebergall

The Seventh Edition of College Chemistry and General Chemistry offers the most read-
able and the most effective introduction to chemistry a student will ever need. Along
with clear, solid coverage of modern chemical principles, this text carefully blends
descriptive and theoretical chemistry in a way that many texts have emulated but never
have quite equalled. Clear, step-by-step explanations guide students through even the
most difficult of concepts. And along with the extensive supplement package - com-
plete with software -— there’s just no comtparison when it comes to individualized stu-
dent guidance and dependable teaching aids.

NEW! A software package specially correlated to College Chemistry and General Chemistry.

INTRODUCTION TO GENERAL CHEMISTRY

by Professor Stanley Smith, University of Illinois;

Dr. Ruth Chabay; and Dr. Elizabeth Kean, University of Wisconsin

D. C. Heath is pleased to announce 2 unique new computer software package featuring the integra-
tion of page references to the Hoitzclaw, Robinson, and Nebergatl. The computer software is avail-
abie by special arrangement with COMPress, Inc. £o adopters of the Seventh Edition. The software
package consists of approximately 14 self-documenting disketies compatible with the Apple® If Plus
and Apple® Jle microcomputers. Color graphics and animation help to develop an intuitive feeling
for chemical concepts.

Some of the topics covered inciude: the elements; inorganic nomenclature; chemicat formulas
and equations {(balancing); atomic, formula, and molecular weights; percent composition and empir-
icat formulas; Chemaze (a game offering practice in identifying chemical reactions}; idesl gases;
and pH.




Introducing the most comprehensive
chemistry supplement program available —
THE HOLTZCLAW CHEMISTRY PACKAGE!

INSTRUCTOR'’S GUIDE FOR
COLLEGE CHEMISTIRY AND
GENERAL CHEMISTRY
Seventh Edition

Norman E. Griswold,
Nebraska Wesleyan University
1984 TPaper 221 pages

STUDY GUIDE FOR
COLLEGE CHEMISTRY AND
GENERAL CHEMISTRY
Seventh Edifion

Norman E. Griswold,
Nebraska Wesleyan University
1984 Paper 313 pages

PROBLEMS AND

SOLUTIONS FOR

COLLEGE CHEMISTRY AND
GENERAL CHEMISTRY

Seventh Edition

J.H. Meiser, Ball State University
F.K. Ault, Ball State University
H.F. Holtzclaw, Jr.,

University of Nebraska — Lincoln
W.R. Robinson, Purdue University

1984 DPaper 277 pages

PROBLEMS AND
SOLUTIONS

SUPPLEMENT FOR

COLLEGE CHEMISTRY AND
GENERAL CHEMISTRY

Seventh Edition

H.F. Holtzclaw, Jr.,

University of Nebraska -— Lincoln
1984 DPaper 120 pages est.

BASIC LABORATORY STUDIES
IN COLLEGE CHEMISTRY WITH
SEMIMICRO QUALITATIVE
ANALYSIS

Seventh Edition

Grace R. Hered,

City Colleges of Chicago

1984 Paper 341 pages

For details or sanipie copies,
call us toll frce: BOO-225-1388
In Massachusetts, call coilect:
617-863-1948

‘subject both relevant and fasci-

Providing a well-balanced and systematic introduc-
tion to organic chemistry through a skillful blend of
theory, mechanism, and synthesis.

ORGANIC
CHEMISTRY

Seyhan N, Ege,

The Unjversity of Michigan
1984 Cloth 1163 pages

This student oriented and highly
motivational text, accompanied
by an innovative microcomputer
software program, makes the
study of a traditionally difficult

nating for science, pre-med, and Lheml-.trv students. The text pro-
vides direct and immediate exposure to basic concepts through
acid base chemistry while emphasizing the relationship between
structure and reactivity of organic compounds. A systematic topic
presentation features detailed use of mechanisms in structural
formumlas, equations, and problems for immediate reinforcement.
Extensive use is made of the chemical properties and synthesis of
natural products chemistry which are integrated throughout the
text and in examples and problems. OQutstanding problem sets,
offering over 100 problems, derived from the most recent litera-
ture, provide extensive and weil-integrated applications,

Three valuable supplements that add an exciling new
dimension to the study.

INTRODUCTION TO ORGANIC CHEMISTRY
Stanley G. Smith, University of Illinois

This unique eomputer software package features an integration of
chaptier and page references to the Ege Organic Chemistry text.
Possibly the most arabitious series of programs yet written for the
microcomputer, this eight-disk series is compatible with Apple® 1
Plus and Appie® [fe and will be available by special arrangement
with COMPress, Inc. to adopters of the text. The software
includes programs on Atkanes and Alkenes, Substitution Reac-
tions, IR and NMR Speciroscopy, Arenes, Alcohols, Aldehydes and
Ketones, Carboxylic Acids, and Chemrain (a chemistry game for
improving knowledge of organic reactions.)

STUDY GUIDE FOR ORGANIC CHEMISTRY
Seyhan N. Ege, Roberta Kieinman, and

Mazarjorie L.C, Carter

1984 Paper 1100 pages est.

An important aid to learning, the Study Guide contains detailed

" solutions to all the problems along with explanations of concepts

used in arriving af the answers.

TRANSPARENCIES

A complete set of 844 x 1 acetate {ransparencies, reproduced in
2-colors directly from the main text artwork, will be provided to
adopters of Organic Chemistry free of charge.

D. C. HEATH AND COMPANY
/ I' / College Division

126 Spring Street
HEATH Lexington, MA 02173

Circle No. B an Readers’ Inguiry Card
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GENERAL CHEMISTRY

PROBLEM SOLVING 1

Russell 8. Drago, University of Florida

187% Paper 263 pages

This seif-taught guide provides students with a sys-
tematic and dependable approach to solving prob-
lems commonly encountered in freshman chernistry.
mphasizing similarities in the logic used to solve dif.
ferent types of problems, General Chemistry Probiem
Solving I simplifies the learning process and mini-
mizes the need for memorizing numerous equations
and facts. Topics are organized to separate fundamen-
tal and advanced marerial, making the book usefut to
students at all levels. Volume I concentrates on Stol-
chiometry—a critical first-year issue, gases, bonding,
and oxidation states, Answoers are provided for the
over 700 practice problems which are organized topi-
cally and vary in comptexity. Key subjects covered

in the text include: Stoichiometry, Nomenciature,
Atomic Structure, Lewis Structures, Oxidation-Reduce-
tion, and Colligative Properties.

Recently published!

ORGANIC EXPERIMENTS
Fifth Edition

Louis F. Fieser
Kenneth L. Williamson, Mount Holyoke College

1983 Cloth 467 pages
Instructor's Guide

MODERN EXPERIMENTAL
ORGANIC CHEMISTRY

John A, Miller and E. F. Neuzil, both of Western
Washington University

1082 Paper 752 pages

THEORY AND PRACTICE IN
THE ORGANIC LABORATORY
Third Edition

John A. Landgrebe, University of Kansas
1982 Paper 616 pages

GENERAL CHEMISTRY

PROBLEM SOLVING II

Steven 8. Zumdah}, University of ilinoeis,
Urbana

1979 Paper 323 pages

The second volume of this setf-taught guide to solving
problems in freshman chemistry incorporates the
same systematic approach and quality features found
in Yolume 1. Probiem Soiving I siresses the solution
of equitibrium problems which constitute the bulk of
second semester studies. 82 self-tests and over 280
probiems, compiete with answers, are presented along
with practice problems {totalling over 275) at the con-
clusion of cach chapter. Yolume I includes coverage
of the following key subjects: Gaseous equiitbria,
acid-hase equilibria, titrations, indicators, solubil-
ities, thermodynamics, and electrochemistry. Both
volumes offer ample opportunity for mastering key
concepts and for practicing problem solving tech-
nigues, teading to improved performance on quizzes
and examinations,

ORGANIC CHEMISTRY

A Brief Course

Fifth Edition

Walter W. Linstromberg, University of Nebraska—
(maha

Henry E. Baumgarten, University of Nebraska—
Lincoln

983 Cioth 512 pages

Laboratory Guide/Study Guide with Problems and
Solutions

ORGANIC EXPERIMENTS

Fifth Edition

Walter W, Linstromberg, University of Nebraska—
Omaha

Henry E. Baumgarten, University of Nebraska-—
Lincaln

1983 Paper 324 pages

PROBLEM SOLVING IN
GENERAL CHEMISTRY

Ronald A. DeLorenzo, Middte Georgia College
1081 Paper 482 pages

D. C. Heath, College Division, 125 Spring St., Lexington, MA 02173
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Chemical Management
A Method for Waste Reduction

Sianley H. Pine

California State University, Los Angeles, CA 90032

Chemicals! A word to which the public
reacts with emotion, usually negative. Far the
laboratory instructor and researcher, chem-
icals are the hasis for their operations. Yet
these scientists are faced with an increasing
array uf regulatory and social problems be-
cause theit work with chemicals can produce
chemical wastes. Considerable effort and
expense is being expended to properly dis-
pose of those wastes. A large industry of waste
disposers and reguiatory advisors has devel-
oped to face the many problems which have
arisen.

For those of us who are involved with aca-
demic or small industrial laboratories, the
necessity 10 handle and dispose of chemicals
properly has become a rather burdensome
obligation. An approach to the problem
which has been relatively neglected, partic-
ylarly in academic laboratories, is the man-
agement of chemicals se as to minimize the
goneration of wasbe. In fact, the management
of chemicals can have a broader impact than
just waste reduction, The use of valuable re-
sources (¢chemical compounds) will be re-
duced, costs to the institution can be mini-
mized, and the general efficiency of labora-
tory operations will be improved.

Let us consider the beginning of the ac-
quisition process for a chemical —purchasing.

Slanley Pine is Professor of Chemistry at
California State University, Los Angeles. He
sarned a PhD at UCLA and spent a post-
doctoral year at Harvard betare [oining the
Cal State taculty in 1564, He has spent re-
search sabbaticals at CalTech and at the
University of Strasbourg, France whera he
was & Fuibright Visiting Professor. Pine is the
University Chemical Safety Officer at Cal
Stete, Los Angeles, and is a 1983 reciplent
of the Covernor's Safety Award. He is &
member of the American Chemical Society
Committas on Chemical Safety and is the
chafrman of the AGCS Task Force on
ACRA.

The economics of buying chemicals {or al-
most any other commodity} is: more is
cheaper. We can usually buy a 1-kg guantity
at five or six times the cost of a 100-g guan-
tity. That is reasonable since packaging and
handling of ten containers costs considerably
more than similar handling of one con-
tainer. '

However, from the viewpoint of overal!
econamics and efficiency, is buying large ac-
tually cheaper? We should ask whether that
large, 1-kg quantity is needed? Will it be
consumed in some reasonable amount of
time? How will the large container be stored?
Large bottles take up considerable space and
they never seem to fit on the storeroom
shelves! And finally, il it is not nsed up, how
and at what cosi will the excess be disposed
of?

The last questioo has become the economic
thorn for many of us. The costs of safely and
legally disposing of partiaity filled and even
extra unopened containers of chemicals is
straining the budgets of many laboratory
operations.

How foolish it is to pay to waste valuable
resources’

Purchase and inventory controf is one way
to get a handle on the chemicals used by our
institutions. We shouid buy only what we wili
need over a reasonahie peried of time. {The
major chemical aupptiers tell us that pack-
aging size largely depends on consumer de-
mand.)

We should know where chemicals are lo-
cated. From an emergency preparedness view
we must know what chemicais are located in
a specific laboratory or storeroom, As a model
remembsr that we have clearly identified the
iocation of radioactive materials for many,
many years,

Inventory control provides the basis for
ancther important aspect of chemical man-
agement—sharing chemicals. All of us, un-
fortunately, have heen indoctrimated with the
idea that opened bottles of chemicals are not
to be trusted. In most cases that is not rea-
sonable. We readily borrow chernicals from
a neighboriog laboratory when they are not
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available in the ceniral storeroom. I purity
i in question, a rapid spectral analysis can be
obtained.

Partially used bottles of chemicals no
longer needed by one laboratory can he made
available to other labs of the institution. This
requires some coordination, but nothing be-
yond the inventory control systems that most
of us use; i.e., some kind of card file system.
And as we move into the computer age this
inveniory process can he made more and
more efficient. At least one industrial facility
now uses a computer-linked system at each
laboratory deor to record when chemical
containers enter and leave, | would guess that
most chemical labels will soon include a uni-
versal bar code for rapid scan identifica-
tion,

We must be carefuf not to let the sharing
of chemicals generate a safety problem, Date
the chemical containers when they initially
enter the facility. It might be helpful to have
secondary dating as a chemical travels from
lab to lah. And a record of who has previcusly
used the chemical could be helpful if quality
is in question or if problems arise,

Repackaging of bulk chemicals is another
consideration in the economics of chemical
management. Here the butk huying approach
iz employed. Most institutions already
repackage bulk solventa.

There are however, costs associated with
repackaging. The practice requires a suitable
work area as well as proper containers and
labeling. Safety is a eritical consideration. I
wonid guess that the safety practices in most
instances of solvent repackaging are rather
marginal,

On-aite purification and redistribntion of
solvents has been common in most Buropean
taboratories. That, in part, is a consequence
of the very high price {compared to the 11.5.)
of these matsrials. Though safety consider-
ations for a distillation facility are quite rig-
orous, the economics of solvent diaposal could
make recovery practical.

(Continued on page A46}
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Many commereial concerns will now par-
chase drums of used solventis for recycling,
There are also various methods for recycling
surplus {unwanted) but useful chemicals,
though this is usually directed toward large
industrial quantities. Califernia, for example,
has a siate-coordinated waste exchange
program. One hopes that procedures for ex-
changing botties of chemicals between dif-
ferent laboratory facilities will become gen-
eral. Returniug unopened bottles of reagents
to the original manufacturer is a coneept that
is being discussed.

One last idea for academic institutions re-
lates to the instructional laboratories. Eco-
nomics and safety suggest that we minimize
the quantities of chemicals used fur experi-
ments—within the limits of good education.
An extension of these idess iz fuctuded 1u the
laboratory book “Zero Effluent Laboratory™
by Corwin, Roth, and Morton, and first in-
troduced a few years ago at Brown Universi-
ty, The approach uses products as starting
materials for subsequent work and even re-
covers selvents. It seems reasonable that the
lahoratory experience of studenta should in-
clude the understanding that it is possible to
handle chemicals safely and with the total
environment in mind.

Once al possibilities have been exhausted
for the use of surplus chemicals, then the end
of the management sequence becomes dis-
posal. But don't panic! Some chemicals can
be safely and legally disposed of on-site,
Many materials, when properly neutralized
and dilated, can be added to the sanitary
sewer effiuent. (Check your municipaiity fur
local regulations.) Careful evaporation of
smail amounts of some golvents is another
method for on-site disposal. The new Na-
tional Research Council book “Prudent
Practices for Disposal of Chemicals in Lab-
oratories” provides a broad spectum of ideas
in this regard.

Finally, those little bits of real waste re-
majuing must be disposed of in a safe envi-
ronmentally sound manner, Retaining a
waste disposal contractor is the best approach
for most of us. But be sure that you know
your contraclor. Remember that the gener-
ator ultimalely shares the legal and financia}
responsibility if its wastes are not dispoved of
properly.

Management of chemicals should become
away of life for all of us. The thoughtful ap-
proach to chemical handling and disposat
will, T believe, show long term econemic ad-
vanlages and catt go a long way in changing
the rather uegative public image of chemicals
ahd chemists. Innovative approaches to
complex problems have always been the sci-
entists mode of operation,
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Formula
for success.

Basic Concepts of Chemistry
Third Edition

Alan Sherman, Sharon J. Sherman, and
Leonard Russikoff

All of Middlesex County College

About 576 pages # cloth e Study Guide by James R.
Braun, Clayton Junior College e Laboratory Manual
Instructor’s Manual ¢ Transparency Masters

Just published

A clear narrative style and a supportive approach make
the Sherman/Sherman/Russikoff text highly workable for
students with little or no background in chemistry and
mathematics. The Third Edition features an expanded
problem-solving program: the numerous worked-out
examples are followed immediately with practice exer-
cises for the student to soive. And the end-of-chapter self-
test exercises have been doubled to provide an average
of 65 problems per chapter.

A new chapter on kinetics and equilibrium rounds out a
complete coverage of topics for the introductory
chemistry course.

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

<5, Houghton Mifflin

13400 Midway Rd. Dallas, TX 75234

1900 So. Batavia Ave., Geneva, IL 60134
Pennington-Hopewell Rd, Hopewell, NJ 08525
777 California Ave. Palo Alto. CA 94304




WE PUT A LOT INTO THIS TEXT,
$0YOUR STUDENTS COULD GET
A LOT OUT.

Clarity--
exceptionally clear
explanations of
chemical concepts,
developed at a jlevel
appropriate to —

introductory students.

Logical Organization—
compiex concepts developed
from basic principles, with
stoichiometry introduced early_——

Descriptive
Chemistry-
| was impressed by the
mannerin which the
authors weave descriptive
facts inte the main body in
™ addition to having severai
chapters on chemnicaj
perlodic properties.”
—R. Kent Murmann,
University of Missouri,
Columbia

Special Features--
adetaited index to questions
and probiems, in-chapter

in the text to enable students worked-out examples, an
to perform quantitative lab - &mphasis on the use of units
experiments earfy in the in problem solving by the
Ccourse. factor-label mathod, and much
fmore.
Broad Range of
Problems— / Texthook Supplements-
a waalth of end-of- i Instructor’s Manual, Student
chapter problems and ’ Study Guide, Card File of Test
review questions thay ltems, Solutions Manuai, Lab
incorporate examples of Manual, Instructor’s Lab Manual,
chemicals fram student's Problem Exercises, Transparency
everyday experience Masters, plus an aki-new
with nature or i ", Microcomputerized Text
technology: Graphics— Generator.
numercus photographs throughoutthe N, .
book plus 12 new pages of full-color
photographs. “The graphics are Software Supplements—
exceltent and abundant"Eifeen Lewis, Computer-Aided instruction for
Cafiada College General Chemistry by William Butter
& Raymand Hough, both of the
University of Michigan and The
Chemistry Tutor; Bafanci uations
GENERAL CHEMISTRY o Stoichiomeiny oy Frark B

Principles and Structure
James E. Brady & Gerard E. Humiston
{0 471 86739-X) 826 pp. 1983

Hinehart Coltege of the Virgin Isiands

More than 350,000 already have.

For complimentary copies, write to Lisa Berger,
Dept. 4-1652, or contact your local Wiley
rapresentative. For CAl sample disks, write to
Bill Rosen, Dept. 4-1652. Please include address,
course title, present enroliment, current text and
supplements.
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Virginia Miitary institute
Laxington, VA 24450

Choosing the Right Instrument: The Modular Approach

Part |

Howard A. Strobel
Duke University, Durham, NC 27706

In recent vears two major developments
have nccurred in chemical instrumentation:
first, the design and construction of instru-
ments have become more complex; second,
control and data-processing capahilities have
been revolutionized by the introduction of
microprocessore As a further complication
in the choice of an instrument, manufacturers
have now begun to emphasize the control and
data processing aspect to the exclusion of any
adequate description of the basic design.
Undisputedly, instruments are used more
intelligently when this use is based on an
understanding of their design and operation.
Such an understanding is greatly enhanced
through a modular or systems approach,
which s hasically a eoneceptual approach. ¥
may be defined as the understanding of an
instrument as a system, each module of which
performs a needed functiun, such as detecting
the signal from a sample, and not hasically as
a collection of integrated circuits, switches,
optical siits, and other parts. It may appear
to those unfamiliar with the modular way of
viewing instruments that such an approach
might be impoasibly mathematical and ab-
stract. A homely example wiil dispei the no-
tion. We grow up famitiar with a modular
approach to our gasoline-operated automu-
biles: we understand the automotive system
to be a carburetor moduje through which a
gasoline-air mixture is introduced to an in-
ternal combustion engine module whose
crankshaft connects through a gear reduction
module and drive shaft to a differential gear

Howard Sirobef is a professor of chem-
istry at Duke Universily. He is & yraduate of
Washingion State University and has worked
on the Manhattan Project and at Brown
University whare he eamed his PhD, His
book, “Chemical mstrumentation,” {Add-
son-Wesley} is slaled to appesr soon in a2
third edition. His research interests include
monaquecus on exchange and study of
solvent structure in mixed salvents.

and moving wheeis that propel the vehicle.

A conceptual understanding seems espe-
cially importani for instrument users,
teachers of future instrument users, and for
those writing instrument brochures, who also
have a teaching role. This paper iniends ba-
sically to present the modular approach in a
fashion that wilt help the user raise questions
that will }ead to the choice of the most effec-
{ive instruments for particular appiications
and then apply them more effectively. Such
applications may involve characterizing
chemical or biological systems, identifying
substances, measuring concentrations, or
determining microphysical or chemical
structure,!

The Moduiar Approach

Taking a modular view means, as suggest-
ed, that we consider instruments as systems.
Incidentally, the widespread use of hiock
diagrams reminde us that such devices have
long been conceived and explained in terms
of modules (2-5}). T'o muve toward this view
it is useful to consider how a measurement on
a sample is made. In the classical sense it in-
voives completing the fnllowing sequential
steps: (1) generation of an energy flow (“sig-
nal”}, (2} impinging the energy flow on the
sample, {3) detecting the signal arising from
interaction of the flow with the sample, (4}
amplificatiun of the aignal as necessary, (5}
processsing of the signal, (6} computation of
analytical information about the aample, and
{7) dispiay or read-out of the resultis). Itisa
modular approach that seems best 1o mesh
this description of measurement with actuat

! Appropriate measurement techniques
must, of course, alse be identified by the user,
in selecting methods it is valvabie to have
access to an analysis of the potentialities of
such methods, A fine example of such an
evaluation is the brochure developed by re-
search persunne} of the ow Chemical
Company and published as “Modern Meth-
ods of Research and Analysis” (7).
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instruments.

In this context a module is considered o
be the group of components that performs a
particular function, e.g., detection or am-
piification. If we open an instrument case, we
will always see & myriad of resistors, wires,
integrated circuits, slits, mirrors, filters,
phototubes, tzransformers, and other com-
ponents. By moving congeptually to a higher
ievel, however, we can in effect ighore them.
If we keep the function of a module in mind,
it should be possihie to identify its principal
components. Only if we must calibrate or lest
a maodule and do not have access to test points
or circuits set up by the manufacturer are we
likely Lo have to identify many parts. In the
case of electronic medules our task is fortu-
nately eased since many of them appear on
individoal circuit boards.

Is the implication that most instruments
are made from a standard eoliection of mod-
ules correct? Is it alsu true that only a fairly
smatl set of modules is important enough to
study extensively? If the answer to both
queries is affirmative, an important question
remaing. Can oove successfully trace instru-
ment specifications to }ike specifications for
individual moduies? All these questions can
be answered “ves.” [t is even true that often
one madule sets a specification.

Furthermore, nearly all modules are types
that will appear in new instruments into the
indefinite future. Improvements in design
will enhance their operation but the modules
will continue to perform the same function.
In many cases both the original and improved
version oantinue in use, A good exampie is the
upgrading of the phototube to a photomul-
tiplier tube; each type of deiector has found

(Continued on page A54)

This paper ia hased on a report, “An
Overview of Instrument Modules and
Chemical Instrumentation,” developed for
NSF Praject SIINC (Scientific Instrumen-
tation Information Network and Curricula),
Frank A. Settle, Jr., Director, Virginia Mili-
tary Institute, Lexinglon, VA 24450,
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instrumentation

its own area of application.

Modeling the Module:
General Properiies

What surt of a sub-system is a module? In
Figure 1, a common single-channel spectro-
photometer is pictured as a train of modules.
The names of the modules identify the
functions they perform and show how the
measurement steps described carlier can be
implemented practically in a given case.
Double and single arrows indicate the
movement of optical and elecirical “signal,”
reapectively, from one module to the next.
Noi shown, since it is not part of the signal
train, is the power supply which supplies d¢
slectrical energy to several of the modules.
Some comments are in order.

The modules listed differ to a striking de-
gree in complexity. For example, if a spec-
trophotometer is to operate in the visible and

-near IR regione the continuous source of
Figure 1 may be a tungsten-filament incan-
descent butb. We are generally famitiar with
the emission pattern of such bulbs, By con-
trast, the monochromator will be much mere
complex. It wiil consist of at least an entrance
and exit slit, a dispersing device, such as a
(diffraction) grating, several baffles, and a
precision mechanism {o vary the orientation

Comlinuous
=3 Monochrormator =
BOUTCE

Sample

=Sk
ceil fransducer

A Few Properiles of Some Major Modules

{Usuai name for)

Module Function input Quitput Sensitivity of Module
Tungsten-filament iamp Light DC current Light EHiciency
eMmisston
{source)
X-ray tube K-ray DC current X-rays Efficlency
emiasion -
{source)
Monochromator kolation of narrow  Polychyomatic  Monochrormmatic Efficiency
A bard radiation rediation
Phatomultiplier wube Cetection Light Current EHiciency
Thermocouple Cetection Temperatwe  Yoltage Response
on-salective ejectrode Betaction lon activity Vokage Response
{concen-
fraticn}
Armpliier ArmpiHication Yollage or Voltage or Gain
current current
Counter Counting Vollage Binary or
{(processing) pulses decimat
suh
Light-emifling diode (LED} Emission DC current Light EHiclency

{resdon)

input} is “transduced” linearly 1o current if
it is within a given range of intensities, The
Jjower limit or threshold is usvally set by in-
ternal noise, i.e., random unavoidable flue-
tuations. The upper intensity limit is reached
when a further increase produces no addi-
tional growth in output. The module s said
to limit or reach saturation. Fignre 2 shows
a representative plot of output as a function
of input for another deteclor-transdncer
moduie, a photographic emulsion. The bro-

tor-
Delector- ., Ampiifier — Readout

Figure 1. Line modular diagram of a singe-channe! spectrophotomeler.

of the dispersing device. Ln general, it will also
have collimating and focusing optics.

Second, “'signal” has been used in its gen-
eral sense of a defined energy flow, e.g., a light
beam or current. When that flow is encoded
with information abeut a chemical sample,
the quotation marks can be discarded. Some
modules such as a chopper may also add a
carrier frequency fo a signal, many will add
background energy {e.g.. a monochromator
adds stray light} and all wil} add noise. it is
the function of good design and processing to
minimize these additions. Third, it will be
appropriate later to examine whether the
modular approach is alsc applicable to double
channel design, to instruments with micro-
processor of minicomputer conirol, and to
tandem or hyphenated insiruments such as
GC-MS5 systems.

What sort of a system is a module? Note
again by reference to Figure I that for a
medule a “signal” appears at its input, is
modified in some characlerietic fashion, and
then appears as its output. How can we think
about the input, modification, and ouiput
aspects of modules in a consistent way so that
we may easily characterize all modules, fa-
mikiar and unfamiliar?

Firsi, the type and intensity range of input
a module can accept must be known. Exam-
ining the behavior of a photomuttipiier tube
as a detector wili make the point clearer. UV
and visible radiation reaching the photo-
cathode of the mnitiplier photoiube (ifs

AS4 Journal of Chemical Education

ken lines in the plot correspond to threshold
and saturation values, The range of usefu}
input lies between these fimite. From the
discussion it is evident that everything cen-
ters on the transfer function.

We are mainly interested in modules be-
cauge of their ability to mudify signals in a
characteristic fashion. This properly can be
deseribed in terms of a transfer function, f,
which is defined by the expression [, = f({;},

Response (density)

where I; is the input signat and f, the nutpat
signal. If fonction £ is linear in input intensity,
as in the central portion of the regponse curve
in Figure 2, the module will transform an
inpni to an oniput without distortion.

In the table several types of modules are
listed to illustrate the variety of ways in which
modnles interact with “signals.” When
modules also transduce inputs, i.e., alter them
in form, they are often called {nput trans-
ducers if used as defectors and output
transducers if vsed as sonrce or readout
modules. Detectors must afways have an
electrical output since the modules that foi-
tow require an electric signal.

The rate of change of output signal with
input signal is another important moduie
characteristic. This property is fermed its
sensitivity S and is formnlated as § = d/ /df;.
A module’s response to input {given a time
longer than its response time} thus is mea-
sured by its sensitivity, It was this property
of a photographic emuision that was plotted
in Figure 2. It should be observed that sen-
sitivity is defined here in its precise scnae,
which is magnitude of response for a given
input.?

There are many synonyms for sensifivity
5 (see table), For an amplifter it is called gain,
for a filter, attenuation factor, for an optical
detector, response. Further, S is sometimes
defined logarithmically {decibei notation}. At
other times it, or ita reciprocal 1/5, is used
and termed a scale factor. The latter notation
is ecurnmon for a module such as an opera-
tional amplifier where sensitivity may be
changed by altering the resistance in the
feedhack circuit inerementally giving scale
faclors nf 10X, 100X, etc.

{Continued on page ASH)

‘Log exposure
Figure 2. Represeniative response curve: image
dansity versus the logarithm of exposure for a pho-
tographic amuisicn.

? Sensitivity as applied to a whole instru-
ment syatem doees not by itaelf determine the
smallest concentration nf an analyte for
which an instrument response oceurs that
may be differentiated from one caused by
noeise. This minimum conceniration is prop-
erly termed the limit of detection, Clearly, the
irreducible noise levels of each module
“sombine” to fix that minimum. The greater
the slope of the response curve at very jow

-levels of input signal, however, the lower the

leve! yvielding a discernable response.



WE MET THE
CHALLENGE.

Brady & Holum's FUNDAMENTALS OF CHEMISTRY is
‘one of the most improved Second Editions Fve seen
during 20 years of reviewing first-year chemistry text-
books...a remarkable effort that has resulted in an
interesting text with a mainstream content”
~_Johr DeKorte
North Arizona University

Brady & Hoium’s FUNDAMENTALS OF CHEMISTRY,
Second Editlon provides a more thorough, chailenging
and stimulating approach to general chemistry for
science majors than ever before, Yet it's as readabie
and accessibie as ever.

A Better Flow of Topis

@ Two new, logically developed chapters on chemicai
reactions—the first, on ionic reactions in aqueous solu-
tion; the second, on redox reactions of various Kinds

& Former Chapter 2 on gases has now been moved back
to Chapter 9

® The new sequence of thermodynamics, kinetics and
equilibrium allows for more logical thematic develop-
ment and permits the linkage of equilibrium ta A Gin
Chapter 16 on equilibrium

A More Chollenging level of Material

& More quantitative material, inciuding bond energies and
heats of reaction, integrated rate laws for first and sec-
ond order reactions, temperature dependence of rate
constants, calcutating activation energies, ionization of
polyprotic acids, determination of ion concentrations
from cell potential measurerments, and more

@ New and more challenging in-chapter worked examples,
practice exercises foliowing the examples, and end-of-
chapter review exercises

Iwo New Pedagogical Approaches

@ A progressive approach toward probiem solving that
features five strategically placed sets of review exer-
cises, entitled Integration of Concepts, . which tie
together concepts discussed in groups of refated
chapters

® Chemicals in Use—An innovative addition to topics in
descriptive chemistry, featuring 19 two-page discus-
sions of major chemicals and chemical processes

YOU CHALLENGED US TO
MAKE A BETTER TEXTBOOK. ..

*

A Complete Leaming Package

@ Teachers Manual, Solution Manual, Student Study
Guide, Laboratory Manuatl, Teacher's Laboratory Manual,
Transparency Masters, plus an all-new Microcomputer-
ized Test Generator for the Appie 1} Pius/lle ang IBM PC,
which offers 500 multipie-choice questions

® Valuable computer-aided supplements designed to help
students review chemical concepts and hone their
probiem solving skills: Computer-Aided instruction for
General Chemistry by William Butier & Raymond
Hough {both of the University of Michigan) and The
Chemistry Tutor: Balancing Equations and Stoi-
chiometry by Frank P. Rinehart (Coliege of the Virgin
istands)

To be considered for complimentary copies, write to Liza
Berger, Dept. 4-1652, or contact your local Wiley
representative. For CAl information, write to B Rosen,
Dept. 4-1652. Please inciude address, course title,
present enrollment, and current text and supplements.

W
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Inrtrumentation

Coupling of Modules

By examining ihe }ine-modular diagram of
a spectrophotometer in Figure 1 once again,
we observe that some attention must also be
given to ways to couple modules. How much
attention to give can be put in perspective by
considering the following guestion. If an un-
derstanding of instruments can be developed
at the modular leve}, why should manufac-
turers not sell modules and let users assernble
instruments from thein {except thet manu-
faclurers are in the business of serving users’
convenience and saving them time)? We re-
call that spectrophotometers often come with
attachments, and it is pot difficult to connect
themn as needed.

In terms of the main modules of an in-
strument the problem of appropriateness of
coupling can be severe. The flow of informa-
tion and energy from module o module must
be accomplished in particular ways to mini-
mize noise, secure maximum throughput of

energy, and insure reliable results. For ex- -

ampie, in an optical instrument modules are
usually housed in a way that excludes room
light from the optical path. To do 50 requires
that optical modules be brought under a
common enclosure and that baffles be judi-
ciougly introduced. Or again, {o couple an
amplifier $o an slectric motor that it will
drive, extra componenis ordinarity must be
introduced to ingure efficient transfer of en-
ergy. Without laboring the matter, these ex-
amples illustrate the point that good coupling
is essential to an instrument system,

In the electrical domain, the term imped-
ance is often used to describe coupiing needs.
The input impedance of a module, which is
a dynamic factor, plays a main role in deter-
mining whether a signal is fully accepted at
the input. Although the term is borrowed
from the electrical domain it may be gener-
alized easily.

5

photo-
tube

cell

(a)

poor coupling. In Figure 3b, however, a lens
has been inserted to accommodate the finite
optical aperture {input impedance} of the
phototube. Aiternatively, the detector might
also be moved nearer the cel} so that the beam
would just illuminate its photocathode.
Hefore looking at instrument specifications
there is a simplification in tha modular ap-
ptoach that merits exploration. It proves

"useful to identify two general sequences of

modules in instruments, Tha {irst wiil be
called the characteristic cluster and cont-

"ptises all modules in the signal channel from

the source through the detector-transducer. .
1t may be usefusl to refer to Figure 1 againin

_connection with this division. The second

ctuster of modules is simply the processing
cluster. 1t completes the insiroment and in-
cludes amplifier, processing modules, and
readout. What is gained by the division is that
the modules that relate to (a} the physical
technique employed in the meausfement and
(b) the sampling procedure are grouped.
These modules will vary with the nature of
the method and the mode of sampie intro-
duction. By contrast, modules in the pro-
cessing cluster will be remarkably similar
from instrument io instrument since data
acquisition, data precessing, and caleulation
of analytical quantities will require cerlain
basic types of electronic and computational
modules regardiess of the kind of data. It is’

- their data capacity and rates of processing

that will mainly differ from instrumnent to
instrument.

From this analysis there are useful con-
clusions. First, in coosidering different in-

_struments, it will in general suffice to deal

with their characteristic modules. Second, we
can treat processing modules once and expect
insights to be generally applicable to all in-

‘struments.

Part 11, which is to appear next month, will
examine the process of relating specifications
for instruments to those for particular mod-
ules, the effect of microcomputers on the
modular approach, and the extension of the

-modular approach to sophisticated devicea

such as “hyphenated” or tandem instru-
ments.

0

cell S photo-
(b) tube

Figure 3. Goupling of sample cedl and detector m an abaorpmn apectrometer. {a) Poor coupling: allowing
divergense of beam from sample celf causes much of signat to bypass pholciube. (b) Better coupling: di-
vergence arrested by insertion of iens before photolube,

Consider the example in Figure 3 based on
coupling sample cell and phototube (detsc-
tor) in a spectrophotometer. For good cou-
pling ali the optical beam {signal} from the
cell must faif on the active area {photocath-
ode) of the detector. Figure 3a thus illustrates
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Acid Base Chemistry

11 programs with guide ® package AB-2 « $150

Atomic Structure
9 programs with guide * package AS.2 e §150

Chemical Equilibrium
10 programs with guide ®= package EQ2 * $150

to suit your own teaching style.

Tested and Evaluated Chemistry Software Packages
Now available for Apple ¢ TRS-80 ¢ Pet ¢ CBM64

Fundamental Skills for Chemistry
12 programs with guide # package F5.2 » $150

Organic Nomenclature
5 programs with awide ® package OR-1 * §100

Analytical Chemistry (Apple only)
6 programe with guide ® package AC-1 + §100 .

New! High School Chemistry Textbook Correlation

40 program packages keyed to popular chemistry tests - 3375

Unique Benefit: Our software is NOT COPY PROTECTED! Thus you can make backup copies as needed
for your department. Programs are in BASIC and can be listed thus facilitating additions, deletions or modifications

Write or phone for vour free catalogue

programs for learning, inc.

P.O.Box 954 e New Milford, Connecticut ® (203) 355-3452

Circie Mo. 33 on Reagers’ Inguiry Card

ARE YOUR STUDENT ORGANIC LABS FLAMELESS?
THERMOWELL —POWERMITE

GETTING BETTER!

Good enough for CSA ap-
proval but we haven't stopped
there. The wail of the heating
cavity is now thinner for
greater efficiency and quicker
rasponse. If a rare crack devel-
oped before, none will form
now,

Our equipment is preferred
for use In college labs
because of performance, dura-
bitity and increased safety.
And, we note, our controis are
being imitated -- that says
something.

Worried about the legal
aspects of ihe organic fab?
Beiter check us out. Our
equipment now serves over
lwou coliege and university
abs,

LABORATORY CRAFTSMEN INC.
PO.BOX M4E BELONT, Wi 53511

Circle No, 30 on Rpaders’ Inquiry Card

. " 10
o pressures t0 30 Self-Contained Air Sampier
hatgaab\e patiery 47 x 5" 5 1-1/8”
* “BC Ask about auy wira- ; -
conwattiant, scnnomicl .

Primsary Standard Subbia
Tuie Cabratar.

Gilian nstrument Corp.
offers a complete line of
modular air sampling pumps
capabie of high and low
flow rates with time-
programmabile options.

Write for complete details to:

Gilian mstrument Corp.

8 Dawes Highway, Wayne, N.J. 07470/20%-831-0440
Ajr Sampling Pumps + Callbrators » Environmental Sampling Systems
Chreta No. 29 on Headers' Inquiry Card '
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New Apparatus and Equipment

Professional Computers

Perkin-Elmer’'s Series 7000 Professionat
Computers are advanced data processing
systems availabbe for laboratory applicetions.
Two basic modeis of this new line of high
performance desk-top computers are now
available. The PE 7500 wil satisfy the data
handling needs of tha most demanding ana-
lytical chemistry application. The PE 7300 is
- an optimized system to meet ihe requirements
of the smailer laboratories and those with more
routine applications. Both the PE 7500 and PE
7300 arg offered with either color or monc-
chroane wideo display units. Color versions ere
equipped with a 13-inch CRT and offer users
a choice of 27 colors far instant visual data
differentiation. The Series 7000 Professional
Compuiers employ the 16.bit MGB00O for fast
response and extensive memory addressing.
Standard with each model are elght “soft”
keys enabling the user {0 irteract directly with
the screen, Soft keys provide constant
prompts, reduce keyboard time, and possible
errors. Also standard are two RS-232 ports for
use of peripherals or transfer of data o a host
computer, Also supplied are enhanced BASIC,
and fulf documentation.
Clrele #41 on Readers’ Inquiry Card

image Analysis System

Laboratory Computer Systems, inc. announces
the addltion of a low-cosi, tablet-orignted
image analyzer to its line of jaboratory com-
puter producis. Typical applications include

As8 Jouwrnal of Chemical Education

analysis of biomedicat images, metaHographs,
x-rays, autoradiograms, alectrophoresis geis,
and aerlal photographs. The Micro-Plan !
System allows the user to measure length,
ares, center of area, form factor, feret x-y, and

maximum diameter of two dimensional fea- -

tures which are traced on the digitizing tab-
let--it hen calcuiates the totals, means, and
standard deviations of the measurements. The
values are printed for later analysis and can be
trarsmitted to other computers using the two
built in AS-232 interfaces. The resuits are
printed in miliimeters or in usey-defined units
based on a tablet resolution of 10 lines per
mim. Tracing modes and scating factors are
entered imeractively using the menu on the
teblet surface. The system includes an intei-
ligent dighizing tablet with an 117 X 117 active
ared, a pen o 5 button cursor, an enclosed
power supply, and an B0-column dot-matrix
printer.
Clrcie #42 on Readers’ Inqulry Card

BASIC for Spectroscopy

Spex fluorometers, spectromsters, or Raman
systems can now be controlled by a processor
programmable in BASIC. The Spex Datamate
now has an Extended Basic interpreter as
stendard. All system control commands and
internal routines designed specifically for
spectroscopy become a subset of the Basic
ianguage, permitting automatic hardware
control, data acquisition, and data processing.
Functions including multiscanning, derivati-
zation, and radiometric correction are located
In firmware for fast, trouble-free execution.
Extended BASIC also accesses a full com-
plement of inpud, output, and storage op-
tions.
Clr¢lo $43 on Readers’ ngubry Card

Fast Scan UV/Vis Spectrophotometer

Perkin-Elmer's Lambda 7 UV/VIS Spectro-
phatometer for Computer Aided Chemistry
offers users an exceptional sample throughput
by providing a fast scan capabitity of up to
1440 nm/min. To enhance sarnple throughmut,
the Lambda 7 employs eight soft keys each
with multipte designations depending upon the
method, mede, or paremeter selecied. Soft
keys anabie the user to quickly set up an in-

strument and to perform the analysis in a
minimum amount of {ime. Lambda 7 can also
be controlled by the Perkin-Elmer Computer-
ized Ultraviolet {(PECVL) software kit and
Model 3800 Data Station also available from
the company. This software kit offers the user
more than 45 commands for the rapld manip-
ulation of UV/VIS spectral data. Typicat
commands include AGDition, MULTipication,
SUBtraction, MERGE and DIFF for difference
calculating. This total software package offers
users the most comprehensive set of data
handiing commands available and allows for
as many as 128 spectra to be stored on a
single disk. The Lambda 7 optical system re-
duces stray light to less than 0.0002 percent
and thereby permits accurate and linear
measurements of samples at values as high
asg four absorbance,
Circle #44 on Readars' Inquiry Card

Powerful microprocessor features and a high

‘performance optice! system, have been

combined by Sargent-Welch, in a generation
of low-cost, single beam, UV/Vis spectro-
pholometars designed to provide the right
answer at the right price. The P,U, 8800 Series
of microprocessor/key ped instruments are
availablé in two main versions. The P.U, 8800
suited to the majority of industrial and teaching
applications, and the P.U. 8610, designed for
the special requirements of the iife scientist,
including rate computation and keyboard
control and display of temperature and sippar
volume. Operation of the P.U. 8800 Series is
hard to beat for speed and ease. Simply key-in
the wevaiength and the 8600 tracks there at
an lmpressive 100 nm per second. Touch zero
and you are ready to measure. Hf there is any
doubt that the instrument Is not at its most
sensitive anelytical wavelength, then tha P.U,
8600 offers an automatic search routine that
finds the peak in moments. in eddliion, the
ability of the P.U. 8800 Series o store up to 10
programs ramoves the chore of having to.
continually set up frequently used assays. The
user programs can be instantly recalled onto
a built-in aipha numeric printer.
Circle {45 on Readers’ Inquiry Card
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HEIN IS BACK!

For the “Hein” Course:

A new edition of the brief version of the book
that gave the course its name:

FOUNDATIONS OF COLLEGE
CHEMISTRY, SECOND ALTERNATE

EDITION,
by Muorris Hein

This SECOND ALTERNATE EDITION gives you
the advantages of brevity and economy — while
maintaining the clarity, meticutous accuracy,

and step-by-step approach that have made
FOUNDATIONS OF COLLEGE CHEMISTRY
work in the classroom for more than a dozen
years,

Radioactivity, nuclear chemistry, organic
chemistry, and biochemistry have been omitted.
THE SECOND ALTERNATE EDITION is the
same reliable textbook you've come to trust,
updated and revised, in a quality softbound
tormat.

The step-by-step approach that has already

worked with over three-quarters of a million

students is now available in two timely new
revisions. ..

‘revised throughout and features three completely

For the Two-Semester Introductory
Course. ..

A state-of-the-art” text that gives students the
coverage of basic concepis they NEED before
giving them expanded coverage of the inorganic
and biochemtistry concepts they WANT:

COLLEGE CHEMISTRY: AN
INTRODUCTION TO GENERAIL,
ORGANIC, AND BIOCHEMISTRY,

THIRD EDITION,
by Morris Hein, Leo Best, and Scott Pattison

Written specifically for students majoring in
allied health, nursing, nutrition, agriculture,
forestry, and home economics, this new Third
Edition has been extensively revised based on
detailed reviews and a national survey of
instructors to reflect recent developments and
applications in the field of biochemistry.

The new Third Edition has been updated and

new chapters on btochemistry.

For more informuation on these and other Brooks/Cole Chemistry texts, and for further information about the complete
ieaching and learning packages available with each of these books, contact:

" Mike Needham, Chemistry Editor
BROOKS/COLE Publishing Company
(A division of Wadsworth, Inc)

555 Abrego Strect

Monterey, CA
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INTRODUCTION TO
COLLEGE CHEMISTRY

Drew H. Wolfe, Hillsborough
Community Coilege

1984, 640 pages [('gent.},
{0-07-071410-X)

This comprehensive texthook
ermnphasizes chemistry probiem
solving along with the fundamental
principies of chemistry. The dlear,
encouraging writing style and
extensive learning aids make it the
pertect choice for students in the
preparatory course.

Chapter 2 is totally devoted ta
chemistry probfemn solving, and
ideas deveioped in this chapter are
applied throughout the book.
Students are infroduced to a four-
step procedure that incorporates the
factor-iabel method (dimensional
analysis}.

important topics are discussed
more than once to reinfarce
understariding, and marginal notes
highlight the topics in the body of
the text. Other leamning aids inciude
worked-out sampie problems, study
gufdelines_, chapter summaties, and

0-100 questions and problems per
chapter. .
Instructor’s Manuai {0-07-071411-8}

CHEMISTRY TEXTS
& SOFTWARE*

CHEMISTRY: Structure and
amics
Francis Marion Miller, Northem
iHinois University
19584, 928 pages jtent.},
{0-07-041963-3)
This new text presents the most
fucid, scientifically accurate
treatment of chemistry avatable.
Pre-pubfication reviewers have
praised the book for its
straightforward prose, it
comprehensive coverage, and its
usefuf organization.

An early introduction to the
concepts of energy and molecular
structure enabies the author to Lse
these ideas consistently throughout
the text to organize and explain
physical and chemical properties.
Stoichiometry and gases are aisa
discussed early in the text, enabling
students to use a broader range of
experiments in lab programs, Full
coverage of descriptive chermnisty is
featured, including optionat chapters
on atmospheric chemistry,

eochermistry, and metailurgy.
widy Guide by Carl Trindle,
University of Virginia [0-07-041987-6)

Solutions Manual [0-D7-041988-3]
mnskructors Manual [0-07-041986-8)

MicroExaminer™
Taboratory Manual (0-07-071413-4)
Study Guide [0-07-07T412°5]

p
*CHEMWARE"

1984, {0-07-048926-2)

Formulas drili program.

Mike L. Mitchell, Bethany Coliege, and
Joseph V. Paulistells, Kansas State University

CHEMWARE s 2 sct of eight interactive tutorial programs
focusing in depth on those tapics that are crucial to students’
success in general chemistry. A Name and Formula Maker program
alfows instructors to edit the problemn sets in the Names and

MENU: . Element Names and Symbais 2. Elerment Oxidation
States 3. Element Electron Configurations 4. Names and Fonmulas
5. Names and Formuias Maker 6. Balancing Redox Reactions

7. Chemicai Solutions 8. Gas Law Calculations

-0 ]

Cirela Mo, 16 on Readers’ |nguiry Card
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MODERN INORGANIC
CHEMISTRY

William L. Jolly, University of
California

1984, 608 pages, {0-07-032760-2}
An expanded and updated version
of the author’s successful text, The
Principles of organic Chemistry,
this new book gives comprehensive
and detailed coverage of the
important phenomena of modern
inorganic chemistry. The author is
an active researcher, and his
explanations of all topics are
authoritative, accurate, and clear. By
giving a succinct treatment of group
thecry in Chapter 2 and then
integrating simpile appfications of
group theory throughout the text,
he offers students a practical, rather
than mathematical approach.

EXPERIMENTAL CHEMISTRY,
Sixth Edition _
Michael J. Slenko, Comell
University; Robert A. Plane,
Clarkson College; and Staniey T.
Marcus, Cornell University

1984, 384 pages ftent),
{0-07-057518-5}

An ideal accompaniment to any
chemistry principles ext,
Experimental Chemistry, 6/e provides
students with direct experimental
experience, teaching them how
separate observed data from
interpretation. This edition presents
2 rich variety of new experiments
and problem sessions—all
thoroughiy ciass-tested. After each
experiment and problem session,
new questions test students’
comprehension of procedures and
results.

instructor’s Manual [0-07-057519-3)

Tl

College Division

McGraw-Hlll Book Company
1221 Avenue of the Americas
New York, N.Y. 10020
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What is Chemistry in Action?

# 1t's the reorganization of the Table

of Contents o refiect the topic order

preferred by most instructors: -

—lnorganic nomenclature and
stoichiometry are introduced early to
coordinate with laboratory work
{Chs 2 & 3}

—Gases are discussed early {Ch 4}

--Bonding is divided info 2 chapters
{Chs 7 & 8}, in which the basics are
discussed first and more detailed, in-
depth material foliows

—An entire chapler is devoted to
thermochemistry {Ch 9)

—An entire chapter {s devoted to
REDOX reactions (Ch. 12)

-Acids & Bases are discussed in 2
consecutive chapters (Chs. 15 & 16)

-—A separate chapier on solubility
equitibrium is inciuded {Ch 17}

-jnorgamic Descriptive Chemistry is
located in one integrated series of
chapters (Chs 20-23}

—A new chapter on metaliurgy is
inciuded (Ch, 21)

—Organic Chemistry has been moved
back in the tex{ {Ch 24}, immediately
preceding biochemistry,

® it's the pedagogical features your
students need to learn efficiently and
effectively:
-—~Hundreds of worked-out exampies
with all aigebraic steps included.
—Qver 1400 end-of-chapter exercises
grouped by topic.

—51 units used consisiently throughout
the {ext.

—Iimportant terms in botd face type for
easy reference.

-—End-of-chapter lists of key terms,
inciuding page numbers. '

—End-of-chapter numbered summaries

—Chapter opening remarks connect
topics and explain the relevance of
new chapters.

—End-of-book glossary

—CHEMISTRY IN ACTION BOXES
iHustrate how chemical principles
apply to sveryday experience,

—Biographicat footnotes of chemists
discussed in the text.

—Color Plates

® it's the level and approach instruc

iors need to teach a mainstream

general chemistry course {o today’s
students:

- Difficuit {opics such as entropy are
expiained in simple lerms )

—AH advanced topics have detailed,
low-tevel introductions in earlier
chapters. {See how thermochemistry,
Ch. 8, provides the basis for ther-
modynamics, Ch. 18, and how
REDOX reactions, Ch. 12, lays a firm
foundation for Electrochemisiry,

Ch. 19)

—interesting asides, cautions, and
cross-references are included in the
marqins

EMIS'I'RY

SECOND EDITION -, RAYMOND CHAN

- [CHEMISTRY
IN ACTION

Willlams
J Coliege

—itmportant {opics such as
stoichiometry that relate to
faboratory work are infrnduced early
and cleatly

—Format charge is used in writing
Lewis siructures

® it’s the angilary package you need
{oday, comptete with a microcomputer
Hloppy disk system for your students’
fuiorial use:

STUDENT STUDY GUIDE
INSTRUCTOR'S MANUAL
SOLUTIONS MANUAL
TRANSPARENCY ACETATES
“INTRODUCTION TO GENERAL
CHEMISTRY," by Professor Stanigy
Smith {University of itinois), Dr. Ruth
Chabay, and Dr. Efizabeth Kean {Univer-
sity of Wisconsin}, a 14-disk program
covering a complete range of topics in
General Chemistry, avaiiable January,
1984. ("Introguction to General
Chemistry,” is available through a
special arrangement with COMPress,
Inc., a division of Van Nostrand
Reinhold). For maore information regar-
ding this program, piease call Heidi
Udel at 212-572-2453.

To receive your compiimeniary copy of
Chang's Chemistry, please write to:

Random House

Cattege Review Desk

400 Hahn Road

Westminister, Maryland 21157

Chang, Chemistry, second editionfAugust, 19831
order code #32883-X

Citcle No. 11 on Readers’ trquiry Card

Rendom House
2(H E. 50th S,
New York, N.Y. 10022

Circle Mo, 17 on Aeaders’ Inquiry Card



lassics and future Classics

from the leaders in chemistry education

FUNDAMENTALS OF CHEMISTRY, 2nd Edition

James E. Brady, St. John's University, and John R. Holum, Augsburg College

Major revisions were made in this new edition making it the best selection for science
majors taking general chemistry.

Instructor's Manual, Solutions Manual. Instructor’s Manual for Lab. Student Study Guide.
Transparenci; Masters. Computer Aided Instructinn, Lab Manual.

Slides for Lab Manual.

(0 471-87548-1} January 1984 approx. 864 pp.

ORGANIC CHEMISTRY, 3rd Edition

T. W. Graham Solemons, University of South Fiorida

The number-one selling organic chemistry text—now revised and fine-tuned to provide a
clearer, more logical presentation of organic chemistry for a full-year organic chemistry
course.

Student Study Guide (with solutions). Card File of Test items. Transparency Masters. Com-
puter Aided Instruction. Molecular Model Set.

(¢ 471-87032-3) January 1984 approx, 1,095 pp.

CHEMISTRYAND THE LIVING ORGANISM, 3rd Edition

Molly M. Bloomfield

Written primarily for a one term chemistry course for the altied health professions, this third
edition retains the teaching flexibility and clarity of explanation that gained the first two edi-
Hons considerable recognition.

Student Study Guide. Instructor’s Manual, {.aboratory Manual. Transparency Masters.
Computer Aided Instruction, -

{0 471-87627-5)  February 1984 approx. 624 pp.

THE ORGANIC CHEMISTRY LAB SURVIVAL MANUAL

A Student’s Guide to Techniques

James W, Zubrick, Rensselaer Polytechnic Institute

This easy-to-read, entertaining collection of basic organic chemistry techniques provides al}
of the essential procedures for a one-year organic chemistry laboratory course.

{0 471-87131-1} March 1984 approx. 208 pp.

EXPERIMENTS FOR INSTRUMENTAL METHODS

Donald T. Sawyer, University of California, Riverside, William R. Heineman, University
of Cincinnati, and Janice M. Beebe, Frostburg State College

A new, expanded updated version of the Riley/Sawyer classic is now available for your
instrumental analysis courses.

(¢ 471-89303-X) January 1984 approx. 350 pp.

S ince 1870, we've been publishing some of the most successful textbooks available for
college chemistry. These five new texts continue this tradition of excellence. If you'd like
to learn more about them or any of our other fine texts, contact your Wiley representative
or write to Lisa Berger, Dept. 4-1192. Please include course name, envollment, and title of

present text.

JOHN WILEY & SONS, Inc.

605 Third Avenue
New York, New York 10158
In Canada: 22 Worchester Road, Rexdale, Ontario M9W 1L1 4-1197
Cirede NG, 20 on Readers’ I.n.qulr.y t.;ar;i-
Volume 61 Number 2 February 1984 A83



SAUNDERS

HAS THE
FORMULA
FOR
SUCCESSFUL
CHEMISTRY

Announcing the Revision of a Best Seller!

GENERAL CHEMISTRY, Second Edition
and
GENERAL CHEMISTRY WITH QUALITATIVE
ANAILYSIS, 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. Gerieral Chemistry, Second
Edition, provides balanced coverage of descriptive
chemistry and principies, with an emphasis on descrip-
tive material, The Qualitative Analysis version offers
¢lear descriptiornis of procedures, reactions, and equilibria
for the qualitative analysis laboratory.
Standard Version — Avaiable 1984, 889 pages (approx.j.
hardcover, ISBN (-03-063567-5

Qualitative Version — Auvailable 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 Texas, Austin,
Kenneth D. Gailey, 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 illustrative
examples that are solved and explained in detail, and a
wide selection of carefully graded end-of-chapter exer-
cises. Descriptive chernistry s intreduced early and
integrated with principles throughout.

Available 1984, 928 pages {approx.}). hardcover,
ISBN 0-03.060458-3

An all new Laboratory Manual...

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

This comprehensive laboratory manual contains
thorough descriptions of underlying concepts plus an
excellent balance of 36 principles-oriented and descrip-
tive experiments. The book comes with its own Instruc-
{or's Manuat and can be used with any chemnistry text.

Available 1984, 416 pages {approx.). hardcover,
ISBN 0-03.060463-X

AB4 Journal of Chemical Education



ne

OTHER
QUALITY
TEXTS

FROM

_ SAUNDERS

INTRODUCTION TO CHEMISTRY
By Wiliam L. Masterton, {niversity of Connecticut, and
Stantey M. Cherim, Delaware County College

This book is written for the student taking a one-
semester or one-term course in preparation for the year
course in general chemistry. Assurning fittle or no pre-
vious background in chemistry, if combines a clear,
lively presentation with a wealth of illustrative learning
aids. The authors emphasize systematic methods of
problem solvirng by including practice exercises, sample
probiermns and worked-out exampies in every chapter.

Avaifable 1984, 450 pages fapprox.}. hardcover,
ISBN 0-03-069458-2

weW
INTRODUCTION TO GENERAL,

ORGANIC AND BIOCHEMISTRY
By Frederick A_ Bettetheim and Jerry March, both of
Adelphi University

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

- the theoretical material to show students how chemistry

affects health care.

Available 1984, 736 pages {approx.). hardcover,
[SBN 0-03-061548-8

new

ENVIRONMENTAL SCIENCE, Third Edition
By Jonathan Turk, Dillingham, Alaska, Amos Turk,
City College of the City University of New York, with
contributions by Karen Arms, Comell University

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

majors atike, the principles of physics, biology, and
chemistry that underlie environmental phenomena,
Drawing on the comments of users and reviewers, the
authors have rewritten three-quarters of the text and
regrgarized its content, expanding the book by six
chapters.

Available 1984. 560 pages (approx. ). hardcouver,
ISBN 0.03-069482.5

CHEMICAL PRINCIPLES, Altemate Edition
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 Alternate Edition presents
a steady flow of chemicat principles with an emphasis on
theory, The text is clear, concise, and logicai allowing
students to read and understand the material. Features
include approximately 1,300 end-of-chaptet problems
emphasizing real-life applications of chemicat principtes,
and worked-out examples, each one immediately fol-
lowed by a parallel exercise. The text also features an
optional section on descriptive chemistry presented
within the context of quaiitative analysis.
1983, 791 pages, hardcover; ISBNM 0-03-062726-5

CHEMISTRY, MAN AND SOCIETY, Fourth Edition

By Mark M. Jones, Vanderbilt University, David O.
Johnston, David Lipscomb Cotlege, 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 a non-mathematical basis. The text features ample
iflustrations, 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, hardeover, ISBN 0-03-062716-8

HOW TO ORDER:

For exarnination copies, please contact your local Saunders College
Publishing sales representative or write on your college letterhead to;
Karen 5, Misler, Dept. 51

SAUNDERS COLLEGE P(IBLJSHIHG

PO, Box 36, Lavaliette, New Jersey 08735

Include your course title, enroflment, and text currently in use, To
expedite shipping, please include the 15BN (Inlernational Standard
Book Number) for each item requested.

S1-8/83 D¥D3
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NEW FROM

MACMILLAN.

CHEMISTRY FOR
ALLIED HEALTH STUDENTS

INTRODUCTORY CHEMISTRY
FOR HEALTH PRDFESSIONALS

KEN LISKA, Mesa College and LUCY T. PRYDE, Southwsstorn Collegs

This text relates chemistry to the career goais of students by including many clinical

appications and discussing topics of current interest such as recombinant DNA, the uses of

interferon, and hemodialysis—presented at a very hasic level,

WITH: LABORATORY MANUAL, STUDENT STUDY GUIDE, Instructors Manvals, and
MICROCHEM I

INTRODUCTION TO0
GENERAL, ORGANIC, AND BIOLOGICAL CHEMISTRY

ROBERT .. OUELLETTE, Ohio State University
Featuring an early presentation of the mole concept, stoichiometry, and equalions; the unitying
theme of this text is the hurmian body with references to the chemistry of life throughout.

WITH: LABORATORY MANUAL, STUDENT STUDY GUIDE, instructor's Manuals, and
MICROCHEM Ii. :

EXPERIMENTAL ORGANIC CHEMISTRY
Theory and Practice

CHARLES F. WILCOX, Jr., Cornell University

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

WITH: Instructor's Manual

MICROCOMPUTEH SOFTWARE FOR CHEMISTRY
MICROCHEM (1983)

-—50 programs prepared by Hobert J. Oueliette for General Chemistry.

MICROCHEM Il (1984)

—45 programs prepared by Robert J. Ouellette for Generat, Organic, and
Biological Chemistry.

FOR MORE INFORMATION CALL TOLL-FREE: 1-800-223-3215 or WRITE:

MACMILLA _

PUBLISHING COMPANY.

COLLEGE MARKETING » 866 THiRD AVENLIE « NEW YORK, N.Y. 10022
Circle No. 14 on Readers’ Inguiry Card
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editorially speaking

What is Good Science?

By the logic of some in federal government policy-making
roles, good science must meet three criteria: excellence, per-
tinence, and appropriateness. Federal science policy does niot
appear to be aimed at the health of science and its institutions
but rather at getiing the best possible immediate return on
an investment in science and technology. From this point of
view, exceilence, pertinence, and appropriateness take on
potentlally ominous Imphcations regardtng the identity of

“good science.” It is easy to imagine good science being defined
in terms of its relevance and importarice to national objectives.
This vear the objective may be healthy economic growth, next
year national defense, and the following year.some other
problem that is not perceived as such today. While we may all
agree that current national objectives may be (momentarily)
worthy, decisions. based solely on these kinds of prernises have
the potential to initidte a sequence of events that will ulti-
mately diminish our capacity to produce any kind of science.
Changed perceptions of the nations’ needs by policy-makers
could impact heavily on science. What is considered “good
science” and encouraged today could fall from favor to-
MOrrow, _

We are in serious trouble when our leaders believe that
science can provide a solution to a technological problem in
the time frame normaliy allocated to the accomplishment of
“national objectives.” We will have a crises of major propor-
tions if those in charge of establishing auch a relationship
persist in believing that it will bear the desired fruit.

It is, perhaps, natural that man’s interest in science and its
technoiogtcal consequences has evolved to the point where he
seeg it ag a useful and necessary enterprise for keeping the
modern world going. Unfortunalely, however, the current
mind-set in government circles confuses science with tech-
nokogy and research with development. Apparently many are
eager and happy to encourage technology transfer, but few
seem interested in trying to understand the relationship be-
tween science and technology and especially the criticat need
o support science for its own sake. Rather interestingly, the
American puhlic seems to be out of step with its elected
leadership. A recent Harris survey indicated that 82% of these
poiled said that scientific research is an endeavor worth sup-
porting even if it brings o immediate benefits. We may be
witnessing the beginning of an era where “doing science” will
require some specified leve} of clear relevance to be accept-
able—probably first at a fiscal level foilowed shorily at the
intellectual level. Our ability to do science for its own sake
seems to be slipping away, partly because of the complexity
of what we feel needs to be done and partly because of the way
in which we think it should be done. Currently accepted re-
quirements for “good science”-—clear rélevance and impor-

tance to national objectives-—are obviously flawed if we are
to-be guided by history. Volta would not have gotten very far
i he or any of his contemporaries had to argue that the study
of twitching frog legs was critical to anything. Yet, in its own
way, Volta's work laid the foundation foi much of our elec-
tronically oriented society. History is replete with numerous
such examples and similar situations are undoubtedly oc-
curring today. For example, who can judge the importance—in
the currently accepted sense of that word—of a study of the
chemistry of sea squids? We know that there are those in po-
sitiohs of authority who tend to deride research which
“sounds”™ funny to them; we also know that charlatans can be
found throughout the current system which is designed to
foster and support scientific research. Both of these groups
would gain material advaniages should the proposed criteria
for identifying “good science” become firmly established. And
the course of classical science will be severely impeded.

Experience has shown repeatediy that some discoveries
whichi initially appear totally irrelevant to human affairs
subsequently have great practical importance. In contrast, the
practical importance of scientific work can easily be overes-
timated. Thus some historians believe that metallurgy was
targely invented to facilitate the making of ornaments. The
important point here is that the detailed usefulness of new
knowledge cannot be predicted with any degree of assuraoce.
T'o sist that the only science worth encouraging is that which
has a clear relevance and importance to specific goals today
is the height of folly. That policy will surely puaraniee a future
with an inadequate fundamental knowledge base, While en-
couraging relatively short-tesm solutions to important prob-
Iems, such policies will also discourage doing seience as an end
in itself.

We cannot afford to continue to insist that the only science
which is “good science” is that involved in meeting national
objectives. While it mlght be true that other definitions of

“good science” are less precise and more difficult to apply, and
perhaps less chviously important, vis-a-uvis specific goals, we
must be prepared to encourage some of our brightest minds
o pursue “impractical” science without regard to its practi-
cality. It is this “impractical knowledge” that is the uitimate
underpinning of our current technology. The basic problem
is that we cannot see the details of the important velationships,
mainly because we cannot know-—-or-agree upon—the chat-
acter of the probiems that will form the basis of future national
objectives. There is one certainty however; we shal! never have
the fundamental knowledge—whatever it is—to form the
basis of solutions to future problems if it is not permitted to
be discovered. Good science is the means by which new
kriowledge is made known, JJIL
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inthir izrve

G. N. Lewis

‘T'his issue contains the second instaliment of the proceed-
ings of the G, N, Lewis Symposium which was given at the
spring 1982 meeting of the American Chemical Society in Las
Vegas, Nevada, While the first set of papers gave us an over-
view of Lewis and his contributions to the development of the
Department of Chemistry during his tenure at Berkeley, this
group concentrates on the specific areas of physical chemistry
on which he had profound influence, Seaborg {page 93} gives
an eye-witness account of the development of the Lewis
acid-hase theory, and Brewer (page 101) relates his experi-
ences with some surprising applications of that theory, Pitzer
{page 104) focuses on the final period of Lewis’ thermody-
namic research before he and Randall published their classic
hook on that topic, while Lewis' suhstantial aceomplishments
in isotope separation and igotope chemistry are summarized
hy Bigeleisen {page 108},

Lewis’ diverse interests and omniverous curiosity led him
to the answers to some of the most fundamental chemical
questions being posed in the first haif of this century. As a
resuit, much of what we teach, even in introductory chemistry,
is permeated with Lewis’ ideas, particularly those on bonding
and acid-base theory. This issue has a number of articles which
involve one of these topics, either introducing interesting as-
pecis of them or presenting ways of teaching them more ef-
fectively.

Bonding Theory

Lewis’ octet theory and the shared electron pair are the
foundation of modern bonding theory, and their use is so ail-
pervasive that it is difficult to imagine they were the center
of controversy when Lewis first promulgated his ideas. Last
month Calvin (page 14) related how the theory revolutionized
the understanding of organic chemistry, and in next month’s
issue several authors will detail its effects elsewhere and the
general response when it was intraduced. In ¢his issue, how-
ever, Sultzman (page 119}, in a paper which was not part of
the Lewis sympesium, details the problems one of Lewis’
contemporaries, W. A. Noyes, had in accepting the electron-
pair concept of the chemical bond. This study gives an insight
not only into the resolution of an imporiant question in
chemical theory but also into how personalities and local cir-
cumstances can influence the course of such a resolution.

Once the controversy was settled, however, the Lewis
electron dot structure became an integral part of the intro-
ductary course, and teachers are still seeking new ways of
helping their students to understand and apply this concept.
Two articles in this issue (Clark, page 100, and Zandler and
Talaiy, page 124) present their authors’ rules for a systematic
approach to writing Lewis octet structures, Any teacher who
has watched kis or her students caught in the vicious eycle of
repeatedly moving electron dots to satisfy the requirements
of one atom only to find they have unbajanced an atom on the
other end of the molecule wil find one or the other of these
approaches helpful.

Acids and Bases

The Lewis acid-base theory is almost as familiar to (and,
unfortunately, often as misunderstood by) the introductory

.

92 Journal of Chemical Education

chemistry student as the electron pair bond concept. Lewis
turned to investigating the nature of acids and bases at least
in part in an attempt to verify experimentally some of the
general concepls put forth as part of his theory of bonding.
Seaborg, who was his laboratory assistant at the time, relates
the course of experiments which were used to demonstrate
Lewis’ generalized theory of acids and hases ¢{page 93). This
paper is remarkable not only because it has been possible to
include many of the details of the experiments due to their
simplicity but also because it shows the workings of two great
scientific minds-—-Lewis at the peak of his reasoning and de-
ductive powers and Seaborg as vet unaware of his fulf power
but growing in sophistication and confidence through asso-
ciation with his mentor.

Since students need a thorough understanding of acid-base
reactions, their teachers are often looking for new and inter-
esting ways of presenting this chemistry, This month’s Tested
Demonstration, “The Rainbow Connection” by Hutton {page
172), uses a “magic” trick to itlustrate the effect of pH on in-
dicators and elicit a lively classroom discussion, For those
introducing the concepis of the Bronsted-Lowry theory of
acids and bases, Macomber {page 128) offers a readily un-
dersteod analogy to use in explaining the leveling effect.

Two articles in this issue provide interesting information
about acid-base chemistry. Poplin {page 117} points out that
while it is well documented that neutral ions have an effect
on acid-base balance in the body, the reasons are sometimes
misunderstood. He then proceeds to give examples from the
literature and expiain the true relationships invoived. The
Chemical of the Month column features nitric acid; Pannu
(page 174} outlines the history, preparation, and physicai and
chemical properties of this familiar acid.

The Periodic Table

The periodic table, another basic of the introductory course,
is s familiar to us ali that many may assume it is now en-
graved in stoneg, as immutable as the pyrimids or the Rocky
Mountains. However, as Fernelius and Powell pointed out
in the June 1982 issue {page 504), a serious ongoing prohlem
with the use of the A and B subgroup terminclogy has finally
come to a head in this past decade, and the American
Chemical Society Committee on Nomenclature launched
an urgent campaign to resolve the confusion as rationally as
possible. After over a year of gathering comments and sug-
gestions from all areas of the chemical community and care-
fully classifying and considering these, the Committee has
issued a report (page 136} with a recommended format for the
periodic table which both eliminates the A/B confusion and
ties the subgroup designations more closely to their element’s
electronic configuration, Teachers of all areas of chemistry
will want {o examine these recommendations carefully and
keep this new format in mind when selecting textbooks and
purchasing new classroom wall charts.

. One of the periodic properties used by Mendeleev in con-
structing the original periodic table was atomic volume. New
data obtained by modern X-ray methods have heen used by
Singman {page 157) to refine our knowledge of the “Atomic
Volume and Allotropy of the Elements.” Feinstein {page 128)
offers an interesting application of the diagonal relationships
found in the periodic table that illustrates the usefulness of
this concept.



The Research Style of Gilbert N. Lewis

Acids and Bases

Glenn T. Seaborg
Department of Chemistry and Lawrence Berkeley Laboratory,
University of California, Berkeley, GA 94720

I started my graduate work in the Coilege of Chemistry at
Berkeley in the fail of 1934, As an undergraduate at UCLA,
I bad become acquainted with the 1923 hook by Gilbert
Newton Lewis “Valence and the Structure of Atoms and
Molecules” and was fascinated by it. I wanted to meet and
become acquainted with this remarkabie man, but I could not
then have envisioned that I would be working with him on a

" daily basis.

I was drawn to Berkeley by my admiration for Lewis and
by the presence there of Ernest Orlando Lawrence and his
cyclotron, for 1 was intrigued by the relatively new field of
nuclear science. When 1 arrived and started my classes and
research, I found the atmosphere and surroundings exciting
to an extent that defies description. It was as if 1 were living
in a sort of worid of magic with continual stimulation, In ad-
dition to Lewis I met the authors of most of the chemistry
textbooks I had used at UCLA--Jcel Hildebrand, Wendel}
Latimer, William Bray, Walter Blasdale, Walter Porter. [ took
classes from Axe} Qlson, Gerald Branch, and William Giauque,
and [ opted to do my graduate research in the nuclear field
under Ernest Gibson in a lahoratory situated in Ernest Law-
rence’s nearby Radiation Laboratory. In my thermodynamics

“class with Olson | was introduced to the classic book “Ther-
modynamics and the Free Energy of Chemical Substances”
hy G. N. Lewis and M. Randall, and this book was alsc used,
although augmented by more recent material, in Giaugue’s
more advanced thermodynamics course that I took during the
second semester of my graduate work,

Nearly everyone who participated as a member of the Col-
lege of Chemistry in the Lewis era recalls and comments on
the Research Conference presided over by Lewis in his own
inimitable style. This was held each Tuesday afternoon during
the achool year, starting at 4:10 p.m. and lasting until about
5:30 p.m. in Room 102 at the extreme south end on the first
floor of Gilman Hall, Lewis’ office was only a few doors away
in Room 108, with its door usually open. His and the College
of Chemistry’s secretary, Mabel Kittredge (Mrs. Wilson)}, waa
located next door to him in Room 110 (Fig. 1). At the Research
Conference, Lewis always oceupied the same place at the
central table—the first chair on the right side facing the
speaker and the blackboard. Members. of the facuity sat at the
table, and the others (graduate students, post does, research
fellows, etc.) sat in chairs set at two levels at the two sides and
back of the roont. Lewis always had one of his Alhambra Ca-
sino cigars in his hand or mouth and several more in his upper
coat pocket (Fig. 23. The first of the two speakers, a graduate
student giving a report from the Hterature, started when Lewis
gave his inevitgble signal: “Shall we begin!” The second
speaker-—a faculty member, research fellow, or advanced or
finishing graduate student—then reported on research that
had been conducted in the College. Although Lewis dominated
the scene through sheer intellectual hrilliance, no matter what
the topic, anyone was free Lo ask questions or speak his piece;
in the latter instance, prudence suggested that the comment
had hest not be {oolish or ill-informed. If Lewis had any
weaknesg, it was that he did not suffer fools gladiy-—in fact,
his tolerance level here was close to zera.

During my three years as a graduate student and the sub-

sequent years until the war, Lewis always attended the Nu-
clear Seminar held on Wednesday evenings in Room 102,
Gilman Hall. This seminar was run by Willard Libby, together
with Robert Fowler (until he left Berkeley in 1936}, and was
attended regularly by Wendell Latimer, William Bray and
Ermon Eastman, Lewis also conducted some research with
neutrons during 1936-1937. He was always highly supportive
of my nuclear ressarch, some of which was conducted in my
spare time during the period that I served as his personal re-
search assigtant.

With this hackground in mind, let me now proceed to a
description of my work with Lewis as a research associate. I'll
never forget how this got started. I had completed my graduate
research in the spring of 1937, my PhD) degree had been
awarded, and it was time for me to go and find a job someplace,
Lewis didn’t recommend me for a position anywhere, which
I could have regarded as a bad sign. Actuaily, in this case, it
was a good sign. That meant that I stili had a chance to stay
at Berkeley in some capacity—which, of course, was my ob-
jective. One day in July after the next academic year had ac-
tually started (so I was technically without any salary}, Lewis
calied me into his office and asked me if I would like to be his
research assistant. Lewis was unique in having a personal re-
search assistant, whose salary at that time was $1800 per year.
Although I was fervently hoping to stgy in some capacity, [ was
flabbergasted to find he thought me qualified for this role, and
I expressed my doubts to him, He smiled and indicated that
if he didn’t think I couid do the job he wouldn’t have offered
it to me. My acceptance of the position hie offered was enthu-
siastic, and thus our two-year intimate association began.

Lewis had suffered some disappointment in his previous

Figire 1. Erlrance door to Room 110, Gilman Hall, Mabel Kittredge's office and
the oHictal entrance to Lewis' office in Room 108,
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research with neutrons. In fact, I had played a role in advising
him frankly where he was going wrong, an act that took some
. courage on my part, and this may have influenced him in his
decision to undertake the risk of having me ag his research
assistant. He told me that he had decided to forego research
for a time, during which I would be free to continue the nuclear
research that { had underway. As I have already indicated, I
continued a rather substantial effort in the nuclear field, with
his blessing, during the entire two-year periad that I was as-
sociated with him.

In the Iate fall of 1937 Lewis resumed his research. He de-
cided to try to separate the rare earths praseodymium and
neodymium using a system involving repetitive exchange
between the aqueous ions and their hydroxide precipitates.
He emploved a long, tubular, glass column extending from the
third floor to the basement at the south end of Gilman Hail.
The column was consiructed with the help of Bijl Cummings,
the Jong-time glass blower in the College, and erected with the
help of George Nelson, the irascible head of the machine shop.
(He was irascihle from the standpoint of graduate stvdents,

fernoon Research Conference in Room 102 of Gliman Halb.

Figure 3. {above) Entrance §
o Roem 119, Gilman Hall,
when Seaborg esfved from
19371939 as research
associate with Gitbert M.
Lewis,

Figura 4, Sink ares in Room
119 where Seaborg ser-
viced the experimeris he
performed with Lewis in
batwaen moonlighting as a
nuclear chemigt,
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but very pelite to Lewis and now to me in my prestigicus role
as the assistant to the “Chief.”} The long column was serviced
by & machine-driven system for agitation in order to keep the
hydroxide precipitates suspended along the column’s length,
It was my duty to keep this operating, which I did with only
limited success. Lewis, with no help from me, measured the

‘degree of separation of the praseodymium from neodymium

with the spectrascope in the darkroom off Room 301, Gilman
Hall. For whatever reason, including possible shortcomings
in my performance, no detectable separation of praseodymium
from neodymium was achieved.

In the early spring of 1938, Lewis returned to his former
interest in acids and bases—the theme of this essay. If | recall
correctly (this was 44 vears ago!) he was, at least in part, mo-
tivated by the need for an interesting topic, supported by
feasible experimental demonstrations, for a tatk that he was
scheduled to give at the Franklin Institute in Philadelphiain .
May on the oecasion of his receiving a Doctor of Science degree
and Honorary Membership in the Franklin Institute in con-
nection with the Dedication of the Benjamin Franklin Me-
morial {i.e., the large new building housing the Institute’s
activities, including the science museum). In any case, much
of our first work in this area was concerned with such dem-
onstration experiments.

Our experiments were directed toward his generalized
concept of acids and bases. In his 1923 book “Valence and the
Structure of Atoms and Molecules” Lewis had proposed a very
general definition of acids and bases. According to that defi-
nition, a hasic molecule is one that has an electron pair which
may enter the valence sheil of another atom to consummate
the electron-pair bond, and an acid molecule is one which is
capable of receiving such an electron pair into the sheil of one
of its atoms. Lewis wanted, with my help, to find a broad base
of experimental evidence for this concept.

We worked in Room 119 {Fig. 3}, at the north end of the first
floor of Gilman Hall, a laboratory that Lewis had used for a
number of years previously, It was here that he did his work
with Ronald Mc¢Donald and others during 1933-35 on the
isolation of deuterium by the electrolysis of water and the
determination of a number of its properties.! The apparatus
used for this work was still there in the east side of the room,
a part of the room that we didn’t uge at this time. We used the
laboratory bench extending along the west side of the roomwn,
flanked in the back by a row of windows. The sink, at which
1 washed and cleaned our plassware each evening {Fig. 4), was
at the extreme right {north) end of the bench and our writing
desk adjoined the opposite end of the laboratory bench against
the south wall. OQur indicator experiments were performed on
the laboratory bench top at the ambient room Lemperature
in ordinary test tubes. For later, more sophisticated {but still
basically simple) experiments, which I shall describe pres-
ently, we used a low temperature bath which consisted of a
large, wide-mouthed Dewar filled with acetane which was
cooled by the addition of chunks of dry ice. Our vacuum bench,
used in later experiments, was in the center of the room, op-
posite and paraliel to the laboratory bench, '

F was immediately struek by the combination of simplicity
and power in the Lewis research styte and this impression grew
during the entire period of my work with him, He disdained
complex apparatus and measurements. He reveled in un-
complicated but highly meaningful experiments. And he had
the capahility to deduce 8 maximum of information, including
equilibrium and heat of activation data, from our elementary
experiments. I never ceased to marvel] ai his reasoning power
and ability to plan the next logical siep toward our goal. I
learned from him habits of thought that were to aid contin-
uously my subsequent scientific career. And, of course,
working—-and apparently holding my own—with him, boosted

* This aspact of Lewis’” work is covered in the Symposium arlicls by
Bigelaisen on page 106 of this issue.



my self-confidence, which was not at a very high level at this
etage of my life.

Starting at this time, I worked with Lewis on a daily basis,
interspersed with intervals when he was ctherwise cccupied
and during which I pursued my nuclear research. He weuld
arrive each day between 10 and 11 a.m. in his green Dedge car,
which he would park on the road {South Drive, Fig. 5) between
the Chemistry buildings and the Men’s Facuity Club. When
I spotted his car, I knew that it was time to join him in Roem
119. We then usually would work together until about noon
or 1 p.m., when he went fo the Faculty Club to play cards with
his friends (he didn't eat any lunch} while  went to funch, He
usually returned to our lahoratory at about 2 p.m. and we
would work together untit late afternoon. This gave me time
to work on my other research projects before he came, during
the noon break, and afier he left. However, be often gave me
assignments to assembie materials, prepare solutions, ete.,
over the noon hour, or overnight, or when he left town for a day
or two. These assignments were usuaily unrealistically de-
manding for such a time scale, and { had to scramble to meet
his demands. This was done not for the purpose of keeping me
busy, but because he underestimated the size of the tasks.
Sometimes we worked in the laboratory during the evening
after dinner, often on Saturday morning, ang occagionally on
Sunday. We did most of the work on writing up our work for
publication on Sunday afternoons.

1 believe that the best way to capture the flavor of my ex-
periments with Lewis on generalized acids and bases in
preparation for his lecture at the Franklin Inatitute is to quote
from my journal of that period.

Thursday, March 17, 1938
Today we performed exploratory indicator experiments to deter-
mine the cotor of a number of indicators {that is, colored organic
molecules or dyes), dissolved in about 75 ce dioxane. Lewis plans to
work with these indicators. They are:
. cryatal violet i
bromceresol green
. methy! red
. chlorpheno! red
alizarin
. bromthymol biue
. eyanin orange
. thymol blue
. phenoiphthalein

Friday, March 18, 1948

Professor Lewis and I coniinued the joint experiments that we
began yesterday. We added 4--5 drops of SnCl, solution {10% in CClg)
to approximately 1 ¢¢ of each of the nine indicators {in dioxane)
prepared yesterday. In each case we observed the color change, or lack
of change, as this generalized acid {SnCi;} was added. In other ex-
perimenta, we added 23 drops of pyridine solution (15% in dioxane}
to approximately 1 ce each of the same indicators-—-there was very
litile color change (if any) in most cases.

Saturday, March 19, 1938

Continuing our experiments of yeslerday and the day before, Lewis
and 1 added 2-3 drops of triethyiamine solution {approximatety 10%
in dioxane} to approximately 1 ce of each of the nine indicators (in
dioxane) that we prepared on Thursday; this is for the purpose of
obgerving the change in eolor {or lack of change in color} when this
genaralized base (frimethylamine} is added to the indicators. These
are exploratory experiments to get the feel for the way generalized
acids and base react to change the eolors of indicators.

Mimday, March 21, 1938

Today Lewis and [ added 2-3 drops of BCl; solution (10 grams per
500 oc of CClyg) to approximately 1 cc of each of the nine indicators {in
dioxane} prepared last Thuraday. The eolor changes preduced by this
generalized acid were observed in order to compare them with the
color changes produced by the generalized acid SnCl, in our experi-
ments last Friday. In general, the color changes, or lack of color
changes, are strikingty similar for the two acids.

Thursday, March 24, 1938
1 prepared indicators for Professor Lewis by dissolving a few tenths
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Figure 5. Giiman Hall, Le Conte Hali, and Campanile, with South Drive In
the foreground (~1941).

of a gram of each of the following in about 75 ¢c of acetone—brom-
cresel purple, bromthymel blue, aurin, neutral red, phenotl red, cyanin,
trepaeoiin (¥, and thymol blue. We passed the acid 830, into small
portions of each of these solutions and ohserved the color chauges {or
tack of color changes}.

Friday, March 25, 1938

In our experiments today Professor Lewis and § added 34 drops
of the base {riethylamine {10% in diozane) and in separate experi-
ments again passed the acid SO- into portions of each of the indicalor
solutions prepared yesterday and ohserved in each cagse the color
change. We then added the acid BCl; to portions of a number of these
solutions and in separate experiments the acid SnCly to some of these
solutions (trepaelin 00 and thyme! blue) and noted similarities in the
color changes, The effects of the bases triethylaming and pyridine on
tropaetin 04 and thymo! blue wers also noted.

Monday, March 28, 1938

Today Lewis and I set up and practiced a number of demoenstration
experiments on generalized acids and hases that he will use in his
lecture at the Franklin Institute in May. We cbserved the colar
changes when bromeresol purple, bromthymol biue, neutral red, and
thymot blue {a}] in acetone) were ireated with the base triethylamine
and after that with the acid S0y, Similar experiments with the acid
BCl; and the base pyridine with tropaelin 00 (in acetone) were also
perfermed.

Wednesday, April 20, 1938

Today Lewis and I experimented with the indicator thymol blue
{in acetone} to wheih a few drops of the acid AgClQy {in benzene) were
added. F'he color change was observed, and theu -2 drops of the base
pyridine (in dioxane) were added and the color change again noted.
We found we could titrate back nnd forth suecessfully with this acid
and this base. Similarly we found we equld do this with the indicator
tropaelin 00 (in acetone}.

Thursday, Mey 5, 1938

Lewis and I experimented with the acid BCl; {in CCly) added to 2-3
cc methyl red {in dioxane}, We found that the heavy precipitate which
formed could be redissolved with the base pyridine {in dioxane}.

Friday, May 13, 1938

Today I helped Professor Lewis pack his suitcase for his demon-
stration lecture at the Franklin Institute next Friday mosning. He is
travelling o Philadelphia by train. I was pleased to see him bring into
our {aboratory and place on the bench two suitcases, because I felt this
would give me ample room to pack the material for his demonstration

" experimenis. However, he told me that he would need much of this

space for his cigar boxes. (He smokes “Alhambra Cagino” cigars in-
cessantly and will need a good supply to keep him going during his
visit Lo Philedelphia.} .

He (illed one entire suitcase and part of the other with cigar boxes,
which meant that [ had to exercise sgome ingenuity in order Lo get the
equipment, chemicals, etc., iulo the remaining space,
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Lewis gave his talk at the Franklin Institute in Philadeiphia
on Friday morning, May 20, 1938, as scheduled. During his
talk he performed the demonstration experiments that we had
developed. So far as 1 know, his talk was wel} received. How-
ever, the main impact came from his publication, based on the
talk, which appeared in the September issue of the Journa!
of the Franklin Institute {226, 203 (1938)}. In the preparation
of this paper, which was written entirely by Lewis without my
help, he used additional data that we developed in subsequent
experiments. However, the main thrust of the paper was his
beautiful exposition of his concept of generalized acids and
bases, which had a worldwide impact and became the “bihle™
for workers in this field. His primary acids and bases are
characterized by their instantaneous neutralization reactions,
which occur without any heat of activation. He also introduced
here hiz concept of secondary acids and hases, whose neu-
tralization requires a heat of activation. I soon found that I was
destined to work with him on a program of experimental
verification of this idea.

Lewiz and [ resumed our experiments on generalized acids
and bases during June and early July, 1938, after he returned
from his trip to Philadelphia. We found many cases where,
with one solvent and one indicator, the colors obtained seemed
to be dependent only upon the acid or basic condition of the
solution and not at all upon the particular acid or hase. By
means of the color changes the solutions could be titrated back
and forth as in aqueous solution. For example, with thymol
blue dissolved in acetone, the color was yellow with either
pyridine or triethylamine, while the acids SnCly, BCls, 30,,
snd AgCl(y, gave an apperently identical red color. With
crystal violet in acetone, the color changes successively from
violet to green to yellow upon the gradual addition of SnCly
or BCly, after which the original violet color could be restored
upon the addition of an excess of triethylamine,

Because similar effects could also be obtained by HCl, and
since we had been working in the open with reagenis that had
not been especially dried, we were afraid that some of the
similarities in color produced by the different acids could be

due to small impurities of H-acids in the reagents. We there-

fore conducted experimenis with very dry solvents, given to
us by Dr. C. H, Li, with indicators which themselves contain
no lahile hydrogen, such as butter yetlow, cyanin, and crystal
violet, and upon the vacuum bench to prevent the pick-up of
water. These experiments gave the same results as those
performed in the open with ordinary reagents. Again a coupie
of quotations from my journal can give the flavor of this
work.

Thursday, June 9, 1938

Professor Lewis has returned from his trip to Philadetphia, and we
recommenced ocur experiments on generatized acids and bases in
Hoom 114. Today we did experimenis in which we added the acid BCl;
{in CCly) to erystal violet {in acetone} and observed a succession of
color changes (blue, green, and yellow). We then added the acid SnCly
to another, identical sclution of crystal viclet and ohserved the same
succession of eolor changes. Lewis is writing his paper “Acids and
Bases™ for pubiication in the Journal of the Franklin [nstitute. This
is based on his demonstration lecture at the Frankiin Institute last
month and wilt include information from additional experitients that
we will now perform in order to round out his story.

Friday, June 17, 1998

Lewis aud 1 continued cur experiments on cur new vacuum line,
We observed the color change when the acid BCl; was added to & so-
lution of erystal violet in ether which had been thoroughly dried by
Dr. C. H. Li. We also added the acid BCly 1o crystal violet in acetone
{(very thoroughly dried by Dr. C. H, Li} and again observed the suc-
cessive color changes; then we added triethyiamine {thoroughly dried)
and noted the eolor change sequence back to the originel color, Our
titrations thus gave the same results when water was thoroughly ex-
cluded as our original work with ordinary reagents conducted openiy
on the laboratory bench.

Toward the end of June, Lewis gave me leave to go to San
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Figuea 8. Enfry in Lewis’ hand in Glern Seaborg’s iaboratory notebook describing
experimenis cn acid/base systems carried out in Seahorg's absence, 23 June
1938.

Figure 7. Sample page from Gienr Seaborg's taboratory notebook during his
collaboration with Lawls, 23 Aogust 1938,

Diego to give a talk on my nuclear work at a meeting of the
American Physica! Society. During my absence he conducted
vacuum bench experiments to ohserve the color changes when
8nClL and triethylamine were added to a solution of crystal
viclet in thoroughiy dried chlorobenzene, when SnCl, or HC1
were added to a solution of butter yellow in chlorobenzene,
etc. I reproduce in Figure 6 his notes covering one of these
experiments as he recorded them in my notebook.

In addition to taking seme vacation during the summer of
1938 with his family at their cottage in Inverness, he spent a
good deal of time on his paper “Acids and Bases,” which he
was gefting ready io send to the Journal of the Franklin In-
stitute. The process of formulating his thoughts and setting
them down on paper suggested to him many little confirma-



tory experiments which we then performed. I reproduce in
Figure 7 a sampie page from my journal {notebook) of this
period.

In September Lewis turned to his next project-—experi-
ments refated to his concept of seeondary acids and bases—
and from the latter part of September untit Christmastime,
I worked with him on a daily basis on much the schedule that
I cutlined earlier. We did some broadly based experiments
which led to the publication of our background paper “Pri-
mary and Secondary Acids and Bases™ §J. Amer. Chem. Soc.,
61, 1886 {1939}], and a detailed investigation of a specific
seco_ndary and primary base, which was published as a com-
panion paper entitied “Trinitrotriphenylmethide fon as a
beconc]lary and Pr:mary Base” [J. Amer. Chem. Soc., 61,1894
{1939

It was in the course of this detailed investigation of this
secondary and primary base that I was to see firsthand a
master researcher at work and to be privileged to be a par-
ticipant. Here was a prime example of simple experimenis
leading to interesting and fascinating interpretations and in
my description I shall do my best to capture the flavor of the
process, As background for understanding these experiments,
we should recall that Lewis had suggested that there is a large
group of acids and bases, called primary, which require no
energy of activation in their mutual neutralization, and there
is another group, called secondary, which do not combine with
each other (nor does a secondary base combine with a primary
acid nor a secondary acid with a primary base} except when
energy, and frequently a large energy, of activation, is pro-
vided.

Based on the results of some preliminary experiments and
Lewis’ intuition and apalysis, we decided that the intensely
blue 4,4',4”-trinitrotriphenylmethide ion ahould be a base that
could exist in the primary and secondary forms and be a good
material for experimentation to give support for and infor-
mation on this concept, Qur first experiments, performed in
open test tubes, are described in my journal.

Wednesday, September 21, 1958

Lewis and 1 began test-tube experiments with 4,4" 47 -irinitrotri-
phenyimethane which we believe can be used to test our ideas about
primary and secondary bases. We titrated trinitmtriphenylmethanc
in toluens at room temperature with sodium hydroxide (0.02 M in
absolute alcohot) 1o form an instantaneous blue color and then with
HC!{0.02 M in absolute alcohnl} to form an instantaneous colorless
solution. The biue color is due to trinitrotriphenyimethide ion while
the colorless form is trinitrotriphenylmethane. When the experiment
waas repeated at ice temperatuze, we ohserved the same color changes
except that it took 4-5 seconds for the blue sclution to turn colorless
upon the addition of HCL At the temperature of liquid air (nesr the
freezing point of the solution), there was very slow development of
the biue color and of the colorless solution {order of minufes). Addi-
tion of more HC! to the biue basic solution gave a hright Yorange-
yellow” solution which slowly faded to colorless. When we repeated
the experiment at ice temperature, the *orange-yellow™ color formed
upon the addition of the excess HCl. We also experimented with a
soivent of three parts ethyl alcohol and one part toluene and found
that we could titrate back and forth hetween the blue {with NaOH)
anad orange {with HC}} colors at fow temperatures.

Thursday, September 22, 1938

Today Lewis and I did test-tube experiments with trinitrotri-
phenylmethane in a solvent containing three parts ethyl alcohol and
une part toluene. We titrafed with NaOH and acetic acid HAc (in
absolute alcohol). We found that, with the acid HAc at liquid air
temperature {freexing poini of loluee), the “orange yellow" colar did
not gppear. We also found that this is true when we used toluene with
no aicohol. The fading of the blue color to colorless was guite fast upon
the addition of HAc at ice temperature but slow at the lower tem.-
perature. Apparently HAc has a different effect than HCL. We mea-
sured the solubility of crystal violet chloride in various concentrations
of phenol in toluene. We plan fo use this blue solution as a comparison
standard in our experiments to measure the rate of fading of the blue
color of trinitrotriphenyimethide jon; this ion apparently acts as a
secondary base, and we wigh to investigate the kinetics of its trans-

formation to the coloriess form which seems to be the primary base.
A set of standard eolor comparison solutions will be prepared by di-
luting the crystal violet solutions successively by factars of two.

Lewis soon deduced that the action of the HCl was not our
main concern and our fizst interest should be in the secondary
base {B.’} in the blue form that requires a heat of activation
to be converted to the primary form (B;) in which it reacts
instantaneously with the HAc. Thus he deduced that the two
forms would have these formulae

. 0—N=0T1" - O—N-—3]"
| |
I 5 J
B O—N=0 | B O—N=0 |
By B

We launched into a series of kinetic experiments to measure
the rate of fading of the blue B upon the addition of acefic
acid or other acids which combined instantaneously with the
small proportion of B, that was present. This mechanism, for
any acid HY, can be summarized as follows

B, =B, (1}
B; + HY — BHY~ )
—HB+Y" {3)

He suggested that reaction (2} is the rate determining step,
and that the concentration of By depends upen the concen-
tration of B;, the temperature, and the difference in energy
between B and B;. On this basis, the reaction should be bi-
molecular and the measured heat of activation should be the
same with ali acids {HY) of sufficient strength.

To test this we measured the rates of reactions (rate of
fading of the blue color) over a range of temperatures in order
to determine the heat of activation. The experimental method
was simplicity itself. The first experiments were performed
in open test tubes, but it was found that trinitrotriphenyi-
methane was sensitive to oxygen under the conditions used,
and, therefore, the reaction vessels were evacuated. Qur sol«
vent was 85% ethyl alcohol and 15% toluene, and our first se-
ries of experiments were with acetic acid. The reaction vessel,
in the form of an inverted Y, with the alkaline blue methide
ion solution in ene limb and the acid in the other, was placed
in the low temperature bath {of acetone cooled with dry ice}.
When ternperature equiiibrium was attaiued, the vessel was
tipped rapidly back and forth untii the contents were thor-
oughiy mixed. The reaction (rate of fading of the blue color)
was then followed by comparing the color with a set of stan-
dard color tubes. (The set of standard color tubes consisted
of solutions of crystal violet, which had blue colors nearly
identical to those of the blue methide ion, made by successive
two-fold dilutions to cover the entire range of diminishing blue
color.) After the experiments had indicated that the reaction
was always of first-order with respect to the colored ion, the
procedure was simplified further. The time was taken inerely
between the mixing and the matching of a single color stan-
dard, which corresponded to one-sixteenth of the original
concentration of the blue methide ion (i.e., the color standard
was made hy four two-fold dilutions of the original matehing
crystal violet solution.)

We made measurements with acetic acid at four tempera-
tures: —53°C, —63°C, —76°C, and ~82°C and from these we
could calculate that the reaction was first-order with respect
to the acid and the heat of activation for the reaction of fading
of the blue methide ion was B.6 kcal. According to our inter-
pretafion, then, this is the energy difference betweeh the
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secondary form B; and the primary form B, of the methide
ion. We next measured the heat of activation for the same
reaction for five additional acids, for which the reaction also
proved to he bimolecular, and found the same value for the
heat of activation within the limits of our experimental
value—an average of 9.1 keal. Such a resuit is to be expected
from our interpretation that the heat of activation should he
equal to the difference in energy between the primary and
secondary forms of the hase. H the activation occurred oniy
af the moment of collision between the reacting motecules, it
would be hard to explain why the heat of activation or, in other
words, the potential barrier in the activated complex, should
be the same for such very different substances as alcohot (for
which we also measured the heat of activation, indirectly, as
described below) and our other acids—chloroacetic, furoic,
a-naphthoic, lactic, and benzoic, as well az acetic acid.

! have recounted here in some detail only the central con-
clusions from this research. Lewis made many other dedue-
tions that are too involved to be easily described here, hut
which can be enjoyed by reading the paper reporting this work.
T shall merely sketch some, by no means all, of these conclu-
sions. From some other of our measurements he was able to
deduce the equilibrium constant for the reaction in which the
blue methide jon is formed from the reaction of the hydroxide
(or ethylate) with the trinitrotriphenylmethane, and the heat
of activation, from which he found that the heat of activation
for the reverse reaction (B] plus ethy! alcohot), corresponding
to the difference in energy between the primary and secondary
forms of the base, is 8.9 keal, in good agreement with our direct
determination for the six acids (9.1 kcal). He could deduce
from our measurements that only one-eighth of the trinitro-
triphenyimethane was in the form of the blue methide ion
under the conditions of our kinetic experiments. He also
concluded that our kinetic measurements with such a weak
acids as phenol and horic acid suggest that these displace the
solvent alcoho} from the nitre groups in the hiue methide ion
to an extent depending upon their conceniration, and that the
ion with the phenol atfached is less reactive than the corre-
sponding alcoho! compound.

Earlier o1, [ have alluded to the orange color produced
immediately upon the addition of the strong acid HCi to a
solution of the blue methide ion. We also found this upon the
addition of the relatively strong trichloroacetic acid. Lewis
found a ready explsmation for this. When the biue ion has been
formed and the central carbon has lost its power of acting
immediately as a base, the basic power has, in a certain sense,
been transferred to the three nitro groups. Therefore, a auf-
ficiently strong acid should attach itself at one or more of the
nitro groups and in this process the biue ion should act as a
primary base.

We finished these experiments just before Christmastime
in 1938, After a diversion in January to lest another of his
idens experimentally, we began in Fehruary the process of
writing our two papers on primary and secondary acids and
bases for publication in the Journa!l of the American Chem-
ical Soclety. Writing a paper with Lewis was a very interesting
process. We did most of our work on this, extending sporadi-
cally over several months, on Sunday afternoons in our labo-
ratory, Room 119 in Gilrman Hall. The process consisted of
Lewis, pacing back and forth with cigar in hand or mouth,
dictating to me. I recorded his thoughts in longhand. However,
his output was interspersed with discussions with me and even
with experimental work when he wanted to check a point or
simply wanted a break. His sentences were carefully com-
posed, and the result was always a beautiful and articulate
composition,

After we had finished the two papers up to the point of the
summary of the second paper, he said to me that he was tired
of this process, and suggested that [ write this summary by
myseif. By this time I was familiar enough with his thought
processes to make this feasible. I wrote the following, which
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he accepted after no more than a glance at it and without
changing a word.

Trinitrotriphenylmethide ion was expected and has praved o be
a secondary base. In aleohol when this hiue ion is added to ariy weak
acid at temperatures hetween —30 and —80° the formation of the
corresponding methane is slow and can be followed mlortmetrlcally.
The rate of neutralization was studied with numercus acids and under
like conditions the rates diminish with diminishing acid strength,
With the weakest acids the rates are not proportional ti the concen-
tration of acid, and this fact is explained. With the six acids of inter-
mediate strength the rates were found preportional to the concen-
trations of blue jon and of un-ionized acid, and unaffected by neutral
salts. In these cases the heat of activation was caleulated from the
temperature coefficient of the rates and was found approximately
constant with a mean value of 8.1 keal. By indirect fethods the rate
of neutratization by aleohol itaelf was determined. Here the heat. of
activation iz found to be 8.9 keal. The constancy of the heat of acti-
vation over the great range from chioroacetic acid to alecohol can
hardly be explained by the theory of an activated complex. The value
obtained is taken a8 a measure of the difference in energy hetween the
primary and secondary forms of the base, The smali departures from
this eanstant value are attributed in pait to experimental error, but
especially to differences in the actual composition of the reacting ion.
Several kinds of evidence are adduced to show that the actual com-
position of the blue ion depends not only upon the sclvent but in
several casea upon the presence of other solites,

While the trinitrotriphenylmethide ion is a secondary hase with
respect to addition of acid to the central carbon, it is a primary base
with respect to addition of dcid fo the nitro groups. In the presence
of strong acids an orange substance is thus formed which containg
more than one free hydrogen ion per molecule. The very slow rate of
fading of the orange compound ix studied, and af explanation is
suggested for the large catalytic effect of water. Morio- and dichlo-
roacetic acids give mixtures of the orange and blue substances and
the rate of fading in these sélutions leads to some of the conclusions
already mentioned.

During January, 1939, Lewis and { worked to make an ex-
perimental test of an old, rather far out, idea of his. This is far
afield from acids and bases, hut is, I believe, worth mentioning
as n further iflustration of the breadth of his intelject and in-
terests. A number of years before (1930) he had pubtished an
article in Science magazing (71, 569] on “The Symmetry of
Titme in Physics.” A consequence of this theory, as it applies
to radiation, is that we must assign to the emitiing and the
absorhing atom equal and coordinate roles with respect to the
act of transmission of light. A consequence of this, Lewis toid
tne, is that the receiver or observer of the fight {for example,
the apparatus used for this purpose) is of importance equal
to that of the emitter of the light and exhibits its own influence
upon how the light manifests itself.

Lewis told me he wanted to test this hypothesis by setting
up a Michelson interferometer to detect the interference
fringes with different receivers or detectors of radiation and
to thus determine if some properties of the radiation depend
on the receiver or detector as it should if it conformed with his
theory on the symmetry of time. He asked me to set up a Mi-
chelson interferometer in the darkroom off Reom 301 at the
southwest corner of the third (attic) floor of Gilman Hall, This
room contained a spectrograph with which Lewis had made
hie spectrographic measurements mentioned earlier on rare
earth samples,

I went to the Department of Physics and borrowed a Mi-
chelson interferometer which was ordinarily used for dem-
onstration experiments in some of the physics lecture courses.
In order to make this operate correctly I had to prepare some
“half-silvered” surfaces on glass with a silver layer of such
thickness that about one-half of the incident light would be
reflecied and the other half transmitted through the layer.
Since Professor Axel Olson had some experienice with this
“half-silvering” process, I enlisted his help. Lewis and I de-
tected the interference fringes with each of a number of dif-
ferent types of photographic film in order to see i we could
detect any gross differences in the way the films reacted. We



Calor Prodiiciion in Mixing Several Bages with Nitro Compounds
DNB TMB THT THX THM

NH, + + + +
NHgH + + + +
NHR, + +
MR, + +
OH™ or OR™ + + ?

found some peculiar effects, which excited Lewis for a fime,
bui my skepticism prevailed when I was able to explain these
as due to rather prosaic failures in our techniques and which
we could correct to eliminate the effects. These negative re-
sulte then convinced Lewis to go on to something else.

During the period from January to June, 1939, Lewis and
1 did scouting experiments with a wide range of indicators,
acids, and bases. Many inieresting ohservations were made
that are not susceptible to summarization in a reasonably brief
fashion. As always, there were momenits of excitement. I recal}
a series of experiments, conducted with test tubes immersed
in our acetgne-carbon dioxide bath, on the development of
color when trinitrobenzene and sodium phenolate were
reacted in absolute ethyl alcohol over a range of temperatures
below room temperature. We found that large excesses of
NaQH were needed to produce the indicator color. This etic-
ited some bizarre inlerpretations from Lewis. However, when
theae experiments were repeated on the vacuum line the ac-
tion of NaQOH was more reasonahle, Apparently, in our open
test tube experiments, }arge amounis of CO; were absorbed
in the alecholic solution from our COy-cooled acetone bath!

Our research during this period did result in one coordi-
nated project from which some interesting conclusions could
be drawn. We made observations on the degree of develop-
ment of color (a measure of the degree of reaction between
these acids and bases) when each of the bases ammonia, me-
thylamine, dimethylamine, {riethylamine, or hydroxide is
reacted with each of the acids m-dinitrobenzene and sym-
metrical trinitrobenzene, trinitrotoluene, trinitroxylene, and
trinitromesitylene (25 combinations in all). At any point in
the table corresponding to a given hase and a given nitro
compound the sign + indicates the formation of color.

We found with trinitrobenzene the intensity of color is least
with triethylamine, greater with dimethylamine, and still
greater with methylamine and ammonia: For the direct ad-
dition of the base to one of the ring carhons that is not at-
tached to a nitro group, there is the possibility of douhle
chelation of hydrogen atoms to nitro groups in the case of
methylamine and ammonia, thus strengthening the acid-base
combination. With the weaker acid, m-dinitrobenzene, me-
thyfamine, and ammonia—which are capable of doubie che-
lation—give good colors, while the two stronger bases, di-
methytamine—which is capable of only one chelation—and
triethylamine—where no chelation is possible-~give no color
at all, Thus our conclusion was that the stability of the colored
compounds is greatly enhanced by chelation, and especially
doubie chelation, in-which the hydrogens of an aliphatic amine
are attached to oxygens of the nitro groups. Similarly, we could
deduce that the chief effect of introducing methyl groups into
symmetrical trinitrobenzene is to diminish resonance between
the nitro groups and the ring, and that this effect, which is very
strong when the nitro group is ortho to two methyl groups, as
in symmetrical trinitroxylene, becomes weak when only one
ortho methy! is present, as in symmetrical trinitrotoluene.

Trinjtromesitylene, in which each nitro group lies between two

methy! groups, showed no color with any base,

Lewis and I didn’t write up this work for publication until
about a year later due to the press of our other activities, When
we did, of course, it was done by the same methed of dictation
with me serving as & scribe. Our publication, which included
explanations for all of our observations, was entitled “The
Acidity of Aromatic Nitro Compounds toward Amines. The
Effect of Double Chelation” {J. Amer. Chem. Soc., §2, 2122

Figure 8. .Giiben Newton Lawis at work in his Gilman Hall Office.

{1940)).

During my last months with Lewis, April, May and June,
1939, he turned part of his attention toward spectroscopic
observations on light absorption and the observations of fly-
orescence and phosphorescence in varicus colored organic
substances. For this we used the spectrograph in Room 310,
Gilman Hall, where T'ed Magel, then a graduate student, was
working. Lewis was now beginning his experimentation on the
relation of energy levels in molecules to their emission of light
and was already beginning to think in terms of the triplet
state, Beaides Magel, we were helped in these measurements
by Oito Goidschmid, a volunteer research fellow and Ed
Meehan, an instructor in the College of Chemisiry, Melvin
Calvip and Michael Kasha deal with this subject in their pa-
pere in this Symposium. '

Also during this time Lewis was working with Melvin Calvin
putting the finishing touches on their review paper “The Color
of Organic Substances,” which they mailed in August for
publication in Chemical Reviews. Lewis had heen interested
in the color of chemical substances for a long time and, in fact,
this was the subject of his acceptance address in New York on
May 6, 1921, when he received the Nichols Medal of the New
York Section of the American Chemical Society. He had been
working with Calvin, off and on, during much of the last year.
1 can recall looking in on them in Room 102, where they had
their writing sessions, and finding them totally immersed in
their piles of reference journals and notes.

During all of the time that f was working with Lewis he was,
of course, serving as Dean of the College of Chemistry and
Chairman of the Department of Chemistry. These posilions
would ordinarily entail heavy administrative duties, but he
did not allow himself to be burdened by them. Nevertheless,
I believe, he discharged his responsibilities very well éFig. 8).
He was efficient and decisive, highly respected by the faculty
members in the Coliege, and eminently fair in his dealings with
them. To a large extent he ran the College from his laboratory.
I recall that his efficient secretary, Mabel Kittredge, would
come into our laboratory, stand poised with her notebook until
she commanded his attention, describe ciearly and briefly the
matter that required his attention or decision. Lewis would
either give his answer immediately or ask her to come back in
a little while, after he had given the matter some more
thought. This system worked very well in those days but might
not be adequate today and certainly could only function then
with a man of Lewis’ ability.

Sometime in June, Lewis told me that he was putting me
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on the faculty of the College of Chemistry as an instructor. In
his whimsical way he expressed the opinion that he had been
taking up “too much of my ¢ime.” This was a revealing com-
ment considering that I was supposed to be serving as his
full-time research assistant. However, I have good reason to
believe that he was not at all unhappy with my additional
research and writing projects. He told me my salary would be

$2200 per year, that of a third-vear instructor. Thus, to my
delight, he was giving me full credit for my two years in the
capacity of his research assistant.

in canclusion, T want to say that I regard it ag extraordi-
niarily good fortune that I was granted the privilege of
spending this time working so closely with Gilbert Newton
Lewis.

Another Procedure for Writing Lewis Structures

Thomas J. Clark
Humboidt State University, Arcata, CA 855821

Many students have difficulty in learning to write Lewis
structures for molecules and polyatomic ions. Several proce-
dures for writing them are presented in general chemistry
texts. I recently devised a scheme which has two uncommeoen
features: {1} whether multiple bonds or expanded valence
shells are present is first determined using the method de-
scribed by Lever; (2) the dots representing electrons are en-
tered hefore any hydrogen atoms are placed on the structure.
The very simple procedure for writing a correct, or ai least
reascnable, Lewis strueture for a molecule or ion containing
only s-block and p-biock elements can be. summarized in a
series of steps.

1} Identify any monatemic cations. The rules for writing Lewis
structures which follow are not needed for and do not apply to
monatomic cations. Group I and Greoup I elements are almost
atways present as cations, Exceptions are Bs in most compounds
and the other elements of these two groups in erganecmetallic
compounds.

2} Determine the number of dots to be shown in the structure of
a molecule or polyatomic ion. There is one for each s and p
electron in the valence shell of each constituent atom; there is
one more for each negative charge on an anion and one less for
each positive charge on a cation.

3) Evaluate 6¥ + 2 where y is the numher of atoms other than'
hydrogen in the molecule or ion.

4} Compare the number of dols to be shown with 5y + 2.

a} If the two are equal, all atoms in the aggregate obey the octet
rule, and there are no muitiple bonds.

Examples: P03, CoHg, CCly, Brg, NH T, CIOQ

b} If the number of dots to be shown is less than 8y + 2, either
of the foltowing holds.

i) There are mulitiple bonds in the atructure, a deficiency
of two indicating a double bond and a deficiency of four
indicating either a triple bond or two double honds.

it} Anatom of a Group I, II, or IH element has less than an
octet of electrons.
Examples: CH;0, CaHy, Ng, COs, CO, BeH,, LiCH;

c} If the number of dots to be shown is greater than 6y + 2, the
central atom has an expanded valence sheli. Examples: SF,
SeClq, _Xer, Sth“ o

%) Arrange the non-hydrogens in a likely fashion using the fol-
fowing principles as guides. Atoma of elements in Groupe TE, 1E,
TV, anid ¥ are likely to be central aloms. If just one atom of seme
element and several atoms of some other element are present,
the unigue atom is likely to be central.

6} Enter the dots making use of the decision made in step ¢4). Start
with the dots fer any muitiple bond, placing them between the
central atom and one of its heigh_boring atoms, Then complete
the octets for the atoms attached to the central atom. Finally
enter dots for any pairs on the ceniral atom.
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7) Place the hydrogen atoms on the formula in a way which mini-
mizes the number of atoms carrying formal charge and mini-
miges the magnitude of formal chargas. Characteriatica of atoms
having zero formal charge when the octet rule is obeyed are given

io the fable.
Group IV V VI vl
MNumber of Shared Pairs 4 3 -2 1
Number of Unshared Pairs 0 1 2 3

The formal charge is more positive by one for each additional
shared pair and more negative by one for each additional un-
shared pait.

Development of the Lewis structure of formic acid illus-
trates the procedure. Using step (2) one finds that the formula
CH30; requires 18 dots to he shown. Sbeps {3) and {4) lead to
the conclusion that one double bond is preseni. Carbon, a
Group IV element, is central, and placing the dots on the
formula as directed in step {6} gives the partial structure
shown on the left below. A glance shows that the O on the right
having two shared and two unshared pairs already hes formal
charge of zero. The other O and the C can have formal charge
of zero if edch shares a pair with H, and entering the H's
completes the structure.

oBa T oo Fo o e
0806 Cac 0o Ho 06

The procedure is not flawless, of course. The simple rules
wouild have to be modified to account for cyclic structures, to
allow correct placement of the single H of formate ion, and to
deal with odd-electron structures. The rules do not lead to a
decision about which atom is central in thiosulfate ion, and
they do lead to an incorrect siructure for phosphorous acid.
The most serious faw is that an incorrect choice of central
atom (e.g., O in CzH,0) can occasionally cause the student to
spend time developing a structure which cannol be properly
completed.

These defects do not sertously impair the usefulness of this
procedure. One should make stire that at the start students

encounter only examples which are dealt with correctly by the

simple rules. Students quickly become pware of the features
possessed by correct Lewis structures, and one can then make
modifications of the rules to exiend the range of applicability
of the procedure.

' Lever, A.B.P., J. CHEM. EDUG., 48, B19 {1972},



The Generalized Lewis
Acid-Base Theory
Surprising Recent Developments

Leo Brewer

ILBEAT NEWTON LEWIS
1675~ 1845

Materials and Molscular Research Division, Lawrence Berkeley Laboratory
and Department of Chemistry, University of California, Berkeley, CA 94720

This symposium has been fascinating in its explorations of
our roots—the principles of the foundation of chemistry and
the individuals who developed them. My roots go back to the
"MIT? group hy two paths: one through Cal Tech and the other
through Berkeley. I completed my undergraduate studies at
Cal Tech in 1940. I was fortunate to have the opportunity of

a year of undergraduate research with Howard J. Lucas on:

reactions of unzaturated ketones. Compared to present-day
students I was rather naive about graduate schools. I went to
Linus Pauling, the Chairman of the Department, to get some
advice. He told me that Ishould go to Berkeley, whicb I did;
I didn't even apply elsewhere.

Previous participants in this symposium have referred to
Berkeley seminars chaired by G. N. Lewis and his succinet
comments foliowing each presentation, Joel Hildebrand teills
a story about his first experience with the Berkeley seminars
that illustrates the degree of interaction at al} levels. He had
just come from a university where professors’ opinions were
unguestioned. So he was terrified of what would happen when,
after Lewis expressed an opinion, a graduate student brashly
disputed him. Lewis turned his head toward the student and
remarked: “A very impertinent remark, young man, but very
pertinent.” The discussions were very valuable to the graduate
students. Professor William C. Bray was particularly an aid
to the students, Whenever a speaker left any point not com-
pletely clear, Bray was sure to ask for elarification.

One of the advantages of Berkeley in those days was a
smaller student body which afforded many opportunities for
graduate students to speak at special seminars on a variety
of topics not necessarily directly related to the student’s re-
search. I think I must have given a seminar each semester.

"This emphasis on a broad development goes back to G. N,
Lewis’ definition of physical chemistry—“anything that is
interesting”—and for him that included economics, metero-
logy, anthrepology, and so on. Witliam F, Giauque told a story
at hia retirement dinner about his graduate student days that
illustratea the emphasis on breadth of preparation. He de-
scribed how he made the round of the Departroent each week
to follow the ressarch progress of every graduate student. This
emphasis upon a bread preparation made a strong impression
upon me. When students come to me for advice on which di-
rections to pursue, ¥ point to a mobile in my office with six
hands peinting in different directions. I point out that sur-
prises in science arise frequently enough so that one should
have a broad background in order to take advantage of these

_new unexpected directions, Aithough my first research was
in organic chemijstry with Lucas and I did my thesis work
under Axel R. Olson on the effect of efecirolytes upon the rates
of agueous reactions, I have since worked in the fields of ce-
ramics, spectroscopy, astrochemistry, and metallurgy, as well
as the genera! field of high lemperature chemistry. Looking
back, I realize that ! could never have anticipated the direc-
tions that I would pursue, and I never regret the extra effort
to prepare mygelf broadly.

The concepis of electron pair bonds and the Generalized
Lewis Acid-Base Theory were so well developed at Berkeley
that it came as a surprise to me to find out later that these
ideas were not immediately aceepted. Particularly, the ac-
ceptance of the generalized acid-base concept was much de-
layved. Wiliiam Jensen wil} discuss in his paper? some of the
problems that Lewis’ ideas encountered, and he covers the
impact of the acid-base theory in his recent book (7).

My introduction to a surprising application of Lewig’
acid-base concepts first arose in the Manhattan Project. When
I had completed my thesis in December 1942, Wendell M.
Latimer approached me about working on an important secret
government, project. I agreed and he told me about the dis-
covery of plutonium and the need to be prepared to handle
and fabricate the metal before macroscopic amounts were
available.

In this project, | worked with E. D. Eastman as well as
Latimer, together with LeRoy Bromley, Norman Lofgren, and
Pau! Gilles. It was quile a jump from organic chemistry to the
metaflurgy of plutonium, To be sure that plutonium metal
could be cast and fabricated and stil} maintain the desired
purity, we concluded that CeS, a yet undiscovered compound,
could provide a crucible material that would be resistant to
attack by strongly electropositive metals. We were able to
prepare the compound and fabricate crucibles that were
highly resistant to attack by metals. The alkali and alkaline
earth metals could be distilied from the crucibles without
attack. However, one day when we wanted to calibrate our
optical pyromeler against the melting point of platinum, we
used a cerium sulfide crucible, The piatinum chewed up the
crucible. We found {2) that the platinum had reacted with the
CeS crucible to form CeaS, and CePtz. We had characterized
the thermodynamic stabitities of CeS and CeyS, and realized
the CePt; compound would need an extraordinary stability
for such a reaction to proceed.

We had also been working on an apparatus for the analytical
determinagion of oxygen impurities in actinide metals by the
vacuumn fusion method, which involved dropping a uranjum
sample into a molten iron bath in a graphite crucible and
measuring the evolved carbon monoxide. We had difficulty
due to the yolatility of uranjium, which acted as a getter for the
carbon monoxide. In recognition of the capacity of platinum
to reduce the thermodynamic activity of lanthanides and
actinides, we replaced the iron by platinum, The vapor pres-

This work was supported by the Division of Materials Sclences, Otfice
of Basic Energy Sciences, U.5. Department of Energy under contract
MNa. DE-AC(3-765F00098.

1 The history at the MIT group was coverad in detail by Serves in a
paper published last month as part of this Sympostum {J. CHem. Eouc,
61, 5(1984)].

2 The paper by Jensen will appear as part of this Symposium series
in the March issue,
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sure of uranium was so greatly reduced that we had no more
trouble.

In the late forties, the Danish scientist Niels Engel spent
a sabbatical at Berkeley and introduced me to his theory {3)
of metallic bonding, which was a combination of Lewis’ efec-
tron bonding model, as used by Linus Pauling {4} for metals,
with the relationship between electronic configuration and
crystal structure discovered by William Hume-Rothery (5}
in the late twenties. It was clear from Engel’s model why
platinum interacted so strongly with cerfum and uranium. The
classical example of a generalized Lewis acid-base reaction is
the reaction of BF; and NHj. BF; does not bave enough
electrons to use all of the 2p orbitals of boron, and one orhital
is vacant, NHz bas enough electrons to fili all of its valence
orbitals, but only three pairs of electrons can be used to bond
the three hydrogens and one pair is leff nonbonding. By
combining BFs and NHj, the nonbonding pair of NHj is
shared with the vacant orbital of BF;, and all of the efectrons
and al! of the valence orbitals are used In bonding. Exactly the
same description can be given for the reaction of cerium with
platinum or, in general, for the reaction of transition metals
from the lefi-hand side of the Periodic Table with platinum
group metals from the right-hand side of the Periodic
Table.

If one starts with lutetium with oniy three valence electrons,
and moves to the right toward Hf, Ta, W, and Re, the melting
points and boiling points rise markedly as mere electrons are
available for bonding, until the d8s and d3sp configurations
of W and Re, which utilize all of the d orbitals in bonding, are
reached. If one moves on toward Os, Ir, and Pt, the melting
points and boiling points drop, since additional electrons going
into the & orbitals will produce nonbonding pairs. For exam-
ple, in going from d%p Re to d®sp Os, the number of bonding
electrons per atom is decreased from seven for Re to six for Os,
with a pair of electrons left nonbonding. For Pt with a d%sp?
configuration there are two pairs of nonbonding electrons, and
only six of the ten valence electrons are used in bonding.
However, if the platinum atoms had Ce or Hf neighbors, for
example, with vacant 5d orhitals, the nonbonding electrons
would bond the Hf and Pt atoms together, and one could ap-
proach the bonding effectiveness of W or Re because the or-
bitals and electrons were matched,

At the time these theories were put forth, no indication was
found in the literature of extraordinarily stable intermetailic
Dhases. H was generaily stated that intermetallic compounds
did not have very negative enthaipies or Gibbs energies of
formation. In 1962, Bronger and Klemm {6) were able to
demonstrate the high stability of lanthanide platinum phases
by achieving the reduction of the lanthanide oxides by hy-
drogen in the presence of platinum, In 1966, [ was teaching an
inorganic laboratory course where each student was expected
to do a minor research project. I had explained to the class the
possible role of generalized Lewis acid-base interactions in
metallic systems, and Gerald Stowe attempied a test of the
stability of Zr-Pt compounds. He heated 7rC, which is one of

the most stable carbides, with platinum. He found (7, 8) that-

the platinum chewed up the zirconium carbide to form ZrPts.
One could describe the reaction as an oxidation by platinum
as the carbon was displaced to form graphite. For the forma-
tion of ZrC from the elements, AH /R is more negative than
—24.000 K and the enthalpy of formation of ZrPt; must be
even more negative. The next year, Peter Riessenfeldt tried
a more severe test. He used the method of Bronger and Klemm
{6) of heating Zr0Q4 in hydrogen at 1200°C in the presence of
platinum. From the Gibbs energy of formation of ZrOs, he
could caleulate that the amount of water formed by reduction
to zirconium metal would be infinitesimal. However, with
platinum present, water streamed out of the apparatus (3,
From the weight toss and the volume of hydrogen gas, he was
able to calculate that the activity of zirconium was reduced
by almest a factor of 102° by the presence of platinum,
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METALLIC LEWIS-ACID-BASE INTERACTIONS

d orbitois of
Zr Pt ZrPt
acid base

6 bonding d electrons
4 non-bonding d eiectrons
Figure 1. The ulilization of nonbonding d elecirons of P in bonding to Zr.

|0 bonding d electrons

I had mentioned these results to John Margrave of Rice
University, and I reeeived a phone call from him a few weeks
later about an accident that resuited from checking our re-
sults. In our experiments, the zirconium was already tightly
bhonded with either carbon or oxygen. Margave’s student
mixed hafnium and platinum powders and started heating.
Nothing happened until about 1.000°C, when diffusion rates
became significant. Then the sample detonated and destroyed
the apparatus, fortunately with no injuries. For the formation
of HfPt, from the elements, a calorimetric determination (10}
has fixed AH®/R = ~66 kK. If one assumes C,/R = 14 fora
mole of HfPts, one can calculate that, after the reaction started
at 1000°C, the temperature would shoot up more than 4000°C,
Such high stability is not an isoiated example of strong acid-
base reactions among metals. Grietje Wijbenga {11) has car-
ried out a series of calorimetric and electrochemical mea-
surements on intermetallic phases of uranium with Ru, Rh,
and Pd. For the formation of UPds, AH®/R = —66 + 4 kK,
Other examples of strong acid-base reactions in metallic
systems have been summarized (12, 13). The formation of
ZrPty and similar intermetallic compounds is undoubtedly
the cause of the so-called “hydrogen embrittlement” of Pt-Rh
thermocouples in oxide protéction tubes under reducing
conditions.

Figure 1 illustrates the interaction of Zr with Pt showing just
the d electrons and orbitals of Zr and Pt. Zr in the body-cen-
tered cubic structure (72} has the configuration d3s, and Pt
in the face-centered cubic structure has the configuration
d7sp2. Four of the d electrons of Pt are nonbonding in pure
Pt. When Zr and Pt are combined to allow the electron pairs
of Pt to utilize the vacant € orhilals of Zr, all ten d electrons
of Zr and Pt can be used in bonding the nuclei together, re-
sulting in an increase of four bonding electrons.

The strength of the interaction depends upon the degree
of localization of the d orbitals. As nuclear charge is increased
from Cr to W, for exampie, the increased nuclear charge has
a greater effect upon the closed 5s,p electrons than upon the
5d electrons because of the greater penetration to the nucleus
of the s and p electrons. Thus in going from Cr o W, the d
orhitals become much more exposed, resulting in a much
higher enthalpy of sublimation for W than for Cr. Also, as one
moves from left to right in the Periodic Table, the d orbitals
are at first rather expanded, but they contract with increasing
nuclear charge as one moves to the right.

Due to crystal fieid effects, the d orbitais do not remain
equivalent, and some contract more than others and become
quite localized. Other orbitals expand and retain reasonahile
honding ability. For the 3d metals from Cr to Ni, some of the

_orbitals are sufficiently contracted so that they can contain

unpaired electrons whose interaction with adjoining atoms
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ig 80 reduced that they remain unpaired and magnetic as in
the free gas. Thus, ferromagnetism is found for some of the
3d metals but for none of the 44 or 5d metals, for which the
orbitals are sufficiently expanded to provide bonding inter-
action. However, the 4f orbitais are sufficiently localized to
vield magnetic lanthanide metals. The 5f orbitals are suffi-
ciently expanded so that magnetism does not eccur until the
heavier actinides. Since the strength of acid-base interactions
using the d orbitals wili depend upon the degree of localiza-
tion, there shoutd be substantial changes frem the 3d to 5d
metals. For the right-hang 3d metals, the nonbonding pairs
are in the moet localized orbitais and are not very basic. The
base strength of metals of groups VIII to X1 should increase
from 44d to 5d. Figure 2 presents some results (12} on fixing
the strength of acid-base interactions using ternary phase
equilibria in a system involving graphite, zirconium, and
platinum group metals. The excess partial molal Gibhs energy
of Zr in the platinum group metals is indicated. The base
strength of the 5d metals is substantially greater than that of
the 4d metals. The base strength of Re is seen to be very small
because the dsp configuration provides such a good match
of orbitals and electrons that all are used in bonding. As one
goes from Os ta Ir ko Pt, the number of nonbending electrons
increases and the base strength increases, but eventually the
increasing nuclear charge will draw the nonbonding pairs in
so clogely that they cannot overlap efficiently into the vacant
orhitals of Zr. Thus, the base strength of Au is significantly
lower than that of Pt or Ir.

The above discussion has emphasized the rele of the
inner-shell d electrons and orbitals in the acid-base interac-
tions because they play such a [arge role in the transition metal
interactions. However, the acid-base interactions using outer
shell s and p electrons is well established. It ia recognized that
the tetrahedral structure of GaAs corresponds to a donation
of an electron pair from As to the vacant p orbital of Ga to
form the sp® configuration corresponding to Ge.

Mixtures of metals cannot onky undergo acid-base reactions
when one of the metalg has nonbonding valence electrons and
the gther has low-iying empty orbitals, but metals can show
amphoteric behavior just as do the oxides and hydroxides.
Palladium is a good exarmple of this amphoterism. In the

ground state of the gaseous atom, the electronic configuration
is d1°, ¥ it stayed in that configuration, it should be a noble
ras. However, in the pure metaj form, it promotes d electrons
to p orbitals to reach a configuration between d75sp*- and
d’sp?, corresponding to the face-centered cubic structure.
With d?sp2, only six electrons are used in bonding and four
are nonbonding. The electron pairs cannot concentrate be-
tween the nuciei to provide bonding because of the Pauli
Exclusion Principle. If an acid with vacant orhitals such as Zr
or U is present, ail of the electrons can be used in bonding.
Aluminum has the ground state configuration s?p in the
gaseous state, which provides oniy one bonding electron.
However, by promotion to sp?, ali of the electrons can he used
in bonding. Although the extra bonding due to two additional
electrons offsets the promotion energy, the promotion energy
penalty is quite high. If aluminum is added to palladium and
the paliadium remains in its d? ground state, the aluminum
can use all of its electrons without promotion by acting as a
base and donating an electron pair to the vacant s orbital of
the palladium. Thus, in the presence of a strong acid, such as
uranium, palladium is a hase; whereas, in the presence of a
strong hase, such as aluminum, paliadium is an acid. it is in-
teresting that both Al and Pd have the cubic face-centered
structure corresponding to 1.5 to 2 5,p electrons per atom
according to the Engel correlation. However, the AlPd com-
poung has the hody-centered cubic CsCl type structure cor-
responding to 1 to 1.5 s,p electrons per atom. With all of the
patladium valence electrons in the inner-sheil d orbitals, the
three s,p electrons of the aluminum are shared between Al and
Pd for an average of 1.5 electrons per atom.

One normally considers aqueous Ht and OH™ as examples
of very strung acids and bases. If one were to add 10 M HCI
to an excess of 10 M NaOH at room temperature, the activity
of H* would be reduced by a factor of 108, Dissolving Hf or
U in an exress of palladium or platinum would reduce the
activity of Hf or U at room temperature by a factor of more
than 10%. The strong acid-base reactions profoundly affect
the chemiistry of actinides, lanthanides, and transition metals
from the left side with vacant d orbitals when added to the
platinum group metals. This has been a most surprising ex-
tension of the Lewis acid-base concept.

{.ewis’ eoncept of acids and bases has not been readily ac-
cepted in the past, and there is still considerable resistance
to the extension to metallic systems. For example, Mogutnov
and Shvartsman (/4) remark:

Evidently, from this point of view the sirongest interaction between
the components of an intermetallic compound can be expected if the
transition-metal components lie at opposite ends of horizontal series
of the Periodic Table, These ideas, with allowance for changes in the
number of d-electrons and in nuclear charge as between the different
elements, have provided satisfactory qualitative explanations of the
peculiarities in the heats of formation of intermetallic compounds.
However we note that Brewer's moel of the formation of interme-
tallic compounds postulates electron transfer from “right-hand™ to
“lefi-hand” elements, which is opposite to the classical electronega-
tivity concept,

On this bagis of its being contrary to the classical electro-
negativity concept, they reject the Lewis acid-base model.
However, they did not carefully read Pauling’s account of the
role of electronegativity under such circumstances. In his
discussion {4) of the interaction of Ga with As, or Al with P
to form the tetrahedral structure consistent with the sp?
configuration, he remarks:

It is interesting that this effect involves the transfer of electrons io
the more electropasitive atoms {the stronger metals); that is, in the
opposite direction to the transfer of electrons that {akes place in the
formation of ions in electrolytic solutions.

In the formation of Cr(CO)g from acidic Cr and basic CO,
it is understood that the actual charge on the Cr does not.
correspond to the formal charge of —6. The reduction of

Volume 61 Number 2 February 1984 103



charge is described in terms of backbonding through higher
orbitals. In the U-Pd interaction, the sharing of palladium
electron pairs between the uranium and palladium nuclei
must result in a movement of other bondings electrons away
from the uranium inferacting with the palladium, The im-
portant aspect of acid-base interactions in metallic systems
is that electrons are not free to occupy all parte of physical
space. They are primarily restricted io orhital volumes. The
interaction of acids and bases makes it possible for the elec-
trons to occupy allowed space and still interact with two or
more nuclei.
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Gilbert N. Lewis and the
Thermodynamics of Strong
Electrolytes

Kenneth S. Pitzer

Department of Chemistry and Lawrence Berkeigy Laboratory,
University of California, Berkeley, CA 94720

For this paper I have chosen to focus on the final period of
Lewis’ thermodynamic research before the publication of his
remarkable book {7} which had such great influence. His
emphasis in this period was on the peculiar properties of
gtrong electrobytes. In view of my recent research in this area,
it was of particular interest to examine the original papets of
all of the leading investigators of that period and to note how
various concepts were developed. But before proceeding lo
the detailed discussion of strong electrolytes, I wish to make
a few remarks about my personal relationship with Lewis, and
at sornewhat greater length, to review the general nature of
Lewis’ contributions to chemical thezmodynamics.

I had the good fortune to know Gilbert Lewis very well even
though I never coliaborated with him in a research project or
publication. His inffuence through his leadership in seminars
was very great, bui in addition I had many personal discus-
sions of scientific questions with him. He liked 1o talk with
someone who maintained an independent viewpoint and I was
willing, even as a very junior member of the department, to
defend a viewpoint even if it differed from his. He had an
enthusiastic interest in a wide variety of topics and a re-
markable capacity Lo focus on the key questions. The chernical
applications of quantum theory were stil} in their exploratory
stages and our discussions often fell somewhere in that area.
Although there were still very interesting guestions in ther-
modynamica and especially in statistical thermodynamics,
Lewis showed only limited interest in this area in the last
decade of his life. He encouraged me to carry on my research
and was pleased by the results obtained. But after the publi-
cation of his great hook with Randall (1) in 1923, his personal
interest in thermodynamics was no longer intense, Thermo-
dynamics continued, however, to be a major area of research
at Berkeley with support and encouragement by Lewis but
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under the immediate leadership of Giauque, Latimer, Hil-
debrand, and others,

Classical thermodynamics {i.e., excluding the third law) was
well established by 1900 when Lewis entered the field. Even
the extension of the basic laws to systems of variable compo-
sition, primarily by Gibbs in 1876-78 {2), had occurred two
decades earlier. But chemists were using thermodynamics only
in very limited areas and often inexactly even then.

. Lewis (3, 4) proposed new quantities, fugacity and activity,

which were closely related to the familiar quantities pressure
and concentration yet precisely defined in a manner to allow
exact calculations, He also measured and encouraged others
to measure the free energies of the most important chemical
substances. Thus he hrought into existence an extensive and
accurate data base for the use of thermodynamics in chem-
istry,

Although the Gibbs equations utilizing the chemical po-
tential are exact, most of the practical working equations in
use in 1900 invalved approximations of ideality for gases and
solutions. If the properties of a gas, for example, are accurately
known, one can relate the gas pressure to the chemical po-
tential without use of the perfect gas law. However, the
equations now seem different and more compiex. By his def-
inition of fugacity in 1901, Lewis obtained exact relationships
of fugacities which had the same form as the familiar ap-
proximaie equations in terms of pressures. Thus one can use
the same form of equation in ali cases and substitute pressores
for an approximation or fugacities if the highest accuracy is
reguired.

The situation for solutions is somewhat more complex than
for gases but the relationships are essentially the same. Sol-
ubility produets, ionization quotients, etc., retain their form
but become exact relationships when activities are used.

e e e e i



As the third law of thermodynamics began to emerge, Lewis
saw Ita importance to chemists. In his 1917 paper with Gibson
€5) this was explained and implemented insofar as data then
atlowed. But of the greatest importance was the encourage-
ment Lewis gave to Giauque, Latimer, and others to develop
the low temperature facilities at Berkeley and to apply the
third law to a variety of important substances. The simulta-
negus development of statisticat thermodynamics by Giaugque
was a natural result of this program,

1t is hardly possible to exaggerate the enormous influence
of the thermodynamics book of Lewis and Randall. Lewis
wrote it in a-style easily readable and conveying enthusiasm
and excitement vei at the same time precise and aceurate. Not
anly were the important working equations derived from basie
principles, but also a body of numerical values was assembled
cohcerning the most important substances. Published in 1923
it was still in print and widely used in 1952 when the publisher
persuaded Leo Brewer and me to undertake a revision, We left
almost untouched the masterful presentation by Lewis of the
basic ideas but added chapters on recent developments. The
material on selected values for particular substances was, of
course, completely replaced. We are pleased that our efforts
gave renewed life to Lewis’ presentation of the general con-
cepts of thermodynamics. The revised edition is healthy after
over 20 years and now 60 years after the firgt edition was
published.

Since Gibbs died in 1903, not long after Lewis’ first paper
in 1899, it is not obvious whether they hecame personally ac-
quainted or not, and I am sorry that I never asked Lewis about
Gibbs. But E. W. Hughes did ask and thoughtfuily gave others
a report on the reply which I summarize, Hughes said that the
question brought a happy smile and that Lewis said he had
stopped over at New Haven on one of his many journeys be-
tween his home in New York City and Harvard while he was
still a graduate student. Aithough completely unknown to
Gibbs, he was warmly welcomed. Gibbs proefessed to be rather
lonely at Yale where there were few, if any, others actively
interested in his work, Lewis repeatedly suggested that he
should not impoese further on the time of the great man but
Gibhs kept him engaged in conversation all afternoen. Thus
it is clear that Lewis did have at least one long and friendly
conversation with Gibbs.

Strong Electrolytes: A Puzzie

. In the years just before and after 1960 a number of widely
accepted hatural laws were found to fail in explaining the now
more accurately measured properties of real systems. The
formulation of quantum theory and relativity in response to
two of these situalions is well known, The behavior of dilute
solutions of strong electrolytes constituted angther situation
of this type, although in this case it was resolved by an im-
proved application of established basic physical principles
rather than a change in those principles.

The behaviar of weak electrolytes, where the fraction ion-
ized changed greatly with concentration, was explained sat-
isfactorily by mass-action equifibrium-constant relationships
in terms of concentrations, i.e., the Ostwald dilution law as it
was then commonty catled, We now know that this was only
an approximation, but there was no clear discrepancy at the
level of accuracy then available. For elecirolytes such as NaCl
or HCI, however, which were largely dissociated even at high
concentration, there were two serious failures. First, the
fraction associated could be determined from either conduce-
tance or freezing-point-depression measurements, and the
results differed substantially—by roughly a factor of two,
Second, and even more serious, was the failure of this fraction
of association determined on either basis to be explained by
the mass-action equilibrium expression. Apparent equilibrium
constants for dissociation varied by more thay a factor of ten
for simple 1-1 electralytes such as KCi at concentrations be-
tween (.001 and 0.1 m. And Lewiz pointed out, as an exireme

case, K Fe{CN)s; whose apparent dissociation K varied by five
orders of magnitude from 0.0005 to 0.4 eq/).

This failure of the widely accepted principles incorporated
in the Ostwald dilution law was so surprising that for a decade
or more the efforts of physical chemists were directed toward
experiments of increased accuracy with the purpose of de-
ciding whether this anomaly was really true, but there were
no efforts to offer an explanation, One of the last papers of this
type is that by Fliigel {6} in 1912 working in Nernst's institute
in Berlin. In his 1913 edition of “Theoretische Chemie” (7)
Nernst acknowledged that this difficulty existed for strongly
dissociated salts and acids, hut he presented no discussion of
possible explanations. By this time others, including Lewis,
had already accepted the existence of the anomaly and were
discussing the direction in which an explanation might be
found. Some of these early proposals were ill-chosen, however.
'Thus in 1912 Lewis propesed that possibiy the mobility of ions
increased somewhat with increase in concentration, which is,
of course, oppasite to the truth as it eventually developed.
Lewis promptly abandoned this idea, although the data he
assembled at the time was useful in later work.

The simple idea that dilute, strong electrolytes were, for
practical purposes, fully dissociated, is attributed first to
Sutherland whose reasons were not very convincing, However,
others supported this concept with better evidence and by
1920 it was widely accepted.

$Strong Electrolyles: The Answer

In this paper I shall not examine the work of this earlier
period in detail, rather I shall concentrate on the peried just
after the First World War, during which Lewis served as
chemicatl staff officer to General Pershing in France. By that
time Lewis was also very active in his theoretical work on the
nature of the chemical bond which led to his book, “Valence
and the Structures nf Atoms and Molecules.” Nevertheless,
Lewis and his associates played a major role in the resolution
of the “strong electrolyte anomaly” during the period 1919-21.
While Debye and Hickel {8), in their masterful paper of 1923,
are properly credited with the quantitative theoretical ex-
planation, we shall see that many of the quantitative rela-
tionships, a8 well as the concepts, had been established earlier
by Lewis and associates and by Bronsted.

In 1919 Lewis and Linhart (9} presented their treatment
of the best freezing point data then availabie. They adopted
the empirical equation which can be restated in more familiar
symbois as

P~¢=j=pm" (1)

where ¢ is the osmotic coefficient, m is the molality, which is
equivalent to the molar concentration for very dilute solutions,
and « and /3 are empirical parameters. The function j is de-
fined by the equation

J=1~8/vhm (2}

where 0 is the freezing point depression, » the number of ions
in a formula unit, and A is the molal lowerihg of the freezing
paint at infinite dilution which in furn is given by the heat of
fusion of water, the temperature, etc. Except for a smali cor-
rection which becomes negligible in the very dilute range, j
=1 -

We now know that eqn. (1) does represent the correct lim-
iting expression with & = 1} and  given by the expression of
Debye and Hiicke! which involves only the charges on the ions
as well as solvent properties, T, ete, Thus for 1-1 electrolytes
in water J depends on the temperature but not on the par-
ticular solute of that charge type, i.e., it is the same for NaCl,
KCl, HCI, HNO3, etc.

Lewis and Linhart plotted log j versus fog m and found
curves which became essentially straight lines below 002 M
with the slope determining «, and the intercept 8. Their cal-
culations were slightly revised and extended by Lewis and
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Parameters for Equation (1) from Lewis and Linharl with
Revisions and Extensions by Lewis and Randai!

o i
NaCt 0.535 0.329
KCl 0.5358 0.329
KNQ- 0.5685 0.427
NaiOs {0.500) 0.417
. KiOg {0.500) 0.417

i I ] i i
6 5 -4 3 -2

inm

Figure 1. Tests of %2 and % for the exponent ar with ths freezing poirn data for
KNO3.
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Figura 2. The approach (Curve §) of £ = E 4 0,1183 n mic £° as mapproaches
zero {from Linhart { 77}
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Randall in 1921 (10) with the resulis shown in the table. In
their 1921 paper Lewis and Randall drew the conclusion that
o was Yo, within experinmiental error, for all 1-1 electrolytes.

The data for KNOy are shown in Pigure 1 with lines drawn
for o values of ¥ and Ys. The agreement with % is excellent,
although the best fit correspondstoa stightly larger value as
showat in the table. The exponent of ¥ arises from lattice-type
theories which were then current and still are reproposed from
time to time although there is now overwheiming evidence,
both theoretical and experimental, in favor of the exponent
o

.While the number of examples in the table is not large, there
were also data from electrochemical celis for HCl and from
solubility measurements for TIC] in mixtures with several salts
and acids. These experiments were related to the activity
coefficient rather than the osmotic coefficient, but the two
coefficients are related by thermodynamics which yields .

Inyy=— {E‘E.i,];) Bme (2}
(23

Interpretation of the elecirochemical cell data for HCl is
‘complicated by the fact that the standard potential for the cell
must also be determined by extrapolation to infinite dilution.
Lewis encouraged his student Linhart {11} to extend the
measurements of the cell Pt, Ho|HCl(m)| AgCLAg to lower
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concentration, and Linhart devised several improvements in
electrode formulation and cell design which are unsurpassed
even today. Accurate potentials were obtained to 0,000242 M
and a somewhat doubtful point was even found for 0.000136
M. From these high dilutions the extrapolation to infinite
dilution is unambiguous as is shown in Figure 2 which is taken
from Linhart’s paper (11). Cufve I and the right-hand ordinate
scale give B’ {= E + 0.1183 log m) which extrapolates to F°,
We need not be concerned with curves I and 111 With this
value of E° established, the data from slightly hlgher molal-
ities fit egn. (3} with a = 1.

‘Selubility measurements for TICl in mixtures with KNOg,
KCl, HC, and TINO; were also carefully analyzed and indi-
cated that In v, {TIC]) depended on the one-half power of the
total molality of 1-1 electrolyte.

At this point let us examine the work of others, expecially
Bronsted, before returning to another very important result
of Lewis. It is interesting that Bronsted, working in Copen-
hagen, published most of his papers of this period in the
Journal of the American Chemical Society (12). This indi-
cates clearly his evaluation of the quality and leaderghip of
American research in this field. In addition fo some excelient
experimentai resuits, Bronsted’s first major theoretical con-
tribution was the recognition that the ordinary interparticle
forces existing in nonelectrolytes as weil as electrolytes would
yield a linear term in concentration for either the osmotic or
activity coefficient. This term would be specific to the par-
ticular electrolyte; he stated it as “the principle of specific
interaction of ions.” Bronsted’s second major contribution was
his conclusion that the special “electrostatic” term should not
be specific to individuel electrolytes but should depend only
on the electrical ¢charges. Thus in 1922 Bronsted (12} wrote

1= ¢ =fi¢) + Bie (4}

where f(c} is a universal function and B; a coefficient specific
to the salt considered. {Bronsted used the symbol 8 which is
here changed to B to avoid confusion with Lewis and Linhart’s
8.} Bronsted went on to show that a probable expression for
the universal function was

fic) = fct/? (5)

with 3 about 0.32 for 1-1 electrotytes at 0°C. He acknowledges
the earlier choice of % for the exponent by Lewis and Randall,
But Bronsted's contribution is very important because his
inclusion of the linear term made it possible to fit the best
experimental data with a universal value of 8 rather than one
which varied slightly from solute to solute,

"‘Among other investigators of that period, I will mention
only Harned who continued work on electrolytes for many
years and later, with Owen, wrote the comprehensive mono-
graph, ““T'he Physical Chemistry of Electrolyte Solutions.” In
a 1920 paper (13} he reported excellent measurements on
several types of elecirochemical cells and in interpretation
used theequation (which in our symbois becomes}

log yy = ~fe* + Be ' (6)

This equation is of the same general form as Bronsted's. With
three freely adjustahle parameters, Harned easily fitted his
data. But the relatively small variation of § and & among

several solutes undoubiedly encouraged Lewis and Randatl
in their choice of % as the universal value of « and Bronsted
in his further choice of a universal value of 3.

The lonic Strength
The most remarkable contribution of the 1921 paper of
Lewis and Randall {10) was the formulation of ionic strength
as the gquantity determimng activity and osmotic coefficients
in mixed electrolyte of various valence types. They deﬁne the
ionic strength as
= Iy Ymz? ("N

where m; is the molality, z; the charge in protonic units for the



ith species of jons, and the sum covers all ions present. With
the factor %, f becomes equal to m for a single 1-1 electrolyte.
Thus 12 can replace m 2 (or c1/2) in various equations, and
they become applicable to mixed electrolytes including fons
of various charges. The first evidence cited in support of this
concept was the soh}b;llty of TIC! in BaCly, T1,804, and
K80, On the jonic strength basis these data were concordant
with those already mentioned for TIC] solubility in ather 1-1
electrulytes Solubility data for Ba(iQs}s, CaSOy, and La(d0s};
in mixed eleetrolytes of various valence types were also suc-
cessfully treated with ionic strength as the variable controlling
the activity coefficient in very dilute solutions.

"This combination of concentration multiplied by the square
of the charge is, of course, the function which gives the con-
centration dependence in the theory of Debye and Hiickel (8).
But it had already been iinambiguousty tdermf' ed and applied
empirically two years earlier by Lewis,

‘It is not my purpose to review in any detail the derivations

of purely theoretical equations for dilute electrolyte proper-

ties. It should be noted that Milner in 1912 (74) made a very
significant attempt and that certain aspects of his results are
nearly correct. But his analysis was so complex and his ap-
proximations were so difficult to evaluate that his work re-
ceived oniy very limited attention. It.cleatly had more influ-
ence on Brensted than on Lewis.

In contrast, the 1923 paper of Debye and Hiickel (&) es-
sentially solved this theoretical problem. By a remarkable
choice of approximations, they obtained a simple final equa-
tion which retained all of the essentia} features for the limit
of low concentration and a qualitatively correct indication of
the behavior of somewhat higher concentration. Many further
investigations were reqmired to prove that the limiting law-of
Dehye and Hiickel was theoretically exact. But the simplicity
of the result encouraged its rapid acceptance as a guide fo the
extrapolation of experimental data to infinite dilutioh.

For comparison with the earlier equations of Bronsted and
of Lewis and Randall, the Debye and Hiickel equation for the
osmotic coefficient of a pure elecirolyte may be expanded with
the first two terms as follows

L= i - Bet ... (8

This is exactly the 1922 formula of Bronsted, but Debye and
Hiickel give a theoretical expression for the coefficient {7 in
terms of the charges on the ions, the dielectric constant of
water, the temperature, and basic physical constants.

For the mean activitj' coefficient of a salt in a mixed elec-
trolyte the leading term in the Debye-Hiickel result may be
expressed as )

Invyy = —Alzpz 17 9)

where I is the ionic strength as defined by Lewis and Randall.

Again there is a theoretical value for the parameter A and the
further dependence on charge type is given by the factor
|22~} But the dependence on the concentrations and charges
of the various ions present is given by the quantity discovered
by Lewis and Randall two years ‘earlier.

Although Debye and Hiickel in their original paper make
comparisons with experimentat freezing point data, they do
not recognize or comment on the interpretative papers of
Lewis and of Bronsted. In a later paper, Debye {/5) does rec-
ognize the 1921 paper of Lewis and Randall and the fact that
their “ionic strength” is exactly the function of charges and
concentrations which appears in the Debye-Huckel theory.
Surprisingly, Debye still does not recognize in his 1924 paper
the very significant 1922 papers of Bronsted.

" In conclusion, I want to emphasize my appreciation of
Gitbert N. Lewis as a remarkably abie scientist and leader and
inspirer of other scientists. This particular vignette may also
help remind laier generations of the great-contributions of
Lewis to the nearly complete understandlng and empirical
representation of the peculiar behavior of strong electrolytes
pricr to the theory of Debye and Hiickel.
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Gilbert N. Lewis and the Beginnings

of Isotope Ghemistry

Jacob Blgeleisen

State University of New York, Stony Brook, Stony Brook, NY 11794

In 1931 Gilbert N. Lewis became sufficiently intrigued by
the challenge of separating isotopes by chemical means that
he dropped his research program in theoretical science and
started up an experimental program with the aim of sepa-
rating isotopes on a amall scale and then studying the differ-
ences in physical and chemical properties of the separated
isotopes, It may be useful to review briefly the state of scien-
tific knowledge, the interest in this subject in the scientific
community, and some aspects of the Chemistry and Physics
Departments at the University of California, Berkeley late in
1931,

Not long after the discovery of isotopes by Soddy in 1911,
Fajans ¢1) recognized that there would be differences in the
thermodynamic properties of isotopes in quantum solids. A
more detailed study of this problem was made by Lindemann
{2) as a result of the general question discussed by Aston and
Lindemann as to whether there might be differences in
equilibrium properties of isotopes in chemical reactions.
Lindemann treated the case of a monatomic vapor in equi-
librium with a Debye solid with and without zero-point energy.
He made numerical applications for the isotopes 296Pb
and #8Pb at 600°K. For the solid with zero-point energy there
should be a 0.002% difference in vapor pressures (3} with
P{204Ph) > P(3EPDh), For the case of the nonexistence of a
zero-poini energy one predicts an effect two orders of mag-
nitude larger than the zero-point energy case and an inverse
vapor pressure isotope effect (VPIE). Lindemann failed to
find any difference and through this study made a funda-
mental contribution to the concept of a zero-point energy in
guantum mechanical systems bound by a potential.

In the late 1920’s there were a humber of important devel-
opments in the discovery of isctopy in the light elements.
Many of these discoveries were made in Berkeley. Birge, in the
Physics Department, discovered the heavy isotopes of carbon,
13C, and nitrogen, °N, in band spectra. Giaugue and Johnston
in the Chemistry Department, discovered the heavy isotopes
of oxygen, 170 and ¥#Q, in band spectra. This led Birge and
Menzel {4) to revise earlier estimates of the natural abundance
of a heavy isotope of hydrogen from 1/3G,000 to 1/4500. The
existence of a stable isotope of hiydrogen of mass 2 had been
predicted on the hasis of studies of nuclear systematics by
Harkins (5) at Chicago, Latimer {6} in Berkeley, and Urey at
Columbia (7). In 1930, Peoples and Newsome (8) reported an
unsuccessful attempt to separate the isotopes of chlorine by
the distillation of chlorobenzene in a 6-m X 63-mm column,
packed with 4-mm X 4-mm glass Raschig rings, which had
‘been constructed in the laboratory of Herbert M. Fvans in the
Berkeley Biology Department.

As early as 1914, Otto Stern had arrived ai the Lindemann
equation for the difference in vapor pressures of a Dehve solid.
At bis suggestion Keesom and van Dijk investigated the pos-
sibility of separating ?**Ne and 2?Ne by distillaiion at 24.6°K.
They reported a partial separation in 1931 (9), a significant
production of separated isotopes (10}, and the measurement
of their vapor pressures in 1935 (77).

In December 1931 Urey, Brickwedde, and Murphy {12)
communicated their discovery of an isotope of hydrogen of
mass 2, deuterium. As parl of the evidence they showed that
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HD was concentrated in liquid hydrogen by a facter of six
when 6] of the liguid were reduced to 2 m} by a Raleigh dis-
tillation near the triple point. This enrichment is consistent
with an estimate of the vapor pressure ratio, Py,/Pup, of 2.5
made by Urey through the Stern-Lindemann theory. The
Urey-Brickwedde-Murphy experiment was consistent with
a nigtural abundance of deuterium larger than 1/30,000 and
of the order of the Birge-Menzel value.

In December 1931 Lewis approached Ronald Tom Mac-
donald and invited him to hecome his research assistant to
‘work on isotope separation. Macdonald had completed his
thesis work with Gerhard K. Rollefson earlier in the year, He
had not found employment and stayed on in Berkeley in the
capacity of a teaching assistant. Macdonald began as Lewis’
research -assistant in January 1932, Berkeley was an out-
standing center for research in physical chemistey in 1931, By
American standards the Department of Chemistry was un-
usually well equipped and weli staffed. Active fieids of re-
search included low temperature calorimetry, adiabatic
demagnetization, thermodynamics of solutions of electrolytes
and nonetectrolytes, electrical conductivity of ionic solutions,
electrochemical cells, nuclear science, photochemistry, spec-
trescopy, magnetochemistry, inorganic chemistry, and
physical organic chemistry. There was a particularly free ex-
change of ideas and research in progress through Lewis’
Tuesday afternoon department seminar. Lewis had estab-
lished close ties with members of the Physics Department,
which was an ouistanding center in band spectroscopy and
nuclear physics. Lawrence and Livingston had built the first
cyclotron {13). Lewis had developed a great interest in Law-
rence’s research. They had become close colleagues and Lewis
did much to sponsor Lawrence’s research at Berkeley.

isolope Separation

In this paper I will summarize Lewis’ substantial accom-
plishment in isotope separation and isotope chemistry. ¥ will
not attempt to review each research in detail. A list of Lewis’
publications in this area is appended to this paper for the in-
terested reader. Rather I will summarize the major results and
interpret them from the point of view of the development of
the science and what they tel us about the research style and
interests of Gitbert N. Lewis, a major figure in physical
chemistry in the twentieth century and in the deveiopment
of the University of California, Berkeley.

Lewis and Macdonald began their work in 1932 with at-
tempts to separate the isotopes of lithium and oxygen {14-16).
No description of that work has ever been published nor have
I heen able {0 get any clues, after a rather lengthy search
process, as to what methods they tried. What is clear is that
during this period they developed micre methods for the
measurement of the densitics of crystals of lithium fluoride
weighing milligrams and of small quantities of water. All of
the work was carried out in room 119 Gilman Hail.
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A personal nate might be appropriate at this point. I arrived
in Berkeley in August 1941 from the State College of Wash-
ington to continue graduale studies. In Puliman I had con-
ducted research with Otto Redlich, who had transiated Lewis
and Randall into German in the 193(0’s, I became acquainted
with a young assistant professor of chemical engineering,
Philip W. Scbutz, whoe first worked with Lewis in the spring
of 1934. He worked for the Sheli Development Co. from the
summer of 1934 through the summer of 1935, when he re-
turned to Berkeley as Macdonald’s successor as assistant to
Lewis. Schuiz came to Pullman as a faculty member in
chemical engineering in 1937 and started up a research pro-
gram on azectTopic solutions, He left Pullman in 1940 to ac-
cept a facuity position in chemical engineering at Columbia.
When he left he gave me the only hand torch for blewing glass
that existed in the Washington State College Chemistry De-
partment. What a contrast I found when I arrived in Berkeley.
Within two weeks of my arrival Lewis had accepled me as a
research student. He asked a commitment to work seven days
a week, appreximately 14 hours a day, with minimum time off
for courses and duties as a teaching assistant.

Lewis retired as Dean and Department Chairman at the
close of the 1941 academic year. He agreed to consolidate his
research on the third floor of Gilman Hall. He had as a re-
search assistant David Lipkin, A National Research Council
Fellow, Samuel I, Weissman, was nominally under his su-
pervision. My first “research” assignment was to work with
Lipkin in clearing out room 119. I carefully salvaged some
stopcocks, ground joints and other vacuum apparatus. I col-
lected a number of vials marked as samples of enriched ®Li
{milligram crystals described by Lewis and Macdonaid) and
Macdonald’s notebocks. I assembled these in my new home,
310 Gilman Hall, and asked Lewis what he wanted done with
the samples and the notebooks. I had already squirrelled away
the glassware and a compiete set of reprints of Lewis’ work on
heavy waler and deuterium that I found in room 119. I did as
I was instructed; I disposed of the samples and the note-
hooks.

Why did Lewis start his program by attempting to separate
the isotopes of lithium and oxygen? In retrospect the sepa-
ration of the isotopes of these elements has proven among the
most difficult in the science and technology of isotope sepa-
ration. The pioneer experiments conducted by Lewis and
Macdonaid in 183435 on the concentration of #Liin a coun-
tercurrent exchange column between Li-amalgam and LiCl
dissolved in absoluie ethanol hag been the basis for much of
the subsequent work on the separation of the lithium isotopes
{17). Aithough 170 and 80 are currently separated by water
distillation or eryogenic distiliation of either CO or NO, none
of these processes can be considered an elegant solution to the
task of separating oxygen isotopes. ¥t was obvious in 1931 that
any differences in equilibriumn chemical properties of isotopes
or vapor pressure of isotopes! would be associated with dif-
ferences in zero-point energies. These differences would be
the largest, for equal isotopic mass differencs, in the light el-
ements compared with the heavy elements. The differences
would depend on chemistry through the correlation of zero-
point energy with the strength of the chemical bond and mo-
lecutar vibration frequencies. Among the light elements, why
did Lewis and Macdonald favor lithium and oxygen? What
follows is pure conjecture on my part. Here there are questions
of natural abundance, method of analysis, and chemistry. The
primary analytical method nsed by Lewis and Macdenald
depended on precision measurements of specific gravities and
atomic weight. The 8Li/7Li ratio in natural lithium is 0.0813.

' In the remainder of this paper we wit! ireat the equilibrium vapor
pressure isotope effect as a chemicai reaction. This is justified both
from the similarity of the statistical mechanical theory of the phenonema
and the practicat realization of isotope separation by chemical exchange
and distillation in counter-cusrent columns with reflux.

A 10% increase in this ratio will lead to a 0.027% decrease in
the density of LiF; a 50% increase in this ratio wili lead to a
0.13% decrease. The equivalent weight of a sample of LizCOs
enriched in 8Li by 1.5 above natural abundance iz lower than
a natural abundance sampie by 0.031 equivalent weight units.
With care one can obtain a precision of £0.004 in the deter-
mination of the equivalent weight of LizCOy {16). The natural
abundance of ¥0 ig 0.2%. Hf waters of the same isotopic hy-
drogen content but different isotopic oxygen content are
compared, a 1 ppm change in specific gravity cerresponds to
an absolute change of 0.002% in the 130 content, It is not dif-
ficult to measure the specific gravity of 1 g of water to 1

ppm.

As tate as 1933, Lewis and Macdonald (13} were guided by
the erroneous assumption that the natura! sbundance of
deuterium was /30,000, Their successful experiments an the
enrichment of deuteriuwm by electrolysis, to be discussed
shortly, convinced them that the true value was close to the
Birge-Menzel value, 1/4500. In fact, they reported a value of
1/6500, which is very close to the currently accepted value for
the average natural abundance of deuterium in fresh water.
Natural waler is 16 ppm denser than deuterium-free water at
room temperature. An increase of I ppm in the density cor-
responds to a 6.3% enrichment in the natural abundance of
deuterium. On the other hand if we assume the natural
abundance of I}/H te be 1/30,000, then natural ahundance
water ie 3 ppm denser than deuterium-free water, An increase
of 1 ppm in the specific gravity requires a 33% enrichment in
the D/H ratio. These may be the reasons as to why Lewis and
Macdonatd began their work by trying to separate the lithium
and oxygen isotopes.

In July 1932 Washburn and Urey (78} published qualitative
results relating to the concentration of deuterium and 80 by
the electrolysis of water. They claimed definite evidence for
deuterium enrichment and gave little significance to their
finding that 0 was actually depleted in the residue from
elecirolysis. Following the Washburn-Urey publication, a
number of laboratories, including industrial producers (19),
began at once to produce gram quantities of nearly pure DqQ
by the electrolysis of water. Foremost among these were Lewis
and Macdonald (14, 15, 20}. In room 119 Gilman Hall were
two large Burdette etectrolytic cells which had been used to
produce hydrogen for a number of years for Giauque’s hy-
drogen fiquefier. In January 1933 Lewis and Macdonald dis-
tilled water from the NaOH solution in one of these cells. They
found it had a specific gravity 34 ppm larger than tap water,
If this increase in density is entirely due to deuterium con-
centration, the cell contains water with a D/H ratio of about
1/2000. Lewis and Macdonald showed that the isotopic en-
richment was entirely in the hydrogen and not in the oxygen.
They had confirmed the findings of Washhurn and Urey.
Giaugue was able to make an estimate of the total amount of
water that had been electrolyzed in each of the cells. The
amount of deuterium that had accumulated in the ceils was
some 3 to 4 times that to be expected if the D/H natural
abundance were 1/30,000. At this point [.ewis and Macdonald
abandoned the 1/30,000 value for the natural abundance of
deuterium.

Concurrent with the laboratory work on the electroiytic
separation of deuterium, Lewis and Macdonald looked for an
isotope effect in the diffusion of hydrogen gas through iren
in the temperature range 500°-800°K {I5}. The method
showed little promise and was dropped in favor of the elec-
trolytic separation and water distillation. In the analysis of
the diffusion experiment (75) Lewis gave a clear description
of the physical basis of the isotopic difference in the rates of
chemical reactions. He distinguished clearly between the
classical term related to molecular collisions and diffusion,
and quantum effects. The quantum effects discussed were the
role of the zero-point energy on the activation energy and the
unique possibility of large isotope effects in reactions of hy-
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drogen associated with tunnelling through the activation
barrier. Interestingly encugh Lewis' son, Edward S. Lewis, has
done important research demonstrating the existence of
tunnelling in slow proton transfer reactions through the cri-
terion of abnormally large H/D kinetic isotope effecta (21).

The third method of concentrating deuterium studied by
Lewis was the fractional digtiliation of water. Lewis’ search
for an etrrichment of deuterium by the disiillation of water was
carried out in collaboration with Robert E. Cornish (22) using
the 6-m stil} in Evans’ laboratory which had recently been
improved by Henriques and Cornish {23). Interestingly
enough the latter workers had just made an unsuccessful at-
tempt to effect g partial separation of the chlorine isotopes
by the distiflation of CHyCls at 40°C. Lewis and Cornish
concluded that not only was deuterium enriched in the liquid
phase but 80 was also enriched in the distiliation of water,
This was Iater confirmed by Lewis {24) m the large distillation
piant constructed hy Merle Randall (25).

Similar results to those obtained by Lewis and Cornish wero
obtained independenily by Washburn et al. (26, 27) at the
National Bureau of Standards, Washburn's work was com-
municated and his first paper was published prior to the
communication of Lewis and Cornish. The distillation ex-
periments from the Bureau and Berkeley (22) were commu-
nicated within a week of one another—15 May 1933 and 22
May 1933, respectively.

By the end of February 1933, Lewis and Macdonald had
isolated Q.5 cc of 31% 120 using the elecirolytic method {14,
20). By mid-March 1933, they had prepared a second 0.5-cc
sample containing 66% D90 (14, 20). Further enrichment by
the electrolvtic method was continued to produce water with
a deuterium content greater than 99%, With semi-micro
amounts of water with a deuterium content in the range
30--99% available, Lewis and Macdonald proceeded to measure
some of the physical properties of D3O (28). The first prop-
erties studied were the freezing point, normal boiling point,
and the density and vapor pressure as & function of the tem-
perature. The vapor pressure data confirmed the earlier
finding of Lewis and Cornish that the vapor pressure of DyO
is Jess ithan that of HzO.

It was at once apparent to the Berkeley group that although
the distillation fractionation factor was much smaller than the
electrolytic separation factor ([w-1}{distillation at 50°C} =
0,05, [a-1]{electrolytic) ~ 4) the distillation process was a
reversible one and the elementary effect could be easily
multiplied in a distillation column. These considerations led
to the decision to build a distillation plant at Berkeley for
primary enrichment of deuterium by water distiliation at
about 60°C. The task was undertaken by Randali {(25). The
laboratory plant consisted of two columns each 22 m high. The
primary cojumn was 30 cin in diameter; the second stage col-
umn was b ¢m in diameter. Both columns were filled with
scrap aluminum turnings. The packing material performed
poorly and was chosen because of limitations of funds, In some
later work the packing was replaced by small brass rings
manufactured as shoe eyelets. The 30-cm column was dis-
carded steel pipe from the University power plant. The entire
construction of the first stage of the plant including purchase
of materials, construction, instaliation, and preliminary op-
eration was carried out in a period of 20 days. The project was
in part a WPA project. The plant went info operation on 8
June 1933. It had a feed to the primary tower of 11 ordinary
water/min. Enriched water from the first stage was used as
feed for the second stage column. The first stage performed
particularly poorly, It achieved an overall enrichment of a
factor of 2, which corresponds to an HETP of 5 fi. The second
stage had an overall separation of 25, corresponding to an
HETP of 14 in. The output of the digtillation plant was further
enriched by Lewis and Macdonald in their electrolytic plant.
If the first coluran had achieved an HETT comparahie to that
of the second column, which is low by current practice,
Randall’s plant could have produced 125 g/d of 8% D;0. If the
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latter were then fed to a 4-stage electrolytic plant with recycle
of the hydrogen from the first ihree stages, the Berkeley dis-
tillation plant supplemented by a small electrolytic plant
could have produced approximately 10 g of >99% D20/d. The
addition of a short stripping section to the top of the primary
column would have increased the production of the facility
by a factor of 5.

Although the water distillation plant did not perform in
accord with expectations a8 a result of the failure of the
packing, nevertheless, L.ewis and Macdonald were soon pro-
ducing on the order of 1 g/wk of >99% De0. They used part
of the materia!l in their own researches. They were extremely
generous in making the material available to scientists all over
ihe world. In the spring of 1933 Lewis furpished deuterium
samples for nuclear research to Lawrence in Berkeley, Laure-
itsen at Cal Tech, and Rutherford at Cambridge (England}.

The water distiflation plani was subsequently improved by
Randall and operated intermitiently to produce %Q-enriched
water for fracer studies carried out by Axei R. Qlson and
Samuel C. Ruben among others.

After Lewis concluded hiy researches on deuterium in
mid-1934, he and Macdonald returned to the challenge of
separating the lithium isotopes. They had abandoned the
approach in their work two years earlier, whatever that may
have been, and decided to achieve a separation by a counter-
aurrent chemical exchange process. Some of the requirements
for such a process are:

{1) arapid, reversible chemical exchange reaction which Jeads to
o prefereniial isotopic distribution in one of the chemical
species;

{2) a two-phase system—preferably a system in which one chemical
species is entizely contained in one phase and the other species
in the second phase;

{3} guantitative reflux reactions through which the exchanging
chemical species can be interconverted into one another and
transferred quantitatively from phase to phase;

{4) asimple method of countereurrent contacting and separating
the two phases continuously.

The chemistry of lithium is simple. There are four general
classes of compounds:

(1) zero oxidation state—Li{s), Li alloys,

{2) plus-one oxidation state—Li* (solvated),
{8} Liorganics, and

(4} lithjum halide vapors,

Exchange reactions of organic fithium compounds are apt to
be elow, Processes involving lithium halide vapors will require
high temperatures; such processes wili involve special con-
tainer materials. The high temperature will necessarily mean
a small chemical exchange separation factor, This leaves (1)
exchange reactions between the 0 and the +1 oxidation states
and (2} exchange reactions with no change in oxidation
number, A change in oxidation number is more likely to be
accompanied by a larger change in bonding of the lithjum than
reactions without a change in oxidation number, whether in
the 0 or +1 oxidation state. One is led to focus upon the ex-
change reaction between the 0 and +} oxidation states of
lithium. Lewis was the original master of the method for
carrying out this reaction. He conceived the solution to the
probiem of gquantitative measurement of the equilibrium Li{s)
= Li*{aq)} + e~ in connection with the measurement of the
standard electrode potentials of the alkal metals in aqueous
solution {29}. The actual potential of Li{s), Li*{aq) was de-
termined by Lewis and Keves (30). It invoived the measure-
ment of the cell potentials Li(s), Li{amalgam) and the half-cell
potential Li{famalgam}}1iOH(0.1M). The reactions are rapid
and reversibie. If Lilamalgam} and a solution of lithium ion
are used, we have fulfilled al} of the criteria for a chemical
exchange enrichment process. The only unknowns are the
single-stage enrichment factor and the column perfor-
mance,
Lewis and Macdonald investigaied two systems:



“LitHg} + SLi*(C.HzOH) = Li(Hg} + "Li*(C,H;OH}

"Li{Hg) + 8Li*({1)CsH;OH, (£} Dioxane)
= SLi(Hg) + "Li*{({1)CsH50H, {2} Dioxane)

The solutions were each about 0.5 to 0.7 M. The anion in the
othanol solution was chloride; the anion in the ethanol-diox-
ane solution was bromide. The dioxane-alcohol solvent was
iried in the hope that the irreversible reaction of the lithium
amalgam with the ethano! would be siowed down by dilution
with dioxane. They anticipated that the use of the dioxane
solvent would fead to a higher separation than pure alcohol.
1t actually produced less separation and the final experiments

were done with 0.6 M LiCl in ethanol. The system was studied

in a countercurrent column 18 m high X 4 mm diameier con-
structed of glass by W. J. Cummings. A total of 101 of amalgam
passed down the column in the form of droplets of 0.1 mm
diameter, The droplets feli through the alcoholic solution and
were collected in a resetvoir at the bottom. There was an ov-
erflow tube at the top of the column. Thus the introduction
of the amalgam provided for countercurrent flow of the LiCl
solution. The amalgam that collected at the bottom was re-
fluxed in 100-m) batches by titration with an alcohalic solution
of HC}, and the latter was returned to the bottom of the col-
umn at 15-min intervals. Operation of the column to process
the 101 of amalgam required continuous attention and work
for 24 k.

The isotope enrichment was determined by a precision in-
tercomparison of the equivalent weights of Li;CO; samples
prepared from the amalgam at the top and the bottom of the
cotumn. In their third and final run this ratio was found to be
1.0023. The latter corresponds to a separation, S, of 2.3

. (°Li/TL) bottom
L3/ TLi) top
The atomic weight determinations were later confirmed by
mass Epectroscopic abundance measurements by A. K. Brewer
at NBS. The 6Li concentrates in the amalgam,

The experiment of Lewis and Macdonald was a tour de
force. Tt was the first realization of a chemical exchange iso-
tope separation process. The single stage separation factor for
this exchange reaction has been measured by Palko, Drury,
and Begun (17) and found to be 1.050; it was estimated to be
1.025 by Lewis and Macdonald. From the overall separation
achieved by Lewis and Macdonaid we estimate their HETE
to be 1 m in excellent agreement with the determination by
Lewis and Macdonald. The siage residence time was 15 s,
They found that the reaction of lithium amalgam droplets
with agueous sodium chloride transferred 96% of the sodium
ion to the amalgam after falling through a 1-m column.

After Lewis and Macdonald achieved a partial separation
of the lithium isotopes, Lewis and Schutz carried out some
experiments on the separation of the nitrogen isotopes. Those
results have never been published.

Not only did Lewis and Macdonald achieve their objective
of preparing gTam quantities of enriched stable isotopes for
the study of their chemical and physical properties, they
contributed to the use of chemical methods of isotope sepa-
ration.  have already described in detail their elegant en-
richment of the lithium isotopes using nothing but simple
chemistry for the enrichment process, the determination of

‘the relative atomic weights for analytical purposes, a mastery
of chemistry, and hard work. In their production of D;0 they
demonstrated the effects of the magnitude of the single-stage
enrichment factor and the stage multiplication process on the
magnitude of the separation and the quantity of separated
material produced, Interestingly enough, the Du Pont Com-
pany elected 1o produce heavy water in ton quantities at the
Morgantown and Wabash River Ordinance Plants for the
Manhattan District by a primary enhrichment using water
distillation followed hy electrolysis. Concurrent with that
effort groups at Columbia and Princeton Universities devel-

oped catalysts for the vapor phase isotopic exchange between
water and hydrogen. The first industrial realization of the
water-hydrogen exchange was achieved at Trail, B.C,, where
a large electrolytic hydrogen plant provided the reflux for the
conversion of the water to hydrogen at the bottom of the
chemical exchange tower.

Physicat Properties of Heavy Water

As soon as Lewis and Macdonald accumutated about 0,3 mi
of nearly pure D,0 they began to measure some of its physical
propetties {28, 31). To obtain the most accurate results ina
minimum time Lewis enlisted the assistance of a number of
graduate students in the Department. Thomas C. Doody was
studying the electrical conduetance of ionic solutions with a
precision Jones and Bradshaw bridge under the guidance of
Randall, He constructed a microconductivity cell and mea-
sured the relative mobilities of KC1 ir H20 and in D20 and
HCH{H->0) and DCID:0} {32). Witliam Maroney had a ca-
pacitance bridge for measurements of dielectric constants in
connection with his work under Olson. Maroney measured the
dielectric constant of DO relative to Hz0 (33). Daniel B,
Luten, Jr., a student of Stewart’s, was following the rates of
chemical reactions in solution by measurement of the index
of refraction. He determined the index of refraction of DO
as a function of wavelength (34}. Simultaneous determination
of the density and refractive index of a water sample provided
an isptopic analysis for both 2H and 30 in a sample of water
(35). Lewis and Macdonald measured the specific gravity {28},
the vapor pressure (28), and the viscosity {31} of D3O as a
functien of temperature,

In August 1933, Wesley T. Hanson, Jr., who apent his first
year as a graduate student in Berkeley working with Randall,
changed his research supervisor and measured the vapor
pressure of deuterium. We will review his work in a later sec-
tion of this articie, Philip W. Schutz completed his PhD thesis
with Latimer and was an instructor in the Department for the
spring semester of the 19334 academic year. He did not have
his own research program, but rather was an assistant to Lewis
and did some teaching, During this period Schutz measured
the dissociation constants of a number of weak acids and bases
in heavy water, and the vapor pressures of a numbet of deu-
terium compounds. This work will also be reviewed in later
sections of this article. Contrary to the general tradition in the
Department, there appears to have been little communication
between Hanson, Macdonald, and Schutz. They worked in
separate laboratories.

The early work from Lewis’ laboratory on the physical
properties of heavy water was very important and useful to
his own work, to other workers in the field, and for the chaz-
acterization of the differences between light and heavy water.
The density difference is within 0.5% entirely due to the mo-
lecular weight difference. The molar volume of Ha(} is 0.4%
smalier than D0 at 25°C. The dielectric constanis and re-
fractive indices of Hz0O and D40, which depend on the electron
configuration, nuclear charge, and molecular geometry, are
expected and found to be nearly identical.

Lewis’ measurements of the physical and chermcal prop-
erties of heavy water and other deuterium compounds were
all made on samples smaller than 1 mi of liguid. They recog-
nized that their samptes and sotutions bad impurities which
they found difficult to remove. Some impurities came from
the measuring vessels and could only he removed by rinsing
with more than the world’s snppty of heavy water at the time,
However, it was Lewis’ styie not to make the ultimate mea-
surement, He left that to others. In this work as weli as in his
other work, he wanted a measurement good enough to answer
his questions, Kirshenbaum’s compilation of the physical
praperties of heavy water {36} gives a complete compendivm
and evaluation of the determinations of the physical proper-
ties of heavy water through the later ’40’s. A summary com-
parison is given in Tabile 1.

What questions did Lewis ask of nature regarding the

Volume 81 Number 2 February 1284 114



Table 1. Some Physical Properiies of D0

Lewis Accapted
et al. Value
Tripta Point 3.8°C as82°c
Density {0,525 1.1088 110775
Viscosity (7(D,0)/7{H,0) at 25°C 1.232 1.232
Distectric Constant (25°C} ¢D 00 e(H0) 0.990 0.9963
index of Refraction {25°Ci a{HO} — mD-0)
6893 A 0.00485 0.004700
5461 0.00482 0.004832
4358 0.00526 0.005272

properties of deuterium? There were problems in phase
equilibria {vapor pressures and triple points), the ionization
of weak acids and hases, the growth of plants and organisms
in heavy water, and finally a few pioneer studies in nuclear
reactions, Lewis was a master of the application of thermo-
dynamics to chemical problems including the behavior of
electrolytic solutions, Recali, he invented the activity coeffi-
cient and discovered the principle of ionic strength, later ex-
plained in the famous paper by Debye and Hiickel. His in-
terest in the nuclear properties of the deuteron undoubtedly
stemmed from his interest in Lawrence’s work as well as eax-
lier nuclear work done in the Chemistry Department by
Gibson, and by Latimer and Libby. The work on the biological
properties of heavy water reflect Lewis’ penchant to explore
natural phenomena and carry out research in fields in which
he had no prior training.

Yapor Pressure isolope Effect

The measurement by Lewis and Macdonald (28) of the
vapor pressure of D30 as a function of the temperature showed
a very large temperature coefficient for the logarithm of the
vapor pressure ratio {InPy,0/Pn,o). The large temperature
coefficient of the isotopic vapor pressure ratio was attributed
by Lewis (15) to the hydrogen honding in water, The zero-
point energy associated with the hydrogen bonding is prin-
cipally responsible for the vapor pressure isotope effect. The
hydrogen-honded structure of water is broken as the tem-
perature increases. Thus the temperature coefficient of
in{Py,0/Pp,o) will be greater than the T-%law applicable to
small guantum effects,

Typical of Lewis’ approach o a field of investigation was
the construction of a theory baged on the results of an exper-
iment. The theory had to be a predictive one. From the theory
Lewis would design a few crucial experiments to test the
theory. In the case of the vapor pressure isotope effect he
predicted that a test could be made between two factors which
have a profound effect on the vapor pressure isotope effect,
temperature and zero-point energy, by the study of the isotope
effect in HCl and acetic acid. A summary of these results is
given in Figure 1. The vapor pressure isotope effect in the
liquid at the triple point is smaller in HC] (37) than in water.
The vapor pressure isotope effect in NHg-INID; measured by
Taylor and Jungers {38) is consistent with the qualitative
analysis of the water data. The larger vapor pressure isotope
effect at the triple point in ammonia compared with water is
a consequence of the jower triple point temperature and the
fact that there are three D/H substitutions in ammonija
compared with two in water. When one corrects for these two
factors, one finds that the zero point energy difference per
hydrogen bond in ammonia is smaller than in water. The latter
is consistent with the weaker association in iquid ammonia
compared with liquid water and the fact that the melting point
of ammonia is significantly lower than ice.

On the basis of the above argument, Lewis predicted that
the vapor pressure of the deutero-form of a hydrogen-bonded
substance whose vapor is associated would be larger than that
of the protio form. This prediction was confirmed by the re-
sults of Lewis and Schutz {39) on the vapor pressure ratio of
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Figure 1. Piat of 10° tgalPu,x/o,x} versus 107/ 7 (from Ref. { 15)).

CH1COOH to CH,COOI). The vapor phase association will
cerfainly reduce the vapor pressure isotope effect. Since the
association in the vapor phase is smaller than in the liguid,
association per se in the vapor cannot lead to an inverse iso-
tope effect. While a detailed analysis of the vapor pressure
isotope effect in acetic acid has not yet been made, it is safe
to presume that the inverse isotope effect is associated with
the customary red shiff in the (-H stretching vibration in the
liquid compared with the vapor. The red shift in the liquid
lowers the heat of vaporization of the deuterium compound
relative to the protium compound and leads to the inverse
vapor pressure isotope effect.

In the measnrement of the hydrogen isotope fractionation
factor in the distillation of water, Lewis and Cornish (22) were
surprised to find that the fractionation factor was about one
half that to be expected from the vapor pressure data of Lewis
and Macdonald (28) on the vapor pressures of pure Ho0Q and
D30, They recognized that in dilute solutions of D30 in Ho0
the deuterium is present in the form of HDO. Assuming sta-
iistical distribution of protium and deuterium between the
species HpoO, HDO, and DgO they arrived empirically at the
rule of the geometric mean, In{Pu,0/Pupo} = Y% In{Puo/
P1s0). The theoretical foundation for this intuitively obvious
prediction did not come until two decades later {40},

In addition {o three of the substances shown in Figure 1,
H:0, HCY, and HAc, Lewis and Schutz meagured the vapor
pressures of HCN and DCN {41). Barlier I mentioned the
work of Lewis and Hanson on the vapor pressures of solid and
tiquid Hy and D, In none of these investigations did Lewis
attempt anything other than a qualitative understanding of
the phenomena based on the zero-point energy concept. No
molecular theory of the condensed phase isotope effect existed
at the time. In fact it was the absence of such a theory, par-
ticularly with respect to the liquid state, that made these
studies interesting to Lewis. In his Madrid lecture (15) Lewis
states, “On the other hand, it is often these very cases which
defy the analysis of mathematical physics that are of the most
intereat to chemists.” The defiance lasted fess than 30 years
{43), In the last 20 years the analysis of vapor pressure isgtope
effects through the statistical mechanics of interacting sys-
tems has yielded interesting information about intermolecular
forces, the coupling of intermelecular with intramolecular
forces, hindered rotation in solids and liquids, and the struc-
ture of monatomic and polyatomic fluids (46-50),

Conceptually the measurement of the vapor pressure of a
ohe-component system as a function of the temperature is a
simple type nf measurement. All one needs is a pure sample
held at a kmown, fixed temperature and a pressure-measuring
device, frequently a mercury column. If one is interested in
the difference in vapor pressures of isotopes not only must the
samples be chemically pure, but also of high isotopic purity.
In most cases it is advantageous to bring samples of the sep-
arated isotopes into thermal contact with one another and
measure both the absolute and differential pressures. It is the
type of experiment which appealed to Lewis. The experiment



) f
135 55 ra¥ 355 780 "up

Q55 a1ts Ril ) E-1.1 O52 ln(g‘ ﬂ/’ﬂ,o}
323 !
) o]
00%
q
o]
o L]
® e R
o ® o
-008 i 1 [ {
b [ 34 50 L]

Figure 2. Relative differsnces between currently eccepted values of the H/D
isotope etteci on the vapor pressura of water amd vaiues detarmined by Lewls
and Macdonald {28).

= (P! Plagrapted (P’ / PYoreis

A
In(P"/ Plascepiad

is simple in principle and vields information of interest to
chemists, We will review the results obtained by Lewis with
recent data.

In Figure 2 we compare the logarithm of the vapor pressure
ratio, In{Py,0/Pp,o}, measured by Lewis and Macdonald (28)
with recent data {47). The quantity plotted, A, is

In{P'/P), ~ In{ P’ /Py,

A In(P/PY @
where In{P’/P); is the accepted literature value, In{P’/P);, is
the Lewis vaiue, and P’ denotes the light isotopic species, If
we ascribe afl the difference to errors in measurement of the
pressure difference, BAP(AP = P — P), we obtain the results
shown in Figure 3. Apart from the data at and abave 100°C,
the measurements show a root-mean-square deviation of 0.06
mm in the measuremeént of the pressure difference, which is
of the order of the accuracy ohtainabie with conventional
mercury manometers,

Lewis and Hanson found the vapor pressures of mixtures
of Hy and 1y to ohey Raoult’s law at 18.65°K (42). The excess
enthalpies of mixing of such solutions have now been mea-

sured {51), The nonideality arises from the difference in the

molal volumes, 28.2 and 23.5 cm® mol~! for liquid H; and D3,
respectively at 20°K. The excess free energy and enthalpy of
mixing per mole are 1.71 and 2.90 cal mol~* at 50 mol %. A 50
atom % mixture in equilibrium with respect to Hy, HD, and
Dy would show an excess vapor pressure of 4.7 torr above the
Racuilt law value. The preparation of Lewis and Hanson's
mixture is not described in their paper, and it is not clear to
what extent disproportionation had been established in their
satiiples. They failed to detect any difference between the
vapor pressure of a sample of R-D; condensed in a clean glass
tube and one condensed in a tube containing charcoal {pre-
sumably ortho-deuterium). At 20°K the ortho-deuterium has
a vapor pressure of 223.1 torr compared with 219.9 torr for
n-1a (562). Hanson constructed three cryostats before he could
get any reliable measurement of the vapor pressure difference
between Hg and D, {53). The final eryostat empioyed thin-
glass tubes (0.1-mm wall) directly immersed in a liguid hy-
drogen hath, The tubes were joined in a bundle by copper wire
to promote thermal equilibrium between the Hy and 1),
samples. Pressures on a mercury manometer were read to £0.5
mm Hg. The results of these measurements are compared with
Grilly’s data (54) in the form of A and SAP plots in Figures
4 and 5, respectively. Above the triple point of Dy {18.72°K)
the agreement between the data of Lewis and Hanson and
those of Grilly are within the accuracy of the former mea-
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Figure 3. Comperizon between accepted valuea of the absoiute difference in
vapor pragsure between HzO and Dz0 amd those measured by Lewis and Mac-
donald,
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Figure 5. Compatison betwesn accepted vatues of the absolute difference in
vapor pressure beiween H, and D; and those measured by Lewis and
Hansan,

suréments. Below the triple point of Dy Lewis and Habson
report a significantly higher vapor pressure for Do than does
Grilly. The method of comparison developéd here reduces to
second-order any difference in ¥apor pressure from a differ-
ence in temperature scales {(cf. Lewis and Hanson report the
triple point of D to be 18.66°K). The fact that the absolute
pressure of Dy reported by Lewis and Hanson is larger than
Grilly’s measurements and that this difference increases with
temperature can be explained by the thermat leak in Lewis
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Tabie 2. Triple-Point Properiies of HCI and DCI

Triple-Point Pressures (mm)

TG Bl

Gisuque and Wiste (1928)

(158. 91"K} 103.71
Leawis, Macdanald and

Schutz (1534} cs 913
Clusius and Wolf '

(1947} {158.01°K)} 103.60 837

Vapor Fressure Ratio at the Triple Pein

of B {158, 44°K} [T ]

Lewis, Maodaonaid, and :

Schutz (1934) 0.051

Glusius and Wolf { 1947} 0.077

and Hanson's experiment. Liguid Hp makes good contact with
-the vessel wall; solid D2 does not. The heat capacity of solid
D4 is smatler than that of liquid hydrogen. Fiven a symmetric
heat leak to the Hj; and D); samples wili lead to an increase in

the vapor pressure of Dy relative to Hy compared with the true

value at the temperature of the reference iquid Hy sample.

In 'fable 2 we compare measurements of the triple paint
temperatures and pressures of HCl and DCi carried out ina
number of laboratories (55-57). Note the excellent agreement
in the triple-point pressures measured by Clusius and Woif
(57} with the earlier measurements by Giaugue and Wiebe
(55). The disagreement between the DCI tripie-point pres-
sures measured by Lewis, Macdonald, and Schutz and those
of Clusius and Wolf, as well as the sign of the temperature
dependence of In(PHm/PD(«}) solid reported by Lewis et al. {see
Fig. 1}, cast doubt on the DC1 data of Lewis, Macdonald and
Schuiz.

The magnitude of the vapor pressure ratio of (HCN/DCN)
tiquid measured by Lewis and Schutz (58) isin agreement with
recent data of Appleton and Van Hook (59), The sign of Lewis
and-Schutz’ témperature coefficient of ln(PHcNfPDCN) is
opposite that of Appleton and Van Hook.

While the measurement of the vapor pressure of a one-
compohent system ig one of the simplest physical measure-
ments, to measure it with sufficient accuracy to obtain sig-
nificant isotope éffecis requires great care (60). 11 cannot ge
done on the time schédule that Lewis set out for himself and
his limited number of students and assistants, Wé wxil return
to the time. schedule later in this article.

Dissocialion of Weak Aclds ‘and Bases in H,0 and DgO

With 0.25 g of D30 Lewis and Doody (32) determined the
conductivities of D20 and of solutions of KCi and HCI, each
0.017 M. The D30 was not sufficiently pure for measuréments
of its electrical conductwlty In fact, at the time of the mea-
surements there was not enough D40 available to permit ene
rinse of the microconductivity cell prior {o the actual mea-
surements. The good agreement of the results of Lewis and
Doody with those of later workers (61, 62}, who had an order
of magnitude more Dz0 available to them, is shown in Table
3. The ratio of the conductivity of an inert strong. electrolyte,
K4, in Ho0 compared with D0 solvent jsin good agreernent
with Walden’s rule. Accoxdmg t0 Walden’s rule the ratio of
the conductivity of a given salt in two selvents is equal 1o the
ratio of the viscosities of the two pure solvents, The viscosity
ratio of HaO relative to N0 at 25°C is 1.232. Interestmgly
enough we note that the ratio AHCI(H,0)/ADCIAD:0) is
definitely larger than that expected frora Walden’s rule. This
result proves that there is a kinetic isotope effect in the proton
mability in water. The latter observation warrants investi-
gation of the temperature dependence of the conductivity
ratio. Such measurements could add addltlonai understanding
of the mechanisin of proton transfer in aguecus solutions,

Lewis and Schutz (63, 64) determined the dissociation
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Table 3. Mobllities of tons in H,0 and D30
' ' 5°G 259G

AKCHHA
AXCIHDZD)

Lewis and Doody {1933} 1,212 J.162

La Mer and Nachod {1941) 1.270 1.210
ANGHH:0}
ADCHD-0}

L&wi_s ard Doody {19323 1476 1.3980

Longsworth gnd Macirnes {1937} 1.362

Table 4. [Hesociziion Constants of Weak Electrolytes K/
1. CHgGCOOH/CH,GO0D ’ '

Lewis and Schutz {1924} 3,12

La Mer and Ghittum {1938) 3.35
2. CICHCO0HCICH,CODD

Lewis and Schutz {1934) 2.7%

MeDougall and Long (1862) 3.08
3. NHOH/ND,LCD

Lewis and Schytz {1934) 1.85

Saiomaa, Schaleger, and Long ( 1864) 4.96

constants of CHsCOOH, CH.COO0D, CICH,COOH,
CICH,COOD, NH,0H, and ND,OD by measurements of the
elecirical conductivity of solutions in the concentration range
0.03 to 0.14 M. The degree of dissociation was calculated from
the ratio A /{AT + A~),, where A, is the equivalent conduc-
tances of H*{D*) and A~ at the concentration c. The ratio
Aty + A e dmo
{(Atp+ + A atpe0

was assumed by Lewis and S¢hutz to be independent of con-
centration at low concentration of the weak electrolyte and
independent of the type of anion. With these assumptions, the
equivalent conductance ratio is just the value determined by
Lewis and Doody (32) for HCl in H30 compared with DClin
;0. La Mer and Chittusm (65) later showed that the slow
dependence of the conductance ratio on the concentration of
dissolved electrolyte is in accord with the Onsager conduc-
tance sequation {66). The iow sensitivity of the equivalent
conductance ratio for a strong protio- -acid in H;0 {0 a strong
deutero-acid in D,0 on the acid anion is a consequence of the
fact that the anion iransference number is in the range
0.10-0.20. Lewis and Schutz established the reliability of their
method by the good agreement of their values for the disso-
ciation constants of CH,COO0H, CICH2COOH, end NH,OH
with accepied daita in the literature. A comparisen of their
dissociation constant ratios, Ky/Kp, w1th mare recent data
{65, 67, 68} is given in Tabls 4.

Lewis and Schutz’s values for the Kn/Kp ratios are lower
than the more recent data. The agreement of Lewis and
Schutz’s values of K n/Kp for acetic acid and chloracetic acid
with the data of La Mer and Chitturn {65) and McDougall and
Long (67), respectively, is within the approximations made
in deriving the dissociation constants from conduclance data
and the additional pesgibility of small corrections which may

need to be applied to the-data of Lewis and Schutz for protium
contamination of their deutero acid solutions. In the case of
NH.OH Lewis and Schutz had little basis from which to es-
timate the Ao, the equivalent conductance at infinite ditution,
of NI},OD. It is difficult to reconcile-their data with the
Ku/Kp ratios reported by Salomaa, Schalegez, and Long
{68).

From the limited data avoilable to them, Lewis and Schutz
concluded that the ratio of Ky/Kp decreases with the strength
of the protio acid. Further study (69) of Ky/Kp ratios has
substantiated the conclusion reached by Lewis and Schutz



with the 1mpoi'tant qualification that the ratio depends not
only on the base strength of the conjugate base but also on the
base type (70}.

Biology of Heavy Waier.

A characteristic work style that Lewis liad deveioped by the
time he carried out his researches on heayy water was to work
with a small number of assistants. Buit he always reserved
gome exploratory experiments which he carried out by himself.
In the heavy water research these experiments were designed
to test a hypothesis put forward by Lewis that DO would not
support Bfe and would he lethal to highier organisms. This was
to be Gilbert N, Lewis’ first experlmentai research in the hi-
ological sciences. :

In the first expenments Lewis found that tobacco seeds,
which germinate infallibly m four days in ordinary water, did
not germinate in three weeks in DO (77). If the seeds were
then removed from the DgO and placed in ordinary water,
germination took place in an abnormal way after one weék.
“The sprouts were extremely thin, and this sickly growth came
to an end after a few weeks” {72} On the other hand, seeds
placed in 50% D30 showed normal development; albeit at.a
slower rate than in H;0. Lewis found that yeast did not fer-
ment nor did mold develop in media with the HyO replaced
by ID;0. On the basis of these preliminary observations he was
led to predict that microorganisms would not grow in Dq0,
particularly after gll the exchangeahle hydrogen had been
replaced by deuterium. He showed that D0 was lethal to
flatworins. Flatworms exposed to DO for less than 4 h and
then returned to HyO have a reasonable chance of survivak
Lewis tried an incbnclusive test of the effect of heavy water
on a warm-hlodded animal, a mouse. All that can be deduced
from that experiment was that a 10-g mouse out-smarted
Gilbert N. Lewis in 1933. The mouse drank 0,54 g of 87% 1D;0
and 0.26 g of 71% Dy0 in 8 h.-For this valuable beverage the
mouse put on a little show. Lewis and Macdonald’s DO pro-
duction could not keep up with the mouse’s thirst. The scar-
city of heavy witer posed a barrier to research on the biological
effects of heavy water. oo

Cheap heavy water for expenmental research hecame
available in the mid-1950’s. A large program was organized
by d.d. Katz (73) at the Argonne National Laboratory. They
were successful in growing green algae in pure DyO. The
morphology of algae grown in D50 differs significantly from
that grovn in Hy0. They also grew E. coli (strain K-12) using
fully deuterated glucose as a substrate in 99.6% D-20. The
growth rate is about five times slower than in H,0. Studies
were also carried out hy Thomson, in particutar, which showed
that when the D;O content of the body water of mice reaches
20% severe physiological effécts become manifest; 30% DgO
is lethal, Similar results are found in dogs.

Katz took advantage of the ahlht_v to raise algae in D0 to
prepare a wide spectrum of deuterlum compounds through
biosynthesis,

We still lack a real understand.mg of the effect of deulerium
on the growth of simple and higher organisms. Replacement
of protium hy deuterium changes rates of chemical reactions,
equilibria and therefore the pH(pD} of physiclogical solutions,
the viscosity of the medlum structure of nucleic acids, etc.

Nuclear Studies with Del.rlorlum

As soon as Lewis and Macdonald prepared a sma}l amount
of 50% D20, Lewis and Ashlev (who later married W. F.
Giauque) determined the spin of the deuteron fo be 1 {74).
The determination was made from the relative intensities
involving the odd and even rotationai levels in the molecular
spectrum of Dy. Subsequently, Lewis collaborated with E, O.
Lawrence in the study of nuclear reactions produced by the
acceleration of HD* to 2 MeV in the cyclotron. They found
the deuteron to be an effective projectile for the disintegration
of nuclei of the light elements. Bombardment of targets of

NH,NO4 gave alpha-particles with a range of 6.8 cm (75},
Bombardment of LiF yielded two sets of alpha-particles, with
ranges 8.2 and 14.5 em, respectively. The latter corresponds
to an energy of 12.5 MeV and is in good agreement with the
value obtained from mass relations for the reaction

$H + §Li = 2{He

Protons with ranges up to 40 cm were observed in the
bombardment, 6f a variety of targets, including gold, with
0,6-1.3-MeV deuterons (76}. All of the nuclear reactions oh-
served in this work must be assigned to reactions of the deu-
teron with light elements, either present in the target per se
or in the pump oil in the dees of the cyclotfon. The kinetic
energy of 1.3-MeV deuterons is inadequate to penetrate the
coutomb barriers of any but first row element nuclei. The
energy is greater than the threshold for the reaction

LQC +M =8N+ E;N

Examination of any of the targets would have revealed the
10-min position activity of ¥N, and along with it, artificial
radioactivity would have bOen discovered.

Retrospective _

Some 20¢ scientific papers dealing with deuterium were
published in the three-year interval hetween Urey’s discovery
and the time he received the Nobel prize in 1934. Urey, who
received hig PhD degree in Berkeley in 1923, was the first of
the California school to receive a Nobel prize. Between Feb-
ruary 1933 and July 1934 Lewis published 26 out of the 200
publications on deuterium. By the criterion of number of
publications it was the most productive period in Lewis’ ca-
reer. By any criterion Lewis made a substantial contribution
to the development of isotope chemistry that took place in the
1930%s. These include his preparation of pure D30, his work
on isotope separatioh by distillation, electrelysis and chemical
exchange, the effect of dewterium on the vapor pressures of
protolytic suhstances, the effect of deuterium on the ionization
constants of weak electrolytes, and some pioneer experiments
on the biology of heavy water and nuclear reactions of the
deuteron,

In all of these researches except for the nuciear reaction
studies, Lewis was guided b_v the application of qualitative
aigitments concerning the role of zero-point energy on the
chemical and physical properties of substances. I have men-
tioned earlier that the problems Lewis and associates inves-
tigated reflected his areas of interest, expertise, and the sci-
entific activity within the Chemistry Department at the time.
It is of interest to mention some of the other major areas of
research undertaken atother research centers with deuterfum
in the period 193134, These included the effect of deuterium
on the equilibrium in gas reactions and comparisons with
calculations from. statistical mechanics, kinetit isotope effects
in gages and liguids, use of deuterium as a tracer and in the
study of reaction mechanism, and structural studies of mol-
ecules using deuterium substitution (particularly vibrational
spectroscopy).
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Appendix:

Publicalions by Gilbert N. Lowis on
Isotope Chemisiry and Properties of Deuterium

“The lsstope of Hydrogen," J. Amer. Chem, Soc., 58, 1207 {1923),
“Concentration of H? Isotope™ twith R. 'T. Masdonald), J. Chem. Phys., 1, 13 {1833},

“Beparation of the Isotopic Furma of Water by Fractional Distiflation” {with R. E. Cornish},
o Amer. Chern. Soc., 65, 2616 {1933},

“Gpin of Hydrogen Iantope” {with M. ", Ashley}, Phys. Rev., 43, K37 (1953}

“A Spectroacopic Search for HY in Concentrated H? " (with F. H. Spedding), Phys. Rew.,
43, 1964 {1833},

“The Envissiont of Alpha-Particles from Various Targets Bombarded by Dectons of High
Bpeed” (with M. 8. Livipgston snd E. (3. Lewrence), Phys. Rev,, 44, 56 {1933}

“The Emiéaion of Protons from Various Targets Bombarded by Deutons of High Speed”
{with E. 0. Lawrence and M. 5. Livingston), Phys, Rev., 44, 56 (1938),

“Some Propertiss of Pure 320" {with B. T. Macdonald), & Amsr. Chem. Sor., BS, 3067
{1833).

A S}mpla Type of Iaotopic Raamun . Amer. Chem, Soc., 85, 3502 {1943).

“The B ‘} iatry of Water Conrtaining Hydrogen Tsolope,” J Amer, Chem. Soc.. 55, 3508
{1923

“The Moh}ﬂj!}‘ of Ions in HEHEO" {with 7. C. Doody), o Amer. Chem Soc, 58 35H
{1933}

“The Viscosity of HTH20" {with B. T. Macdonaid), J. Amer. Cham. Soc., 55 4750 {19331

“The Dilectric Constant of H2H0" (with 4. B. (Mson and W, Maroney)‘ . Amer. Chem.
Soc., 55, 4731 {1933},

' he Refm.awe Fader of HetH8, and the Complete Ssotopic Analysiz uf Water"{with D' B
Lutend, J. Amer. Chem. Soc., 65, 5061 (1933).

“The Binlowy of Heavy Water,” Scxence‘ 79, 151 {1954),

“The Disintegration of Deutons by High Speed Protons and the Instability of the Deuton™
‘{with M. 8. Livingston, M. C. Hendersos, and E. 0. ‘Lawresice}, Phys. Rev., 45, 242
{1934},

“Some Properties of Pure Boutacetic 4cid” (with 2. W, Schutz). . Amer, Chem. Soe,, 56,
483 (1934).

“The Vapor Pressure of Liquid and Solid DJeutochioric Acid” (with R. T. Macdonald and
P.W. Schutz), J. Amer. Chem, Soc., 56, 494 {1934},

“The Vapor Pressure of Mixtures of nght and Heavy Hydrogen™ (with W, T. Hanson}, .
Amer, Chem. Soc., 56, 1060 (1934},

“The Vapor Pressure of Solid and Ligquid Heavy Hydrogen™ twith W, 'T. Hanson}, J. Amer.
Chern. Soc., §6, 1001 {1954,

“"The Vapor i’ressure of Liquid and Sclid Deutncyanic Acid” (with P, W, Schulz}, J. Amer.
Chem. Sec., 56, W02 (1934).

“The lonizalion Conatant of Deutacetie Acid” {(with P. W, Schu), J. Amer. Chem. Soc.,
56, 1002 (1934).

“{)n the Hypothesia of the Ingtability of the Deulon™ (wilh M. $. Livingaton, M, D. Hen-
derson, and E. 0. Lawrence}, Fhys. Rev. 45, 437 (1034,

“Different Kinds of Water, Actas IX Congr. fnl. Quimicn (Medrid} {IUPAC), Agril
19M.

“The Vapor Pressure of Bolid and Liguid Deutarium and the Hests of Sublimation, of Fusion
and of Yaporization™ (with W. T. Hanson). J. Amer, Chem. Soc., 56, 1687 (1934},
“The lonization of Some Weak Electrlytes in Heavy Waler” {with I, W, Schauz), J. Amer,

Chem. Soc., 56, 1913 {1834).

“The Separation of Litkiur lsoropes™ (with B T. Masdonald). J. Amer. Chem, Soc., 56,

2519 (1936).
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The Effect of Neutral lons on Acid-Base Balance

Loyd E. Poplin
Dot Mar College, Corpus Christi, TX 78404

That neutrai ions affect acid-base balance is well docu-
mented by numerous case studies in the medieal literature,
How the neutral ions manifest this influence is often over-
looked or misinterpreted. The most common errors made are
failure to consider the equilibria established between proton
{H*) donors and acceptors in the aqueous environment of the
extraceliular fluids and the role of the kidney in maintaining
elecironeutrality while selectively resorbing and secreting ions
across the tubular membranes. The purpose of this article is
to iflustrate such errors and to clarify the rofe of neutral ions
in acid-baze balance,

Aqueous lonic Equilibria

In water, H* and OH~ wili always be present and in dy-
namic equilibrium as a result of water’s self-ionization. The
presence of other aqueous ionic species may affect this equi-
librium and thus produce a surplus of H* over OH™ ions or
vice versa. This interaction of water with aqueous ions is re-
ferred to as hydrolysis. An ionic component in water may he
neutral, acidic, or basic because of its relative ability to bind
or donate protons.

Of the common ions in body fluids, Na*, K*, Ca*t, and Cl—
are neutral. Acidic ions include HoPO4~ and NH*, and basic
ions consist of HCOg™, HPO,?, proteinate anions, and or-
ganic actd anions, The most prevalent as well as most crucial
species in determining interceilular acid-base balance are K*,
Na*, Cl—, and HCO5™.

Acid-base homeostasis is regulated by three systerns in the
body. They are {1) the bicarhonate-carbonic acid buffer sys-
tem, {2) the respiratory system, and {3) the renal system. Most
ailied-health chemistry courses consider the first two systems
in some detail, but failure to investigate the synergism of ali
three mechanisms often leads to confusion. The kidney has
the greatest capacity for maintaining balance in the body. Its
compensatory action is particularly important in chronie
disorders. The kidney functions by selectively secreting and
absorbing jons acrogs the tubular membranes and does so
primarily through the movement of neutral species such as
Nat, K+, and ClI~.

As the concentrations of neutral ions change, the ultimate
-effect may be a change in bicod pH. Failure to consider the
interrelationship between electrolyte changes and pH changes
has led to a misinterpretation of the nature of these ions and
their role in acid-base balance.

Errors from the Literature

A quick perusal of a few books and articles yielded numer-
ous errors, The ones cited are not the only ones found but have
been included to emphasize incorrect interpretations of sol-
vent system equilibria or failure to recognize kidney fune-
tion.

In the article, “Reviewing Acid-Base Balance” (7}, the
following paragraph appeared:

If the body fluid becomes too acid, {pH below 7.35), the buffer
carbonic acid immediately gives off hydrogen ioms to swing the
chemical equations to the bicarbonate side, and thus raise the pH
toward normal. . . . If the hody fluid becomss too alkaling, witha pH
higher than 7.45, the hoffer bicarbonate immediately takes on a hy-
drogen ion ty swing the chemical equation to the earbonic-acid side
and lower pH toward normal. '

This is indeed unusual chemistry in that the corzection for

Normat Concenlrations of Electrolyles and Carben bioxide in

Blood
HCO,™ 22-26 rmEg/}
Na* 135-145 mEg/!
cr 951065 mEgyt
K* 3.5-5.0 mEqy!
CO; 24-32 mEg/t
oM 7.95-7.45

acidemia is to liberate more of the strongest possibie acid,
while the correction for alkalemia is to remove the strongest
possible acid, namely H™.

Some comments regarding chioride ion are even mote
convoluted. From Guthrie’s “Introductory Nutrition,” {2}

As a part of hydrochloric acid, chlorine is necessary to maintain the
normal acidity of the stomach contents needed for the action of gastric
enzymes. It is an acid-forming element, and along with the other
acid-forming elernents phosphorus and suffur, [it} heips to maintain
acid-base balance in the body fluids.

From “Fiuids and Electrolytes: A Practical Approach,” {3)
comes the following:

Note that the terms hydrogen-ion donor and acceptor are not
synonymous with the terms cation and anicon. Sedium and potassium
are neither bases nor acids; the cation ammonium is a weak acid: the
anions chloride and sn}ate are weak hases. . . .

Another citation is from the chapter, “Water, Electrolytes
and Acid-Base Balance,” in the prestigious “Modem Nutzition
in Health and Disease,” (4), p. 381:

. . [Bodium, potassium, magnesium, caleium and chloride ions as
such do not function as buffers and are neither acids nor hases. They
are “aprotes” since they neither donate nor receive protons,

Then on pp. 385 and 388, respectively, the author contra-
dicts himself by stating as a cause of metabolic acidosis and
metabolic alkalosis:

Increased intake of acid, e.g., acidifying =alts such as NH4Cl and
C&Clz. . .

... The common causes of metabolic alkalosis are a loss of body acid,
particularly loss of chloride lon, and excess of base, usually sodium,
and the loss of significant amounis of polassium.

Depending, then, on the published source, the chioride ion
is variously termed acidie, hasic, neuteal, or maybe acidic, This
confusion results from failure to consider solution concepts
and kidney funetion.

Kidney Funclicn and Electrolytes

A brief review of kidney physiology is necessary to show the
interrelationships between changes in electrolyte concen-
trations and acid-base balance. Under normal conditions
greater than 99% of the water, and the Nat, Ct, and HCO;~
ions are resorbed from the glomerular filirate. A fairly con-
stant 93% of the K* is resorbed (5). Approximately 65% of the
reabsorptive and secretory processes that oecur in the tubular
system take place in the proximal tubules. An active transport
mechanism resorbs Nat. Water and anions {mostty C1-) fol-
low due to osmosis and the membrane elecirical potential,
respectively (6}, Some solutes such as glucose, protein and
amino acids are completely resorbed in the proximal tubules
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a5 well. The osmolality of the tubular fluid remains equal to
that of the surrounding interstitial fluid due to the free per-
meability to water.

In the loop of Henle the osmolality increases by perhaps
fivefold because of the counter-current mechanism and the
hyperosmolality of the interstitial inner medullary fluid. The
net effect is that another 15-20% of the solutes in the glo-
merular filtrate are resorbed.

The remainder of the resorption of solutes {mainly Nat)
and water occurs in the distal and collecting tubules under the
action of aidosterone and antidiuretic hormone {ADH]}, re-
spectively. Since the concentration of Na* iz greater than that
of any single anion {see table), the resorption of this ion is
accompanied by a combination of passive anion transport or
active cation exchange (Kt or H*} to maintain electroneu-
trality throughout. The tubules are poeriy permeable to bi-
carbonate fon; prior to resorption it must first be combined
with H*, which forms H,COj3, This is enzymatically decom-
posed by carbonic anhydrase found in the fuminal tubutar
epithelium. The CO; formed is highly lipid-soluble and dif-
fuses rapidly into the peritubular capillary blood. It is im-
portant to remember that passive anion transporf occurs
predominantly in the proximal tubules accompanying Na*
active transport and active cation exchange occurs predomi-
nantly in the distal and collecting tubules. There is an inverse
relationship between Na* concentration and K+ and H* as
the exchange occurs. Further, there is an inverse relationship
between Kt and H* concentrations as competition across cell
membranes, as well a5 competitiou in aclive secretion into the
urine, occurs.

Examgpies of Neufral ion-Acid Base Disiurbances

A most perplexing example of the often overlooked inter-
relationships between neutral ions and acid-base imbalance
was the case of infants who failed to grow due to feeding of an
infant formula grossty deficient in chloride (7). Infants given
this C1~ deficient formula exhibited metabolic alkalosis, which
was surprising in the absence of severe vomiting or diuretic
administration, These infants exhibited a normal to low Na*t
serum level, a stightly lowered K+ concentration, and definite,
although not severe, hypochloremia {8590 mEq/l}). Two
laberatory findings provided a clue o the imbalance created
by Ci~ deficiency; an aldosterone concentration almost 30
times normal and undetectable urine Cl—,

Although essentially 100% of avaiiable chloride was re-
sorbed, it was insufficient to aliow normal resorption of Nat
in the proximal tubules, Because of this much larger quantities
of Na* were required to be resorbed in the distal tubules which
accounted for the enormously high aldosterone concentration,
Accompanying the ahnormal resorption pattern of Nat, more
HCO3™, which is not resorbed very well, was produced to
maintain electroneutrality in the presence of insufficient C1™,
and more K* and H* secretion oceurred distally te complete
Nat resorption, This led to retention of base and secretion of
acid and to hypokalemic, hypochloremic, metabolic alka-
tosis. '

Next, consider the seemingly paradoxical situation of
metabolic alkalosis with production of an acid urine which is
corrected by administration of a neutral salt, Metabolic alk-
alosis is a common disorder in hypertension, cardiac faijure,
or recovery from surgery ¢8). Common factors in such cases
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are diminished extracelluiar volume and chloride depletion.
Again Nat resorption requires HCO3™ to maintain electro-
neutrality, thus HCOs™ cannot be excreted. Since H¥ is se-
creted in the final stages of Na* resorption and HCO3™ is ef-
ficiently recaptured through carbonic anhydrase action, this
leads to retention of base and loss of body acid into the urine
which further exaggerates the existing alkalosis, Since respi-
ratory compensation through hypoventilation is poor if op-
erative at all, fluid electrolyte replacement is usually needed.
Specifically, solutions of the neutral salt KCl are required, The
fluid corrects volume depletion, while C1- can be resorbed to
altow HCO4™ excretion, and K* secretion allows retention of
H*, Thus, excretion of excess base and retention of acid will
promptly restore acid-base balance.

For the final exampie to detmonstrate neutral ion-acid base
interrelationships, consider the effect on the concentration
of neutral K* during treatment of an acid-base imbalance.
Careful monitoring of the patient is required to prevent a
life-threatening hyperkalemia from reverting to an equaily
serious hypokalemia during correction of metabolic aci-
dosis.

In response to an acidotic state, H* will move into the ceils
in exchange for K*. This leads to K* wastage in the urine,
hyperkalemia and a depletion of total body potassium, the
degree of which is not reflected in serum vaiues (9. Hyper-
kalemia, particularly in the presence of diminished urine
output, can lead to abrupt cardiac arrest. An example of such
a condition would be the osmotic diuresis accompanying hy-
perglycemic, diabetic ketoacidesis (10} or sodium wasting
associated with a low carbohydrate diet or during fasting (11},
As the acidosis is corrected by administration of glucose and
insulin in the diabetic or refeeding the starved patient, po-
tassium secretion into the urine and exchange of H* from the
vells for potassium may result in a hypokalemia severe enough
to require potassium supplementation. If unchecked this
hypokalemia can lead to serious cardiac arrhythmias,

Summary .

By considering the equilibria established in agueous ays-
tems such as body fluids, the competition among the elec-
trolvtes for donating or accepting protons aliows classification
of the solutes as acidic, basic, or neutral ions. Coupled with
a knowledge of kidney function, this information atlows de-
velopment of the interrelationships between electrolyte and
acid-hase balance in the body. Only then can the influence of
neutral ions such as Nat, K+ and Ci~ on acid-base homeo-
stasis be comprehended.
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The Bonds of Gonformity

W. A. Noyes and the Initial Failure of the Lewis Theory in America

Martin D. Salkzman
Providence College, Providence, Rl 02918

My own interest in the chemical side of the eleciron thecry
arose from an accident. Some twenty years or so azo {1898}, I had
oceasion to perform the old Hofmann experiment . . . The tube iz
filled with chlorine, and when a solntion of ammonia is added,
this chlorine should combine with an equal volume of hydrogen
and liberate the nifrogen with which the hydrogen was com-
hined.

Thus, Wiiliam Albert Noves (1857-1941} described to an
audience ai the Franklin Institute in 1918 (7) how he first
"became interested in the role of the electron in chemistry.

W. A. Noyes and several of his American contemporaries
were among the first chemists to utilize the electron to
explain organic structure and reactions. Their theoretical
framework proved to be faulty, yet it did show that in the
emerging American organic community there was an interest
in combining theory with empiricaily derived experimental
evidence. European organic chemists at this time were chiefly
concerned with synthetic chemistry, and theory was not
considered to be of any great importance, except in England.

Ironically, the early interes{ of American chemists in the’

electronic interpretation of organic chemistry proved to be
a major factor in why G. N. Lewis’ electronic theory initiaily
failed in his native country. Through the papers and letters
of W. A. Noyes {2), we will attempt to show why this hap-
pened.

William Albert Noyes obtained his PhD in 1882 with Ira
Remsen at Johns Hopkins after undergraduate studies at
Grinneil Coliege. Graduate education at Johns Hopkins was
organized in form and substance along the Germanic model
that Remsen had been exposed to in his studies with Fittig at.
Gottingen (1869-72). In contrast to Remsen’s lack of interest
in theoretical organic chemistry, Noyes, early in his career,
combined both fields along with an abiding interest in
chemical education.

Noyes' career involved academic and government posts
including service at Minnesota (1882-1883), Rose Polytechnic
Inatitute (1886-1903), National Bureau of Standards
{1903-1907), and finally the directorship of the chemical
laboratories of the Universify of Illinois (31907-1928). Ih ad-
dition, among his accomplishments were the first editorships
of Chemical Abstracts {(1907-1910), Chemical Reviews
(1924-1926), and The American Chemicat Society Scientific
Monographs {1919-1944), Noyes was also editor of the
Journal of the American Chemical Society from 1902--1927.
This was a crucial period for the Journal, as Noyes helped in
the merger of Remsen's American Chemical Journal into the
Journal of the American Chemical Society.

In 1901, when Noyes was at Rose Polytechnic, he assigned
as a senior thesis project the problem of the course of the
ammenia-chlorine reaction. The reaction was found to yiefd
lrcli]fl,;'ogen trichtoride and Noyes rationatized the results as

ollows:

1f we suppose what seems net inherently improhable, that all
reactions involving the decomposition of molecules are preceded
by ionization of the parts of these molecules, it wauld follow that
elementary molecnles icnize into positive and negative paris ().

_ At this point, Noyes was applying the concept of ioniza-
tion that Arrhenius had postuiated in 1887, In 1904, in his

Silliman lectures at Yale, 4. J. Thomson discussed the ar-
rangement of electrons in atoms and their role in chemical
bonding. Thomson’s modef was a modern form of Berzelius’
dualism in which the chemica! bond was formed by “loss or
gain of corpuscles of electricity which created charged species”
{4). Noyes later in 1904 at the International Congress of Arts
and Sciences held in St. Louis stated:

If, however, we accept the theory of electrons, it is evident that
the elecirons must be present in the molecule of an electrolyte no
matter in which manner it is formed. It iz but a step further to the
conclusion that the electrons are involved in every comhination
or separation of atoms and indeed, may be the chief factor in
chemical combination £5).

The concept of the electron as the basis of bonding was
also appreciated by other American organic chemists. Over
the next two decades attempts to apply the electropolar hy-
pothesis to organic reactions were made by Julius Stieglitz
{1867-1937) at Chicago, Harry 5. Fry (1878-1949} at Cinein-
nati, and K. George Faik {1880-1953) and James F. Nelson
(1876-~1965) at Columbia. These chemists along with Noyes
formed a distingt group who used what would become known
as the electron theory of valence as the basis of their ration-
alization of organic structure and reactivity.

Falk and Neison {6} used the electron theory for the ex-
planation of physical and chemical properties of organic
compounds. Fry (6} wrote several papers as well as a mono-
graph on aromatic substifution using the electron theory.
Stieglitz (6} thought that with the electron theory he had
discovered the hasis of why molecolar rearrangements occur
in certain organic compounds. Noyes himself did not con-
tribute much in the way of applications to organic chemistry
per se hut considered the larger problem of proving the worth
of the electropolar theory of chemical bonding. His eminence
in American chemistry was viewed as an imprimatur by his
colleagues in pressing their views against their critics. Their
views quickly generated a wide variety of criticism. Typical
of Noyes” work in this era (1912} was his paper on “Possibie
Explanation of Some Phenomena of Ionization by the Elec-
tron Theory” {7).

Structural formulas for compounds such as ammonium
hydroxide and nitric acid in use during this period as shown
below gave no elue as to why these compounds behaved as
hases or acids.

H

E .
L T o
HO—~N . H—0Q—N

When we write the formulas in the light of the electron fheory,
as shown in this diagram, we see that the negative oxygen of the
hydroxyl may be held strongly by the positive nitrogen atom of
the nitro group (NOyp), while it is not held so strongly by the nitro-
gen atom of the ammonium group (NH,). The nitrogen atom of
the lalter group has lost four electrons and gained one, if we as-
sume a jocalization of valence electrons (7).
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Implicit in the electron theory was the helief that if a
bund was formed by electron transfer from X to Y to produce
the product X*+Y™, the reverse process could aiso occur to
produce X~ Y*. These two compounds were referred to as
electronic isomers or electromers. Noyes attempted to produce
the pair N+3Cl;~ and N~3Cly* in order to prove the electron
theory of valence. The compound N~Cl;* had already been
prepared, and Noyes stated that if the other electrons could
be prepared then:

The discovery of such a compound would make it seem proba-
ble that electrical charges are present in compounds and are not
merely found during ionization of ¢compounds in solution, This
would give support to the hypothesis that atoms are held in com-
bination by electrical forces {8).

The attempts to prepare the electromer N*3Cl3~ or for that
matter other electromeric pairs always failed, bui this did not
dim the enthusiasm of Noves and his ¢ircle for the hypothesis,
The intringic problem with the theory can be viewed as fol-
lows. How do you treat bonding in ethane, for instance? Is one
carbon positive and the other negative? As Stewart Bates
remarked in 1914.

1t is difficult to conceive of two methyl groups in ethane as
being so different from one another as would be the case if one of
the molecules is positive and the other negative. In the vast num-
ber of reactions, two halves of such molecules react iu an identical
manper (9),

The electron theory fails totally when applied to arganic
compounds, in which polarity does not exist.

Yet Noyes, Stieglitz, Fry, Falk, and Nelson persisted against
their detractors. To their credit these classically trained
chemists were pioneers in the early development of physical
otganic chemistry in America. There was much interest in
their ideas internationally as evidenced by an entire chapter
devoted to the electron valence theory in Heinrich’s “Theories
of Organic Chemisiry.” The 1921 edition transtated into En-
glish by Treat Johnson of Yale was used extensively ih grad-
uate courses here and abroad in the 1920°s. There is no men-
tion at ail of the Lewis theory in the text and the only reference
is in a footnote.

By 1914 J. J. Thomson had modified his views concerning
valence (10) to include nonpolar bonds. These coutd be formed
by two similar-sized atomic spheres overlapping with the
elactrons shared equally. Thomson envisioned tubes of force
emanating from the electron of one afom somehow anchoring
itself to the nucleus of another atom and vice versa. This
would lead to a nonpotar bond with the minimal numher of
electrons being two.

In 1915 two significant papers concerning bonding came
across Noyes' desk as editor of the Journal of the American
Chemical Society. One was by Albert Parsons (1882--}, and
the other by Gilbert Newton Lewis (1875-1946). Both offered
a comprehensive rationale for how all types of bonds found
in both organic and inorganic mojecules could be understood
on a single theoretical basis.

Parsons’ conception of valence involved the production of
magnetic moments by the circulation of electrons in atoms.
These magnetons, as he called them, were located at the
corners of a cube and could be shared in a variety of ways to
produce the gradation in polarity found in F; and HF, for
example. Noyes was forced to reject the paper because, as he
recalled later (2a), the Canadian physical chemis{, Wiiliam
Lash-Miller, as one of the reviewers, had insisted that it was
physics and not chewistry. Julius Stieglitz, a member of
Noyes’ circle, however, strongly recommended its publication
(2a). Noyes saw merit in Parsons’ idea, as did G. N. Lewig, in
whose department Parsons worked, and he arranged to have
it published in the Smithsonisn Institution’s Miscellaneous
Collections (11). :

Noyes’ response to the magneton theory can be found in a
lecture on valtence delivered in 1917 and repsinted in the
dJournal of the Franklin Institute in 1918.
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The magneton theory of the structure of the atom has aiso heen
developed and elaborated by Parsons. It cannot account for ion-
ization, where, if we accept the electron theory at all, electrons
must be transferred completely from the posilive atom or group
to the negative {12). i
The Lewis paper which was accepted and appeared in

Aprii 1916 issue of the Journal of the American Chemical
Sociefy was entitled simply “The Atom and the Molecule”
{13). In this paper Lewis described how by treating the
chemical bond as an electron pair one could rationalize ail the
various types of chemical bonds as one continuum. Interest
in the Lewis theory in America among organic chemists was
minimal in the next decade.

We shafl now try to probe the reasons for this lack of in-
terest hy looking at the way Noyes reacted to the Lewis theory.
His problems mirrored the difficulties other American organie
chemists had with Lewis’ theory. One of the first recorded
reactions of Noyes to the Lewis theory was his address to the
AAAS meeting held in Baltimore on December 27, 1917, His
lecture was later reprinted in Science in 1919.

G. N. Lewis has proposed the hypothesis that carhou com-
pounds are not held together by polar vaiences becausé they do
not readily ionize, It seems possible that this is true in some cuses,
but it is difficult to believe that there is any essential difference
between the reaction of methy] iodide with silver nijrate and that
of potaasium iodide with the same agent (74).

In February 1917, Noyes himself published in the Journal
of the American Chemical Society some new ideas about
bonding in a paper, “A Kinetic Hypotheais in Explaining the
Function of Electrons in the Chemical Combination of Atoms”
{15). The sssumption was made that a single valence electron
in rapid motion would bind two atoms by the interaction of
the negative electron with the two posifive nuclei. For carbon
atoms, Noyes drew the following picture:

-
; i
! ¥

Why did other organic chemists have such difficulty with
the electron-pair concept? Ome reason for this was G. N. Lewis
himgelf. From all indications it appears that Lewis had little
interest in organic chemistry. In his 1916 paper as well as his
1923 monograph *Valence and the Structure of Atoms and
Molecules” few if any substantial examples of application to
organic molecules can be found. Lewis was aiding by these
omissions the chasm that was perceived to exist between
physical and organic chemistry by their respective practi-
tioners. Further evidence comes from the way Lewis built the
department at Berkeley which he took over in 1912, He re-
cruited a group of highly innovative inorganic and physical
chemists bui seems not to have done the same for organic
chemistry as Melvin Calvin (16) relates “From that time on,
all the rest of the department of chemistry were homemade.”
(zerald E. K. Branch was the anly member of the department
publishing in the area of organic chemistry between 1916 and
1926, His work for the most part was synthetic in nature,
though he did do some kinetic siudies, However, his papers
do hot use or mention the Lewis theory during this period.
Branch in the 1930’s would become one of the leaders of
physical organic chemistry in America, however, primarily
through his close contacts with C, K. Ingold whick commenced
in that period.

Lewis’ work also could not have appeared at a more inop-
portune time in terms of its heing accepted. European
chemistry had come to a virtual standstill because of the war.
With America’s entry into the war Lewis himse!f was elimi-
nated from further work in electron pair bonding because he
Jjoined the chemical warfare service. When he returned from
France in 1919 he devoted his research efforts to thermody-
namics and not to the electron pair hond.

In 1919, krving Langmuir (1881-1957) at the General
Klectric Company took up where Lewis had left off. His series




of three papers appearing between 1919 and 1920 further
ampiified the electron pair concept and introduced the octet
concept in detail (18). Langmuir was a tireless proselytizer for
the electron pair and he gave many talks here and abroad. One
of these speaking engagerments was at the University of linois
where Noyes was the head of the departmeni. This occurred
in 1919 and was the result of a correspondence that had been
taking place between Langmuir and Noyes concerning va-
lence. Noyes at the time was preparing his “A College Level
Textbook in Chemistry™ and was eager for “criticism of this
chapter {valence}, and a statement of those parts of the
chapter which seem inconsistent with the facts which are
known about chemical combination (2¢).”

The following is from a letter dated May 6, 1919, from
Noyes to Langmuir and shows clearly the ccnceptual problems
Noyes was having:

Accordiug to your theory, methy] iadide is & non-polar com-
pound, while ammonium iodide and sodium iodide are polar, but
methy! todide reacts as readily with silver nitrate as do the ather
ecompounds, and in the reaction the iodine is almost always re-
placed by & negative atom of the group in nermal douhle decom-
position, while by your theory it should be replaced with equal
ease by negative or positive atoms. Your theory supposes that in
the combination of two atoms, the valence electrons are drawn to-
gether . . . how do you aecount for 17 {2¢)

In response to these points raised by Noyes, Langmuir wrote
on May 9, 1919;

The octet theory indicates in methy! iodide a pair of electrons
is held in common between the carbou atom and the iodine atom
and in this respect differs radically frem sodium iodide. ... The
fact that methyl iodide reacts so easily with silver nitrate simply
indicates that the iodine atom is capahie of detaching #self readi-
iy trom the CHj group leaving the latter temporarily positively
charged, and that in such a condition that it reacts readily with a
negative group {Zc}

As to the reason why two electrons form a stable pair,
Langmuir could only atlude to what he believed to be well-
known chemicat facts that support the electron pair acting as
a single bonding unit. In one particular instance Langmuir
writes “the isomerism of nitrogen, phosphorous, and sulfur
compounds etc., is completely expiained by the octet theory,
always considering however that a pair of electrons which is
shared hetween two atoms acts as though it is concentrated
at a point. Thig not enly explains optical isomerism of sub-
stances such as amine oxides of the type ONR, R+, R, but also
expiains 1he isomerism of tervalent nitrogen compounds such
as ketoximes, diazo compounds, etc. {2¢}.”

The last known letter from Noyes to Langmuir dated May
23, 1919, contains the following:

1 ¢an see no reason, other than your theory, for thinking that in
the reaction bheiween methyi iodide and silver nitrate an iodine
alom which is not vegative becomes so during the reaction and
that a nitrate ion which is negative changes to a group that is not
negative. [i seems to me much simpler to snppose that methyl io-
dide undergoes a trifling ionization and that the reactions are
alike instead of radically different {2¢).

The depth of commitment Noyes and his contemporaries
had to the electropolar school of valence could not be changed
easily. A 1920 paper by Eustace Cuy entitled “The Electronic
Constitution of Normal Carbon Chain Compounds” (19} is
based on the assumption “that carbon compounds are polar
in nature and that carbon atoms in a chain tend to assume
alternately positive and negative charges” {19}, No mention
of Lewis-Langmuir theory is made, and this is not an izolated
example. The inteilectual hurdies the Lewis theory faced in
its acceptance against the well-entrenched, but fallacious,
electropolar theory were enormous.

Noves, although skeptical like the majority of his colleagues
of the electron-pair bond, sought in the early 1920’s to provide
experimental evidence either for or against the concept. In

1921 {20}, he reported again on his attempt to prepare the
electronic isomer of NCl; where the nitrogen would be in the
plus three atate. As he stated “the question of whether there
is a transfer of an electron from one to another in all forms of
chemieal comhination or whether this occurs only in the so-
called ‘polar’ compounds, and the question of whether atoms
are held together by a singte electron or by pairs of electrons
may welt still be open” (20), and this would be settied by this
investigation. He was quite convinced at the time of the ex-
istence of Clt from his earlier studies of N-3Cla* and if he
could prepare N+3Cl3~, then it would yield C1— and thus show
the validity of the electron theory he had supported.

‘I'his compound could not be prepared, and the most Noyes
was willing to conclude was as follows:

So far as negative results have values, the experiments favor
Professor Lewis” hypothesis that electrons are held jointly by two
atome rather than the view that electrons are transferred from
one atom to the other when atoms combine {2(}.

Noyes carried on an active and extensive correspondence
with G. N. Lewis {2u,b). Even by 1923, Noyes stil} did not fully
understand the value of the Lewis theory in organic chemistry.
On June 4, 1923, {2a2) Noyes wrote to Lewis the following upon
review of the galley proofs of the Lewis monographb “Valence
and the Structure of Atoms and Molecules™:

This leads me to the suggestiou that the separation into posi-
tive and negative parls takes place in the immediate presence of
some reacting element or compound, This, as you will see, places
the emphasis nut on the condition of the element in the com-
pound, but on its conditiun during its transfer from one com-
pound toanother. In light of your theory of pairs of electrons, this
seems to be an almost necessary corollary of that theory. Fn accor-
dance with this tendency of elements to separate from others
with or without the pair of electrons, it seems to me perfectly
‘proper to designate some atoms as positive and others as negative
{2a).

Even such a succinct statement of Lewis’ position as occurs
in a letter dated July 27, 1923, (Z2a) did not change matters
sighificantly.

You seem i intimate that I have made a distinction between
polar and non-polar bonds. Never have I done this, nor do I see
the slightest occasion Lo, whether the bended atom is hydrogen or
any other. In cases of complete ionization, we have the bond bro-
ken and it ceases to exist, hut I recognize one type of bond which
is the electron pair, In so far as it shifts from the electrical center
of gravity it makes the melecule more polar, I think it would be
rather unfortunate Lo perpetuate the misleading terms pofar and
non-palar bond {2¢). (These terms bad heen introduced by
Langmuir},

In the ahove cited letter of June 4, 1923, Noyes made the fol-
lowing comment about the efectron-pair bond, “} have not
found in your book one clear statement of any forces, other
than static ones hetween electrons and positive nuclei and
magnetic forces between electrons.” Noyes in retrospectin a
fetter dated September 9, 1932, to Robert Robinson, stated
that in this peried the major difficulty he had with the Lewis
theory was that it was “very artificial and I was repelled by it”
{2a}.

The year 1923, however, marked a turning point in the ugse
of the Lewis theory in organic chemistry, During the preceding
seven years in America, the electron pair theory had been met
with etther indifference or skepticism as to its usefulness.
Applications of the Lewis theory by physical and inorganic
chemists of f.ewis’ circle had been published. Except for a very
few tentative uses by organic chemists such as James B. Co-
nant (27} of Harvard and Wallace Carrothers {22} of Illinots,
most American chemists were content simply to ignore elec-
fron considerations of bonding. However, on the other side of
the Atlantic in Engiand a lively interest had heen growing in
the use of the Lewis theory. This may have heen sparked by
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Langmuir’s series of lectures on the electron pair bond in 1919
at the British Association for the Advancement of Science
meeting in Edmburgh A smal} but influeniial group of
chemists began usihg the Lewis theory as a focal point of their
research efforts, .

Robert Robinson (1886-1975) and Thomas Martm Lowry
(1883-1935) were the leaders of this group. They would later
be joined by Christopher K. Ingold (1893-1970) who would
expand the work started by Lowry and Robinson. Both Lowry
and Robinson had matired in an environment which looked
upon chemistty as a trilly organic subject. The melding of
physical and organic chemistry was initiated by Lowry’s
mentor H. E. Armstrong (1848-1937) and continued by
Robinson’s colleague Arthur Lapworth {1872-1941), also an
Armstrong student.

Lowry in 1923 organized a two-day symposium at Cam-
bridge entitled “The Electron Theory of Valence” (23) with
J. J. Thomson as the chairman and G. N, Lewis.as the keynote
speaker. The first day of the meeting was devoted to the
physical aspects of the theory and the second day was reserved
for the applications to organic chemistry.

In his opening address on the second day, T. M. Lowry
stated:

" Butit was, I beiieve, left to G. N. Lewis to complete the elec-
tronic theory of vatence by finding a mechanism for the non-polar
bond of organic chemistry, namely a sharing of electrona in order
to make up for & shortage in the number required to provide each
atom with an independent stable group {25).

There foliowed papers by Lowry, Robingon, and Lap-
worth which shiow a remarkable understanding of the Lewis
concept of boriding and its role in organic chemistry. Noyes,
who seems to have been the only American organic chemist
present, contributed to the discussion with his analysis of
amine oxides. The basis for Noyes’ contribution was the work
of Lauder Jones; one of the members of the American elec-
tropolar schoel and a colleague of Harry Shipley Fry at the
Univeraity of Cincinnati, In 1914, Jones proposed that the
nitrogen atom in amine oxides forms a double bond with
oxygen (24). The double bond was viewed as having hitrogen
simuitaneously donating and accepting a pair of electrons.
Noves used the analogy of hiydrogen peroxide where the
cleavage of the peroxide Hikage results In one oxygen being
positive and ohe negative. He then proposed the following
Tormula for {rimethyiamine oxide:

{CH;1:N* .o

The position of the colons, which ate used to represent pairs of
elettrons, is intended to indicate that one pair elings to nitrogen
and the other to the axygen in the reactions of the compound;
The unicn between oxygen and the nitrogen has all of the usua}
chigracteristics of a double union between oxygen and carbon. . ..
The manner of writing this formuls indicates that ju reactions the
upper pair of electrons always remains with nitrogen while the
lower remains with oxygen. . . . {23).

Latet in the day (G, N. Lewis corrected Noyes erroneous pen-
tavalent nirogen in amine oxides by postulating that the bond
between nitrogen and oxygen was a single bond in which ni-
trogen donates the electron pair to form the band. Lewis of-
fered for proof for his structure that amine oxides add a proton
to thie oxyzen in absolute alcohel, “a phenomenon which could
hardly be explained an the theory of quinquivalent nitrogen™
(23).

- Noyes came away. from the symposium still not totatly
convinced of the worth of the Lewis theory. He couid not have
failed to iave been impressed by the enthusiasm and inge-
nuity of the English in the application of the electron pair
concept. His continued commitment to the electropolar theory
is evident from a shori note in the December, 1923 issue of the
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Journal of the American Chemical Society (£5), in whiich he
tries to reconcile the Lewis electron pair with the electron
theory of vaience. Noyes saw the need for the use of the elec-
tron pair but could not see how it could be used in the reac-
tions of organic molecules which seemed to involve ions, He,
therefore, stated that if one assumed “that when the molecule
separates into two atoms, in a reaction with some compound,
the pair of electrons usually remains with one of the atoms,
which is therefore negative while the atomn which separaies
without the pair is positive” (25). Thus, he believed both views
of bonding could live together in harmony.

The desire to use the Léwis theory in American chemical
education was expressed in 1925 by Morris Kharasch. Before
the Divigion of Chemical Education he argued for the use of
electron theory “to put a soul into the teaching of organic
Chemistry” (26). Yet Kharasch was reluctani to subscribe
fuily to Lewis’ theory himself as he stated “that considerahle
caution must be éxercised in the interpretation of organic
reactions from this new standpoint™ {26).

In his texthook “Organic Chemistry” {1926} Noyes refers
to the work of Lewis as it can be used for the “interpretation
of some of the phenomena of organic chemistry.” He then
returns to mxteratmg his positive- negat:ve appreach to reac-

tion mechanism in which every atom in a bond is potentially -

either a positive or negative ion butf not necessarity by cleavage
of the pair. Thus, even at this junction there was Iess than total
understanding of what Lewis liad done. A smaii number of
organic chemists in America appreciated the usefulness of the
Lewis theory but their influence was practically nil at the time.
They themselves were still not totally familiar with how to use
it. A good exampie of this ig the woik of Howard Lucas
{1885-1963). Lucas published a series of three papers in 1924
and 1925 concerning electron displacement in aliphatic
compounds {27}. The focus of this series was an effort by
Lucas to show that the notion of alternating polarity in carbon
chaing, such as represented in the work of Cuy (19) previously
mentioned was impossible. In the view of Lucas “the prop-
erties of many classes of organic cornpounds can be accounted
for satisfactorily on the basis of electron displacement”
{27a).

Laicas uses the dot notation of Lewis to explain the course
of addition of HI to propyiene, acrylic acid, and dimethylal-
tene. In the case of acrylic acid displacement by “the strong
pull of carboxyl on the electron pair, is toward the carhoxyt
as shown

HH
HCCCODH

which may be written CHyi=+«CH*~COOR. When hydrogen
iodide adds, iodine goes to the beta position:

- CHp#zCH+-COOH + H* + 7 — I"TCH#~CH~COOH

The assumptlon of alternating polarity of carbon atims is
unnecessary.” Lucas appreciated the simplicity of explaining
reaction mechanism by the Lewis theoty but bis use of the +,
— formulae created confusion as to whose ideas he was
using.

By 1925 in the U:S. there was an appreclation by & smail
group of organic chemists of the need i use and teach the
Lewis theory. However, the theory had made little headway
and was for ail inteénts and purposes a failure in the country
of its origin. In England by 1925 Robinson had almost com-
pleted his study on the application of the Lewis theory to the
chemistry of conjugated systems. His work would result ina
comprehensive theory of organic reactions on an electron basis
utilizing the electron pair as the focus {28),

s



Why did the Lewis theory succeed in Engiand and not in
America? Earlier both Robinson and Ingold had been infat-
uated with other theories of bonding such as partial valerce
and strict polarity. Howéver, they were not as rigid in their
viéws as most of their American counterparts. They could see
that the Lewis theory could explain so much of organic
chemistry without resortmg to untenable hypotheses such as
an electropoldr bond in carbon chains. In contrast to their
Ainerican colleagues who were well along in their careers,
Robinson and Ingold in particuiar were still very young and
vigarous.

Several unique factors existed in England which contrib-
uted $¢ the adeoption of the Lewis theory. Among these one can
point o the limited number ahd proximity of educational
centers in England as well as the hierarchical organization of
university departments. In America those who were interested
in the application of electron theory to organic chemistry were
widely dispersed: Lucas in California, Noyes in Elineis, and
Conant in Massachugetts. In England, the short distances
between the major centers of electromic theory; Oxford,
Cambyridge, Manchester, and Liondon assured that frequent
and direct communicatjons occurred. Numerous meetings and
symposia such as the Faraddy Symposmm of 1923 could be
organized and attended by leaders in the Geld without in-
volving major commitments of titne and resources,

Graduate education in Ametica in the period of 1919-1925
was dispersed over some forty golleges and universities. In
England only a handfil of universities offered the opportunity
to qualify for the Phl) or DSe. The spread of new ideas was
more likely 1o take place when student density was so }ughiy
concentrated. There was only one professor of organic
chemistry in each of the major British cheinistry departments.
"Thus, they had tremendous power and influence as contrasted
to those who were part of the more dewmocratic organization
of American chemistry, This hierarchical system aided in the
spread of new ideas, Robindon and Ingold generally would
staff their section with former students who would carry on
a close collaboration with their mentors. Thus, those who were
famitiar with thé new electronic interpretation were hound
to spread {urther the Lewis theory as they participated in
training a new generation of studerts.

The excellent correlations that were obtained between
theory and experimental facts by the English schoot (29) 4s
it became known in America made it impossible for the bulk
of Americao organic cheémists to ignore the Lewis theory any
further after 1926. With the rise of a new generation of
American chemists, the Lewis theory was readily adopted
during the 1330°s. Noyes himself was able to overcome his

difficulties and proeduce several excellent review articles which
extolled the merits and the use of the Lewis theory {30). In
1934 (31), Noyes corrected Robinson for his sioppy use of
symbolism and nomenclature in Robinson’s 1932 pamphlet
outlining the latter's electronic theories. The Lewis theory
{inally had succeeded in America!
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The “6N+2 Rule” for Writing Lewis Octet Structures

Melvin E. Zandler and Erach R. Talaty
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Lewis octet structures (LOS’s) constitute an overwhelming
majority of the structures that students encounter in & course
in general chemistry, organic chemistry. or biochemistry.
Hence, the writing of LOS’s corresponding to a given molec-
ular formula is an important exercise for them. The ability of
students to write these structures correctly, and then to cal-
culate the formal charges of the atoms involved, is a prereg-
uisite to understanding such topics as acidity and basicity,
resonance, maolecular geometry, structural isomerism, and
reactivity, Thus, if Lewis structures are written for all of the
oxyacids of chlorine, their observed increase in acidity as more
oxygen atoms are attached to the chlorine atom can he ra-
tionalized by an increase in format charge of the central atom
in passing from HCIO to HC1O: to HCIO3 to HCIO,, Deter-
mination of the structure of an organic compound from ele-
mental analysis and spectral data requires the ability to choose
among a set of jsomeric Lewis structures. Despite the un-
questionable necessity of learning how to write Lewis strue-
tures, many texthooks de not give any procedures for writing
such structures, Some textbooks do provide equations or rules,
‘but they appear to be unnecessarily complicated and too
difficult to be remembered (7-5). An earlier article in THIS
JOURNAL gave rules that are useful for writing resonance
structures (6},

The “gN-+2 Rule”

We recomimend a set of instructions for writing LOS's which
incorporates as a central feature the application of a simple
rule, which we call the “6N+2 Rule.” The basis of the ruie is
illustrated in Figure 1 in which LOS’s of progressively larger
polyatomic molecules or ions, each contaming only single
bonds and no rings and each having been stripped of its hy-
drogen nuclei, are depicted. A dash is used here to represent
a'bonding pair of electrens, whereas dots are used to denote
lone paizs. It will be noted that the initial atom has {2+6) va-
lence electrons and the further addition of each heavy atom
{i.e., an atom other than hydrogen) is accompanied by the
incorporation of six valence elecirons into the structure, Thus,
the “6N+2 Rule” states that 6]V -+2 vaience electrons are re-
quired to write an all-single-bonded, noncyclic Lewis octet
structure, where N = number of heavy atoms in the molecule.

Figure 1. All-single-bonded, noncyclic Lewis octet structures.
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This rule leads to quickly recognized “magic” numbers of
valence electrons (8, 14, 20, 26, 32, 38, etc.) for compounds
devoid of multiple bonds or rings,

Now, an extra bond can only be introduced into any all-
single-bonded, noncyclic Lewis octet structure that is shown
in Figure 1, without violation of the Octet Rule, at the expense

This featura is aimed as a review of basic chemical principles and as
a reappratsal of the state of the art. Comments, suggestions for topics;
and contributions should be sent to the feature aditor.
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Figure 2. Formation: of an extra bond at the expanse of two lane pains of electrons
and rasulting in muitiple bonds and/or rings.

of two lone pairs, as shown in Figure 2, In other words, each
extra bond, by serving the same purpose as two lone pairs,
leads to a reduction in the total number of valence electrons
required for a Lewis octet structure by two, Hence, if a given
compound has less than (6N+2) valence electrons, it must,
within the framework of a Lewis octet structure, accommodate
this shortage by forming one extra bond for each deficiency
of two valence electrons, resulting in the production of mul-
tipls bonds and/or rings! {one double bond ar ring for each
extra bond, and one triple bond for two extra bonds). ¢If
non-octet structures are allowed, then a compound can ac-
commodate fewer than (6N +2) valence electrons by utilizing
three-center bonds as in BoHg, by incorporating atoms that
are relatively stable with fewer than eight electrons in their
valence shell as in BF3, Ag{NH3};* or LiCHg, or by employing
more unconventional structures as in Fe(CsHs)o. OF course,
the “6N+2 Rule” would not apply to an ionic compound
considered as a sinple entity but rather to each covalently
bonded fragment ¢on).}

¥ hydrogen atoms are added to any of the structures written
in Figure 1, the total number of valence electrons is still (6N +
2} because each new bond {to a hydrogen nucleus) replaces one
lone pair, as shown in Figure 3. Therefore, the “6N+2 Rule”
ignores hydrogen atoms and N aimply represents the number
of heavy atoms.

. aw [ s

:5(--2<-~X———>i<' '

'L - l .
30 - X X 3a8e

)
- H.......x..._ )I(........ >I<......
H X
.y . I
Figira 3. Tha addition of hydrogen aloms at the expense of lone pairs of electrons
with no change in the totat number of valence electrans.

Instructions for Drawing LOS's

We can now recommend rules for drawing ali “chemically
reasonable” 1.08's for a given formula of a covalent compound
or of an ionic fragment, if the compound is ionic. These rules
for “chemically reasonable” LOS’s are intended to be brief,
easily understood statements that exclude most structures
normally considered to be unstable while retaining most
structures corresponding to stable compounds. Their basis
lies in the principie that the absolute value of the formal
charge? of all atoms in stable compounds tends to be zero, ie.,
it takes energy to separate unlike charges. Thus, axygen linked

by two bonds, nitrogen by three bonds, and carbon by four
honds each have zero formal charge.

Rutes for Writing Lewis Octet Structures

Divide the compound into its ionic or molecular fragments
and for each fragment follow the steps described helow:

1} Caleuiate V, the total number of valence electrons in the frag-
ment.

2} Caleulate 4, the number of valence electrons required for an
all-single-bonded, noncyclic Lewis octet structure, using the
“6N+2 Rule”, where N is the number of non-hydrogen
atoms.

3) Caiculate EB, the number of extra bonds, by subtracting the
answer in step {1} from that in step (2} and dividing the resulting
difference hy 2: EB = (4 ~ V}/2; for example, if 4 minus V is
4 electrons, then BB = 4/2 = 2, and there must be either 2 doubie
bonds, or 1 tripie bond, or T double hond and 1 ring, or 2 rings
present in any octet structure.

4} Arrange the heavy atoms {atoms other than hydrogen) in all
possible unique and “chemically reasonable” ways, ntilizing
double and triple bonds and rings, if any, to account for the extra
bonds.

5) Add all hydrogen atoms, starting first with carbon, then add tene
pairs until all heavy aloms have an octet {four pairs).

6) Check to sae that the total nnmber of electron pairs in the
stracture is equal to the number of valence electrons present
{step {1)} divided by 2, viz., V/2. (Note: These two quantities
will agree with each othez, unless a mistake has been made in
one of the earlier sieps.)

Rules for Writing the Mast “‘Chemically Reasonabie”
Arrangement of Atoms in a Lewis Octet Siructure

1) Hydrogen atorms may never form more than one covalent bend;
therefore, they must occupy a terminal or peripheral posi-
tion.

2) Carbon atoms nearly always form four bords in stable com-
pounds: hence, they almost never have lone pairs {common ex-
ceptions include C(, CN™, carbanions, and compoeunds con-
taining the - NC {isocyanide) group).

3) In stable structures, nitrogen usually forms three bonds and
oxygen forms two bonds; however, there are several exceptions;
e.g., NH;*, HaO%, 02, HNO;3, HNj, ete.

4} Oxygen-to-oxygen bonds (peroxide linkages) are rather unstable;
i.e., 00 bonds are to be aveided, if possible.

5} Symmetrical arrangements are most commeon,

6) If the molecule or ion is of the form AB,, it is quite common for
A te oocupy & ceniral position bending to a8l of the B atoms.
[However, B wiil be the central alom if its covalency or elec-
trovalence is higher than that of A. For exampte, N3O is
N-~N-—{ rather than N—0—N.}

Rule for Caiculating the Number of Valence Electrons

For the atoms belonging to the A subgroups in the Periodic Table,
the number of valence electrons is simply equal to the number of

1 According to RJPAG Rules, the definition of the number of rings in
a polycyclic compourd is the minimum number of cuts that must be
made in the compound in order to convert it into an open-chain com-
pound, This definition is precisely in agreement with the number of rings
calculated by appfication of the “6M-2 Rule” to a polycyclic syatem
{see example {4)). The agreement follows from the fact that the exira
bonds introduced into a noncyclic structure o produce a polycyclic
system, ae in Figure 2, could be the very bonds that are required to be
cut in the reverse process by IUPAC RAules.

2 Formal charge is computed by dividing bonding electrons equally
between bonded atoms. Thus, formal chargs equais the group number
of the elememnt minus the number of electrons in the form of jons pairs
on the atorm minus the number of bonds.

FO=GN—2{P~ 8
where £C is the formal charge of atom, GNis the group number of el-
ernant, LPis the number of ione pairs on the atom, and 8is the number
of bonds attached o the atom. For example, there are no formal charges
on the atoms in HOC!, but ihere are formai charges presernt in HCIO.
1 -
H—6—Cl: H-Ch—0r
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the group. Thus, the number of valence elecirons present in a
molecule is equal to the sum of the number of atoms of each kind
multiptied by the group number of each atom, For an ion, the net
charge must be taken into account; that is, negative ions coutain
extra electrons and positive ions are deficient in electrons,

Exampies

CoHsF
V=(EX4+(BX1)+{I X7 =20
A={8X3}+2=20
ER = (20~20)/2=0
Hernece, no muttipie bonds or rings are present and the LOS is

MNote that

is obviously “chemicalty unreasonable™ since carbon has a lone pair
and consequently forms only three bonds.

cd,

Ve {1 X4+ {2X6)=16

A=(6X3+2=20

EB = {20 - 16)/2 = 2

Poasibilities: 2d; 1d + 1r; 2r; 1¢

(“d” denotes double bonds, “r” denotes rings, and “t” denotes tri-

ple bonds.}
The LOS, then, requires two extra bonds. The possibility of incor-
porating $wo rings is not aljowed with three atoms, while one ring and
une double bond would require a peroxide linkage. Thus, the allowed
1.05s are

O==Cemd and :0--Cx20: or 10:=C—3:
24 1t 1

The last two resonance structures are of higher energy because of
non-¢zoero farmal charge, which should be readily apparent to students
because oxygen has more than or less than two bonds,

CaHyOp

V{0 X4+ {(4X 1)+ {2XEB) =24

A={BX4)+2=26

ER = {26 ~24)/2 = ]

Possibilities: 1d; ir.
Hence, a LOS must have i douhle bond or 1 ring. Possible “chemi-
cally reasonable” LOS's are

H :Q:' H 10 ;;i'. H
HA(JT‘-—-E“-HQMH H-«Jf—wfii—gw—ﬂ H—é?“!%—i’-?-"ﬂ
H H

wmethyl formate (3d) g&ycnmdehyqe {1d}

Hi/ \f“ﬁ”"
H H

acatie acld (1d)

i

oo ..
B O—C=C—@—~H

: i:i—{it—-vH
HW(I‘,—Qt not stable {1d}
0 ' not styhle (1r}

1.3 dloxetane (1r)
Note here that the method leads fo several interesting structures

corresponding 1o C2aH4O4 that elementary students can easily write.
However, they would need more experience in chemistry to sppreciate
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the fact that the last two LOS’s are unstable. The formulation of ad-
ditional rules at this point, however, would probably be unwise.

CeHg
Ve@ExX4d)+{6X1)=30
A=(6X8)+2=38
ER={38-30)/2~4
Poasibilities: 4d; 3d + {r; 2d + 2¢; Ed + 315 4rg 26; 3¢ + 2d; 18 + 1d
+ 1 14+ 2r
Among the various LOS's that correspond to the requirement of EB
= ¢ gre the following:

H . H A

1,2.4,.5-hexatelraene {4d} H
cyclohexatriene
{3d + ir)

H
' ]

. T
H—Cs0- ~—Cz=C—H oy | H
i Hortl_|_£r—H
B

1.5-hexadiyne (2t)
Dewar benzene

{2d + 2r)
H H
N e
i
i oy / \ N \
H /=R e f—0— gy
g = ~
n _ H
benevalene Drismane
{1d + 31} (4r)

While the presence of one and two rings in cyelohexatriene and Dewar
benzene, respectively, will be easily discezned by students, it may not
be immediately apparent to ther (nor even to experienced chemists
unfamiliar with the nomenciature of polyeyciic hydrocarbons) that
benzvalene and prismane are considered to be trieyelic and tetracyelic,
reapectively {see Footnote 1).

N, 50,
If NaaB0, is considezed as a single entity,
Ve{2X D +{IX6+{4X6)=232
A=EXTI+2=44
EB=8
Possibilities: Many.
It is immediately seen to be unreasonable to write an LOS for this
entity hecause it would entail the placing of eight electrons around
zodjum and a farge number of multiple bonds or rings. Since this
compound is fonie, it must be divided into its tonjc fragments before
the “6N+2 Rule” is applied. Thus, consideration of Na2S0, as 2Na*
plus 80,2 leads o the writing of a LOS for 80,2~ For 80,2,
V={IX6j+{4dxX6i+2=232
A=(BX5)+2=32
EB ={32~32)/2=0
Hence, the LOS is
10 h
1G5
HeH
Nate: Sulfur may expand its valence shell ta reduce the high formal

charges in the octet strueture. Thiz consideration feads 1o the Lewis
non-octel struciure

F.



NoH4 04

Ve2X8)+ (4 X1} +{3%x6)=232

A=(EX8)+2=252

EB={32-321" =0

1f NgH40; represents a covalent molecule, then our rules would
lead, for example, to the following LOS as one of several alternative
structures:

H

!
: :?
—H

Z— Qg

H— —0—H

Note: Consideration of NoHy(3 as a single entity led to EB = 0 and
to the conclusion that this molecule must have afl single bouds and
no rings.

However, another way to satisfy the requirement of zero extra
bonds is to have g double bond in one part of the compound and to
have a compensating zere bond in another part (namely, two jonic
fragments}. Thus, consideration of this formula for an ienic compound
Teads to the writing of separate LOS's for NH,* and NO3 ™. Although
no definite rules can he giveu to indicale to students which atoms
shoutd be grouped to form the two ions, the students might, as an aid
in the present exampie, use rule {6} for writing the most “chemicaily
rezsonahle” arrangement of atoms in 108, namely, molecuies or ions
of the form AB,. For NH4*,

V={1X&8+{1x1)~-1=8
A={EX1}+2=8

ER =0
Hence, the LOS is

For NOs—,

V=(1X&+Ex8)+1=24

A={6X4)+2=26

EB = {26~ 24)/2 = 1
Since peroxide linkages are to be avoided, a cyclic strurture is not
written, and, even though two of the oxygen atoms have a format
charge of ~1, a “chemically reasonahie™ L.OS (resonance structure}
is

—&

N==0

Non-Octet Structures

Lewis structures in which more than eight electrong sur-
round an atom are possible if this atom is that of an element
found in the third row or a subsequent row of the Periodic
Tabie. For such structures, the total member of valence
electrons required to insure the absence of multipie bonds or
rings will exceed that calculated by the “6N+2 Rule.” Hence,
the “6N+2 Rule” ig not applicable to these non-octet Lewis
structures. However, the following generalization of the rule

could be used in such cases: the total number of valence
electrons required to write an all-single-bonded, noncyclic
Lewis structure is {2 + 6N + BN 3 + 10Ny +., . ), where N,
Nig, Nia, . . . are the number of atoms surrounded by 8, 10, 12,
. . . electrons, respectively, and again hydrogen atoms are ig-
nored. The presence of multiple bonds and/or rings will be
required in molecules which have fewer than the total number
of valence electrons given by this formula. Although one may
not be able to predict which atoms will expand their octets and
to what extent, the generalized rule provides a student a way
of discovering alternative non-octet Lewis structures.

The “6N+2 Rule” is inapplicable as well to molecules such
as BQHB, CQH5+, CgHs', CQH[:, CgH41', etc., which have
three-center bends or are carbonium jons or free radicals and
hence cannot have Lewis octet structures. However, if stu-
dents try to apply the “6N+2 Rule” to BoHjg, for example, they
will immediately notice that this molecule must have some
exceptional bonds.

Conciusion

Most texthooks treat bending from the standpoint of atomic
and molecular orbitals. Such an approach to bonding makes
this subject unduly complicated for elementary students. In
fact, the authors believe that an overemphasis has been placed
on gquantum mechanics and molecular orbital theory in in-
troductory chemistry courses, and this is presumably the
reason why many textbooks do not provide rules for writing
LO&'s. Lewis structures are fundamentally so important that
students should be introduced very early to them, and the
“6M+2 Rule” and other rules given here should facilitate the
ability of students to master this topic. In order not to give
students the impression that the Lewis-theory of structure is
completely divorced from quanturmn theory, we point out that
there are parallels to the I.ewis theory in the Floating Spher-
ical Gaussian Orbital technique, an ab initic quantum me-
chanical method of caleudation introduced by A. A. Frost {7}
Frost’s method focuses directly on jocalized core, bonding, and
nonbonding orbitals and predicts structures in agreement with
Lewis theory, valence shell electron pair repulsion theory {8},
and Bent’s Tangent Sphere model (9}, and leads to a
nonempirical electronegativity scale (10).
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Roberts, R. M., and Traynbam, 1 4., ). OHEM. £OUc., B3, 233 {1976},

(10} Simons, G., Zandler, M. E., and Talaty, . R., J. Amer, Chem. Soc., 98, 7869 {1976).
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Diagonal Relationships—Descriptive or
Theoretical?

H. L. Feinstein?

Gacorge Mason University
Fairfax, YA 22030

4 iz well known o inorganic chemists that certain diago-
nally related pairs of elements (e.g., lithium and magnesium,
beryllium and aluminum, and boron and silicon) possess a
surprising number of similar properties.? This hehavior is
generally explained by Fajans’ Rules, namely that polariz-
ability is a function of charge and of size of the charged species.
The result is that the members of each of the above pairs are
more similar to each other than would be expected simpiy
from their positions in the periodic table in adjacent families.
There are two areas where an understanding of this phe-
nomenon is useful: as an aid o remembering periodic prop-
erties and as an aid to devising methods of analysis in certain
cases,

When I was a bench chemist I received a request for a direct
determination of the free {elemental) beryllium in fairly pure
beryilium metal. The major impurity was bervllium oxide.
Other impurities were smail and were determined spectro-
graphically. As any bench chemist knows, analyses of high-
purity metals are generally made by determining the im-
purities and then finding the purity from the difference.
However, in this case a direct determination was stipulated.
It was essential that an acceptable method be used and that
a result be obtained in a reasonable time, A research project
wag out of the guestion. There were just too many different
types of samples waiting for analyses,

Reference to the standard treatises was of no help. Nor were
the chemists of the beryllium producers of any assistance. The
thought then occurred, based on the concept of diagonal re-
lationship, that perhaps a method for the determination of
free aluminum could be found in the monographs published
by the aluminum preducers. Fureka!

A relatively simple method was described for the determi-
nation of metallic ajJuminum in aluminum skimmings and
dross.3 It was readily adapted to beryllium with little change.
The sample was reacted with sodium hydroxide solution in
a closed system. The evolved hydrogen gas forced an equal
volume of water into a beaker. The volume of the hydrogen
was determined by weighing the water. This was compared
with the volume of hydrogen obtained under the same con-
ditigns at the same time from a standard sample of aluminum
(since no standard beryllium was available) and the free be-
ryilium was calculated from this ratio. {If other elements and
compounds {silicon, aluminum, zin¢, etc.) which also evolve
gases under the same test conditions are present in more than

' Present address; 10411 Forest Ave., Fairfax, VA 22030.

2 Brown, G. i, “Introduction to Inprganic Chemistry,” Longman,
London, 1974, pp. 182-183; Puddephatt, R. J., ' The Periodic Table of
the Elements,” Clarendon Press, Oxford, 1872, pp. 54-55,

3 **Analysig of Aluminium and its Alloys,”’ The British Aluminium Co.,
Lomdon, 1841, pp. 120-121.

128 Journat of Chemical Education

negligibly small amounts, suitable corrections must be
made.}

There are other cases in which a method for one member
of a pair of diagonally related elements can be applied to the
other under appropriate conditions. One that comes imme-
diately to mind is the spectrophotometric method for beryl-
lium or aluminum using the ammonium salt of aurin tricar-
boxylic acid. Another is the determination of NayO in borates
or silicates by titration with gtrong acid.

An Analagy for the Leveling Etfect

Roger S. Macomber

Univarsity of Cincinnat]
Cincinnati, OH 45221

In most introductory chemistry courses the digcussion of
relative strengths of acids inevitably leads to a deseription of
the leveling effect. of certain solvents. Our experience has been
that most students have some difficulty appreciating how
variations in the relative basicity of the sclvent permit de-
termination of the relative acidity of a series of acids which
are equalty dissociated in a leveling solvent.

‘The strength of a Bronsted acid in solution is usually
measured by the position of the dissociation equilibrium

HX + Solvent == Solvent—H* + X~

However, the basicity of the solvent {or the acidity of its
conjugate acid Solvent—H™) clearly plays a central role in
determining the magnitude of the equilibrium constent The
classic example of this effect is the relative acidity of HCIO,,
HNO3;, and HCl in water and in acetic acid as solvent. All three
acids are equally strong (essentially fully dissociated) in water.
However, in acetic acid {a less basic solvent than water) the
acid strength (measured as the extent of dissociation} in-
creases in the order HCI < HNOg < HC1(Q,, Thus, although
the three acids are not inherently equally sirong, they appear
equally strong in water for it is sufficiently basic to dissociate
each one fully. In this context, water iz described as having a
“Teveling” effect on the acids® strengths. We have found that
the following analogy helps bring home the point.

Imagine a father and his young son (representing the more
and less basic aolvents, respectively) are in the kitchen fixing
lunch. In front of them is & series of jars and bottles, each fitted
with a screw cap, including a half-filled jar of peanut butter,
a new bottlé of ketchup, and a large unopened jar of jelly. We
know from experience that the father could readily dissociate
each cap from its container with little difficulty. I his young
son were to attempt the same feat, he would find it easy to
dissociate the peanut butter jar, for it had heen opened pre-
viously. He would have to struggle with the ketchup bottle,
but the cap would eventually yield to his small hand. However,
try as he will, he would be unable to budge the top on the jelly
jar. Thus, while the father sees all the containers as easy to
dissociate, the son experiences quite a range of difficulty
opening them. Of course, asking the father to pull the cap off
a soda pop bottle with hig hare hands, like water tryving to
dissociate methane, would prove that even he has limits!
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Equilibrium Binding and Steady-State Enzyme Kinetics
An Approach Emphasizing Their Commonality

H. Brian Dunford
University of Alberta, Edmonton, Alberta, Canada T8G 2G2

Twe commeonly recurring requirements in chemistry and
molecular biology are the measurement of equilibrium binding
{or dissociation) consiants and the experimental determina-
tion of the two parameters which govern steady-state enzyrme
kinetics. The major purpose of this article is to show that these
two apparently unrelated problems have a great deal in
common. The equations and their erro? analysis can be cast
in identical forms. Thus, if the solution of one problem is
taught, the solution of the other # is also. Varicus methods of
data analysis are evaluated.

Steady-State Enzyme Kinefics
For a ‘single-substrate, enzyme-catalyzed reaction the
simplest model is
o k3 FBone
E+ X7=2EX—>E + Product {1}
ks

where X is substrate. The steady-state approximation may
be applied to EX and the conservation relaticn

{Elo = {E] + [EX] {9

is vatid; [E}; is the total enzyme concentration. It follows that
the velocity of the reaction v (M s~} is given by

Fﬂ]..z.ﬁ!‘-ﬁ_. (3}
¢ 1+~1-{—-
X

}eadmg to a rectangular hyperhelic plot (Fig. 1). In egn. (3}
ke (371} is the turnover number and K = (k.. + Bog )ik B8
the Michaelis constant in M units, The maximum velocity (for
[X] -~ «) is ket [Elo. For any smaller value of v only a fraction
of the maximum velecity f is aitained
— L
hcﬂt lE]{}
Therefore eqn. {3} may be expressed as
1

1+
X}

For steady-state enzyme kinetics the Michaelis constant
K is not a dissociation constant; and the more elaborate the
model the more obvious this statement becomes. Nevertheless,
K has an imporiant property of a dissociation constant: the
larger the value of K, the larger [X] must become in order that
v e [E]G

(4}

f= {5

Equilibrium Binding
The system
E+X=EX {6}

may represent, for example, binding of ligand or inhibitor by
an enzyme or formation of a charge-transfer complex. The
dissociation constant X {in molar units M} is

(B
EX)

The conservation relation, expressed in terms of total con-
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Figure 1. Reclanguiar hyperbotic plot of steady-state enzyme kinetic data {iaft
ordinats), For equilibrium binding data use [he right ordinate and repiace A.a
by egx. Error ¥mits in K are shown by the dashred fines; these limits are somewhel
deceptive for small (X} because of the steepness of the curve,

centration of enzyme [E]y, is egn. (2}, For weak binding and
large enough [X]

(Xlo = (X} (8
If only EX absorbs light of a given wavelength then
A = epx [EX] (9

where A is the absorbance and ¢px the motar absorptivity.
{The units of ¢gx in egn. (5} are M ! since unit path length
iz included.) If [EX} — [E], then

Ag = egx [Elo {10)

and egx may be determined independently. However, for weak
hinding both K and egx are unknown untit the performance
of accurate experiments and data analysis. The above equa-
tions may be combined into the form

A
- :
{Elo ‘+ H{{“
X
Aplotof A/ {EJg versus [X] is a rectangular hyperbola as shown
in Figure 1. The fraction of total enzyme which has X bound
toit, f, is '

{11)

EX] 4
/= Elo  enx (Flo

Bubstitution of eqn. {12) into eqn, (11) leads to eqn. {5), which

was derived for steady-state kinetics.

The Common Equation

" Equation (5}, which leads to a rectangular hyperbolic plot
whether the data are for equilibrium binding or steady-state
enzyme kinetics, can be expressed conveniently in at least four
other ways to obtain K:

(i2)
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Tabie 1. Type of Analysis of the Common Equations tor Steady-state Enzyme Kinetlcs and Equilibrium Binding #

Form of Form of Type of lsast- Names associated with
equation Fim Plot sauares analysis Kinetics Equilibrium
1
f= p fversus [X] {Fig. 1} rectangular hyperbolg noringar Deranleau-Meyrath {2)
14—
[x]
1 K 1 I L . . .
-; ES .{-;(-]- +1 ?versus fﬁ {Fig. 2} straight line finoar . {Linawoaver-Burk (3} Banesi-Hildabrand (4)
(x| _ [x] L .
«-r = (X} + K e versus [ X} {Fig. 3) straight fine linear Hanes (£} Scolt (6)
F P f L . . . i
m = - P + P «{—ﬁ versus f(Fig. 4) straight line linear Eadie-Hofstes { 7-9) Scatchard { 16)
fversus fog [X] (Fig. 5) sigmoidat ronlinaar Bierrum { 1)
4 f= Fraction ¢f maximum velocity,
1_K 31 13 teria. No longer is i necessary to cast the data into the form
(13) of a strdight line equation because analysis of a curve is now
[ X
iX] Just as easy. Therefore, the rgc;anguiar hyperbola, anatyzed
2= X1+ K (14) directly {see ref. (2} for an example involving equilibrium
f binding), and the semilog piot both deserve a higher priority,
o f g 5 Of the two curves, the experimental points are better spaced
Xl K K 15 along the curve in the semilog plot {Fig. 5 compared to Fig.

Finally, a plot of f versus log [Xi may be employed {1). Al} of
the forms of egn. {5) {egne. {13-15)) may be cast into the ap-
propriate form for steady-state Kinetics or equilibrium binding
by substituting for f using egn. (4) or (12). All of the methods
are summarized iu Table 1 and Figures 1-5, The parameters
used to construct Figures 1-5 are listed in Table 2.

A more detailed discussion of errors is given below, How-
ever, at this point it is important to realize that experimental
points should be as evenly spaced as possible as a function of
£ in order to obtain maximum accuracy in the analysis (17},
There are several ugeful eriteria to determine which is the best
form te piot. The computer age has changed one of these cri-

Table 2, Paramaeter Valves In Figures 1-5

Kinetics Equititria
K= 1073 M K=10"2M
{E]g = 108 ps fElg= 1079 M
kear = 104 5~ €ex = 304 MO
I
’
I
5
el
W 7
’
s
s
// //’
w 8 f;f /n’/ =
- - -
T - e
: i
wx o S P
<! P o
E > ol i <
ah s —
L il
F i atd
e
2 [
3
kot [ L i 1
2 4 0 2 4 6 [ 10
1
% 2w 103, M~

Figure 2. Lineweaver-Burk piot of steady-siate enzyme kinetic results (left or-
dinate}. For Benesi-Hildebrand plot of equilibrium binding data use right ordinate
and replace Xqa by £ex. Note how the experimental points {which are spaced
fairly evenly as a function of /) are j[ammed tagether near the ordinate.
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1}, and the errors are shown more clearly The semiiog plotis
symmetric with the vahie of K occurring. at the inflection
point, bui there is no intrinsic change in the rectangular hy-
perbolic plot in the region of [X} = K. The subject of fitting
polynom;al equations to curves has been reviewed exhaus-
tively (12}, and thus its specifics will not be diseussed here.

To a certain extent in the Hanes {Scott) plots and partic-
ularly in the Lineweaver-Burk (Benesi-Hildebsand) plots
{Figs. 2 and 3) the experimental points are spaced unevenly.
The plots are dpen-ended zlong hoth axes. Therefore, select
data might make a superb-looking but virtually useless inear
plot. The negative abscissa intercepts in Figures 2 and 3, which
are also shown in many textbooks, deserve comment. They
gerve one purpose only: to peint out that there would be ad-
vantages to having experimentat points lie along the hypote-
nuse of & triangle, The hypoteriuse (slope) and its two ends
(two intercepts) would define both parameters to be deter-
mined and the self-consistency of their values. This does occur
in the Eadie-Hofstee (Scatchard} plots in Figure 4. However,
the negative intercepts in Figures 2 and 2 do not contribute
to the analysis nor to its self-consistency.

- IX1% 103, M

Figure 3. Hanes plot of steady-slate kinetic data (feM ordinate), Scolt plot of
equilibrium binding data {right ordinate and K. replaced by exy).



Table 3. Assessment of the Refative Merits of Yarlous Types of Plots of Steady-8iate Kinatic and Equilibrium Binding Data ¢

Clear visual

Entire accessible representation

Rating Foints accurately range of exptl. pts. of one or both of &
{on B-pt. wall and ¢learly displayed aleng ang Kea (€ex}
Type of Piat scale) spaced displayed one exis two axes one both
Eadig-Hotelee - 3] + + + + +
{Scatchard)
Semilog (Bjerrum} 4 + + - + -
Reclanguiar hyperbola 3 + + - - -
{Deranieau-Neurath)
Hanes {Scott) 2 +i{? - - + -
Lineweaver—BlHk 1 - - - + -

{Benasi-Hildabrand}

4 5 "+ sign indicates that the type of plot exhibits the given charactenstic; 8 " —" sign, that i does not.

The rectangular hyperhola and semilog plots {Figs. 1 and
53} show the full accessible range of experiments along one axis,
but only the Eadie-Hofstee (Scatchard} piots {Fig. 4) do so
along both axes. These considerations are tabulated in Table
3 which includes an evaluation of the relative merits of the
different types of plots on an arbitrary scale.

Errar Analysis
In the error analysis 1o follow we shall concentrate upon K.
Errors in éxx and &gy become small provided f can be made
sufficiently large. Errors in [X] should alse be negligihle.
Equation (13} may be rearrdnged to

=Xj@r-n (16}
The differential of eqn. (13} is
df dK
—d e 17
2 o

In error analysis the ~ sign becomes +. Division by K and
substitution of eqn. (16) leads to
A _, 4

K 1=
For a constant error in f, one ean readily show that a plot of
dK'/K versus [ is symmetric with a minimum value at f = 0.5
(see (13) and Figure 1 of ref. (11), which is based on a more
complicated but essentially equivalent equation}. The values

£18)

X 106, M2

A
[ElalX]

L o il
g 2 4 4

oe ke
[=]

2 % 103, g1

iEle
Figure 4. Eadie-Hotstes plot of steady-state kinetic exparimenis (lefl ordinate).
Scatchard piot of equilibrium binding data {right ordinate, k. reptaced by ey
am_i vreplaced by A in the abscissa).

of f, K, and [X] are interrelated, for example through eqn. (16},
Thercfore, a plot of dK/K as a function of log [X] is also
readily obtained as shown in Figure 6, In additaon, this plot
is symmetric and is of greater practical value since tog [X] is
obtained prior to data analysis; [ is only obtained after. The
minimum error occurs where [X] =

Each value of dK/K is a single- pomt d&termlnation In
other words, if only one experiment were performed with a 2%
efror in f then the percent error in calculating K can be read
from Figure 6. Of course the percent error in K can be reduced
by performing many experiments. A good rule-of-thumb for
these experiments can he deduced from Figure 6: vary [X]
from K/10 to 10K, One wants to cover as broad a range of [X]

X 103, M—1

A
[Elo

Figure 5. Semilog plot of steady-state kinelic data {left ordinate). Bjerrum plot
of squilibrium binding results {right ordinate and &y replaced by €.

30
!
o 20+
=]
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Xiw
T i
o | i | 1 ]
4.8 EX) 30 25 2.0
tog {X]

Figurs 6. Relative errors in K as a function of log [X]. lnset: dK/K versus (X).
it is assumned that the error in fis conslant at 2% {eqn. (17)}.
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as possible, hut there is little value in experiments performed
outside these limits. This rule-of-thumb is comparahle to one
wh}ich states that 75% of the range of f should be covered {(/ 1,
14}. Co o

In ali of the plots (Figs. 1-5) we have shown the single-point
exror limits in K corresponding to 2% error in f. The error bars
are vertical for Figures 1-3 and & and are not shown. In Figure
4, errors in f influence z- and y-values of each point equaily
so the error bars are symmetric with respect to the origin (/7).
The maximum y-axis value in Figures 1 and 5 is ke (or egx)
which is proportional to /. Therefore, assignment of errors on
a fixed sedle o individual points is readily performed, The
same applies to Figure 4 along both axes which Ieads to the
error symmetry described above. Error bars in the two re-
ciprocal plots (Figs. 2 and 3) are misleading since the per-
centage etror scale varies with the y-value.

Extensions

The equilibrium binding analysis is readily extended o
NMR chemical shift data where f = §/8y (11}, If both E and
EX absorb light

A = epfB} + egx{EX] {19)

The value of ex is determined readily in the absence of {X].

With introduction of the conservation relation {eqmn. (3)) it can
be shown that A should be replaced by |4 — ¢i {E)s} in Figures
1-5.

Adherence to the equations for Figures 1-5 is evidence for
Michaelis-Menten kinetics or 1:1 binding. The theory may be
extended for effects such as positive or negative cooperativity,
allostery, and multiple-binding sites. It is assumed in this
paper that pH, ionic strength, and temperature are controiled
accurately; otherwise apparent compiications are introduced
into simple systems.
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The Evaluation of Strain and Stabilization in Molecules

Richard Fuchs
University of Housfon, Houston, TX 77004

Heats of Formation, AH{g) { 1-3)

We commonly discuss the stability of compounds relative
to the standard states of the component clements {graphite,
Hj, eic., at 25°C, 1 atm pressure), which are arbitrarily as-
signed heats of formation of (.0 keal/mole.

Oz
REFERENCE: mC, n/2 H, AH: =0 - cO; +H,0

AH aomb
s |
COMPOUND G, H,, ——2

AHeomb

Since the compound can seldom be formed directly from the
¢lements, the heat of formation is oflen determined from heats
of combustion: AHy = AH comt — AHcomb. In combustion
experiments the samples are usually liquids or solids. Since
we are interested in intramolecular energies only, we must
correct AH  omy o AH¢ for the heat necessary to overcome
intermolecular forces in the sample, which is the heat of va-
porization {or sublimation): AH{g) = AH{l) + AH,.

AH{g) becomes more exothermic {negative} in homologous
series as the number of bonds increases: CHy, ~17.8 keal/mole;
CoHg, —20.0; C3Hg, —~25.0, etc., vet the larger molecules are
not less reactive. A similar problem exisis with cyclopropane
[AH(g) = 12.7} relative to henzene [AH g} = 19.8 keal/mole].
The less endothermic value does not reflect greater stability.
This seems to imply that we can compare only jsomeric com-
pounds, but, in fact, we can consider non-isomers if we choose
some other reference state. One could uge values of C—C and
C—H bond dissociation energies, and examine deviations of
the compounds from bond additivity, but there are no unigue
values for BDE’s, even in unstrained compounds. The energies
of hypothetical models can be calculated, but the results de-
pend on the assumptions made and the method {a few ex-
perimental thermochemica} data for benzene have been in-
terpr)eted as demonstrating stabilization of <20 to >40 kcal/
mole).

Jsodesmic Reactions

These reactions, introdiuced by Pople {4}, “are examples of
(hypothetical} chemical changes in which there is retention
of the number of honds of a given formal type {C~H, C—C,
C=C} but with a change in their formal relation to one an-
other.” The following are examples. For the reaction, AH =
ZAH(g)(Products} — ZAH{g} (Reactantsj.

0o
D ¥aom 7 sogon,
H

@ + 60 222 3CUCH, + 3CH=CH,

Numerous quantum and thermochemical errors cancel, so
“the energies of isudesmic reactions measure deviations from
the additivity of bond energies.” The enthalpies of reaction
{calculated from independently measured heats of formation)

Acknowiedgrmen is made o the donors of The Petroleumn Research
Fund, administered by the American Chemical Society, for partial
support of this research, angd o the Robert A. Welch Foundation {Grant
E-136} for additional support.

represent the strain in cyclopropane and the resonance sta-
bilization of benzene. We can thus relate the energy of a
molecule to the energies of a few simple reference mole-
cules.

The choice of reference molecules is significant. Comparison
of AH{g) values for a series of methy! derivatives (CHgX, X
= —“*.NOQ, —OH, "—'NHQ, "*’OCH;;, ——H, '““'CN, —“CO—CH3,
and —COOH) with the corresponding ethyl derivatives shows
differences of 2.3-7.9 kcal/mole, whereas the primary atkyl
derivatives beginning with ethyl have quite uniform meth-
¥lene increments (CHaCHy X versus CH;CHoCH2CH, X dif-
ferences are 4.7-5.3 kcal/mole/CHy) (2}, Similarly, AH{g) of
tert-butyt and the isomeric i-butyl derivatives differ by
1.9-10.9 keal/mole. It is therefore desirable to include in iso-
desmic reactions reactants and products with alkyi groups of
two carbon atoms or more, and to convert reactants with
primary, secondary, or tertiary functional groups to products
with the same structural features. Chlorocyclopropane and
chloroethylene, for example, are secondary derivatives which
should be converted into the simplest secondary chioroalkane,
2-chloropropane. (Note that C-1 of chloroethylene forms only
one carbon-hydrogen bond, and two carbon-carbon bonds,
and, in this sense, is a secondary carbon. Similarly, 1-chloro-
I-methylcyciohexane, chlorobenzene, and chioroacetylene
should give tert-butyl chloride as one of the products.)

Improved methods using these principles have been pro-
posed by Bock (5) (homodesmotic reactions), and by Dill,
(ireenherg, and Liebman {8} {group separation reactions), and
will be used in the following discussion. We will also illustrate
a related method, metathetical isodesmic reactions.

Strain Energies of Cycloalkanes

Cyclopropane consists of three methylene groups
{(~—CHg—) in a strained ring. In & hypothetical reaction with
ethane the methylene groups will be transferred te pro-
pane:

CH,—CH, + 3 CH.CH, 3 CH,CH,CH;

CH,
AH:(g) = 12.7 = 0.1 (3) 3(~20.1 ¢ 0.05) 3(~25.0 = 0.1)
AH{reaction) = 3(~25.0) = 12.7 - 3(~20.1) = ~27.4 keal/mole

Since the reaction 15 exothermic we are converting a strained
reactant to an ungtrained one. The strain energy is ~AH (27,4
+ 0.3 keal/mol}. The “conventional ring strain energy”
{(CRSE) derived from bond energy additivity schemes (2) is
27.5 keal/mole,

Other cycloalkanes can be involved m similar reactions:

AHGroup

Ring Separation) CRSE
&-CyHg —27.4 & 0.3 kealfmoie 27.5
c-CyHg ~26.4 % 0.4 28.5
¢-CgHyz 01+08 0.0
e-CqHia —6.0 L 0.6 6.2
c-C otz —-12,1% 049 12.3
©-CysHa0 ~15+ 1.2 1.8
C-C1gHga ~15+ 13 1.8

In ali cases —~AH and the CRBE are in excellent agreement.
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Alkenes

Energies of cycloalkenes or branched alkenes can be related
to simple alkanes and alkenes {5), or to alkanes only {6). In the
iatter {group separation} method =CH; or —CHg— of an
alkene is changed to propane, —CH== becomes isobutane,
and

becomes neopeniane. The number of hydrogen atoms at-
tached to a carbon atom remains unchanged. Aromatic C—H
groups are similarly converted to isobutane, and substituted
aromatic carbon atoms (C-—X) become tert-butyl-X, by re-
action with ethane.

A traditional view of alkene stability is based on heats of
hydrogenation (7, 8},

At{hydrogenation)

Hy
CHzCH; “:‘;‘i”g M,

carhon atom of ethylene has two carbon-carben bonds, and
two C-—H bonds}, But even in the alkanes this would be a ~7.1
kecal/mole transformation. The unique stabilizing effects of
a mothyl group attached to ethylenic carbon {whether hy-
perconjugation or other factors) is not 7.7 — 5 = 2.7 kecal/mole,
but rather, 7.7 ~ 7.1 = 0.6 kcal/mole, and tbis ig the quantity
that isodesmic reactions evaluate. The remaining 2.1 keal/
mole of stabilizing effect is common to alkanes and other ho-
mologous series, and cannot result from & “special” ejectronic
interaction of the methy! group and 7 electron system.

Aromatic Compounds

Resonance and hyperconjugative interactions of subatitu-
ents with aromatic rings is an old concept of organic chemistry
{9, 10} which is more readily demonstrated for charged and

AH(isodestnic)

2 CHyCHa

e, maTe 2 CHsCH:CH,

CH;CHCH; +— CHLH=H, ~——+ CHaiCH;CH;+ Me,CH

~28.%

=258 % 0.2

CH,\ H
CHaCHaCHCH ‘:‘;’T /C=< _;21_2';“;:';" 2 MezCH
H CHy

CHy__ CH,
CHaCH2CHRCH; ] ATy TMeCH
v

CH\

[ ,'H,/

CH3CHCH,CHaCHg »—

CHy

-21.9 ¢ 8.3

c==c< —rs MegC + MesCH
H

CHa oo,
CH;CH—CHIH; o /C=C\ _-————“-v-ﬁh - 2 MeyC
CH, Cil,

Hy CH;

N — O e 3 MeaCH + 4 CH3CHLCH3
~IF.6 ~226 1t Q.5 .

I
#Bu—CHCH,--Bu *w—;—; CH— —-CH=CH‘F<IL m 2 MeasC + 2 MeaCH
H,

(irans)

There have been many years of discussion of how the
methyl group of propylene stabilizes that compound by 2.7
kcal/mole relative to ethylene. Similarly, additional methy}
groups attached {o the ethylenic carbons lead to additional
stabilization, although cis methyls also contribute some steric
destablization. The most stable alkenes are those with the
least exothermic heats of hydrogenation.

To gain insight into the problem, {et us consider AH {g) for
atkanes: propane {~25.0 kcal/mole), butane (-30.2), 2-
methylpropane {—~32.1}, pentane {~35.0), 2-methylbutane
{—36.8), and 2,2-dimethylpropane (—40.0). if we insert a
methylene group into a primary C—H bond of propane or
butene, AH g} of the resulting producte (hutene and pentane)
are b keal/mole more exothermie. In the insertion of CHy into
the secondary C—H bond of propane, AHg) of the product
2-methylpropane is 7.1 keal/mole more exothermic. CHj in-
gertion into the tertiary C—H bond of 2-methylpropane
produces 2,2-dimethylpropane, and AH{g) becomes 7.9
kcal/mole more exothermic. This is equivatent to saying that
branched alkanes have more highly exothermic values of
AH{g) than do the normal isomers, possibly because the
former have a larger number of strong primary C—H
bonds.

With alkenes sach CHj insertion into the primary (methyf)
C—H bends in the series propene ~ 1-hutene — 1-pentene
changes AH{g) by the usual —5 keal/mole. But the change
from ethylene to propylene iz ~7.7 keal/mole. This, however,
involves CHy ingertion into a secondary C—H bond (each
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radical intermediates than for the ground states of neutral
molecules. However, the heats of hydrogenation of benzene
derivatives (to the cyclohexanes) vary with the substituent.
This has been taken of evidence of conjugation, although the
effect of methyl subatitution is pomewhat less than in alkenes,
The ¢yano group appears to have a destahbilizing effect,

Affihydrogenation) AH{isodesmic)

H
~10.8 -32.01: 0.8 A
E—— ——tuanure
’ 19 CHCHyp 6§ Me,CH
H .
488 2.0 0.8
hE— CHy —————= B M#3CH + MeaC
CH,

L CH,
—47,. L2+
s @I s 4MesCH + 2 MesC
O, CHy

- PH
~48.5 317 £ 0.3
<_>( P @—0}1 ———+ & MesCH + Me,C—OH
H
? H-31.8 4 OB}
R ——+ 10 Me;CH + 2 MesC
CN
~50.6 -32.2t il
e (N ——+ B Me;CH + Me;C—ON

H



However, enthalpies of the isodesmic reactions are essen-
tially identical, demonstrating that neither methyl, hydroxyl,
phenyl, nor cyano substituents promotes significant net sta-
bilization, although cancelling stabilizing and destabilizing
effects may be occurring.

Meatathetical lsodesmic Reaclions

An alternative, and somewhat more accurate treatment of
aromatic reactions involves a metathetical relationship (11).
Since only two reacting molecules and two product molecules
are involved, the uncertainties in AH(reaction) are telatively
small compared to group separation reactions involving many
molecules.

@H + Moo —H s @ I + MeC—H
@—cm, + MO8~ @—H + Me,0—CH,
-3 & D6
@—CN Y @—H + MoyCeeCN
@——un + MOl e @—H + Me,C—OH

A compound which does show stabilization is

@—CHmcm + Me.CH @—H + Me;C—-CH=CH,

The reaction is unfavorable {endothermic) primarily because
of the stahilization of styrene.

CH,
+ Me,C

CH, U0 kealiaale

D-<H+M3;C [
c

Me: exchange CH,

CH,
y + Mel DZt g D<C

2

+ Me CH—ON

H 3204

D<H + Mol 2N D<
9'1 0.4 H’

D<~ + Mel “=225 D 4 Me,OH-~NH,
H, cn,,

30 (18]
D@ + Mo ~——r @-cm{e,
CH,

The data demonstrate that no net stabilization occurs in cy-
clopropyl cyanide, 1,1-dimethylcyclopropane, or cyclopro-
pylamine. Only in cyclopropyibenzene is there a substantial
(3.0 kcal/mole) stabilizing effect.

+ CHCHCH,

Other Compounds

Isodesmic reactions are not a substitute for various semi-
empirical or ab initioc methods of caleulating molecular
energies but may be used in conjunction with these methods
€4, 8). Isodesmic reactions can, simply and conveniently,
pernit the estimation of strain and conjugation energies based
oh experimental {or calculated) heats of formation. The ver-
satility can be further illustrated with examples of cyelic
ethers, & highly branched hydrocarben, bicyclic hydroearbons,
and acetylenes, and is limited only by the availability of
thermochemical data for the compound of interest and ap-
propriate reference compounds.

15t 0.

C\.73H2 + CH,CH, m;“ CH3CH—~-0-—CH:CH;

CH,

CH,Ai——CHg‘%_L
H,

Co + 2CHCH, —oo S CH,CHy—O—CH;CHy + CH;CH;CHs

=68+ 0.3
+ BCH“CHG ERSE‘L{!G

( 0+ 4CHCH, T CHCHy—O—CH;CH; + 3 CHiCH,CHs

CH3CHy—0-—CHyCH; + 2 CH,CH;CH;

CHa

Hy + 2CK,CH, W 2 Me4C + CHsCHyCH,

CH,

837 £ 0.5
|

CRSE = 64.0

<:j> =328 3 0.5
i

CRSE = 303

- -RTET 0K
e i

CHBE « 26.6

~164.8 1 L4
R EEEE———

CR4R - 182.7

Conjugation in Cyclopropane Derivatives
The cycloheptatriene-norcaradiene equilibrium

L <
il
o8 .

favors the norcaradiene only when the groups R are # electron
acceptor groups such as —CN oz phenyl. In a 1970 article {12},
Hoffmann noted the ability of cyclopropane to enter into
w-type conjugation with neighboring = electron systems such
a% ¢yano, and this is believed to be involved in the stabilization
of cyano-substituted norcaradienes. Others have supported
the concept of cyclepropane conjugation. Dill, Greenberg, and
Liebman {6) calculated {at the ST0-3G level) the following
stabilizations of cyclopropanes by substituents: CHj, 2.4
kcal/mole; CN, 5.8; and NHs, 2.9. With the help of some new
thermochemical data we recently measured {/3), we may ex-
amine isodesmic reaction enthalpies for some cyclopropane
derivatives:

Conventional ring strain energies (CRSE) of the cyclic
ethers (2) and the steric repulsion energy (SRE) of 2,24 4-
tetramethylpentane {2} are very well reproduced by —AH
values of the isodesmic reactions, as are the CRSE values of
spiropentane, bicyclo[3.1.0thexane, bicyclof{i.1.0]-butane,
bicyclo[4.2.0}octane, and cubane. Acetylenes are stahilized
by 2 kcal/mole per alkyl group, a value much larger than that
for alkenes, but much less than that implied by heats of hy-
drogenation.
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Recommended Format for the Periodic Table of the

Elements

American Chemical Society Commitiee on Nomenclature

K. L. Loening, Chairman

Chemical Abstracts Service, 2540 Olentangy River Road, P.Q. Box 3012, Columbus, Ohio, 43210

A change in the use of the letters A and B to designate
subgroups of elements in the periodic {able made by pub-
lishers of pericdic charts of the clements late in the 1970%
brought to a head a problem in the use of these letters that bas
been around a long time. Although acknowledged by an oc-
cagional publication, this problem went unrecognized by the
great majority of chemists. However, many did become con-
cerned when new periodic charts appeared using A and B
differently than on earlier charts, even though this change was
an attempt to conform with the recommendations given in the
1870 IUPAC {International Union of Pure and Applied
Chemistry} “Nomenclature of Inorganic Chemistry.” The
difference was noted by the Nomenclature Committee of the
ACS Division of norganic Chemistry early in 1879 and pub-
licized in the Division’s Fall Newsletter (October 1979) where
comments and suggestions to soive the problem were re-
quested.

On behalf of the Nomenclature Committee of the ACS Di-
vision of Inorganic Chemistry, W. C. Fernelius and W. H.
Powell prepared a thorough review of the probiem which was
presented to the ACS Committee on Nomenclature at its
meeting in November 1981. The ACS Committee on No-
menciature adopted the interim position that the letters A and
B should no longer be used in any way to designate element
subgroups in the periodic table, recommended pubtication of
the report as soon as possihle, and agked the Nomenclature
Committee of the ACS Division of Inorganic Chemistry, under
the chairmanship of T\ D. Coyle {Inurganic Materials Division,
National Bureau of Standards, Washington, DC, 20234), to
develop an alternative method for designating subgroups of
elements in the periodic table. The report, “Confusion in the
Periodic Table of the Flements,” was published in THis
JOURNAL, 59 {6}, 504 (1982}, and was presented by Fernelius
at the Seventh Biennia) Conference on Chemical Education,
August 8-12, 1982, in Stillwater, Oklahoma. In each case,
comments and suggestions to solve the problem were earnestly
selicited.

In sti}l another effort to publicize the probiem as widely as
possible, thereby generating as many comments and sugges-

tions for a solution as possible, the paper “The Periodic Tabie:
Historical Road to Confusion” was presenied in the sympo-
sium “The Periodic Table in Chemical Education™ at the ACS
National Meeting in Seatile, Washington, March 24, 1983,
This symposium was co-sponsered by the ACS Divisions of
Chemical Edueation, Chemical Information, and Inorganic
Chemistry, and the ACS Commities on Nomenclature.

The comiments and suggestions arising frora all of the above
efforts combined with opinions and suggestions from various
committees and other groups produced a large number and
variety of possible schemes for desiguating subgroups of ele-
ments in the periodic table. Fortunately, for the most part
they could be grouped into just a few hasic formata: those that
were purely arbitrary; those distinguishing hetween main,
representative, or characteristic elements and transition el-
ements; and those reflecting efectronic structure. Accordingly,

- four periodic table formate were considered thoroughly at a

meeting of the Nomenclature Committee of the ACS Division
of Inorganic Chemistry in Washington, D.C., on August 29,
1983; and the one shown below was selected for recommen-
dation to the ACS Committee on Nomenclature as the official
petiodic tabie format of the American Chemical Society. The
Nomenclature Commitiee of the ACS Division of Inorganic
Chemistry was satisfied that this recommended format met
all the minimum requirements for subgroup designations. It

provides an unequivoeal designation for each subgroup in the

18-colnmn periodic table. In addition, if distinguishes the
“d-block” elements and provides a means for identifying the
“f-block” elements. There is a notational relationship with
the Mendeleev subgroups, similar to the former “A” and “B”
subgroups, e.g., former subgroups 3A and 3B are now 3d and
13; the same units digit is retained. Further, this recom-
mended format is fully compatibie with the current tentative
posifion of the JIPAC Comimission on Nomenclature of In-
organic Chemistry.

On November 14, 1983, the ACS Committee on Nomen-
clature concurred with the Nomenclature Commitiee of the
ACS Division of Inorganic Chemistry by approving the peri-
odic tabie format shown below.

Recommended Format for the Periodic Table of the Elemenis

1 2 3d 4d 5d 6d 7d &d 8d
H

Li Be

Na Mg

K Ca Sc T v Cr Mn Fe Co
Ab & Y Zr ] Mo To Ru Rh
Cs Ba La* HE Ta W Re Oz Ir
Fr Ra Act?

Eu Gd

af _...._E ‘Ce Pr Nd Pm Sm
**Th Fa U Np Pu Am Cm

10d 11d t2d 13 14 15 18 17 18

He
B [ N Q Me
Al Si P 8 Ci Ar
Ni Cu Zn Ga Ge As Sa Br Kr
Pd Ag Cd In B Sb Te § Xe
Pt AU Hg Tl Pb Bi Po At An
Th Dy Ho Er Tm Yb 1u
Bk cf Es Fm Md Mo Lr
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Atomic Volume and Allotropy of the Elements

Charies N. Singman'
Emory University, Attania, GA 30322

The periodic law of D. 1. Mendeleev is one of the great oz-
ganizing themes of science. Mendeleev (1) considered four
aspects of matter which represent measurabie properties of
the elements and their compounds: (1} isomorphism, (2} the
relation of specific volumes, {3) the composition of salis and
{4} the relations of the atomic weights of the elemenis. Thus,
specific volume and its components of density (g em™2} and
atomic volume {cm? mol™!) were central to the development
of the periodic law.

The density and the atomic velume of the elemenis have
been surveved numerous times over the past century, How-
ever, they have not been surveyed to take account of the ap-

' Address ail correspondence to the author ¢/o Dr. H. L. Clever,
Department of Chemisiry, Emory University, Atlanta, GA 30322,

plication of modern X-ray methods to the structure of the
elements and to phase transformations as a function of tem-
perature and pressure reported over the past 15 years.

The extensive summary of X-ray data of Donnay and On-
dick {2} contains a wealth of material. It was the primary
reference for the preseni survey. The present survey started
out to include detailed deseriptions of ail allotropic forms of
the elemenis. This proved to be much too ambitious an uz-
dertaking. Thus the present paper presents what are believed
to be reliable values of the atomic volume of the form of the
solid element thermodynamically stable at 1 atm and room
temperature (usually 298K}. Exceptions, such as the low-
boiling gaseous elements, are noted. In addition the allotropic
forms of the elements under other conditions of temperature
and pressure are noted and referenced. Other references,
thought useful, were Donchue’s fine book (3) on the structure

of the e¢lements and Sander-
son’s book {4} on the periodic

8a
law, The present paper is an
va b &) updating of some of the infor-

a - mation in those hooks,
The structure, phase tran-
g - sitions, and atomic volumes of
a the various families of the pe-
- A riodic table are discussed
gser below. A table and a graph
[ . {Fig. 1} of the atomic volumes
£ap b a N L at one atmosphere and room
* & temperature accompany the
H 8 B discussion. In addition, the
I, 8 a o ¢ 5 0 graph also shows values of the
atomic volume of allotropic
28 & 8 4 A O &Ql:‘. ﬂalm Prfy; © #E DEb forms of the elements stable at
& o % o 2 B b, ;“'0 @ g ° ) @Jﬂ_‘% other temperatiures and pres-
BRI N
g ‘e The Characteristic Elements

a 12 28 38 42 58 6a

Atomic Mumber of the Elemants

Figure 1, Atomic volumes of the aliotropic forms of the slementa.

O Aliotrope siable at room lemperature and atmospheric pressure.

& Aliotrope stabie at owest temperature and/or pressurs. (For elements which do not have an allotrope stable at
4 temperature iower than room tamperature, the symbol represents the next ailotrepe of the element at increasing

temperature and/or pressure.)

O+ b O o Aliotropes in order of incraasing temperature and/or pressure.

The atomic volumes are grephically represented for the aflolropes of elaments whose structures have been

studied,

The difference  aformic volume for different aficiropes of an element on the graph does not represent a change

108 The Alkall Metals, Group IA

The crystal struciure of the
alkali metals at room temper-
ature and atmospheric pres-
sure is a body-centered cubic
crystal. The members of this
family show large increases in
their atomic volume as the
atomic number of each suc-
cessive member increases. This
trend is common to all the
other elemental groups to
varying extents.

Cesium not oniy has the
largest atomic volume of the
alkali family but also the larg-

in atomic volume due fo a structural transition. The symbol represents the atomic volume of an elément’s aliotrape
undgr whatever condilions it was studied. Melaslable aficiropes, aliotropes formed by unusual means {e.g., thin films),
and alotropes whose proper positions on the siemen’s phase diagram are not clear are the last sliotrapes to be rep-
resentad on the gragh for a given element.

Only the most commenly known alotropes of sulfur, boron, and phasphorus are represented, because of the large
number of aflotropes for these elements,

The radon atomic volums is for the figuid at its normai boiting point,

est atomic volume of any ele-
ment. Incomplete structural
transitions occur in both lithi-
am and sodium at low tem-
peratures from their body-
centered cubic structure to a
hexagonal close-packed struc-
ture {8, 9). Also, at low tem-
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perature lithium undergoes a strain-indueed transition from
the body-centered cubic crystal to a face-centered cubic
crystal (8}. All three transitions show an increase in atomic
voiume for the lower temperature structure. At room tem-
perature, three pressure-dependent transitions occur in ce-
sium, As the pressure for each transition increases, there is an
associated decrease in atomic voiume for the higher pressure
structure (13).

I enough francium is ever lsolated to study Hs structure as
a solid, the atomic volume found will proibably be only slightly
more than cesium’s due to the Janthanide contraction.

The Alkaline Earth Metals, Group ltA

The alkaline earth metals are all solids at room temperature
and atmospheric pressure. Under the above conditions three
different crystal straetures are found among the alkaline earth
metals. Beryllium and magnesium are hexagonal close-packed
crysials, calcium and strontium are face-centered ‘cubic
crystals, and barium and radium are body-centered cubic
crystals. The periodic trend for the alkaline metals is similar
to the trend in the alkali metals buf the increase in atomic
volume is not so great as in the alkali metals, Radium is af-
fected by the lanthanide contraction, causmg its atomic val-
ume to be only slightly larger than barium’s.

Bery]]tum, calcium and strontium all undergo tempera-

ture-dependent transitions to a body-centered cubic crystal.
In beryilium this transition occurs with a decrease in atornic
volume {3}, An intermediate transition oceurs In strontium
before the hody-centered cubic crystal is reached. From ex-
perlence with calcium this hexagonal close-packed structure
may be impurity-stabilized and therefore not & valid‘aliotrepe
{32 '
" Barium may undergo up to four pressure-dependent tran-
sitions at room temperature {3, 12}, The lowest pressure-
dependent transition from the body-centered eubic crystal
to a hexagona!l structure is the only verified change.

Group HIA

The members of Group IIEA all are solids at room temper-
ature and atmospheric pressure. This paper will diseuss only
the allotropic highlighig of the membhers of this group, because
in this group there is no clear pattern of allotropy.

Boror’s allotropy is both complicated and confusing. As
many as sixteen distinct allotropes are reported; however,
there is evidence that fourteen of these are actually boron-rich
borohydride compounds {3, 66). Included on the graph are the
four allotropes of boron most completely stricturaily identi-
fied. Two allotropes of aluminurs normally exist, one of these
is pressure-dependent. But as a thin film, aluminum has ex-
hibited two other crystal structures {3, 24). There are five
aliotropes of gallium, only ene of indium, and two of thallium,
The periodic trend of increasing atomic velume as the atomic
number increases is continued in Group IfA. Boren has the
smatlest atomic volurne of any element stable at room tem-
perature and atmoespheric pressure,

Group VA

The members of Group IVA ali are solids at room temper-
ature and atmospheric pressure.

Seven {or possibly ejght} allotropes of carbon exist {3). They
can be divided inte four groups: 1) graphites, 2) diamonds, 3)
synthetic forms?; and 4) metaliic forms. Two types of dia-
monds exist; the most common form is the cubic variety, a
second, so- calied hexagonal type is found iu some meteor
craters {29), The next three members of this group, silicon,
germanium, and tin, are isostructural with cubic diamond, at
room temperature and atmospheric pressure, They each un-
dergo 4 Pressure- -tdependent iransition to a crystal form that
is metallic. Silicon and germanium each have two other
pressure-dependent aliotropes, while tin has only one other
pressure-dependent aliotrope. There are two allotropes of
iead, one is stable only at high pressure {31). .
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The same periodic trend present in the last three groups is
true within Group IV. Diamond, which is metastable at room
temperature and atmospheric pressure, has the fowest atomic
volume of any elemental ajllotrope.

From ¢arbon’s phase diagram and by analogy with the

high-pressure behavior of silicon and germanium, a high-
pressure metallic allotrope of carbon with an atomic volume
15-20% less than diamond has been postulated ¢3). In 1979
a new alletrope of carbon was formed that fits the postulated
eharacteristic of lower atomic volume (27). This auther was
able to determine neither whether this is the postulated me-

- tallic allotrope or an entirely new allotrepe nor under what

conditions it js stable.

"Many of the elements in Groups VA-VIIA are found as
molecular species. Because of their multiatomic nature these
elements crystallize differently from the monatomic elements,
Instead of single atoms forming the structural basis of the
element’s crystal lattice, the molecular species of the element
is substituted. This affects the molar volume caleulated; for
example, instead of a single atom’s bemg it a crystal’s unit celt,
there are Iwo or more atoms cccupying the same site in the
unit cell. So, to be consistent with the definition of a mole, all
the molar volumes of these elements are reduced fo atomic
volumnes for this paper. The molar volumes of these elements
are presented parenthetically next to thexr atomic volume
value on the table.

Group 78

Nitrogen is the enly member of Group VA that is not a solid
at room temperature and atmospheric pressure. Al but one
of the members of Group VA can exist as a polyatomic mo-
lecular species, Many of these molecules form the structural
basis of the crystal allotropes of their elernents. Nitrogen exists
and crystallizes as diatomic molecules, Of the five molecular
species of phosphorus P, Py, Py, P, and Ps, the molecule P,
is found only in the gas phase {35). The two so-calléd white
phosphorus allotropes are composed of P4 molecules. The
structure of Hittor F's phosphorus is based ob a cagelike can-
figuration of Py and Py molecules (3, 35). The remaining
phosphorus allotropes are structurally based on a monatomic
molecule. Tetratomic molecules of arsenic and antimony exist,
but this molecular species has not been confirmed to be the
structural basis of any of their allotropes though it isthought
E,o be the structural basis of one uncharactenzed arsenic sohd
3, 39,

Three ailotropes of nitrogen exist at fow temperatures; two
of them are stable at atmospheric pressure, and the third i is
found only at high pressure. The allotropy of phosphorus is
too complex to be eovered adequately in this paper. Readers
interested in the subject should consult Corbrige’s book (36),
which diagrams the known allotropes of phosphoras and the
relationship among them. Mellor {35) provides an excellent
review of the crystal structures of the phosphorus allo-
tropes. -

Arsenic, antimony, and bxsmuth all have the same type of
thombohedra crystal at room temperature and atmespheric
pressure. In addition, arsenic has two or three of,her crystal
atlotropes. Two more allotropes of antimony and as many as
six allotropes of bismuth exist at high pressure (12).

Group VA does not follow fully the estahlished periodic
trend, because nitrogen’s atomic volume is greater than that
of the most thermodynamically stahle aliotrope of phospho-
rus, a biack phosphorus, Otherwise, from phosphoru& to bis-
muth the per:odrc trend is followed.?

2 By synthetic are meant those aliotropes of carbon that ave non-
metailic, manmade, and that have not been found In nature.

3To change a monatomic atomic volume to the corresponding
podyatomiic value, multiply tha monatamic atormic volume by the nutttber
of atoms In the element’s molecule. Example: for o white phosphorus,
which is structurally based on the P4 motecule, polyatomic equivatent
mofar volume = 4 X ir02= 68.08.
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Group VIA

At room temperature and atmospheric pressure, oxygen,
a gas, i3 the only member of this group that is not a solid. With
the exception of tellurium and po!onium all the members of
this group have polyatomic species which form crystalline
solide. There are two molecular species of oxvgen, Og and Os,
No crystal forms of Os have been‘identified; its molar volume
presented here is based on density measurements (3). The
observed molecular species of sulfur, are 8, wheren = 1,2,
3,4.5,6,7,8,4,10, 11,12, 18, or 80 (3, 44). Those 'mofecules
of 85 and higher are found in crystalline sulfur. The 83 mole-
cuie, a ring, is the structural basis of the three common forms
of sulfur. Selenium also forms crystals with this molecular
species. Because the eight-membered ring allotropes of sulfur
are the most common forms, only their atomic volumes are
included on the graph.

Approxunately 50 allotropes of sulfur are claimed. The two
papers hy Meyer (44, 45) do an excellent job of putting the
allotropy of sulfur into proper perspective, Four allotropes of
diatomic oxygen exist; the fourth was found recently and is
stable only at room tempe'rature and high pressure (41}, There
are posaibly eight allotropes of selenium. Twu Seg rings, one
monotomic alfotrope, and ene thin-film allotrope have been
confirmed, and two other thin:film and two pressure-depen-
dent allotropes may exist (3,72). Tellurium has three definite
allotropes, a fourth has been claimed, and more may he
present at very high pressures (3, /2}. Only two allotropes of
polonium are known.

As happened in group VA with nitrogen, the atomic volume
of oxygen is greater than that of the next two members of its
group, but from suifur on, the periodic trend is consiatent with
the estahlished trend. In terms of molar volume, the Sy al-
lotrope of sulfur has the largest molar volume of any elemental
allotrope. ' '

Group VIIA

Floorine and cblorine are gases, bromine is 2 liquid, and
iodine is a solid at room temperature and atmospheric pres-
sure. A}l are diatomic molecules. The low-temperature allo-
trope of fluorine is a monoclinic crystal, and the high tem-
perature alloirope is a cubic erystal. An orthorhombie erystai
is the only allotropic form of both chlorine and bromine. Io-
dine has this same structure, but there is evidence of a second
high-pressure metallic allotrope (12), Astatine is so ﬂho_rtlived
that its structure has not been studied yet. When this group’s
molar volumes are compared, no change is seen from the es-
tabl:shed periodic trend.

Group VIlIA

The noble elements all are gases at room temperature and
atmospheric pressure, Both helium isutopes exist in the same
three crystal forms. The major difference between them is that
the temperature and pressure range for the existence of the
body-centered cubic crystal is greater in 2He than in 4He (49).
The lowest-pressure form #s a body-centered cubic crystal; at
higher prezsures helium is a hexagonal close-packed crystal;
and at very high pressures, its crystal structure is a cubic
close-packed crystal (51).

Negon and argon each have two allotropes, For each, the first
ailotrope is n face-centered cubic crystal, stable at low tem-
peratures, which at a higher temperature transforms to the
second allotrope, a hexagonal crystal (3, 53). Krypton and
xenon each have a single aliotrope, a face-centered cubic
crystal. Plenty of radon has heen made, but as yvet no one has
determined its crystai structure. '

Helium has a larger atomic volume than does neon. The
cause for this anomaly is not clear but is probahly related to
helium’s unusual properties. Otherwise, the established pe—
riodic trend holds true for Group VIIHA.
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Figure 2. Atomic volumes of the transition elements.

B Transition elements filling & 3d orbital.
A Transition elements filling a 44 orbital,
< Transition elements fitling a 54 orbital.

The atormic volumes of the transition elements at room temperatura and atme-
spheric pressure are graphically rapresented on a expanded scale.

The Transﬂiqn Elements

Mercury, a liquid at room temperature and atmospheric
pressure, is the only transition element not a solid under these
conditions. Because the transition elements cover a number
of groups, only their allotropic trends will be emphasized.
With few exceptions, the same erystal structures exist at room
temperature and atmospheric pressure for all the members
of a given group (colpmn) among the trapsition elements,
Group VIIB, headed by manganese, and the two columns of
Group VIHB headed by iron dnd cobalt are the major excep-
tions to the trend, These three elements af room temperature
and atmospheric presstire have a commeon crysial structure
which is different from the crystal forms of the remaining
members of their respective groups. Under different condi-
tions; however, they will exhibit the crystal structure which
is characterrstlc of their individuat groups at room tempera-
ture and atmospheric pressure. At 237.25K and atmospheric
pressure, mercury crystallizes into the same crystal system,
hut not with the same laitice symmetry, as the other members
of Group IIB. Actinium’s allotrope is structurnlly different
from allotropes of the rest of Group I1IB, It is believed that
actinium has been studied only at room temperature, There
are many instances in which transition elements in the same
column undergo similar structural transformations.

The periodic trend for alomic volume among the transition
eiements is essentially the same as for the non-fransition
groups discussed above. There i is siill an increase down a
transition column, but the atomic volume of the last two
members of a transition column are nearly the same (4) (Fig.
2}, This may be due to the affect of the lanthanide contraction
on the third row of transition elements. it appears that haf-
nium and gold are more affected by the lanthanide contrac-
tion, which accounts for their décrease in atomic volume
compared to the elements just above them.

In general, thin-film allotropes of transition elements have
higher atomic volumes than do bulk amounts of these ele-
ments {(3).

Many times when the elements are discussed there is an
argument as to which element is the denzest. Since atomic

" volume and density are mathematically related, such a dis-

cussion is appropriate. Using Donohue’s method of averaging
all reasonable lattice constants for a given crystal form of an
element, osmium is the dénsest element (3). Iridium is only

* Our use of the term *column” is appropriate for the discussion since
Group VIIIB covars three columns of trarisition elernents
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Atomic Volumes and Densities of the Solid Elements at Atmaspheric Pressure and Room Temperaiure 559

Number of Allotropes

Atomic
Atomic _ Volume Density # Temperature Pressure Thin
Elernent Number Viemimoli™! plgem? Dependent Depondent Eilm Reference

Hydrogen {Hz) 1 11.42 {22.8519 0.0882 1 2367
Deuterium (D) © 1 9.87 {19.74) 0.2040 1 23,67
Lithium K] 13.02 0.53 1 1 2389
Sodium 1 23.78 0.97 1 2 3.8 10 17
Poassium 19 45,94 0.85 1 23 12
Rubiditm 37 $5.76 1,53 e 23 12
Gesium 55 70.94 1.87 31y 23,12 13, 14
Francium a7
Beryllium 4 4,85 1.86 3 i 2,3 12,15
Magnesium 12 14,00 1.74 {1 3 12
Caicium 20 26.20 1.53 1 2) 2.3 12
Strontium 38 33.94 2.58 2 2.8

Bartum 56 38.16 3.60 13} 2.3 12
Radium 88 41.09 550 3
Boron 5 439 2,46 3H12) 2 3 16, 17, 18, 18, 20, 24
Aluminum 13 10.00 270 i 2 2, 3 22 23 24
Gallium a1 11.803 591 2 2 2 22 14,25
indium 49 15,78 7.29 2,3
Thalfium 81 17.22 11.87 1 2.3
Carbon ® 6 5.29 2,27 2 2 i 2.3, 26,27, 28
Diamand § 3.42 3.51 2 2 3,28, 29

" Silicon 14 12,08 2.33 3 2,3 30
Germanium 32 12,63 532 2 1 23

Tin 50 16.29 7.28 1 1 23

Lead 82 18,26 11.34 1 2.3 31
NitrogeniNy) 7 12.54 (27.07) 1.03 2 23,32 33,34
White
Phosphorus{Pa} 15 17.02 (68,08) 1.82 3 2, 3, 35, 35, 37
Black -
Phosphorus 15 11.44 2,70 37
Arsenic a3 12.85 579 1(1) (1 2,3, 12,38, 39
Aatimony 51 18.19 6.69 2 23

Bismuth 83 21.31 9.80 2(4) 2,3, 12, 40
Oxygen(Oz) 8 17.36 (34.72) 1.58 2 {1} 2 3, 41,42, 43
0zone{Ca) 8 9.26 {27.78) 1.73 a
Sulfur 8 16 15.53 {124.20} 2,08 "y n 2.3, 44, 45
Selenium 34 16.42 4.80 2 2 2) 2,33

Tellurfum 52 20.46 6.24 21+ 2,3, 46, 47
Polonium 84 ~22 87 ~ 1 1 2,3
FhuorineiF ) g 11,20 (22,989) 1.70 1 2 3,34, 48
Chlorine{Ciz} 17 17.39 (34.77) 2.03 2 3
Bromine{Brz) 35 19.76 {39.56} 4,05 2.3
todineqi;} 53 25.72 (51.43) 4.93 41 3 12
Aslating 85 v Ve
Hetitirm 2 21.00 2, 3, 12, 49, 50, 51, 52
Neon 10 13.23 1.52 1 2 2 3 53
Argon 18 22,56 1.77 1 2 3,38
Krypton 36 27.98 2.99 3
Xerion 54 3582 365 2
Radon 86 §0.50 4
Scandium 2 15.00 2,69 23
Yitrium 38 16.88 4,472 23
Lanthanum’ 57 22,386 8.205 2 2 3
Actinigm 8g ~22 554 10.07 23
Lutetivm * 71 17.78 8.84 (" 2.3 12
Lawrencium’ 103 o ..

" Titanium 22 10,64 4.50 1 4 23
Zirconium 40 14.024 6.50 1 1 1 2.3 54
Hafnium 72 13.44 13,276 1 n i 2.3, 12, 54
Vanadium 23 8.32 8.12 23
Niobiurm 41 10.83 8.58 1 2,35 55
Tanslum 73 10.85 18.68 2 2.3, 84, 58
Chramium 24 7.23 7.19 1 23
Molytidenum 42 9.38 10,22 1 2 3, 54
Tungsten 74 9.47 19.25 1 ¥ 2, 9, 54
Manganess 25 7.35 7.47 3 23
Technetium 43 ~8.63 11.46 2 3, 57
Rhenlum 75 .86 20.56 1 2 8, 54
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Atomic Votumes and Densities of the Solid Elemenmis ol Almosphecic Pressure and Room Temperaturg, #2.4

Apxmic o Mumber of Allgirepes
Atomic Volume Denaity # Temperature Pressure Thin
Etemant Number VremPmot? pfgem™? Dependent Dependert  Fifm Aeference
ron 26 ¥.09 7.87 2 t 2 3 12
Ruthenium 44 8.7 12.44 2,3
Osmium 76 B8.42 22.58 Z 3
Cobalt 27 6.67 8.83 1 2,3
Rhodium 45 8.28 12.42 2.3
Fridium 77 8.52 22.58 {1} 2,3, 12
Hickel 28 6.59 8.4a1 H2) 2 3
Patadium a8 8.56 12.00 24
Piatinum 79 5.09 21.46 23
Copper 29 741 8.94 1 23
Stlver 47 10.27 10.51 1} 1 2,3
Gold 79 10.23% 19.28 i 23
Zinc kI 9,16 7.14 23
Cadmium 48 13.00 8.65 (1) 2,3, 12
Mercury 8a 14.09 14.24 3{1) 2 3 58
Cerium 58 20.69 B.77 2 3 2.3, 12, 59
Prassodymum 59 20.60 6.77 z 2 2.5 12
Meodymium 60 20.58 7.01 1 1 3
Promethium b1 20,23 7.78 [8))] 1 {1 3
Samarium 62 19.88 7.56 [4)] 2,9 12
Europium 43 28.97 5.28 2,3
Gadolinim 84 19.90 7.90 1 1 3
Terbium 65 18,30 8.24 HN 1 3, 60
Drysproshim 88 19,01 8,85 1 1 3, 61
Hoimium 87 18.74 .80 1 3
Erhium L1 18.48 9.08 {1} 1 3, 12 62
Thulium 69 19.13 .31 )] 3,12
Ytlerbium 70 24.84 B.97 2 (1) a 12
Thariym a0 19.80 it7Z k] {1 2 3 12
Protactinium 81 15.18 12.22 1 1 3
Uranjum 22 12.49 18,05 2 a
Nepiuniim 63 11.59 20,45 2 23
Pliiopium 24 12,29 18.86 5 23
Ameticium a5 17.63 13.78 1 3 3 853
Gurium 96 18.05 13.88 1 3
Berkefium a7 14.64 14,87 h] a
Californiurn 98 16.50 15.10 1 64
Einstainium 99 28.52 §.88 b5
Fermium 100
Mendelevium 101
Mobelum 102

2 For elements that are gasgs and liguids al room temperatire the dala ere for the element's sofid alloirape exisiing at the lowast lemperature.
% The atomic weighls used in any calculations were takan from the IUPAD values of 1977 {5).
€ Deuterhm allotropes are net included on the graph.
¥ The poiyatomic squivaternt atomic {mofar] voiurme was calcufated for the polyatomic elements, and is presenied perenthetically next to their slomic volume,
* Symhetic alloiropes of carbon have malar volumes similar to diamond,
! Lanthenum, sclimium, iutetum, and lawrencium are placed st tis point in the rablka becaure thair ast sdded efectron is fdught to be & g stectron.
# gually only the atomic volurme and damsity on one sllorope of an element i reprosemed in the Lable. However, additionat velues were Ingiuded for elements that have [wo or more
well-hnown gllolropes. The discussicn ko the lex! is based o0 the numarical valuss §sted in the lable. )
The number of other, confirmed femperature-gependent, prassurg-dependent, and thin-film alistropes |s indicated in the 1abla, The number in parantheses s the sumber of proposed

aliotropes of the slement. It is suspecied that a more delkiled study of the proposed aloopes woukd shew thal masy of them arg one of the confirmend aliotropes,

slightly less dense than osmium. These conclusions hoid true
for the average of the post-1955 measurements, as wel as the
pre-1955 measurements. The post-1955 measurements appear
to be much more accurate than the pre-1955 values. The
density calculated from Donohue's averaged lattice constants
at 203K is p/g cm™? = 22.58 for osmium and p/g cm™3 = 22.56
for iridium (5}.%

inner Transition Elements

‘Al the lanthanides and actinides that have been studied
are solids at room femperature and atmospheric pressure. A
few lanthanides and actinides have unusual cryvstal structuzes.
Cerium and praseodymium exhibit a collapsed, face-centered
cubic crystal under high pressure (3, 12}. This crystal is
structurally identical 1o the normal face-centered crystal from
which it was formed. It is considered a separate allotrope be-

¢ause the transition to the colapsed form is marked by a
sudden decrease in atomic volume. Other unusual crystai
siructures among several inner transition elements are col-
lapsed hexagonal close-packed and rhombohedral structures
{3); these crystals retain the same space group as gh uncol-
lapsed crystal, bui the number of atoms in the unit celi is
doubie and triple the normal value, respectively, In some ac-
tinides and lanthanides these structures are stable at room
temperature and atmospheric pressure. Lanthapum is the
pxception; it is the only transition element which exhibite such
o structure only at high temperature.

The filling of an [ suborbital has a very profound effect on

5 The calculated densily publishsd in Ref, {2 for iridium is 22.85 p/g
em™2, From the laftice constants given for this value, ridium’s density
ls calcuated to ba 22 57 p/g om 3, The cause for the ditference is nat
known.
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Figure 3. Atomic volumes of the inner transition elermnents.
W Inner ransitlon elements filling a 41 orbital.
A inner transition elerments filling a 5f orbitat.

The atomic volumes of the janer fransition elemanta at room temperature and
atmospheric pressure are graphically represonted on a a;cpunded scale.

the periodic trend in atomic volume. As was said earlier in the
discussions of Group IF and of the transition elements, the
ianthanide contraction appears to be the cause for the smail
increase in atomic volume for an element which it affects, in
comparison with a preceding unaffected element. The best
exampie of this was the small increase in atomic volume for
the third row of transition elements over the seeond row. The
actinide elements are filling the second f suborbital, and with
this, there occurs a second contraction of atomic radius, a
so-called actinide coniraction (67). This probably leads the
actinide elements to have smaller atomic volumes than their
corresponding lanthanides {Fig. 3). Einsteinium has a higher
atomic¢ volume than holmium, but so far its only allotrope has
beeu found in thin films, it may well be that as with the tran-
sition elements, bulk amounts of einsteinium wili have a
smailer atomic volume.

In the progression across a lanthanide or actinide row, the
stability afforded by filiing the /7 and f** orhital is seen (4).
Europium, ytterbium, and americium all show large increases
in atomiec volume over their surrounding elements, The four
actinides following americium do not show a large decrease
in atomic volume as expected. The reason for this is unclear.
Nobelium may continue the trend since it fills the /** or-
bital.

The last three actinides, fermium, mendelevium, and
nabelium have not yet been structurally studied.

Conciusion

We have seen that, in the majority of groups {columns), as
the atomic number increases, so does the atomic volume.
Helium, which has a larger atomic volume than neon, is the
only significant break from the periodic trend. The cause of
this might have something to do with helium’s ather unusual
physical properties. Two other important breaks from the
periodic trend occur in the third row of the transition elements
with hafhium and gold; the reason, it is helieved, is that the
lanthanide contraction strongly limits the expected increase
in atomic volume because of its effect on an element’s atomic
radius (4}. With the actinides filling the 5f orbital a second
atomic radius contraction occurs (623, This aceounts for the
reversal of the periodic trend, with the actinides having
smaller atomic volumes than their corresponding lanthanides.
1t will be interesting to see if the elements following the acti-
nides wilt also show smaller atomic volumes than their next
iower corresponding elements. Looking at where the lan-
thanide contraction has the most effect, it appears that the.
fourth row of transition elements will be the most affected by
the actinide contraction. The instability of these elemenls may
prevent their structural examination. The best hope for seeing
if the reversal in atomic volume continues should be with the
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elements that are to be found in the islands of stability
{68).
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Some Opportunities for Reinforcement of Learning
Among the Subdisciplines of Chemistry

A. L. Underwood
Emory University, Atianta, GA 30322

H is a common lament among physical chemists that stu-
dents, even at the graduate level, are inadequately prepared
in mathematics. The problem resides less in the lack of formal
courses than in a failure to develop a “feel” for expressing
chemical situations in mathematical language. A related
problem is the tendency of students to compartmentalize their
studies into quarter or semester packages; much of what was
“learned” seems unavailable in later courses. Students fre-
quently express resentment when asked to apply simple
acid-base theory from the first-year course to estimation of
the charge on a protein molecule in a biochemistry course.
Much of this may be inevitable, but the faculty must not en-
courage ii; we must search continually for ways to utilize
material from an earlier course in a later one and to reward the
students who are success{ful ins carrying over material from one
course to another.

There are many examples of topics taught in different
conlexts using different symbels but where the mathematical
formalism ia the same. One which has been frequently noted
involves the Bouguer-Beer law in analytical chemistry and the
first-order rate equation in physical {7). Presented here are
some additional cases of equations of similar form which occur
in quite different situations and which have been less widely
discussed. Pointing out the similarity, which may not other-
wize oceur to the student, may assist in his effort to relate
physical situations tc mathematical form.

Hyperbolic Approach Toward Saturation

Michaelis-Menten Kinetics. For many enzymic reactions,
the graph of initial velocity, o, versus substrate concentration
{8], at constant enzyme level is a hyperbola as shown in Figure
1. This curve is the locus of the Michaglis-Menifen equation,
which is generally seen (2) in the form

Vinax S}

P OIS reee——— 1

R+ 5] .
The asymptote, Vi, is the limiting velocity when [8} = =,
i.e., when all catalytic sites of the enzyme are occupied by
substrate molecules. The Michaelis constant, K, is equal to
[S] when o = Vi0/2. To evaluate V., and Ky, alinear plot

T Kyor K
|

HB

{s) or (H")

Figure 1. Graph of eqn. {1} for Michaelis-Manten kinetics and eqn. (8) for the
solvent axtraction of a weak acid.

is preferable, of which the commonest (although not neces-
sarily the best} is the Lineweaver-Burk veraion (3} shown in
Figure 2. The equation of this graph is obtained by taking
reciprocais of both sides of the Michaelis-Menten equation:

1 Ky +[5] ( Ky) 1 ]
o = wrmmma—— g ] | e e i 9
0" VeulSl Vo 81 Vo @
It is seen that the slope i5 K/ V max and the intercept on the
/o axis is 1/V max
Selving eqn. (1) for {S] and taking logarithms, one readity
obtains

pS = pKp ~ log —— (3)

Vipax — U
The analogy both 1o the Henderson-Hasselbaich equation,
facid}
fconjugate base}
and, for that maiter, to the Nernst equation for a redox couple
Ox + ne™ = Red, is obvious
s T [Red] -
E=FK oy In ——--“{ ol (8)
Of course, where v = V.. /2, p8S = pK )y, just as pH = pK,
when a weak acid has been half converted into the conjugate
base. The mathematics when a hase is half protonated or an
oxidant half reduced is the same 2s when an enzyme has heen
half converted into enzyme-substrate complex. This has, in
fact, been pointed out in a book {4) which few undergraduates
are fikely to encounter. On page 56 of the same book (£} is this
statement regarding the hyperbolic curve: “Such a result is
obtained whenever a process depends upon a simpte disso-
ciation; if, for a diasociation XY = X + Y, [Y] is held constant,
plotting {X Y} against {X] will give [a hyperbola].” The same
writers note {p. 59} the similarity to Langmuir's isotherm.

pH = pK, ~log {4)

o

=

5 \

: stope = K, /Y ..

S

= or l(‘,“afl(l:,ﬂB
~H Ky or

P
/Koy ’/' 1/ Viax O ”KDM

\ ,
#
’)

(S} or I/{H*")

Figure 2. Graph of egn. {2} for Michaéﬁs-Memen kinetics and egn. (3) for tha
soivent extraction of a weak acid.
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Solvent Extraction of a Weak Acid

For a weak acid, HB, which partitions between an agueous
phase and an organic solvent, it is easily shown that

PRI (6)
Kons
[H)
where K, is the distribution or partition coefficient for the
species HB (i.e., Kp,y = [HBq,/[HB],) and D is a distribu-
tion ratio expressed using concentrations summed over ail
relevant species:

o (Bl -
[HBfaq + {B7lag
Equation {8}, found in {reatises on solvent extraction {5} and
in elementary quantitative analysis texts (6), is modified easily
to accommodate other equilihria such as dimerizaiion in the
arganic sotvent. What hag not, to our knewiedge, been pointed
out is that eqn. {6} can be written

D = Kol (9
K aua {H +faq

Tt is seen that egn. (8} looks exactly like eqn. {1) and that
Figure 1 can be labelled to represent either equation. Just as
v approaches V., when more and more enzyme molecules
are working, so [) approaches Kp,, a8 more and more B~ ions
are protonated to form the extractable species HB. This is
scarcely a scientific breakthrough, but it can he pointed out
to undergraduates that the two equations both describe the
approach to saturation for the simple case X + Y = XY, and
that the approach is hyperbolic. It is seen that when {) =
Kpue2, [HY} = Koy analogous to the Michaelis-Menten case
where [S] = Ky when ¢ = Vp,,,/2. Because Lineweaver and
Burk were biochemists, the double reciprocal plot has not
appeared in analytical texts, hut

LKt Wl (Kl L L
D KDHBiH+}aq KDH {H+} Kﬂna

Thus a plot of 1/ versus 1/[H*] yields a straight line of siope
Kaun/Kpyp and intercept 1/Kp ;. as shown in Figure 2,

Protonation of a Base and the Oxygenation of Myoglobin

Sometimes traditional presentations obscure analogies and
correlations that might be helpful to students. Since, albeit
for good reasons, analytical chemists tajk dissociation and pH
rather than association and [F{*], many students who are
thoroughly familiar with sigmoidal titration eurves have not
the faintest notion that a graph showing the fraction, f,of a
base protonated versus [H*] iz a hyperbola, the equation for
which is

-
K+ Ku{H
They then view the hyperbolic oxygenation curve for myo-
globin {fraction gaturated versus po,} as something very
special in biochemistry, whereas for the simple reaction Mhb
+ Oz = MbOs, no other shape makes any more sense than for
the reaction RNH, + H* = RNH;. If the hyperbolic curve is
seen as unusual, how is the student then to experience the awe
which the sigmoidat curves for hemoglobin and the ailosteric
enzymes deserve?

(10)

Langmuir Adsorption isotherm

Most physical chemisiry texts discuss adsorption (7}, al-
ihough the chapter on gurface chemistry is frequently omitted
from the courses where these books are used. Langmuir’s
model for monolayer adsorption on an idealized surface leads
10 an eguation of the form

ep
S, A It
v . {I1}
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for the volume of a gos under standard conditions adsorbed
by a unit mass of golid as a function of the pressure, p, at
constant temperature. A graph of v versus p is, of course,
hyperbolic. Further, ¢ = by4,D, Where Upg, is the limiting value
of ¢ corresponding to complete surface coverage. The as-
sumptions in Langmuir’s derivation, although prohably in-
valid for rnost real surfaces, are approximately correct for the
binding of protons to.a bage in solution, of substrate molecules
to many enzymes, of oxygen to myoglobin, etc.: binding at
definite sites, all sites equivalent, no interactions between sites
or between bound ligands. L.angmuir sounds like 4 protein
chemist! On page 339 of reference {7} is found the following:
“To test whether {the Langmuir ieotherm] fits a given set nf
data, we take the reciprocal of each side to give 1fv = 1/
(UrmaxbD) + 170y A plot of 1/0 versus 1/p ought to give a
straight line if the Langmuir isotherm is obeyed.” Historically,
the Michaelis-Menten equation (8) slightly predates Lang-
muir's (9},

Successive Formation Constanis

We close with an equation which is well-known in two dif-
ferent areas and which was derived, apparently indepen-
dently, by two workers who probably never heard of each
other. The second derivaiion rings true, with not the slightest
hint of plagiarism. The teachers who use the equation seem
not to talk to each other, nor dv students carry it from one
course to another,

The hemoglobin molecuie, Hb, can bind four molecules of
oxygen. For each step, a macroscopic equilibrium congtant
may be written:

K1 - {Hbad (12}

{Hb] po,
_ [0
[HbOs}po,

_ JHb(Oz)s}
Hb{Oo)z + Os = Hb(O Ks = iondpe
{Og)z + O {023 " [HB(O2}d}pa,

[Hb(O2)4}
Hb{(Ox)s + Oz = Hb(O:) K= a5 ©nlpe,
{Oug + Oy (G214 * 7 [Hb(Owalpo,

Hb + 03 = HbO,

HbOq + Oy = Hb{Os}y K, {(13)

{14)

{15}

The po, is tantamount to an oxygen concentration via Henry’s
taw, and the equations above are written in the customary
form.

Now, Hb can be titrated with Oy, but the K-values cannot
bs obiained by simple inspection of a graph of the titration
data as students do in elementary courses. However, these
values can, at Ieast in principie, be extracted from the data.
Knowing the initial [Hb} and the quantity of added Og, then
by measuring the partial pressure of free Oz one can calculate
for that point in the titration the average number of Oy mol-
ecules bound per Hb molecule, designated 7. The equation for
obtaining K-values {rom suceessive determinations of ¥ was
given in 1925 {10} and is known in biochemistry as the Adair
equation, which may be written as follows:

K_]pog +2 Kngpz(}g +3 K1K2K3p-309 +4 K}KzKBK{D‘ng
7
1+ Kipo, + KiKapPo, + K1K3Kap¥o, + KiIKKsKipio,
{16}

A discussion of egn. (16) may be found in a modern book
(11).

Few chemistry teachers outside the biplogical area have ever
heard of the Adair equation, but inorganic and analytical
chemists who deal with complex ions are familiar with Bjer-
rum’s formation function. This is used to calculate successive
formation constants for the binding of a ligand sueh as NH;
to, say, Cu(¥{) ions. As presented independently in 1941 {12),
the formation function, i, which is the average number of }i-
gands (A) bound to a metal ion, is



Bi[Al + 2k ikofAlZ + ... N Baky. .. Rn[A]Y
1+ kAl + kika[AlZ + ... + Biks . knAY

17)

n=

Bjertum applied eqn. (17} to the stepwise addition of am-
monia to metal ions, determining {NH;] by utilizing the glass
electrode. Numerous adaptations have been “derived,”
sometimes overlooking fair acknowledgment, of Bjerrum and
never mentioning Adair, for obtaining suceessive constants
by polarography, soivent extraction, spectrophotometry, and
other techniques. The same sort of equation could obviously
be written for the protonation of a polyfunctional base, al-
though students may not realize this simply hecause acid-base
chemistry is usually treated in terms of dissociation.

Summary

The examples presented above coukd be embellished with
activity coefficients and other refinements, bt this wouid only
obscure the major theme, Sometimes a simple model, stripped
of frills, captures the essénce of a real situation in chemistry,
and sometimes, muiatis mutandis, a model with the same
features approximates the truth in an entirely different
chemical situation. A few students will see the basic similar-

ities even if the two situations arise in different courses, but
those who really need our help will not. Showing less gifted
students how models of the same form lead to equations of the
same form takes very little extra time. Alert teachers will
recognize that the examples given here barely scratch the
surface.
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A New Approach to Overhead Projection

Timothy L. Schaap
311 Jon Court, Des Piaines, iL 60016

Recently I had the pleasure of attending a seminar in La-
Salle, [liinois, presented hy Hubert Alyesa, the master of the
overhead projector {among other things}).! This rekindled
memories of yearly visits which Alyea had made o Northern
Iiinois University in my undergraduate days. I was reminded
how impressive it is to see an experiment projected to fill
completely an 8 £t X 8 fi screen. { feet that the only obstacle
to the widespread use of this techriigue has been the need o
construct a special projector, so I would like to suggest a simple

! Alyea's feature column “TOPS" (Tested Dverhead Projection
Sertes) ran in THIS JOURNAL from January 1962 through January 1971
and is also available in a reprint volume from subsaription and Book
Order Department, Journal oF CHEmicAL Epujcation, 20th and
Northampton Sireats, Easton, PA 18042 for $8.35 ($9.25 foreign}
prepald. Readers are referred ta sither of these sources for a wide range
of demonstrations adapted to the overhead projector.

2 Teachers should be aware, however, that some brands of Gverhaad
projectors may have safety switches which automatically turn otf the
projector if it is tipped over. Also, when placing the projector on its side,
be sure not o cover up the ventilation slots which are used for
cooling.

3 Unless the projector image is very high up on the screen, the pro-
jectar itseif may biock the Hight from the lower third of the image. This
probiem can be gvercome by propping up the adge of the projector
naarest the mirror on a black.

modification that can he made to an ordinary overhead pro-
jector.

Turn the overhead projector onto its back® and affix an
ordinary mirror to the projector as shown in the figure. Use
a clamp and ringstand to hold the mirror in place. By holding
or otherwise securing an Alyea cell or ordinary test tube be-
tween the light source and the mirror, one can carry out
demonstiations that can be seen by everyone in the room.®

betiom of
projector

Schamatic of the projection apparatus. The mirror is adjusted to reflect from
the projection head.
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provocative opinion

Trends and Issues in International Chemical Education

Marjorie Gardner
University of Maryland, College Park, MD

As problems become apparent in the teaching of chemistry,
committed instructors attempt to find solutions. Thus issues
are identified and trends developed. This is a continuing and
evolutionary process, Some issues appear to be cyclic; they wax
and wane during fairly distinct time pcriods (e.g., the theory
versus application debate}. Some appear to be continuous;
they have existed for decades and seem to defy solution {e.g.,
how to integrate cffectively, or at lenst relate, the theoretical
and practical work), From time to time, truly new problems
emerge (e.g., how to utilize fully microelectronics in instrue-
tion); these require trail-blazing in chemical education.

Although a number of trends can be identified, let us focus
attention on eight of the current trends. Each grows out of a
clearly identifiable need. Although there may be differences
in degree, each transcends all educationa! levels (primary,
secondary, tertiary and adult/continuing education}, and each
has relevance for countries in all stages of development. The
directions of these trends are toward:

(1} designing courses and curricutd for general education, (2} {n-
creasing the interdisciplinary content, {3} lowering the costs of lah-
oratary and field work, {4) coping with aud utilizing the microelec-
tronics revalution, {5} developing maore versatile examination and
evaluation systems, (6) improving the education and stains of
teachers, {7} promoting research and advauced degree programs in
chemical education, and (8) faci}ifating national, regional, and in-
ternational communication and cooperat:on

Designing Courses and Curricula for Generat Education

Once the primary purpese of chemical education was to
prepare a limited number of secondary school students for
admission to the universities and a limited number of uni-
versity students for careers in chemistry. Thus, we catered to
no more than 15% of the studenis and ignored the {arge ma-
jority, This is no longer possibie. Al of our people enjay the
benelits and/or suffer the negative consequences of chemistry
in everyday life. All have a need for and a right to some un-
derstanding of chemistry and of scientific processes, a right
to an operational everyday hteracy in science. There are at
least three groups, in addition to those who will become
chemists, who require some education in chemistry. Together,
they overlap to form the entire population. One group is
comprised of those who will draw on 2 knowledge of chemistry
in their professional work {e.g., health scientists, engineers,
agricuituraliste). Another consists of all those who will be the
managers, the decision-mekers in the society {e.z., the prime
ministers, lepislators, industrial managers, university ad-
ministrators). The third includes citizens in every watk of life
who must make decigions and manage their Jives with respect
to foods, additives and substitutes, medications, sources of
energy, protection of the environment, shelter, trausportation,
communication, and a myriad of other factors based on
chemistry that determine the quality of life and of the culture.
Existing courses do not meel these needs: they cannot be
adapted successfully since they were designed for entirely
different purposes, New courses and approaches to teaching,
perhaps modular in design, that are motivational and suffi-
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ciently relevani and articulate to promote public under-
standing of chemistry, of the potentials and limitations of
science, and of cost/benefit tradeoff is essential. In this trend,
we are moving toward the teaching of science to everyone,
every year, from primary school through at least the first two
vears of higher education with the public at {arge as the ulti-
mate target audience.

Increasing the interdisciplinary Content

Chemistry is increasingly viewed as the most nterdisei-
plinary science, the central scicnce, with ties to every critical
atea of human endeavor, For example, the health scientists
turn to chemistry for new pharmaceuticsls, better nutrition,
or correction of chemieal imbalances caused by organ trans.
plants or those reflected in mental illnesscs. Chemotherapy
is effectively used in the treatment of eancer. The biochemi-
cotechnological revolution in agriculture provides other ex-
amples. The fertilizers, the pesticides and the chemically
based irrigation and tood proeessing systems are al} examples
of chemlstry in action to help feed the world's growing popu-
lation. Artificial nitrogen fixation and man-enhanced pho-
tosynthesis are active areas of research that hold promise for
the future.

Many more examples could be cited; the list is almost
endless. Just let your mind roam through the images conjured
by arcas of our discipline such as geochemistry, atmospheric
chemistry, chemical oceanography, environmental chemisiry,
industrial chemistry, cosmochemistry, hiochemistry, etc.

How do we bring these interdisciplinary aspects of chem-
istry into our classrocins and laboratories? In fact, how do we
take our students out into the natural world where chemistry
reactions abound? Good interdisciplinary courses and eur-
ricula require very demanding and sophisticated devefopment,
implementation, and evaluation efforts. Teachers must be
retrained and examinations altered. I.eadership must be
provided by the chemists with help from the educators. Pro-
ductive research and effective decision-making hoth require
a broadening of chemistry content for the future scientist and
for the citizen.

Lowering the Costs of La_boratq_ry and Field Work

Austerity has struck chemistry departments in every region
of the world, yet chemists remaiu convinced that practical
work is of central importance in the learning of chemisiry.
Therefore, it is essential to Keep costs at current levels or to
lower them if possible without sticrificing quality. In addition,
the expansion of chemisiry teaching into interdisciplinary
areas such as geochemistry and environmenta ehemistry
brings with it an increase in experimental work.

Developing effective equipment for the laboratory i com-

This paper was presented as a plenary lacture in the International
Warkshep on Locally Produced Laboratory Equipment for Chemicat
Education at the Royal Danigh Schaot of Educationat Studies, Copen-
hagen, Denmark, August 11-17, 1983.



manding most of the attention at present. Related questions
should include the following: What new experiments that
teach the important principlés of chemistry at lower cost can
be designed? Can the cost of chemicals be cut by using sub-
stitutes, lower-gtade reagents or gmi-micro quantities? What
new equipment is needed ag field work increases? How can we
manage storage for the extended experiments required in the
new interdisciplinary areas (e.g., énvironmental chemistry}?
Could and should computer simulations replace some of the
laboratory work?

Coping with and EMeciively Utiiizihg Microelectronics

A relatively new but rapidiy advancing influence on in-
struction in chemistry is the use of microelectronic devices
such ag microcomputer and electronic balances and pH me-
ters. The high technology revolution is here to stay. Computers
and robotics are changing the world of work and the daily lives
of millions of people, and théy miost assuredly are chariging
the world of chemical education:

In chemistry, computers are alréady used extensively in the
more developed countries and are beginning to be used in
developing nations as well: In instruction they are used for
interfacing with laboratory apparatus, to promote compre-
hension of the three-dimensional geometry of molecules and
of dynamie systems and_ reaction mechanisms through
graphics, to simulate experiments, analyze data, manage
complex ealeulations, for drill and practice, to manage as-
sessment, and to handle the interminable record-keeping. The
hardware is inicreasing in versatility and decreasing in cost.
Software is the limiting factor. Creative chemical educators
are needed as never befors to genherate effective instructiooal
software.

Developing More Versatile Examination and Evaluation
Systems

Wherever external examinations that determine a young
person’s future exist, teachers are under pressure to prepare
students for the examinations. If the examinations require
“pure” chemistry and the récall of facts, thé teaching will be
tailored to these goals. With the growing convictions of the
importance of interdisciplinary content, of soctal relevancy,
and of the development of such intellectual skills as prob-
tem-solving, application, interpretation, and decision-making,
the examinations must be dramatically altered in content and
in style to reflect the new learning goals. The teachmg wiil
change quickly if new knowledge and thinking is expected
from students in order to score well on these examinations.
But how can these changes be implemnented? Who wilt provide
the leadership for change? Who wiil supply the ideas and
shape the questions? This type of effort draws few profes-
sional rewards.

Other changes in the evaluation system are needed, and
innovalors are at work. Kxamples can be found in continuous
evaluation/assessment systems, Keller-type mastery teaching,
and the use of the computerized question banks that promote
flexibility, individualization, and varied, yet balanced, as-
sessment instruments.

improving Teacher Education and Status

The youth of a nation is its most valuable resource. How
then can concern for the quality of teaching and for the care
and encouragement of competent teachets have such a low
priority in so many nations around the world? New modes of
teacher training are desperately needed and are being ex-
piored in some instances. Incentives to enter the teaching
profession and ways of rewarding excellence are being tested.
Recognition that a nation’s future is at risk when the quality
of its teaching is declining is finally dawning on national

leaders and the public at large. T'o be a competent teacher at
the secondary or tertiary level requires as many years of higher
education as the much higher paying professions of medicine,
engineering, or law. The monelary and socidl rewards of
teaching must be similar to those of the other professions in
order to keep good teachérs in the classrooms and to attract
a strong new generation of teachers. Although this will require
social change, revamping of budgeis, new methods and ma-
terials for teachcr training, and a host of other actions, it must.
be done, and i must move from the very smal} beginnings now
evident to large scale programs within this decade.

Promoiing Research and Advanced Degrees in Chemical
Educetion

A strong hase of research in chemical education is needed;
a comparatively weak one exists now, hut chemical education
is growing in recoghition as a research area. This can be further
facilitated by the development of stronger master's and doc-
toral degree programs in chemicat education. More funding
is urgently needed for research. There is evidence now of
growth in sophistication of research design and techniques.
More centers where chemical educition is recognized as a
sub-discipline of chemistry are developing, and the interna-
tional exchange of research rcsults and ideas is gecurring
through the literature and in seminars, conferences, study
tours, and student exchange programs. This is happening, for
example, in Jarael, Australia, Yugoslavia, Thailand, the United
Kingdom, and the United States. Let there be no apologies
for the developmental base for much of our research and ad-
vauced degree thesis work. Advances in chemical edueation
are heavily dependent on research and development work.
Instead, let this groundswell grow, and help it to thrive.

Facilitéting National, fiegionat, and internationat
Communication and Codoperation

During the past decade, there has been steady growth in
chemical education programs in such established organiza-
tions as the American Chemical Society (ACS) and the In-
ternationat Union of Pure and Applied Chemistry (IUPAC)
and through the United Nations Fducation Scientific and
Cultural Organization (UNESCOQj. New organizations with
chemical education interests are emerging. Examples are the
International Orpanization for Chemical Scienges in Devel-
opment (IOCD} and Chemical Research Applied to World
Needs (CHEMRAWN), The programs of these and other
organizations are growing in strength and variéty {e.g.,
newsleiters, seminars, workshops, conferences; the publishing
of monographs and source books, the exchange of curricula
and teaching materials as sources of ideas and experiments).
This workshop provides a prime example through the ex-
change of ideas and materials from both the developing and
developed world, and in the cooperation of national and in-
ternational organizations such as the Danish Chemical Soci-
ety, IUPAC, and UNESCO.

These eight trends are global. Bach is apparent ih most
nations regardiess of stage of development. They differ in
degree of uwrgency, of course. For example, the trend of
“Towering the Costs of Instruction” is a high priority in many
developing countries, but it is of importance, too, in the more
deveioped countries. “Coping with and utilizing microelec-
tronics” is strongly affecting chemieal education in many of
the industrialized nations, but other countries are als expe-
riencing the initial vibrations of this change. It will be inter-
esting to compare these trends with those apparent five vears
hence, How many will continue to develop? Will some have
disappeared? Is real progress evident? i should he interesting
to monitor change and to determine what the future holds for
chemical education.
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The Role of the Humanities in the Teaching of Chemistry

Dominick A. Labianca

Brooklyn College of The City University of New York, Brookiyn, NY 11210

When 1 firat faced the task of teaching chemistry to non-
science majors in 1972, I thought that the assignment would
not be very exacting—certainly less exacting than teaching
chemistry ¥ majors, I zoon realized that this type of teaching

.assignment is quite difficult and that the main difficulty is the
subject itself: chemistry simply intimidates many nonscience
majors, These students usually view chemisiry ag an alien
world that is insensitive to their needs and that cannot pos-
sibly be relevant to their academic experiences, They would
opt not ta be in the chemistry clasaroom if they had anything
to say about the matter.

Unfortunately, another factor that contributes to the bar-
rier between nonscience majors and chemistry is a lack of
commitment on the part of some of the chemisiry teachers
who teach these students. Obviously, the barrier is not limited
to chemistry but appiies to all the sciences. In this regard, a
salient point hasbeen made in a recent report of a National
Research Council committee (1): . . . teaching the nonscietice
majors remains the science department’s unwanted chore too
often.”

Yet the chemistry course for nonscience majors is likely to
become more, rather than less, firmly entrenched in the re-
guiremente of higher education. In a wortd where chemical
developments have impact on almost every aspect of society,
the absence of such a requirement would significantly limit
the general education of nanscience majors and would thus
contribute to a cifizenry that is not as well informed as it
shouid be, since, (2): ©“. .. there are students who while not
scientists wiil have to deai specifically with scientific and
technical issues in their professions, the [National Hesearch
Council] committee [referred to previously] observed pointing
for examples to journaliam, law, and the ministry.”

How, then, can we as Leachers of chemistry make what is,

perhaps, the only chemistry course that our nonscience majors .

will take an experience that is simultanecusly chailenging,
meaningful, and pleasant? My respense is based on a non-
traditional concept, namely the integration of chemistry with
the humanities. This approach has worked well for me for ten
vears and employs ag its fundamental premise the fact that
the humanities are a rich source of material that can exemplify

Editor's Nole: Dominick Labianca, whose work has heen published
in this feature before {THIS JourNAL 59, 843 {1982}}, here axplores in
a more general way the metheds of using the humanitisa to teach
chemistry, especially lo those shudents who ses sclence as alien to them,
Since these studens are usually more comforlable with novels and
rmagazines, why not use these to "hook'* them into chemistry? Lablanca
describes a variety of ways it can be done; those of Ls who tike this
approach wilt find plenty %o choase from here.

This paper ig a modified version of an inviled paper presented at the
Seventy-Seventh Two-Year Callege Chemistry Conferance, New York
City Technicat Coliege of The City unwars:ty of New York, Brooiiyn,
NY, October 22-23, 1882,

148 Journal of Chemical Education

chemical principles, stimulate critics] thinking along scientific
tines, and demonstrate to nonscience majors that chemistry
is indeed relevant to their academic experiences. In addition,
making these connections serves to remind us that (3): . ..
science is not an arrogant dictator in the whole arena of life
but rather a democratic companion of philosophy, of art, of
religion, and of other valid alternative approaches to reality.”
The following comments of James M. Banney, Jr., Chalrman
of the American Association for the Advancement of the
Humanities, are appropriate for chemical educators at hoth
the two-year and four-year college levels (¢}

Sharing so much, the sciences and the humanities must. . . now
eonclude a new partnership on behalf of all knowledge and under-
slanding. The communities of both ... should become more
closely involved at all levels and in sll pursuits. For without joint
efforts—intellectuel, ingtitutional, and civie—both will suffer
and, along with them, American eulture will suffer, too.

Banner makes another point (similar to Weaver's, quoted
earlier) that may be relevant to chemistry/humanities inte-
gration: “To be a good scientist,” he says, “one must be more
than a scientific specialist.” To be successful at teaching
chemistry within the context of the humanities, chemistry
teachers must be willing to expand their expertise beyond the
confings of their discipline, and they must be willing to es-
tablish meaningful dizlogue with teachers in other disci-
plines—guch as literaiure, history, and the arts—and to draw
upon the expertise of such teachers in designing courses that
effectively integrate chemistry with the humanities.

Chemistry/Humanities Integration: A Design

Organization

1 will now describe in some detai} one of several examples
of courses that can employ chemistry/humanities integration.
"The course has a weekly three-hour lecture component and
a three-hour laboratory component, and the length of a se-
mester is fourteen weeks. The theme of the course is pollu-
tion--of the human body and of the environment. I have se-
lected this therne because the humanities provide a greaf deal
of supporting material—so much, actually, that the course can
be periodically modified so that it can vary from semester to
semnester and can, therefore, never become stagnant. Two
examinations are given during the semester,'and, in terms of
the total time required for these, one week is allotted. Thus,
actual teaching oceurs durlng thirteen weeks of the semester,
and a final examinotion is given during & regularly scheduled
final examination period at the conclusion of the semester.
The formal delineation of these thirteen weeks is then as fol-
lows: five weeks for basic concepts invelving atomic structure,
chemical bonding, reactions, and organic chemistry; four
weeks for environmental pollution; and four weeks for drugs
and poisons (i.e., pharmacology and toxicology).




Basic Concepls

The first five weeks of the course arc probably the most
difficult for both teacher and student because the emphasis
is on theory, and the more theoretical aspects of basic chem-
istry can, at times, be boring for some students and, conse-
quently, a source of frustration for the teacher as well. A good
text often makes the task considerably less formidable than
it would otherwise be. John W. Hilt’s “Chemistry for Changing
Times” (5) has served me well. A student study guide ac-
companies the book, and the combination can be used effec-
tively to cover the requisite material in the time allotted. The
text also uses a historical approach in the presenfation of
significant chemica! developments. The teacher can expand
on this aspect of the book hy drawing from other sources and
can thus effectively employ chemical history to humanize and
thereby arouse interest in what otherwise might turn out to
be a not-so-exciting part of the course.

The laboratory component of the cousse is a 50-5¢ hlend
of the traditional and the nontraditional. The first seven
weeks, which focus on the former, involve experiments that
not only reinforce the lecture material of the first five weeks
but also afford the students the opportunity to experience the
“hands-on™ nature of chemistry. The experiments can he of
the teacher’s own design or can be some of those appearing in
manuals such as “Chemical Investigations for Changing
Times” {6). Based on the very positive reactions of my gtu-
dents to experiments concerned with topics such as physical
and chemical properties of matter, qualitative analysis for
ions, molecular mode] building, and synthesis, I would suggesi
that at least some of the experiments concentrate on these
topics.

Environmental Poliution and Drugs and Foisons
During the remaining eight weeks of the course the students

are still participating in traditional laboratory experiments..

The apparent lack of lecture/lahoratory coordination is de-
liberate: the students are given time to begin to learn the
material that then becomes the basis for their nontraditional
laboratory experience. In each of the last seven laboratory
sessions of the course, discussion and critical analysis of ma-
terial from the humanities constitute the laboratory exereises,
which become the focus of the course. Particular emphasis is
placed on the connections hetween this material and the in-
formation learned in the lectures. Student participation is
essential; the class is divided into seven groups, and at each
laboratory meeting, one group—relying on input from the
teacher whenever necessary—leads the class for that session.
The entire class is not required to read ail the works associated
with the sessions to be described below, Therefore, the group
responsihie for a session must inform the class about. each
reading so that there can be meaningfu} discussion. The lah-
oratory report, too, differs from the norm, It is a summary of
the discussion, critical analysis, and “chemical connections”
referred to ahove and does not exceed 500 words. (Not enough
writing takes place in chemistry courses, and assignment of
this type of laboratory report is one way of rectifying that
condition.}

The chemistry of air and water pollution is dealt with in
detail in the lectures on environmental poilution. In each of
three laboratory classes, the emphasis, respectively, is on the
following:

1) Charles Dickens’ novels “Hard Times” and “Onr Mutnal
Friend” and William Blake’s poem, “London;™

2} Dickens’ novel “Oliver Twist” and Blake’s two poems, both
entitied “The Chimney Sweeper;”

3) three National (eographic articles thet depict the devastating
effects of air and water poliution on works of art.

Both Dickens and Blake were social crusaders, and their
writings offer many exampies of the damaging effects of en-
vironmental pollution on both the living and nonliving.

Dickeng’ “Hard Times,” for example, makes the reader aware
of the damage wreaked by pollution on an 1850’s Lancashire
manufacturing town (7):

It was a town of red brick, or of brick that would have heen red
if the smoke and ashes had allowed it; but as matiers stoed it was
a towu of unnatural red and black like the painted face of u sav-
age. It was a towu of machinery and tall chimneys, out of which
interminable serpents of smoke trailed themselves for ever and
ever, and never got uncoiled.

In “Our Mutual Friend” (8), Dickens wrote that *Animate
London, with smarting eves and irritated lungs, was blinking,
wheezing, and choking; inanimate London was a sooty spec-
tre....” This description of the repulsive aspect of a poliuted
city is reinforeed in Blake's poem, “London.”

The danger of being a part of “apimate London” is further
portrayed in “Oliver Twist,” where Dickens describes the
plight of the chimney sweep. Many orphan boys—some as
young as six—-were chimney sweeps. As a consegquence of their
repeated exposure to coal combustion by-products-—most
notably, benzo(a)pyrene, which is known to be responsible
for modifications in the structures of DNA and RNA that
cause cancer-—~they contracted scrotal cancer and thus were
among the earliest diagnosed victims of chemical carcino-
genesis. The lot of the chimney sweep is also poignantly de-
picted in Blake's two poems, “The Chimaey Sweeper” {one
from his “Songs of Innocence” collection and the other from
his “Songs of Experience™).

The National Geographic articles shift the emphasis to the
twentieth century. The first article (9) describes how the city
of Florence, “an incomparable treasure house of art, had been
engul{ed in a rearing tide of silt-laden water and fuel 0il” when
“the Arno River had risen from its banks” in 1966. The second
(10} details how sulfur oxide “pollution eats away at (Venice's)
marble sculpture.” The third (71} serves to reinforce the
message of the second: acid rain, stemming from sulfur oxide
poltution, and from nitrogen oxide poilution as well, is de-
stroying hoth natural and man-made beauty. From forests and
cropiands to Athens’ Parthenon, Rome’s Colosseum, India’s
Taj Mahal, and our own Statue of Liberty, acid rain iz insid-
iously inflicting its destruction. These articles also contain
numerous photographs that can be used for discussion and
analysis.

The course conciudes with the segment on drugs and poi-

‘sons. Hill’s text provides an overview of these two topics, and

particular emphasis is placed on the central nervous system
(CN8S) stimulant cocaine, on such CNS depressants as the
opium-derived drugs morphine and heroin, on cyanide poi-
soning, and on heavy metal poisons, The four remaining lab-
oratory seasiens concentrate, respectively, on the following:

1) the book “Cocaine Papers™ by Sigmund Freud;

2) either of the films, “The Seven-Per-Cent Solution™ or “The -
French Connection;”

3) the book “Prugs in America: A Social History, 1800-1980" by
H. Wayne Morgan;

4} the detective novels *The Pale Horse” by Agatha Christie. “A
Whiff of Death™ by Isaac Asimov, and “The Documents in the
Case” by Dorothy L. Sayers and Robert Eustace,

Freud's “Cocaine Papers” provides considerable insight
into what a recent Time cover story called the substance that
“is becoming the all-American drug” {12). According to a
comprehensive introduction by Robert Byck, the book “is a
complete chronicle of Freud’s involvement with cocaine and
... ahistory of . . . cocaine, since its first isolation from the coca
leaf in 1855 to the end of the 19th Century”™ (13}. The cocaine
theme is further reinforced in the film “T'he Seven-Per-Cent
Sotution,” which was released in 1976, with a sereenplay
written by Nicholas Meyer, the author of the best-selling novel
of the same titie. The title refers to the the “‘seven-per-cent
sotution” of cocaine that the famed fictional detective Sher-
lock Holmes injects at the beginning of “The Sign of the
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Four,” one of Arthur Conan Doyle’s Holmes stories. Both the
novel and the film bring Holmes and Freud together “through
the all-important link of cocaine™ {74).

“The French Connection,” the 1971 film based on the book
of the same title by Robin Moore, is of particular interest in
terms of depicting the extensive and sophisticated network
that exists for the illegal distribution-of heroin; of showing how
a standard spot plate test for heroin is wsed to identify the
drug; and of describing how the extent of purity of the drug
can be established by means of a melting point determination
employing a Thiele tube. The depiction of the melting point
determination also serves as a connection to the experiment
oni the physical properties of matter that is conducted earfier
in the course.

“Dirugs in America: A Social History, 1800-1980,” wbich is
written by a historian, is an insightful analysis that effectively
complements the biochemistry of the various drugs discussed
in ctass. Morgan stresses the importance of history in under-
standing drug problems {15):

The stody of history can develop perspective or a sense of
irony. Throughout my research [ have tried to recalf the implica-
tions in the observation of an sponymous morphine addict writ-
ten in 1876; “This is an inguisitive, an experimenting, and a dar-
ing age—an age that has a fively contempt for the constraints and
timorous inactivity of ages past. Its quick-thinking and restless
humanity are prying into everything. Opium wili not pass by un-
tampered with.” This same cheervation iz ss trug today as then
and doubtiess will merit quoting in generations to come. Every
enduring social problem is rosted in orne basic debate over in-
herited values and can neither be comprehended nor affected
without an understanding of its history.

The rationale for the selection of detfective novels has
been aptly stated by Daniel L. Weiss, a pathologist and ex-
ecutive secretary of the Medical Sciences Division of the
National Academy of Sciences {16):

"The pleasure of science is acceasible 1o anyone who makes the
effort to fook at it—superficially or in depth. There is & special
heauty in the order aud universality of scientific expozition. The
weli-constructed detective siory provides one of the easiest win-
dows through which to enjoy that beauty. Dear reader, you might
even be eutrapped by science’s seductive charm.

*“The Pale Horse” is a novel in which the instrument of
death is a heavy metal poison: thallium. The plot centers
around the thalfium-induced deaths of several victims of a
carefuily disguised and very well-organized murder-for-hire
scheme. The literary-chemical analysis of this intriguing piece
of detective fiction can be expanded to include two news ar-
ticles that relate the novel to authentic situations, One article
{17) deals with the accidental thailium poisoning of a 19-
month-old girl whose life is, quite literally, saved by an alert
nurse who had been reading “The Pale Horse” while attending
the semiconscious girl. The nurse suggested to doctors-——who
had been unable to diagnose the girl’s condition—that she
might be a victim of thallium poisoning, apparently because
her symptoms were similar to those of the victims of thallium
poisoning described in the novel. The second article (18)
concerns a killer who was not only sentenced to life impris-
oeament for using thallium to murder two of his fellow workers
at a British factory but who was also consuited by physicians
who treated the girl referred to previously.

Asimov's novel “A Whiff of Death” is used in conjunction
with the presentation on cyanide, which is the murder
“weapon” used in the novel. Additional aspects of the novel
that others have used for discussion with nonscience majors
{19) are listed helow:

1. Lahoratory safety, This can be related to the murder of the
student and the subsequent atiempted murder,

2. Honesty. The necessity for the accurate reporting of data.

3. The value of research at a university. What are its roles and
functions? How does it benefit the university, the faculty
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member, the graduate student, the undergradoate nonscience
student? :

4. Does “publish of perish™ exist? What does it mean? Has it any
merits?

5. Is there any relationship between teaching and research? Can
one be a good teacher withoot being involved in research?

“The Documents in the Case” was written by Dorothy
Sayers in collaboration with Robert Eustace, who was actually
a physician named Eustace Robert Barton. The death that
occurs in the novel involves muscarine poizoning, and ste-
recchemistry plays a crucial role in resclving the mystery, Of
significance, and quite pertinent to the message of this paper,
is the extensive background passessed by Sayers, a writer
whose penchant for science is clearly displayed in her novel.
That background was summarized in a recent article ap-
pearing in The New York Times (20):

Dorothy Sayers was a Latin scholar; a stwdent of Medieval his-
tory; ah expert translator of Dante; a poet; a playwright; a fernin-
ist before most people knew abeout feminism; an authority on
Christian phiivaophy; one of the firsi women (o ever receive a de-
gree from Oxford, and, when the demands of scholarship permit-
ted, a sophisticated writer with an formidable knack of writing
novels and short stories ahout absolutely horrid people who go
around piotting morder.

Conclusion

T would like to conclude this paper by making a couple of
points. The first is that a course of the type described here
requires periodic evaluation by the students, They should be
asked to provide written input——anonymous if preferred—
each semester, so that the teacher ean be made aware of the
degree of effectiveness of the teaching approach that is uti-
lized. The second point is a repetition of one that T made
earlier: the course should never be allowed to hecome stagnant.
A number of other examples that siress chemistry/humanities
integration can be uiilized:

1) synergistic drug interaction and Wilkie Collins’ famous Victo-
rian detective novel, “The Moonstone™ (27 );

2} the chemisiry of “London Smog” and Charles Dickens’ “Bieak
Houae” and Friedrich Engels’ “The Condition of the warking
Class in England” (22);

3% chemical warfare and Erich Maria Remarque’s “All Quiet on
the Weslern Front” (23);

4} anesthesia and Walt Whitinan's poem “A March in the Ranks
Hard-Presl, and the Road Unknown,” T. 8. Eliot's poem “The
Luve Song of J. Alfred Prufrock,” George Bernard Shaw's play
“The Ductor’s Dilemma,” Remarque's “All Quiet on the
Western Front,” and Stewart Brook's “Civil War Medicine”
(24);

5} water poilution and Henrik Ibsen's play “An Enemy of the
People™ (25);

6) nuclear chemistry and warfare, the 1959 film “Hiroshima Mon
Amour,” John Hersey's “Hiroshima,” and historical treatment
of the effects of the devastation of Hiroshima and Nagasaki.

‘The nentraditional laboratory component of the course
can also be modified to include invited lectures by teachers
in the humanities who can speak on topics relevant to those
cavered in the course. If chemistey and humanities teachers
are really willing to extend themselves, I see no reason why a
course that focuser entirely on chemistry cannot be coordi-
nated with supporting courses in literature, history, and the
arts.

Acknowiedgment

Some of the material in this paper is the resuit of collabo-
ration with Professor William J. Reeves of Brooklyn College’s
Department of English. Qur interdisciplinary collaboration
has been successful as well as enjoyable.

L#terature Cited

{1} Selatz, (. 8., News Report, National Acadery of Seieaces, Washington, DC, March
1962, 0 3,
(2) Ref. {1}, p. b



(3} Weaver, W., “Science and baagination,” Basie Books, Inc,, New York, 1967, p. 9.
{4) Banner,.r., J. M., Science, 281, 9 (1881},
{5} Hill, J. W., “Chemistry for Changing Times," 3rd ed., Burgess Publishing Co., Min-
neupalis, 1980,
{6) Scoik, L. W, IRY, 1. W, Zeborowski, L. M., and Mute, P, “Chemical Investigations
for Changing Times,” Jrd ed., Burgess Poblishing Co., Mi pulia, 1954,
%} Bickens, O, “Hard Times,” Oxtord University Press; New York, 1959, p. 22
{8} Prckens, O, “Otr Mutual Friend,” Signet Classics, The Mew American Library, [nc.,
Mew York, 1964, p. 466,
{9 Judge, J., Matione! Geographic, 132, T (10570,
(1 Judge, I, Notioned Geographic, 141, 591 (1972).
{11} LaBestille, A., National Geagraphic, 180, 652 {1981},
{13} Time, July 6, 1481, p. 56,
{13} Freed, 8., “Cocaing Papers,” The Stenehill Publishing Co., New York, 1874, p. xviii.
{14} Wever, N, “The Seven-Par-Cent Sciution,” E. P. Dutton & Co., New York, 1974, p.

view from my dasroom

352,

{16} Meorgan, H. W., “Drugs i Ameriva: A Social History, 1600.-1980,” Syracuse University
Press, Byravuse, NY, 1981, pp. x—xi,

(18} Weizs, D, L., SeiQuest, 53, 30 (1280),

{(37) Doity News {(New York), June 24, 1877, p. 4.

{18} Time, July 17, 1972, p. 21,

(1% Husk, G. R, and Keliher, P. N, 4. CHEM. BERIC., 50, 89 {1973},

(20} Beverg, B, The New York Times, Oct. 31, 1081, p. C1.

{21) Labianca, I} A., and Reeves, W, J,, .1 CEM. FDOC,, 52, 66 {1975); Labianca, DL A, and
Repves, W. L, Setence Educ., 59, 461 (1575).

{22} Labianca, I} A., and Heeves, W, 2, J. Call, Sei, Teaching, 5, 53 (1975},

{23) Labianca, IN A, and Heeves, W, 1., Indiroctions, §, 18 {1576}

{24} Labiancs, D. A., and Repves, W. 1., o Coll, Sol. Teaching, 6, 163 {1877}

(25} Labinnca, T A, and Reeves, W. J., Improving Cotl and Uiy, Teaching, 28, 133
{1580},

edited by
GaRy E. DUNKLEBERGER

Carrol! Gounty Public Schools
55 Morth Court Streel
Weslmmster, MD 21157 -

“The Fundamental Things Apply As Time Goes By”

Frank Cardulla

Niles Township High Schoots, Niles North, 9800 Lawler Avenue, Skokie, IL 60077

Kansas Lies Outside My Door . . .

There are two very different views from my classroom. it
depends upon whether the door is open or closed. The view
with the door open is dishearteniog. I see a nation sorely in
need of an Educational Renaissance, a country that spends
more on alcohot and tobacco than upon public secondary ed-
ucation. I see too many scheols out of control, discipiinary
standards so eroded that the purposes to which education
should aspire become jong-forgotten goals as teachers struggle
to survive each day. I see insensitive, bureaurocratic systems
that frustrate dedicated peopte until they quit in disgust or
adapt and adjust and begin to accept the insanity around them
as the natural order of things, I am not an educationat phi-
losopher nor a student of the social and culturai ills that beset
our nation and our school system. I can do little to ameliorate
the large-scale problems that confront us. I am only a chem-
istry teacher, 50 I close my door, face my class, try to make my
“little corner™ as excellent as it can be, and leave the larger
problems to those better equipped to deal with them. It would
seem, however, less than honest to write a “view” article
without at least including a reference to these deeper prob-
lems. They are s0 much a part of all our lives.

- .. But i Teach in the Land of Oz

With the door to my classroom closed, the view hrightens
considerably.

Teaching is a strange endeavor. After practicing it for over
20 yvears, I have found very few absolutes. The program at
Niles North has been recognized as “excellent” by those who
judge such things. That's very gratifying, but also frightening.
It's gratifying because I often wonder how others who see
many classrooms might judge what goes on in mine. {t's
frightening because at any given moment | am not always
certain exactly why I am doing what I am doing, despite years
of pondering the topic. Teaching seems to be more art than
science. We do what seems right at the moment, hoping that
we inspire more often than we frustrate, enlighten more often
than we confuse, and bring joy more often than we hring pain.
We never know for certain what effect we are having on our
students. I know what I do, and hope i is more right than
wrong for mosgt of my students. Many people have toid me,

some in praise, others in implied or direct criticism, that what
1 do is not what most teachers do. Perhaps that’s true, perhaps
not. At any rate, here is how { see things.

“The square of the hypoleneuse seldorn comes up in real
lite" 1

1 have become convinced over the years that many of the
accepted methods of teaching intreductory chemistry are, at
best, virtuaily useless, and at worst, downright harmful. That
is a very strong statement, and certainly demands elaboration
and justification. Let’s begin by clarifying what 1 see as the
uitimate value in taking a course in chemistry. Too often,
especially in this era of the *behavioral objective,” we focus
our attention and efforts on getting the student to be able to
achieve the right answer to a problem, e.g., “The student wiil
be able to transform the weight of a chemical into the number
of moles of the cbemical.” Since many of our students have
alot of difficulty teying to solve typical introductory chemistry
problems, we valianily search for “techniques” and “gim-
micks” to assist them, the most popular of which is the fac-
tor-label approach to solving problems. Somehow or other,
this philosephy has never made much intuitive sense to me.
Ft would seem that there should be a larger purpose in having
our students spend so much time studying our discipline than
simply learning how to work stoichiometry problems, or write
electron configurations, or calculate free energy changes for
reactions, or any of the other multifudinous tasks to which our
students apply themselves, Certainly students emerging from
a year of study should be able to do these things, but to do
them mechanically aud without understanding is to do little
of real value. Unfortunately, it appears that we too often es-
tablisk as our goal the performance of these tasks. We should
be striving to develop in the student an understanding of the
concepts underlying the calculations and an insight into the
incredihly simple mathematical relationships that are in-
volved in the vast majority of problems that we ask our stu-
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dents to solve. Once this viewpoint is accepted, the entire
methodology changes.

First, let’s consider the method by which many, if not most,
of the quantitative concepts we teach are presented. I refer
to the all too commen practice of allowing a mathematicat
equation and its algebraic manipulation to substitute for an
intuitive understanding of the concept which we desire the
student to understand. Just about any concept can be used
for illustration. Let’s take a simple one—density, Try this
experiment. Ask your students who have studied density in
Junior high or an earlier course what density js. Most of thoge
who “remember” wili answer that density is masa over volume,
D = m/V. Now that’s well and good. Their answer is “correct”.
The deeper question, however, is whether or not they really
understand the concept of density, If your students are like
mine, the answer is that some of them do, hut an amazingly
large percentage of those who have learned the formula for
dengity and can even solve elementary problems involving the-
computation of densities have either a vague, inaceurate, or
in some cases, no idea at all of what density really is,

But how can you ascertain that they do not understand a
concept when they can manipulate the equation? Try ques-
tions without numbers, so there is nothing to manipulate al-
gebraically, Suppose you have two substances, let’s say fead
and Styrofoam®. Lead is denser than Styrofoam. Which
weighs more for one cuhic centimeter? (Apologies to the
physicists for using the term weight here.) It may seem im-
prohable, but many students who can solve density problems
will stiil say that Styrofoam weighs more for one cubic centi-
meter. Ask which weighs more, 3.00 g of lead, or 3.00 g of
Styrofoam. Many will answer that 3.00 g of lead weighs more
“hecause it’s denser.” Ask which occupies a larger volume, 3.00
g of lead, or 14.00 g of Styrofoam, and then turn it around, and
say 14.00 g of lead or 3.00 g of Styrofoam. In my opinion, onky
those students who understand what they are dealing with will
quickly recognize that the first question ¢can be answered with
the qualitative information given, while the second cannot.

No Concept Is So Simple that R Can't be Misunderstood

Let’s take an even simpler exampie, one for which Tam in-
dehted to Dr. Arons of the University of Washington. Dr.
Arons is foud of asking his students, “What is area?” The

{ypical answer is A = ! X w, He then draws a figure such as this
on the blackboard

and asks, “Does this figure have an area?” An incredible
number of students will answer, “NO!!” Since they know no
way of computing the area, it must not have one. They have
little if any iden of what area is, but they could solve certain
types of area problems if ealled upon.

I am not suggesting that we should hide mathematical re-
lationships from our students, but I am suggesting that to
begin the introduction of a concept with the eguation that
relates to the concept hinders understanding. T'oo many of our
students can manipulate these equations algebraically, get
most of the problems correct, and vet have virtually no real
understanding of what they are doing. The equations they
memortize are often quickly forgotten, whereas if we can teach
them the concepi, this will be retained. It becomes part of the
way they view the world, and these intuitive understandings
seem to be remarkably resistant to loss with time.

To thoroughly understand a concept such as density, two
things are necessary on the part of the student. First, he must
completely understand, on a gut level, each of the quantities
involved in the concept. Secondly, he must also undersiand,
again on a gut level, what is really meant hy the mathematical
relationships involved, At first, this may appear to be a rather
difficult task, but think ahout it for a moment. There really
aren’t that many individual concepts in a typical chemistry
course-—mass, weight, volume, length, temperature, time,
charge, energy (kinetic and potential}, the mole, force, area,
perhaps a few others. Most other concepts are simply com-
binations of these. Density is mass per unit volume, concen-
tration is moles per liter, the rate of a chemical reaction is
molar per second, or moles per liter per second. How many
mathematical relationships are there? With some exceptions,
the vast majority are either direct or inverse proportions. If
we concentrate our time and effort towards leading thie stu-
dent to fully understand the quantities with which he is
dealing, and to thoroughly comprehend what is really meant

-by the mathematical relationships, chemiséry becomes, in-

stead of a never ending series of new things to be learned, just
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new combinations of a very few things in just a couple of

mathematical relationships.

If at First You don't Succesd . ..

Trying to teach concepts cab be very difficult and frus-
trating. It’s often a slow, repetitious, tedious process when the
student doesn’t catch on right away. It’s one thing to define
a gram; it’s another to understand what it is. It's one thing to
write down the equation for density; it's another to understand
what it 5. There is a tremendous temptation to simply present
the equations, show how they are manipulated, and have the
student learn to manipulate the equations in the same man-
ner. Its much easier t0 use the factor-label method. Now the
student can convert grams of COy into molecules of CO;
without having to understand what a mole really is. He just
cancels units. That’s very efficient, but what has the student
really learned? More importantly, perhaps, where is the ex-
citement? Where is the joy? I think there is joy in under-
standing. There is little joy in algebraic manipulation and
canceling units.

There are many techniques for trying to teach concepts. We
all use tbem. Translate the abstract into the concrete when-
ever possible and necessary {after ail, one of our goals is fo
improve our students’ ability to think abstractly). Draw an-
alogies, but draw them carefully. Choose your analogies for
their teaching value, not just for their humor or cleverness.
Most importantly, constantly ask why. Continually quiz the
student so he must demonstrate understanding, not just
fluency. When the philosophy changes, the technigues wﬁl
spontaneously develop,

They Laughed when | Sat Down at My Calculater . . .

Perhaps the greatest, misconception regarding introductory
chemistry is that it is a .nathematically demanding discipline,
Indeed that is what appears to frighten many students away
from our classes. How terribly unfortunate this is. After all,
what “math” do we do, anyway? Mostly, we add, subiract,
muttiply, and divide. We do use exponential notation, and
some siudents need work on that, but electronic caleulators
have even done away with most of that difficulty. When stu-
dents say they “just can’t do the math,” what they mean is that
they cannot take the data in a problem and manipulate it
properly. They multiply when they should be dividing, divide
with the wrong number on top, and continually make errors
that no funetioning human mind, it would appear, should ever
make. To us, they seem incredibly stupid, even though we
know this ien’t true. The student ie convinced that chemistry
involves some sort of mental processes that only the intel-
iectually elite are capable of engaging in. [ really don’t think
that’s true. '

The first problem we ever work in class is by far the most
important of the vear. | ask my students, “A school has 3000
students in it. There are 30 students per room. How many
rooms are there in the school?” No student in my 20 years of
teaching has ever missed this problem because he dida’t know
how to combine the numbers, and this includes a recent class
of six “special education” students. “One hundred rooms,”
they immediately shout out. We literaily spend an entire hour
analyzing how we worked this problem, Why did we divide
3000 by 307 Why didn’t we multiply them to get 90,000 rooms?
Students literaily laugh at this suggestion. That would be ri-
diculous, outrageous, stupid, they agree. Well then, why not
divide the other way, to get 0.01 rooms? Equally ridiculous!
But why? 1 pretend that I worked the problem incorrectly and
have them try to explain their thinking. They have great
difficulty in doing so. They just knew how to work the prob-
lem. That’s the point, and the bottom line is that the vast
majority of problems we work in chemistry involve exactly the
same thinking process. How many moles in 3.45 g of
Fe{NO3)3? Same problem. How many grams in 3.4 X 10-3
mole of Hx80,7 Same type of problem, only now we are cal-
culating the number of students from the number of rooms

and the number of students per room. How many liters of a
gas at STP are occupied by 4.3 X 1022 molecules? Same
thought process, only we use the process twice. Amazingly,
almost all students quickly realize that the thought processes
are indeed the same. Then, they ask, why do { have so much
trouble working the problems when they are expressed in
grams, or liters, or'moles, or moles/liter, or grams/mole, or
whatever, but no problem when working with students and
rooms? There are two answers to that question. First, you
don't really know what is meant by a gram, or a mole, or the
phrases gram/mgle, or kilojoule/mole, or mole/liter. You may
think you do, but you do not. Secondly, the numbers aren't
“nice,” lke 3000 and 30, and you let the numbers interfere
with the iogic, That’s what we have to work on, and work on
it we do, all year lonp, at every opportunity. It's hard work, for
both the student and the teacher. It’s not easy to explain
“why’ you divided the numbers like you did. You go over it
titerally hundreds of times.

Most of the students eventually get the idea, and to see the
joy on their faces when they realize that chemistry is easy is
very gratifying. By the middle of the course we can really zoom
along. Chemisiry isn’t a thousand different problems. It’s just
a few different problems using different quantities. Once we
understand the quantities and the relationships involved, it’s
realiy only one hasic type of problem, done over and over and
OVer.

“| got the right answer, and you expect me to think, too?"

We avoid “gimmicks.” Students want to use proportions,
Fdon’t allow that. Did you calculate the number of rooms in
the school this way?

rrooms _ 1room
2000 students 30 students
30 £ = 3000

x = 100 rooms

No? Why not? It’s because you understood about students,
and students/room, so proportions weren’t “necessary.” They
ask if they can use proportions anyway, because, after all, it's
correct, and they can solve the problems this way. Absolutely
not! You haven’t undersiood anything. You've just learned
an arrangement in space. What about the factor-label meth-
od? 1 strongly advise against it. It’s artificial. You can solve
the problem and not understand anything about the quan-
tities with which you are working.

1 know this is a radical approach in the view of many
teachers. They have told me so. Some think it's foolish not to
allow students to utitize such an “efficient” approach. Yes, it
is efficient if all you want is the answer. Yes, it’s much easier
to teach. Unfortunately, T don’t think the students have
learned what really is important to know.

Is this approach workable? The answer is obviously yes,
since my students have been very successful by any objective
measure one might apply. Can this approach be utilized with
“below average” students? Every indication I have ever re-
ceived says yes. Indeed, my recent experience in teaching a
special education class seemed to suggest that, given enough
time and concrete references, even students classified as
“below basic™ can learn to reason quantitatively, and enfoy
doing so.

Is this approach “better” than the traditional methods
utilizing proportions, factor-label, equations, ete.? This I do
not know, since I have never taught by any other approach,
even on day one. Obviously, good chemistry students are
produced by a number of approaches. As Mark Twain once
wrote, “You pays your money, you takes your choice.”

If it’s Tuesday, This Must be Laboratory

Laboratory work in introductory chemistry is critically
important for most students, but uufortunately it is often
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ele‘rated toa position just short of a diety. What is ifaportant
is that in the laboratory, students get conérete references to
things which we take for granted. They see pre(:lpitates form,
substances dissolve, tempetratures of solutions rise as exo-
thermic processes occur, ete. We have seen these things many
times; s0 we ténd to assume that our discussions of these
phencmetia are meaningful to students. Sometimes they are,

but semetimes they are not. One thing that does appear to be _

fairly consistently true is that students need to be continitally
shown the relationship hetween what is done in the laboratory
and what iz discussed in class. They seern to treat the two as-
pectsof the course as separate entities. They can go into the
lab and precipitate AgCl, but when you ask them the next day
to name one insoluble ionic solid, they can’t think of any. They
can beeome faitly expert at applying Le Chatelier’s Principle,
but fail to understand how you can precipitate a Littie BaCr{),
when you add barium nitrate solution to a solution of potas-
sium dichromate. Like East and West, lab is lab, and lecture
is Jecture, and never the twain shall meet. Of course they do
meet; they are all part of the same subject, and one comple-
ments the other. It jist cannot be assumed that the student
sees the relationship. Students need to be trained to relate one
aspect of the course to the vther. _
Teachiing Descriptive Chemistry is Like Memorizing the
Prime Numbers :

Descriptive chemistry seems to be much in vogue now. That
is probably unfortunate. Considering the imited time we have
fo teach our subject, I see little of intrinsic value in teaching
deacriptdve chemistry for its.own sake, Descriptive chemistry
is valuable because it provides the real examples with which
to {ljustrate and clarify the ideas and principles which we want
our students to learn. The Periodic Table is important, and
relating chemical and physical properties to the Périodic
Tablé ahd similarities among family members is very useful.
It allows students to systematize a lot of factual information,
although extrapolation from the known to the unknown must
be done cautiously, és,pecia]ly when using the first period el-
ements as the “examples.” Certainly students shiould learn
the properties and formulas of commen laboratory reagent.s,
if only for effidiency and safety Efficiency also causes me to
fequire my students to memorize the formulas and tha:ges
of commat cations and anions, aithough phliosophmaﬁy itiy
uncomfortable to mandate such a task. It is fo be hoped that
descriptive chemistry will be learned not in isolation, buit as
an adjunct to more fundamentaily important concepts. We
may find knowing the properties of hundreds of substances

fascinating, but that does not mean that cur students need to
know these things. Furthermore, even if they learn them, these
facts will be quickly forgotten if learned in isolation. Learned
in conjunction with principies, they wili be remembered much
longer and much more accurately.

Much has been made over the past several years of the in-
cident involving the graduate student whe thought AgCl was
a*pale green gas,” and this ekample has perhaps even spurred
the movertent back to descriptive chemistry.? Yet it seems
to mie that this example argues strotigly against the teaching
of descriptive chemistry. I suspect that the student involved
did learn the properties of AgCl at one time. However, he also
learned the properties of Cly, and probably learned both facts
in isolation. He simply mixed them up. I would argue that a
student with a good understanding of the fundamental nature
of bonding in ionic solids and nonpolar gases would be very
unlikXely ever to say that AgC} was a gas. That just wouldn't
make any senee.

A Few Closing Comments

It may be unfortunate, but it séems that one of the most
importdnt aspects of teaching is “style,” a flair for the dra-
matic, the unexpected, the unugual way of preseniing things.
What we say should be the most important thing, but how we
say it in fact seems 1o be equally if not more important in
motivating students and maintaining their interest, Dramatic
gestures, voice inflections, stories, ete,, should be developed
by every teacher until they become part of his or her reper-
toire. For some reasor, it is these seemingly superfluous things
which are passed from one clags of students to the upcoming
class and often causes them to elect to take our course. It
shouldn't be this way, but it is.

Learn as rich as you can about every one of your students,
eapecially those that do not excal in your course. All students
have value, and knowing their talents outside of our discipline
makes it easier for us Lo respect them, and this respect will
shine through. Every student we teach is better than we are
at something, be it music, art athletics, acting, computers,
tinkering with ca¥s, or bobbing for apples. Knowing what they
are better at than we puts thlngs in perspective,

Teach by example, not by decree. Show what you value by
your actiong, not by your words, and be grateful that they do
not aceept all that we deem worthwhile. That’s what makes
them all unique individuals.

2 Davenport, D., J. CHEM. EDUG. 47, 271, (1970).

for the selection of jtems to be used on the 1985 test.

Eas been selected.
Avenue, Xenia, OH 45385, Phone: (5131372-7385,

Pre-Test \folmteers IIe~edetl for AGS/NSTn Test in High School Chemistry

The examination committee needs voluntests Lo give a pre-test for the Form 1985 examination. The test will pwwde statistical data

The pie-test will be ready by May 1, 1984. Teackiers may adwministsr the test at any time. However, it is imperative that the answer
sheets be returned before June 15, 1984. Also, in arder for the data to be statistically valid, it ia important that all students attempt all
questions given to thein. Therefore, sufficient time needs to be provided for the administration of the test. It is not necessary, however,
that the tetal test be given at one sitting. The test may be separated and administered in twd parts.

‘From volunteess responding, a sample representative of high sehool chemistry will be sefected. All will be notified when the sample

Chemistry teachers imterested in pre-testing the Form 1985 test should respond by.February 15, 1984 to: William Arnold, 1328 Belibrook
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cooperative education

Edtted by
GEOFFHEY DAVIES
ALAN L. McCLELLAND

Development of a (:00perative Education Program at the

University of Victoria

Alexander McAuley

University of Victoria, Victoria, British Columbia, Canada V8W 2Y2

In 1976/71, following discnsston as to possible changes in
curricula and in teaching methods, the Chemistry Department
in conjunction with the Depariment of Physics proposed the
introduction of a cooperative education model at the under-
graduate level. Following approval by the University Senate,
the two-department model began, with 48 students under-
taking work terms in the summer of 1977, Other departments
quickly joined and there are now established co-op programs
in chemistry, physics, mathematics, geography, pubiic ad-
ministration, computer science, and other areas:

The tmiversity’s philosophy has been to give the rebpectwe
departmenis as much of the control of the programs as pos-
sibie, although there is a central director’s office which
maintains uniformiity in recard keeping and serves as a liakson
between depariments and various governing councils within
the university.

As the operation has enlarged fo ils current total of about
80 students, the infrastructure within the department has
developed considerably. We cirrently place 20-30 students
in the fall and spring terins, with usually about 40 students
in employment over the summer. Work terms are based on a
13-week model, although students often compiete 16 weeks
of paid employment. The department seeks to provide stu-
dents with professionally oriented positions in al aspects of
chemistry in all parts of Canada during their work terms. Most
of the responsibility for the day-to-day organization is as-
sumed by a Chemistry Co-op Director (a faculfy member) and
a Chemistry Co-op Coordinator (also 4 coniinuing member
of staff). They are assisted by a departmentai Co-op Com-
mittee of six faculty members who assist in reading reports,
work site visits and, to a lesser extent, negotiations for posi-
tions.

Students attend the university for five years, On completion
of their honors or major co-op program, they have fulfilled all
the requirements of the university degree and have completed
24 months of work experience as well {see table). The faculty
are responsible for developing positions in industry or gov-
ernment, and representatives of companies and government
departments are invited to the campus to discuss ongoing
student work commitments and to interview prospective

Cooperative Program in Chemistry at fhe Universily of Victoria

Fali Spring Summer
YEAR {Sep---Dec} {Jan— Apr) {May—Aug)
1 st YEar . 1st year “ist year”
campus term campus term wark tarm
{Optional)
2 2nd year "2nd year'’ 2nd year
: carmipus lerm work term campus term
3 “3rd year” 3rd year "'3rd year”
wark term campus term wark tarm
4 3rd year “4th year"’ 4th year
campus term work term campus term
L “4th year” 4th year
wiork term campus term

students for the following work term. Students on work terms
are visited either hy facuity members or by the Co-op Coor-
dinater at the work site; where continuing discussions of the
quality of the job and the level of student werk required are
eatried out, Further aspects of job development are also dis-
cussed.

On completion of & work term, students are required to
write a report describing in detail the work completed. This
report is then assessed both by the department and by a rep-
resentative of the employing agéncy. Satisfactory completion
of such a repor{ is required for continuation in the program,
and an amendmeut is atso made to the student’s transeript
indicating the satisfactory completion of the work term, al-
though no formal academic credit is given. Students are re-
quired to complete successfully at least five work terms in
order for the co-op annoiation to be added to their di-
plomas.

Experience has shown that work-term positions divide into
fwo classes, (1) those of a more routine technical nature in-
volvmg firgt or second year students whoe are beginning to
acquire familiarity with instrumentation and technigues, and
{2} positions for third and fourth year students who generally
find themselves in research and development laboratories
carrying ouf either smali projeeis, or partu.ipatmg in onguing
research, In this way students mature in their chemical ex-
perience, and ali Chem. Co-op graduafes have quickly found
employment. Our students are sought after, since many em-
plovers recognize that the training time required s much less
for students who already have exteusive experieuce in a va-
riety of locations. .

Currently we have students pa:t:clpatmg in work programs
in every major area of chemistry. We encourage our students
to experience a varaety of locations, both geographicaily and
tir chemical challenge, in order to provide a better backgroond
for their own career selection. Most employers take their po-
sition as coeducators very seriously, and we have found it to
be very rewarding (o be able to work so well with enthusinstic
members of the industrial community. The number of grad-
iates to date is small {somewhat over 30), but about hailf of
the students who cotuplete the ¢o-op program enter graduate
school.

"The coeperative program requires much of the time of the
faculty members actively invelved in it. They have an obli-
gation to place students in jobs which involves traveling for
job develupment aud on-site work visiis, The costs associated
with an uperation of this type are high, and the institution
must be prepared to make a full cotnmitment in a venture such
as this. There is, however, much tu be gained by both the
student and the university. Not ouly have we idéentified mo-
tivated studenls who will pursue careers in chemistry, but we
have also begun a dialogue with many companies. This dia-
logue takes furms which range from informal cousuliation to
the opportunity for industrialists to comment and advise on
course content. Links have also been made between industry
and research groups within the depariment.
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On the negative side, however, faculty members have less
time to devote to their research. duties, and departments must
make assessments of this aspect in defining the administrative
duties of faculty members. Our goal is to admit 25 students
a year to our Co-op Program. This, for a department with a
faculty and professionai administrative staff of 24, is about
the maximum consistent with an efficient operation. Cur-
rently we are graduating about 10 co-op students a year, We

are delighted with the success of our venture, since our entry
into the co-op model was the first of any department in
western Canada and, although surprising to many companies
due to our geographical location, it has certainly enhanced the
profile of our department. Although we have had some expe-
rience with a graduate cooperative work program, our em-
phasis will remain at the undergraduate level.

Delaware Science Olympiad

John C. Cairns, State Supervisor

Science/Environmental Education, Department of Public Instruction, Dover, DE 19901

This past spring, Delaware held its seventh Science Olym-
piad; over 600 studenis from grades 9 through 12 from nearly
all the public and many private high schools met on the
campus of Delaware State College in Dover for a day of com-
petitive events. We have found these Science Olympiads to
be both exciting and beneficial to the sfudents, teachers, and
schoo!l officials, and we recommend their consideration by
anycne looking for an alternative to the science fair. The

positive results of these events, which are held on the jast

Saturday of April each year, include an increase in student
enrollment in science classes, an opportunity for students to
compete on a team and learn about team spirit, an increased
attitude on the part of students that science can be fun and
exciting as well as rigorous, and a chance to make young people
feel good about being bright. For those interested in such re-
sults, we report here on the organizational details and content
of our last Olympiad in the hope it will serve as a guide for
getting similar activities started in other states.

Organlzation and Funding

Delaware is not unique in the develepment of the Olympiad
concept. St. Andrews Preshyterian College in North Carolina
(1) and Indiana University of Pennsylvania are two other
schools that have held an Olympiad. Delaware is unique in
that the Olympiad has been running continucusly seven years,
it is statewide in its operation and structure, and it covers all
fields of science and many areas of mathematics and engi-
neering. In its most recent edition, it consisted of over 25
different contests or competitive events.

Delaware State College was selected as the site for the
Otympiad because of its strong science department and its
central location. Officials there were eager to become involved.
They use the Olympiad as a part of their recruiting program
2).

Initially, funding was provided through corporate contri-
butions, but since 1979 all fiscal support has been provided
by its sponsors, the Delaware Department of Public Instrue-
tion and the Delaware State College. A small registration fee
of about one dollar per student is coliected {o help pay for a
catered “fast food” lunch. None of the 50 public sehool
teachers nor the faculty of Delawsare State College receives
payment for this effort. Game development, monitoring, and
score keeping are done by these groups because they enjoy
doing it. There is a large investment in time and talent in the
Olympiad by teachers from Delaware and from the college.

No rents are charged for facilities. Custodial coste are borne
by the recruiting office of the college. However, expenses are
incurred for certificates for all students and for medals and
trophies for young people taking first, second, and third place
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in each event. About 375 trophics and medals are awarded to
the participants at the awards ceremony at the end of the
day.

Comgpetitive Events

Some competttwe events were modeled after old television
programs such as “Password,” “GE College Bow},” and “Al-
most Anything Goes.” Others are formatted hke an old-
fashioned spelling bee. Some events require knowledge of facta
while other events concentrate on application of laboratory
skilis,

Another group of events requires a student to construct a
device and bring it with him/her to the Olympiad. Some were
“fun events” with only a flavor of science.

Compealitive Events lnvolving Chemistry

1) Science Bow!l. This event is patterned after the television
program “GE College Bowl,” All questions are taken from high
schoo! science textbooks. This event is most rigorous; schools
typically practice so-that each youngster will know the rules
and questioning format. Each team competes in three rourds
against two different teams each round. The highest total
seores qualify the top three teams for the final round prior to
the awards assembly in the afternoon {3).

2) Qualitotive Anolvsis. FEach two-member team is asked to
identify certain positive ions in a solutiou, using an unknown
sojution, flow chart, and necessary chemicals and equipment.
Speed and accuracy count (4).

3} Password. Password is modeled after the 1elevision program
of the same name and involves three opposing two-person
teams. A team reember attempts to guess an unknown science
word, One-word clues are given by the teammate who knows
what the word is. The oppartunity to give clues and respond
to these clues passea from one team to the other in a regular
fashion.

Periodic Table Quiz. This is an oral quiz in which answers are

the names of the elements. It is conducted like a spelling

bee.

Coleutator Contest. Students are given problems to solve,

using a hand-held caleulator. The problems are typical word

problems taken from science textbooks. Speed and accuracy
count.

Titration Race. Bach participant haa three tries at titrating

a standard solution (phenolphthalein indicator). Speed and

accuracy coarit,

7} Naming Compounds. A written “test.” This event tests the
ability of the student to write and name common compounds
typically found in a high school Iaboratory.

8) Belancing Equations. A written test of a student’s ability to
balance a variety of equations.

%) What Is Tt? A series of 20 close-up 35-mm siide shots were
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taken of everyday laboratory equipment and then shown at

the orientation assembiy. Al students were asked to identify

these ifems.
10) Wha is It? Ower 80 pictures of well-known “scientists” in all
selentific fields from about 1650 to the present are placed on
poster board. Students simply pick up a quiz sheet and attempt
to identify as many of these scientists as possibie.
Reading Scales. Students must corvectly roeasure more than
20 different objecis using a variety of laboralory equipment.
Categories. Students are given five categories and six letters
for each of the categories. They are to 33 in a grid with exam-
ples of each category. The examples must begin with the chosen
six letters. This contest requires about one hour to com-
plete.

i1
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Other Competitions

1) Scavenger Hunt. This is an outdoor event in which contes-
tants are senl out to find ubjects from a search list of binlogieal
terms,

2) Rocha to Riches. Participants must identify as many minerals

and rocks as possible in 40 min.

Estimating. Participants are asked to estimate lengths,

masses, and volumes in metric units, The best estimates

win.

Narne that Organism. Students are asked fo identify a variety

of plants and animals that are native to Delaware.

5) Tea-making Contest. This is a solar energy event. Youngsters

are given certain parameters and asked to construct a device

to heat water—using the solar concept. Theoretically, the hot
water couid then be used to make tea and thus the title of this
event,

Obstacle Course. Another four-member team event; the team

traverses an obstacle course much in the manner of the old

televigion program “Almost Anything Goes.” The event is given

a scientific flavor. At different spots along the physical obslacle

cowrse, mental obstacles are met.

Computer Programming. Swudents are given a variety of

problems to solve.

Paper Airplane Fiving Confest. Given certain parameters,

students are to design and construct a paper airplane. At the

Olympiad, airpianes are flown out-of-doors. The scoring is

hased upon distance, accuracy, and time of flight (5}.

9) Fermi Questions. A Fermi Quaestion is a question in physics
which seeks a fast, rough estimate of quantity which is either
difficult or impossible to measure directly. For example, “How
many drops of water are there in Lake Michigan?” The solution
requires an estimate of the volume of & drop and the volume
of Lake Michigan. Another example, “How many ping pong

: halls are needed to fill a sphere the size nf Venus?” (6}.

1) Bridge Building. (Given certain parameters of length, widih,
height, and material, each youngster is to design and build a

3
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hridge Lo carry the greatest possibie load. Scoring is done by
placing weighis on the bridge until i breaks (7}

11) Biotrivia. Played as an old.fashioned spelling bee, this event

consists of a series of oral questions ahout biclogy, medicine,

ecology, ete. (8).

Fgg Drop. Given certain parameters, a youngster is to design

and build an apparatus to safely drop an egg from the tefescope

ohservation tower at the college. Scoring is based upon suc-

cessfully Janding the egp in the shortest period of time.

13} Trejeciory. A student is given certain parameters and is asked
£0 design and build an apparatus to launch a projectile through
a certain range. The mass of the projectile is given, but the
range is unknown unii the day of the event. The range of the
projectile is randomly assigned just prior to the competition.
'The range could be from 1 m up to 30 m. One shot only is per-
mitted. Thus, much practice must be done at home to calibrate
the instrurnent.

Tea-Making, Paper Airplane Flight, Bridge Building, Egg
Drop, and Trajectory are the events which we use in place of
a statewide science {air.

Not every youngster can enler every event; however, many
youngsters enter as many as four or five contests during this
gruefing, tough, tiring, fun, fantastic, frustrating day!

In order to encourage advance registration, a game was
developed. The first 10 schools to properly solve a tough
mathematical expression with 45 different variables were
awarded olympic-styte medals on a blue ribbon. Correct so-
lutions to the problem had to accompany the advance regis-
iration form, Clues were given for each variable. Some clues
deali with science, while others concerned Delaware or the
Olympiad.

Since the winners of this event were known prior to the
Olympiad, awarding of these ribbons was the first order of
business at the awards assembly near the end of the day. This
gave teaehers who ran games late in the day a little more time
to grade papers and furn in their resuits,

The Olympiad has grown both in the number of events and
the number of voung people participating, but more impor-
tantly, the success of the Olympiad is measured by the number
of students that have attended and left feeling good abhout:
themselves,

12
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Models to Depict Hybridization of Atomic Orbitals

C. T. Stubblefieid
Texas Southern University, Houston, TX 77004

The elements of symmetry of the regular octahedron have
been used effectively in models constructed for the purpose
of demonstrating the hybridization of atomic orbits. The oec-
tahedron served as a cage to contain the representations of
both the oid s, p, and d orbitals, and the new hybrid orbitais
which resulted from the hybridization.

Whereas the old orbitals were represented wholly within
the octahedral cage, the new orbitals extended bevond the
confines of the cage at appropriate equivalent positions. The
s orbital consisted of a ball at the center of the cage, while all
the remaining orbitals, old and new alike, were represented
by sticks.

In each model, care was taken ta show the proper orienta-
tion of all the original directional orbitals with respect to each
other, The p;, Py, Dz, dy2-y2 and d;2 orbitals were all displayed
along the 4-fold axes of the octahedron, while the old .., dyz,
and d.., if involved in hybridization, were shown along the
2-fold axes of the octahedron.

The old s, p, and d representations were painted the fol-
lowing bright colors: red for s; srange for p; and yelow for d.
This is the order of increasing energy in the visible spectrum.
{Green was reserved for f orbitals.) White was used for all the
new hybrid orbitals, a move which appropriately suggested
“mixing” of orbitals, or colors.

The positive or negative character of each lobe of a p or d
orbital, as given by the sign of the wave function, was desig-
nated by a red or black band, respectively. The negative collar
of the 4,2 orbital was shown as two black polar caps on the
surface of the red ball representing the s orbital, and per-
pendicuiar to the z axis.

Figures 1 to 6 are photographs of six models of hybridiza-
tion: linear, sp; trigonal, sp?; tetrahedral, sp3; planar, dsp?;
trigonal bipyramidal, dsp3; and octahedral, d?sp?,

These models were found to he usefu} in the teaching of
topics in symmetry, hybridization, covalent and coordinate
bonding, and complexes.

Models suitable for individual study were constructed from
the following materials: 6.5 cm, round toothpicks; glue; water
puity!; and water paint.

Eighteen toothpicks were used to conatruct the octahedral
cage: twelve for farmation of the 6.5 cm edges of the pctahe-
dron; and the remaining six toothpicks for conatruction of the

three mutually-perpendicular, 4-fold axes of the octahedron,

each axis being projected about 2 ¢m from opposite coz-
ners.

At this stage of construction, the foundation had been laid
for representation of all old and new directional orbitals which
lay atong the x, ¥, z axes. Any other directional orbit could be
represented by additional toothpick segments placed along
other appropriate octahedral axes of symmetry.

Each hybrid orhital was always shown as a full-length
topthpick, which originated at the center of the cage, and
protruded out from the cage along the proper axis of sym-
metry.

After ali the directional orbits had been displayed, a ball
of water putty {about 15 g dry powder to 5 m} water) was
molded about the center of the cage, This ball represented the
s orbital. Further stabilization of the modei was effected hy
hardening of the putty.

The original 5, p, and d designations, all of which lay wholly

1 “Aock Hard Putty,” Donald Durham Co., Des Moines, 1A 50304,
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within the octahedral cage were painted red, orange, and
yellow, respectively.

‘The resultant hybrid designations, which were equal in
number to the original oribitals were partly inside and partly
cutside the eage. That part of the hybrid orbital outside the
ocathedron was painted white; the internal part was painted
white only if it was not coincident with a p or € orbital.

All remaining unpainted parts of the model were made
“flat” black in order to draw attention away from the cage.

The photograph of the model of octahedral hybridization,
Figure 6, illustrates the coincidences of the s, p, and 4 original
orbitals with the 4-fold axes of the cage. In Figure 6 the d?sp®
hybrids are also shown along these axes.

In the construction of larger models, which were more
suitable for group instruction, the long stems of fireplace
matches replaced the toothpicks. Each linear dimension was
doubled.

Acknowledgment
The author iz indebted to his colleague John Sapp for the
photographs.

Figure 1, Linear, sp. Figure 2. Trigonal, sp?.

Figure 3, Tetrahedral, sp®. Figure 4. Planer, {d,2..,2)sp?.

Figure 5. Trigonal hipyramidal,
{dy2)sp®. Figure 6. Octahedral, (d;2){dyz-,2)55°.
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A Private Corporation as Part

of a Chemistry Department
An Eleven-Year Synergism

Richard E. Bayer
Carroll College, Waukesha, Wi 53186

Background and History

Academic institutions constantly strive to meet the chal-
lenges of the future. Nohody has a complete list of ideas and
programs that spell success for the next decade, but some
obvious concerns which need attention should be on every-
ene’s Hist and would include the following. In order {0 keep an
academic institution strong and relevant, the educational
experience must match the needs of the students. Certain
educational experiences must be related directly to real-worid
concerns 1o give the stamp of reality to those experiences. A
caring ingtitution must find ways in which dotlars can be
produced to assist students in paying for their educational
experiences. Finally, a beneficent institution cannot operate
isolated from its surroundings but must provide answers to
problems within the local community and serve the needs of
people in every way possihie. This setves not only to enhance
the quality of life in that community, but also to develop
friendy, the number and quality of whom help determine the
strength of an academic institution.

Dinring the fate 1960's several Nationa] Science Foundation
programs such as the Student Originated Studies program
provided the opportunity for student teams to work on
projects that provided real-world experiences and helped to
solve probiems for people in the local community. Unfortu-
nately the guidelines for eligible projects changed frequently,
sometimes annually, and it became difficulf to anticipate the
direction of these federal programs. As a result, it became
impossible to plan for more than one year in advance and
therefore to incorporate these very positive programs into the
currictlum. Thus, they never became an integral part of the
on-going educational experience,

By 1970 the future directions and needs for Carroll College
had been described and some experience had been gained with
programs involving students, work projects, research, and
independent study. The list of community and private prob-
lems and concerns that required some technical expertise for
resclution was ever iucreasing, aod many of our science stu-
dents were capable of providing such expertise. These factors
appeared to call for something new to be formed that {1) did
not involve government support, {2) was long lasting, (3) could
become an integral part of the curriculum, (4} could provide
students with a research/work experience, (5) could provide
reasonable salaries for students, and (6} could provide a ser-
vice to pesple. The answer came on a July eveving in 1970
during a ve.y productive student research seminar. I decided
that a new venture should be launched to provide students
with a unique learning experience on a continuous basis. The

idea was discussed with Roy Christoph, then chairman of the
Biology Department, and we agreed to continue discussion
with a mutual friend who was a chemical engineer and vice
president of a large Milwaukee industry. Shortly, the three
of us agreed to form a private, for-profit, corporation. We
sought legal assistance and were advised to draw up an
agreement with the College which would provide legal pro-
tection for both parties. I was also important for the private
corporation to pay taxes, have our own insurance, and not
participate in the tax-exempt status of the academic institu-
tion. Incorporation of the company, named Bionomics Cor-
poration, was fairly simple, because our business partner was
aware of statutory regulations and had friends who eould
answer questions and provide advice. We hired an accountant,
selected an insurance agent, and ohtained some heip in ad-
vertiging. Each of the three officers invested $500 in the
company and received 500 shares of stock. This initial capital
was used to pay incorporation fees and advertising costs, buy
stationary and office forms, purchase a telephone answering
device, and install a private business telephone. No additional
capital has been needed to date.

The formal agreement with Carroll was approved by the
Board of Trustees, but initially the College administration
wondered how things would operate, and whether every de-
partment on campus would begin a similar operation. The fact
that the two faculty involved had more than fifty vears asao-
ciation with the College helped to allay initial administration
concerns, The administration could assume from this long
association with the College and past performance of the
people involved that the best interests of the College were
being considered.

The original agreement between the College and Bionomics
Corporation was not very complex and has never been
changed or modified.  included the ideas that every attempt
would be made to hire Carroll students as employees, and the
company would take care of its uwn financial and business
matters and have its own insurance program. The company
would be permitted to use instruments, lahoratory space, and
equipment located in the Carroll Chemistry and Biology
Departments and pay the institution a percentage of the gross
income. If the College wished to terminate its association with
Bionomics Corporation, it was required to provide a one-year
termination notice. The corporation alse agreed to make ad-
ditional contributions to the academic institution as financial
circumstances aliowed. .

Following a year of operation we recognized that most
laboratories were providing specific sesrvices {specific ana-
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Iytical tests, analysis of samples, evaluation of products) but
few were interested in accepting general problems that re-
quired an understanding of fundamental laws of science and
expertise in many areas. This, therelore, became our “area”
of work, and we have had little or no competition. Our clients
include consultants with no direct laboratory affiliation who
require laboratory data to substantiate their proposals, other
Iaboratories not interested in working on non-routine prob-
lems, and industries having problems but tacking in-house
expertise.

Examptes of Problems and Projects

Over the last eleven years, Bionomics Corporation has
worked with more than 60 different clients. The foliowing
examples indicate the challenging work that is involved and
the great diversity of projects.

1} Research was done to develop a process for the addition of so-
dium silicate to public water supplies to control high iron con-
centrations. The process had advantages over the more common
sodium phosphate addition procesa. Bionomics Corporation now
monitors and solves community water problems in several
staies.

2} An atiorney asked if it were poasible for an analytical chemist
to “analyze” a spent ampoule from a police breathalyzer test and
answer seme questions regarding the validity of the test. Re-
search on the reaction of aicohol and other organic compounds
with KaCry07 with respect to rate, completeness of reactiou,
temperature dependence, and micro methods analyses produced
sufficient answers to win a court case. This was followed by
many other cases, and eventuatfy a new Wisconsin faw was en-
acied which required all pulice departments in Wisconsin to save
al spent breathalyzer vials until after the court trials.

3) A company was interested in manufacturing artificial cheddar
cheese and asked that several components of the cheese be
identified. A technique involving headspace sampling was de-
veloped that was able to determine micro quantities of severat
cheese components in biological media.

4) A California-based company was inlerested in determining the
amount of pectin lost from lemon rinds when the rinds were
exposed to storage in the sun. A series of reactions involving
several parameters with analyses of products was reguired in
the study.

5) A gear manofycturing company had a recurring problem of
oversized pears after heat treatment of the product. A special
chemical reduction technigue has been developed to economi-
cally remove a few thousandths of an inch of metal fron: finished
Bears.

6} Bionomics Corporation performed the analytical testing ou
several cosmetic products {hair grooming, facial lotions} that
are distributed natiunally. This work, lasting three years, was
done for a company with headquarters in England.

7) An assay wes developed for a componeut in a product used in

canjunction with vaporizers. Regular testing continues for this

company which is located in Michigan.

Bionomics Corporation worked with an engineering consuliant

Lo describe the feasibilty of converting carbohydrate-containing

waste into ethanol. Cotnpanies producing materials such as

waste barley, corn, spaghetti, and tapioca required a detailed
deseription of how their materials could be converted to eth-
anod,

9) A small community was situaied next to two very large and desp
stone guarries, and the owners of the guarries were asking the
city counci! for permission to dig deeper by 50 feet, The people
were asking questions such as, “What effect will these guarries
have on our water wells?” and * What effect does blasting have
on the quality of water?”. Bionomics Corporation had to design
experimental work to angwer these questions and then to de-
seribe options available, possible conceros for the future, and
economic implications.

The process by which students hecame involved is fairly
simple, Students interested in working on projects inform the
corporation officers and describe thuir skills and approximate
available time. As projects became available students are hired
for the job. Initial discussions describe the experimental work
possibilities and as work begins, the student is required to
make decisions for and modifications of the experimentai
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design. All work is done within a time framework, and stu-
dents can feel the tensions that emerge when designed ex-
petiments do not work. At times, critical experiments must
be completed during exam week, and students quickly learn
io accept responsibilities,

Evaluation

As we Jook back on work dene over the past decade,
Bionomics Corporation has accomplished most of its goals.
Every year Bionomics Corporation empioys twelve to fifteen
students and provides for them an experience beyond the
regular science curriculum, Some students graduate with more
than twice the usuai laboratory experience. Students, as em-
ployees of Bionomics, earn a reasonable wage, and several
students are able fo earn several thousands of dollars each
vear. Upon graduation the list of Corporation projects is
clearly described on the students’ resumés.

The time involved in running Bionomics is difficult to as-
sess, and, at times, the pace is fairly intense. Carroll faculty
have never received a reduction in teaching hours or com-
mittee work to direct this work. The hours would approximate
the effort associated with an active undergraduate research
program. Much valuable time was gained when we stopped
writing yearly grant proposals for research funds, student
stipends, and faculty summer salaries, although our grant
activities have continued in other areas. The average gross
income for Bionomics Corporation has been about $20,000 per
year over the last ten years, and we are able to give a sub-
stantial check to the college administration every year.

The preblems we have solved have hecome excellent stu-
dent laboratory experiments in chemistry courses and prac-
tical examples of chemiecal concepts and theories in lectures.
This decade of industrial experience has provided a deeper
understanding of the operational parameters that guide the
business world and we can relay this information to out stu-
dents, Business contacts, job vacancies, and new needs in
tachnical expertise have been valuable in improving careér
counseling services.

The College administration has appreciated Bionomics
Corporation because of its academic and financial contribu-
tions and because it required no instijution funds to get
started. The College admissions and development offiees are
aware of Bionomics and its contributions. They believe that
this venture has strengthened the academic program and
produced many friends for the Coliege.

Ingredients for Success

Several ideas and suggestions are listed to help describe and
characterize the people and operational conditions that are
useful in forming a succeseful corporation,

» Siart a private corporation for the right reasons. Bionomics
Corporation was designed as a for-profit nperation, but it has
always maintained its primary goal of helping students in their
educational experiences. Many times during the iast decade
people have suggested and described in detail plans that wouid
multiply work aciivities by a feclor of twenty or more. These
plans would have increased profits but they also had the polentia
of distorting the sther major objectives of the program, There-
fore, one should be absolutely ceriain of his priorities before
beginning.

The concept of & corporation must [it into the goals and objectives

of a science deparfment. There must be individual, departmental,

and administrative suppozt.

» K is very usefui for faculty to attract the best available talent from
the industrial world us pariners. This special expertise ia very
useful in solviug prublems and answering questions. The concept
of a private corporation is a great incentive for indostrial leaders
ta become interested in a new venture.

+ The name of an academic institution is extremely important, and
it must be prutected at ali times. A corpuration may do useful
work in many areas including the courtroom, and it ia therefore
recomnmended Lo form a private corporation that is separate from
the academic institution,
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+ It is advantageous to form a company with no permanent em-
ployees. One of the most frustrating problems in husiness arises
when promises are made which cannot be fulfilled because there
iz no work. It is important that faculty feel no unusual pressures
to seek work. When there is work to be done, competent people
{students) are hired for the job, and the academic institution
receives its share of the income. Other than telephone, tetephone
fistings, and bookkeeping costs, there are no fees, rents, ete., that
must be paid on a regular hasis.

+ Recommended characterisiics of principal corporation ufficers:
It is importaut to develop a rapport with people working in in-
dustry, to listen o problems, and to define questioss. It is im-
portant to communicate with people in many different technical
areas, 10 build a network of friends, and to become an “expert”
in many areas in a relatively short period of time. It is useful to
be able tu be involved in many things at once, to be able to make
estimates of work time, to relate to economic pressures, and to
be able to make important decisions based on minimal technical
data. Above all, it is important to have good credentials as a
laboratory scientist and to have confidence that a problem can
be solved. : '

‘Conclusion

The formation of Bionomics Corporation eleven years ago
in unique association with Carroll College has been very usefui
to many students, From its first day, the company moved in
positive directions, providing relevant experiences to students
and helping them pay their college bills, sharing profits with
the College, attracting science students to Carroil, and being
a service to many people. The corperation did not involve
College dollars to get started, it is integrated into the curric-
ulum, it does not depend on government sepport, and its
limits are bounded only by the creativily of its officers. The
Corporation has never forced the College or the department
into an unwelcome situation or direction.

1t is difficult to project how an arrangement of this kind
would work at other academic institutions. There is potential
of course, for twisting the goals of such an enterprise and using
it for self gain. If deep trusi and integrity exists among ail
those involved, the possibility for success is great.

report of the polymer core courre committee

Polymer Sampies for Gollege Glassrooms

Raymond B. Seymour
University of Southern Mississippi, Hattiesburg, MS 39406

Gerald S, Kirshenbaum
Cetanese Engineering Resing, Summit, NJ 07901

Laboratory experiments aid the student in gaining some
practical information on polymers, and this knowledge can
be enhanced by the use of available samples of commercial
poivmers. Many firms producing polymers are aware of the
educational value of commercial sampies but have not been
able to establish liaison with the professors, and vice versa.

Accordingly, Charles E. Carraher, Co-chairman of the
Pulymer Edupation Committee of the American Chemical
Society, appointed the authors of this report as members of
a subcommittee to compile a list of sources of commercial
plastic samples and to make this list available to chemistry
professors seeking such samples.

Fortunately, the Education Commitiee of the American
Society of Metals had already published a list with the names
of 22 companies and Vern DeCorte of ARCO Chemical Co.
and Charies R. Morin of Packer Engineering Associates have
granted permission for the ACS Polymer Education Com-
mittee to incorporate their list into the accompanying com-
prehensive list.

kt is our sincere hope that this will not only aid chemistry
professors in securing polymer samples but that it will en-

courage other firms to add their names fo this important Jist,
"The members of the subcommittee will continue to accept new
names of suppliers with the object of publishing an addendum
to this initial list.

Sources of Polymer Materiais

This list provides sources of polymers and technical infor-
mation whom professors can contact directly, The companies
listed are usually willing to provide gratis smajl quantities of
their standard commercial products to universities for
teaching or research purposes. It should be understood,
however, that special requests for noncommercial materials
might necessitate some minimum charge, The following tables
indicate the type of polymer and forms (resin, fiber, film,
molded parts, etc.) that are available. In addition, all com-
panies have offered technical brochures and other descriptive
information, The companies and key contacts are also pro-
vided.

Special thanks go to the Society of Metais which has in-
ciuded polymers in its directory of samples and allowed us to
use its listings in this report.
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Sources of Samples and Technlcal information

1. B.F. _Gam_irl.ch 14, Philtips Fibers Corp. 26. Mohay Chemical Corp. 41. Square D Company
C. A, Daniels J. G. Scruggs H. S. Byrne Yim Early
Elastomers P.Q. Box 66 Penn Lincoin Pkwy. West P.Q. Box 3107
P.0. Bax 122 Greenville, SC 29602 Pittsburgh, PA 15205 Aghevilla, NC 28802
Avan Lake, OH 44012 {803) 2426600 {412) 777-2000 (704} 252-0300
{236) 933-6187 15. Generat Eleciric Co. 27. Firestone Corp. 42. Menasha Corp.

Mark Dannis H. P'. Thomas J. F. Cornellus Stephen McSweeney
8921 Brecksviile Rd. Laminated & insulating 1200 Firestone Pkwy. Moided Products Group
Brecksviile, OH 44141 Materials Business Dept. Akron, OH 34317 426 Mentgomery St.

© {216) 447-5000 1350 5. Second 5t. . Watertown, Wi 53094

2. Ethyl Corp. Gashocton, OH 43812 26. el '#;‘:T"E'S‘:::’s 4142613162
A: . Hasfner ) (614} 622-5310 660 Mountain Ave. 43. Flaxllwm Corp.

P.0. Box 341 16. PPG Industries Murray Hill, NJ 07974 Mlch‘alei L:}nnegain o
Baton Rouge, LA 70821 R. Dowbenhko {2013 582-3000 Flexible Packaging Div.
(504} 359-2226 .0, Box § _ - . U.8. 31 North

: - o 24. Malaysian Rubber Bureau Edinburgh, IN 46124

3. General Elecric Corp. Allison Park, PA 18701 15 Atlerbury Biva (812)5 26:55 "
Danjel W, Fox {412) 487-4500 L ‘ }o<
oL Huidson, OH 44236 44. The West Company

E’T?S"CI T_EC"AD&F" 17. Dow Chemical (216) 653-8282 " Smith

e Piastic Avenue - J. Smit
Pitstield, MA 0120 L 30. Albany niernational Prioenixville, PA 19460
{413} 494-4911 23;0 Bmis genwr Ernest Kaswell {215)936-4500

4. Stautter Chemical Co, Midiand, M) 48640 Route- 128 &t U.S. { 45, Kantich Patrucljsen'llcals
e p Dedharn, MA 02026 Salvatora J. Monte
5. Altscher {517} 636-4590 (617) 306-5500 b 2ond St
Eestern Hg;eah:ch Ctr. . 18. Arco Chemtcgis 31, Wilson-Fiberfi P.O. Box 32
msegg?éoo\, 1052 G. Afan Osan (Styrenics) ' V. DuPdnt Bayonne, NJ 07002

o B m} 1500 Market gzaféj ; P.O. Box 3333 {201) 436-5610

. Bordon Chemical Philadelphia, > 0 Evansville, IN 47732 46. Organometaifics, nc.
Arthur J. Yu {215) 557-2832 (812} 424-3831 Route 111
Thermoplastic Div. taVem J. DeGorle (olfters) Calgon Cor East Hampitead, NY 03282
511 Lancaster $t 3801 Wast Chester Pike 32. Calgon Carp. .
i ; ; A. G. Smith 47. The Soclety of the Plastics lndusiry Inc.
Leominster, MA 01453 Newtown Square, PA 18073 & Lexing®
81735371711 (215) 359-2518 Box 1346 355 Lexingtan Avenue

6. Hoochet Fiber fndusiries : _ Pittsburgh, PA 15230 New York, NY 10017
W, 5. Wagner 19. Ter‘:\r;ac WE- e Eastman Ca. (412} 777-8000 Write for 5P} Literature Catalog and
Box 5887 Kingep 0:1"’;’-,:‘3? 652 33. Custam Resins teaching aids.

Spartaribury, SG 23304 (615) 246-2111, Ext. 2776 W. M. Warner 48. Saclely of Plastics Englnasrs
(803) 579-5238 o P.0. Box 933 14 Fairtlaid Dr,

7. Borg Warner Chemical 20. Goodyear Tire & Raubber Co, Henderson, KY 42420 Brooktisld Centor, CT 06805
G. A. Momeau Wl‘. :e;kms,gg;yesters (502) 826-7641 43 controlied sampies of commonly
Technical Center }:;2 £ }: 94-7 4 Polyurethanes 34. Curwood, Inc, usad plastics are available a1 nominal
Washington, WV 26181 316) 704.9974 yur G. Shudy cost.

(304) 863-7034 ¢ . : ) 718 High 5. 45. Polysciences inc.
8. Hooker Chemical Corp. 4. Lak, Polybutadiene & SBR Rubbers New London, Wi 54961 B. D. Halpern
- H- Colwel R. A. Marshadi, Paiyvinyl Chioride Paul Valiey ndustriat Park
Durez Division ( 2 1 '6'} 79471 1'9 35. Celanese Fibers Company Warrington, PA 18976
Wailck Rd. Henry Taskiar f Mo
N. Tonawanda, NY 14120 Elastomer & Chemical Reseaich P.0. Box 1000  Gataiag of Monomers and Polymors
{7 16) 696-6320 142 Goodyear Blvy, Summit: NJ 07901 50. Owens-Corning Fiberplas Corp.
9. Ciba-Geigy Corp. Akron, DH 44376 (201} 522-7560 Ann Busher o
" : : . Marketing Communications
J. Saunders 2. Monsanto Plastics & Resins Co. N ST
e - " 36. Drew Chemical Corp. Fiberglas Tower
444 Saw Milf River Rd. - Customer InquiryCenter Edward Astonucci Toledo, OH 43659
Ardsiey, NY 10502 800 N. Lindbergh Bivd, : ; '
; . One Drew Ghemical Plaza 51, Helvoet Pha i
(514) 478-3131 St Louis, MO 83186 Boontan, R 07006 . Helvoet Pharmd Inc.
10. Ashland Chemicat Co. {314 694-1000 264, Jonn T.Gronin
(207} 263-2789 2012 Pennsauken Highwa
William L. TordoH 22. Sherwin-Willlams Co, 37. Johason Wa P uwken, NJ 08110 Y
Foundry Products J. L. Gordon : OSaN Ai&ui annsauken,
P.O. Box 2219 Chemicat Goatings Division 15 2; Howe St 52. McWhoarier Inc,
Cotumbus, OH 43216 11541 8. Ctlamplain Ave, Racine. Wi 53403 R. R. Harris
{614} 8894689 Chicago, & 50628 4 o es4.2000 Cotiage Place
11. Aflied Chemisal Gorp. {312) 821-3000 - : __ Catpentervilie. i 60110
G. J. Schmidt 23, Celanese Plastics & Specialties Co, o0 Molded Dimensians Inc- 53. Kontron inc.
Box 10218 E. Mulligan ?{-}f poiisd Barcy Asher
Morristown, NJ 07960 Desk 300 unset Road 9 Piymouth 5L
(201} 4553335 Box 1000 Port Washington, Wi 54074 Everett, MA 02148
12. Ak Products & Chemicals Summit, NJ 07901 {414} 284-9455 54. Deertield Scientific Co.
J T Wharlon {201} 522-7500 38. A. D. Smith-lndand Inc. 5. Sherr, Mor.
Trexlertown Labs §1 24, Hercules, Inc. Kennelh J. Oswaid P.O. Box 284
P.0. Box 538 L. M. Landoit 2700 W. 55th Street Randalistown, MD 21133
Allentown, PA 18105 Wilmington, DE 19889 Little Rock, AR 72209 55. AMP fnc.
(215) 398-6703 (302) 995-3000 {501} 568-4010 B. H. Olmstead
13. KC1 Amerlcas ing, 25. Phillips Chemical Co, 40. Norplex P.O. Box 3608
H, J. L. Schuurmans R. E. Benefieid Kim Evenson Harrisburgh, PA 17105
P.0. Box 411 Plastics Tech. Cir, 1300 Norpiax Drive A variety of polymer samplas from
Hopewetl, YA 23860 Bartlesvilte, OK 74004 La Cross, W 54601 their analytical laboratory are avai-
(804} 54 1-5395 (515 661-§420 (608} 764-6070 abie.
182 Journal of Chemical Education



Haterials Available Keyed {o Sources

Materials Sowrces

ABS 7. 17,28, 3%
Acetates 5, 12, 18, 30
Acryhics 16, 28, 30, 52
Atyd 10,16
Gellutosios 19, 24, 30
Chiorinated Polyethylenas 17, 24
Chiorinated PVG 1
Etastomers 1, 20, 44, 51
Epichloroiydrin Elastomers 74
Epoxy ) 9, 15,17, 40
Ethyl Geliviose 17, 24
Fiuoropotymers 11, 30, 37
Furlurai Atcohol 10
Kevlar 30
Melamine 40
Natura! Rubber 27,29
Nomex a6
Nylons 8 11,31, 33

68 23, 30, 31, 34, 41, 43

Others 3t
Phenolic 3.8,10, 15,40, #1
Palyacetal 23,91, 41
Polybenzamidazole ki
Patybuladiene 1,20
Paiycarbonate 3, 26,31, 42
Polyestars Thermoset 16, 37, 41, 42, 50
" PET 6, 13, 18, 20, 26, 30, 34, 41

PBT 3,23 31, 41

Otherg 9
Polyothar Urethano 37
Polyethylene 11, 17, 18, 19, 25, 28, 31, 34, 42, 43, M4
Polyimide 30, 40 )
Palyphenylene Oxide 3,42
Polyphenylene Sulfide 25, 41
Polypropylene 14, 18, 18, 23, 24, 25, 29, 34, 35, 42, 43
Foiystyrene 17, 18, 28, 31, 42
Polysilfone 28,30, 41
Polyurethane 1, 10, 18, 20, 53
Polyvinyl Chioride 1,2 4,512 20
SBR Rubbers 20, 51
Styrene-Acryionitrile 17
Styrene-Butadiene 17, 20,25
Styrene Maleic Anhydride 18
Vinyl Ester 17
Vinyiidene Chioride 17. 34
Piastics and Resins unspecified} 21
Rsactive Goatings {unspecified} a2
Polyetectrolytes a2
Polymers as Flocoulants, Dispersants 36
Water Saluble Polymers 24
Water Borne Emulsion Producis 37
Titanate Coupling Agents
Jumping Rubber Kit e
Afiphatic isocyanates 26
Wire and Cable Matorials 28
Hot Mejt Adhesives 19

SHAPE/FORM

Polymer Sampla 112, 16-21, 23-26, 28, 29, 31-34, 36-38, 41-43, 48. 55
Fiber 6, 11, 14, 19, 20, 24, 30
Fitm 13, 17, 24, 34, 35, 43
Shaet 3. 11, 15, 18, 20, 43
Compounds (fiked} 3, 7,25, 26,31, 38
Ermulsion &, 12, 37
Latex 5, 17,27, 89
Foam 17
Laminate (Cu-clad) 15, 40
taminates (unclad) 23, 34, 40, 43, 52
Coating 10
Fabric (non-woven) 14, 30
Moided Parts 25, 38, 41, 42, 44, 48, 55
Foamed Molded Parts 42
Wire and Cable Materials 28
Pipe and Fittings ag
Adhesives
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_ Jorn W, MOORE
Eastern: Michigan University, Ypsiianti, M 48197

computer series, 49

Bits and Pieces, 19

Most authors of Bits and Pieces will make available listings
and/or machine-readable versions of their programs. Please
-ead each description carefully to determine compatibility
with your own computing environment before requesting
materials from any of the authors. Revised Guidelines for
Authors of Bits and Pieces appeared in the December 1982
and December 1983 issues of the JOURNAL.

This month'’s Bits and Pieces begins with another tested
review of a nohcommercial teaching program.

POLYMERLAB

Frad D. Williams, Michigan Technologicatl University, Houghton, Mi
49531

Hardware: Apple II*, 48K, 1 disk drive

Software: 00S 3.3, Applesoft

Leve! and subject: Senior or graduate polymer tab

Avallable from: Project SERAPHIM, Apple Digk #5; cost $4 for disk and
documentation

Review |

The adventure game “Polymerlab” is desigried for senior and grad-
uate-leve! studenis in polymer science. There is no question that
students will need a basic understanding of polymer science to com-
plete the game. The player explores a research laboratory, has seven
tests tun on an ynknown polymer (IR, DSC, elemental analysis, vis-
cometry, osmometry, Hght scattering, electron microscopy, and NMRE}
and performs experiments in & chemistry lab by typing in two-word
commands to the computer (1.e., go north, take viscometer, do ex-
periments, ete.}, There afe many prohlems thdt must be solved and
ilems found before certain activities, experiments, and tests can be
accomplished. One example is: o work in the lah you must have safety
glasses, which the thin }ibrarian will only give you if ynu give her a
sandwich {which yon must find!}.

Documentation for adventure games is always {unfortunately?)
brief and ambiguous. Pelymerlab is nu exception. I assume the feeling
is that half the fun is finding out how to play the game. There is a letter
to the instructor that hriefly explains what is needed to perform the
tests on the nnkpown polymer. When the game is staried the intro-
duction gives general directions on how to play the game. As players
become familiar with adventure game playing they realize the options
available to them: Early on, however, adventures can seem very con-
fusing.

One very nice feature is that the game can be saved while in progress

and then continued at a Jater time. This worked out very well for the
students who had only a short amount of time to play at any given
session. Also, when completely stumped a student could save the game
and go get help. A cheat program {far the instructor to check the
students’ results) is available. This program mnst be removed from
the student disk!

We did not find any “bugs” in the program, although the procedure
for seeing the test resulis was somewhat awhward.

The documeniatinn indicates that the game should take 4-6 hr to
play. We found that to be very unreasonable; it generally took our
students 10-20 hr to play (1 hope this is not a reflection on our stu-
deuls). I feel that it is too long {0 vse in a clasgsroom or laboratory
situation. To use the game as part of a lab course in the future T will
give the students additionat information about what must be done
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to complete the game rather than having them figure ¥ out for
themselves,

The subject matter is well covered and very accurate except, h0w~
evez, for the IR spectra which leave a little to be desired and are dif-

- ficult o interpret.

The students’ reactions to the game were mixed. In general all of
the students enjoyed playing the game and applying their polymer
science knowledge to complete the game. However, the siudents that
were not previous adventure game players were often lost and needed
help to continue the game. Even the accomplished adventure players
spent over 10 hr completing the game. The general feeling of the
studenta was that the game should include information about what
was needed 1o complete each experiment {for example, when one tries
to run the NMR the program could say “to run an NMR you need
solvent aud NMR tubes™), This would stiil have the same valueas a
polymer science game and would cut down the playing time to a more
reasonable 4-6 hr, making the game faster moving and much more
fun for the atudents who are not adveniufe game fanatics.

While watching the students play the game, I could see that they
were very involved and completely enjoving themselves except when
they got to a point where they did not know what to do next. At this
point they needed help to continue mot because of their lack of
knowiledge of polymer science but beeause of their lack of adventure
game knowledge,

Overall, 1 think the game is very good. I plan to write up an addi-
tional instruction sheet for the students in my polymer science labo-
ratory course that want it. This will include a map snd indicale what
is needed to complete each experiment, T feel this will not hurt the
game and wil} allow al} of the students to complete the game. 1 will also
make the game available to ali of our undergraduate and graduate

. polyimer science students to play on the compuier. I like seeing the

students playing this game instead of the games {Pac-Man®, ete.} that
they generally play.

BERNARD GORDON Hi

 Materiais Science & Engineering Pofymers
Pennsylvanla State University

325 Steidle Building

University Park, PA 16802

Review i

Threughout the course of this review, I, as one who has not
greatly utilized computer materials as an integral part of my
instructional effort, am forced to contemplate this “wave of
the future.” 1 am forced to think what this new method of
education means to us old educators who did not use floppy
disks in our school days. T used a circular slide rule in schood,
but was able o adjust to the caleulator revolution, but here
we are talking about greater magnitudes of difference, Does
utitization of this new technique mean that an actual hands-on
laboratory experience for the student will dizsappear? With

Summary Ratings

Category Reviewer 1 Revlewer it
Eatg of use Good Average
Sublect matier content Excellent Good-excellent
Pedagogic velue Good Good-excelient
Studen! reaction Good Average




disappearing equipment budgets for expensive specialized
laboratory instrumentation such as laser-light scattering or
mémbrane osmometers, one can still “teach™ these topics for
the cheap price of an Apple 1le. It is also a lot easier since one
doesn’t have to make up selutions for the osmemeter or seek
a dust-fres environment in which to do light scattering but,
instead, only locate an electrical outlet and the necessary
software package.

The necessary software package in this case was Fred Wil-
liamg” “Polymerlab.” This is an “education adventure game”
that has as its purpose the identification of an unknown
polymer. One could easily extend this concept to a qualitative
or quantitative analysis lahoratory and even to a qualitative
organic laboratory with its heavy emphasis on spectros-
copy.

The adventure garne idea used here is significantly different
from “refresher course” or lecture review/supplement pack-
ages such as Staniey Smith’s “Introduction to Osrganic
Chemistry” [reviewed by Hutcheroft and Susskind, J. CHEM.
Enuc., 60, A179 (1983)]. Here, certain data require a library
search, simulated }aboratory equipment must be accumuiated,
one must decide how Lo enter the facility, safety glasses must
be located before an experiment can be started, and successful
completion of the unknown identification comes about only
after the students take the research director’s quiz on the
unknown. Some students must try {o find a lost notebook in
order to verify their results. All essential ingredients of a
laboratory experience are utilized and blended together very
creatively to produce an introduction to analytieal polymer
chemistry.

This program is not really intended for the novice but as-
sumes some course work or other experience in polymer
chemistry. It was particularly useful in the situation where I
first used it, which was with a group of students in my polymer
synthesis advanced undergraduate laboratery. The analytical
content of this program makes it a perfect complement to a
course that has a heavy organic polymer synthesis emphasis.
The studenta all had had a one-semester introductory lecture
course and some were enrolled in & coatings technology degree
program. About half way through the course, afier the stu-
dents had successfully carried out step-growth and chain-
growth synthesis reactions, they were charged with the task
of using this program to find out the identity of an unknown
polymer on their own time over a two-week period. They couid
sign out the disk at their convenience. Planned dilute solution

viscosity and DSC experiments {which appear in Polymeriab) -

were drapped from my laboratory schedule in favor of an
epoxy synthesis.

Four of the better students wrote their observations and
feelings on the experience of using the computer in liet of a
“hands on laboratory” experience. One of these four was
successful in identifying the unknown and took the quiz in the
research director’s office. This quiz even incorporated a little
of the history of polymer chemistry in it. This student said she
spent 10 hr solving the unknown and had to make a map of
each of the rooms for positioning of where everything was.
Some experiments couldn’t be carried out hecause of difficulty
in finding solvents, NMR tubas, or other necessary equipment.
In general, the students didn’t like having to spend time
trying: {1} to figure out how to get into the building; (2) to find
where the safety giasses were; (3) to find the viscometer and
light-scattering tuhes and other “adventure-iike” prelimi-
naries hefore the experiments could be carried out. But,
generally, all students seemed to like and enjoy interpreting
the data in order to deduce the unknown structure, One stu-
dent was able to complete only five out of eight experiments,
hecame frustrated in trying 1o locate equipment, and com-
mented that more printed information such as a list of input
statements should accompany the ail-too-brief instructions.
Such an experience in frustration realistically simulates the
difficulties one often encounters in trying to locate some

chemical or piece of equipment in order to do an experiment,
and for this reason the lesson in patience is well taught
here.

The average time the students spent on the program was
7 hr—the lowest 4.5 hr, Fintentionally gave them no assistance
in running the program or in interpreting the directions. One
of my goals was o explore the feasibility of utilizing this ex-
perience in the future as a truly independent study project.
One student admitted great difficulty in using the 120 or so
commands possible and was able to progress only by dis-
cussing with the others how they accomplished their success.
I noticed there was some spirited discussion between the in-
dividuals on various parts of the adventure and only one
student thought to “climb a ladder to find a solvent on top of
the fite cabinet.” (Safe chemical storage practices are certainly
not taught here.} The students did request that I make some
polymer texts available to them wbile they were using the
program, which I did,

In retrospect, T think § didn't allow the students sufficient
{ime to investigate their unknowns ai their own pace, and 1
would modify my handling of this assignment in the future.
I would carry out the “hands on™ lab synthesis experiments
as planned, and at the beginning of the course give each stu-
dent an individual copy of the disk with instructions to solve
the identity of the unknown polymer by the end of the course.
The degree of success each of the students had in identifying
the unknown, or in doing the experiments necessary to iden-
tify it, paratlels the amount of time the students spent with
the program. The experiments in the program that replaced
the ones I had planned were IR, DSC, viscosity, osmometry,
and NMR. We didn’t have equipment and 1 had not planned
elemental analysis, light scattering, Raman or electron mi-
croscopy. The advantage to e in using this program was to
have additional real lahoratory time for polymer synthesis
experiments. But at the same time I was able, with this CAl
project, to incorporate polymer analysis into my course. For
this reasom, I found the program very useful,

Could this program be used as a complete substitute fora
laboratory experience in polymer chemistry? All students
answered “no” to this question; they all seem to enjoy the
laboratory experienee and learning new techniques. Almost
all felt that it is a very valuable supplemental experience and
should be available to future students taking the synthesis Jab.,
They commented that i was an excellent problem-solving
experience. (Given the importance of polymer chemistry and
the equipment limitations that many schoots will have in
bringing this subject into the mainstream of the traditional
chemistry professional program, I would tend to answer “yes”
to the question above, A good polymer lecture course followed
by a tutorial or independent study semester using this pro-
gram wouid be an excellent way to introduce this much-
needed subject area to an undergraduate chemistry major, If
a scheol is not equipped to do these experiments, I would
recomnmend by all means that this program be used, 1t lacks
the stimulus of having a “live” instructor but it does teach
seif-reliance and independence, and for these reasons CAl
does have its piace in the total education effort that we make
in chemistry. .

In addition to this program one should consider the ACS
computer course “Introduction to Polymer Chemistry” also
usable on the Apple I A trial disk as a test is available from
ACS headquarters in Washington and a review of the course
will appear in the “Reviews” section of THIS JOURNAL in
April. In combination Polymeriab and the ACS course rep-
resent a total package for those wishing to hring polymer
chemigtry into their programs without additional teaching
staff,

JeRRY A. WiLLIAMSON

Eastern Michigan University
Ypsiarti, Mi 48197
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Editor’s Mofe: The following comments an the reviews of GASLAWS published
it the December 1983 issue indicate changes made in Project SERAPHIM ma-
tarials in response 10 reviewsr suggestions. They also indicais a common
Frobiem faced by authors who fry to writs microcompuier-based drilis that involve
Aumeric problems.

Comments on Reviews of GASLAWS
Rober D, Alendoerter
SUNY Buftale
Buffalo, NY 14214

GASLAWS is an adaptation of a mainframe program we
have used for a mumber of years as part of an extensive CAI

package. For each unit in the lecture course, e.g., ideal gases, .

there is a program the students use as a first problem set to
cover mechanical-type exercises upon conclusion of the unit.
Students work the problems at a terminal and a summary of
their scores goes to the instructor. As a result of this philoso-
phy individual programs do not contain expository material,
discussion of the program’s scope, or an indication of the
scoring system. These are provided in a single handout at the
beginning of the semester.

In-program directions are intended to be terse but com-
plete, as a reminder of any forgotten feature of the package.
The program is designed to be modifiable, and it may be
necessary to tailor the directions to alocal situation. Examples
noted by the reviewers where this would appear desirable are:
{1) numeric expressions like 3+5/4 can be entered as problem
answers, as stated in the introduction, at the end of each
problem, and in the SCRATCH PAD directions; (2) the hi-
erarchy of arithmetic operations and the need for parentheses
is stated in the SCRATCH PAD directions; (3) answers cal-
culated by SCRATCH PAD can be submitted directly as
problem responses without rekeying, by using the #-key
feature, but this feature was only implicit in the instructions,
It has been made explicit in the updated version so that future
users will not miss this important feature,

The current program prints all numeric values to three
significant figures (four in SCRAT'CH PAD), and checks ac-
curacy of responses to 1%. These two parameters can be varied
easily by the instructor. The problems with significant figures,
‘noted by the reviewers are inherent in Microsoft BASIC and
not unique to GASLAWS or the IBM PC, BASIC will not
print trailing zeros to the right of the decimal point, i.e., 13.0
and .210 are printed as 13 and .21; therefore occasional dis-
crepancies in significant figures are hound to occur. A similar
problem that occurs only occasionally and was not noted by
the reviewers is printing of some numbeis with repeating
nines, e.g. 49.9999 when 50 is intended, despite the program-
mer's best efforts. This probiem seems to oceur less frequently
with the IBM BASIC compiler and can be circumvented
completely by printing only double precision numbers, but
that doesn’t help when significant figures are important.

Computer-Simulated Distributions of Molecular
' Speeds

Susan E. Gler and M. A. Wartell,
James Madison University
Harrisonburg, VA 22807

Computer-aided instruetion has many uses, important
among which is the simulation of experiments that would be
too costly or too complicated for a student laboratory. One
such experiment concerns the study of Kinetic theory and
molecular velocity distributions ag they develop on a micro-
cosmic scale. Physically, such experiments are difficult and
are often replaced by studies of indirectly related macro
phenomena such as the transport properties of gases, the
complexity of which often obscures the important aspects of
the theories which are being emphasized.

We have developed a computer-assisted package that not
only simulates the experimentaily accessible three-dimen-
sional problem of the unfolding of velocity distributions, but
also allows study of one- and two-dimensional cases. Experi-
mentally, the simulation relates directly to kinematic de-
seriptions of shock waves, explogive modeling, and distribu-
tions in supersonic nozzle beams where relaxation from an
initial energy input is important. Pedagogically, the package
allows the instructor to help students obtain a strong intaitive
understanding of velocity distributions and their development
by proceeding from conceptually simple to conceptualiy
complex situations while retaining a direct tie to physical re-
ality. Thus, the student can be led through an increasingly
complex set of simulated situations that finally result in an
understandable, usable model of three-dimensional physical
reality.

‘This group of simulated experiments has several objectives
in addition to the primary goal of providing data useful in
studying kinetic theory and velocity distrihutions. Among
these are

1} Teaching computer programming,

2) Teaching statistical data analysis.

3) Teaching the usefulness and limitations of models.

The package is appropriate for use in physical chemistry
laboratory and can be easily modified for use in advanced
freshman laboratories.

A common approach to the development of the kinetic
theory of gases found in many physica! chemistry texts (1)
consists of an ab {nitio treatment making use of a velocity
space approach to vield a two-dimensional form. Actually,
using such a model, the one-, iwo-, and three-dimensional
forms can be derived. All three differential functions are
shown in Table 1 along with the mean, most prohable, and
root-mean-square speed associated with each one. Graphicai
representations of the distribution functiens are shown in
Figure 1.

Table 1. Distribution Functions and Related Equations

1 Dimension 2 Dimensions 3 Dimensions
142, 12 m 2Nzl myarz
Distribition Functions dn, = 2ym g~ MmN T dn, = h{v—'—_] oo M BkTg e dn. = h{-—) (--,»J clemmei BT,
1y k Ly 4 k
(ky)uz [gky]ue
0 — ==L
Most Probabie Speed o p”
2k7) 12 {wk!]‘-’2 [BkT)W
Avorage Speed p— P -
kT 2RTy 2 kT2
Root Mean Square Speed e . —
. m m m

on. = sumber of particles having speeds batween ¢ and ¢+ de
N = number of particles in the system

de = incremomal speed
= speed

T = Kelvin temperatuwe
k = Boltzrmannt canglaht

m = particie mass
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Figure 1. Theoretical distribulfons. Speed/104 em s~ 1 versus {1/MKdny/
da 1078 s om™ . One dimension - - -; hwo dimensions - three dimensions

While the final form of the three-dimensional disiribution
funetion is shown in most texts, it is uncommon to see the final
one-or two-dimensional distribution function presented. Also,
it is interesting to note that the most probable speed for a
one-dimensional system s zero.

Proprams were written to simulate one-, two-, and three-
dimensional distributions, In all cases, up to 0 particles
comprise the system under study. Particle direction of motion
and position are chosen randomly. However, for each particle,
the following parameters can be specified; mass, radius, and
speed, In the simplest situation, one begins with particles
having the same mass, radius, and speed, although any com-
bination of parameters is possible. Finally, for the system the
overall dimensions of the particle container (line, square, or
cube} ean be chosen as a function of the space occupied hy the
particles {length, area, or volume).

After initial parameters are determined, the particles are
atlowed to move and collide. Al} collisions in the two- and
three-dimensicnatl systems are assumed {o be elastic including

‘those with the walls. In the one-dimensional system, however,
insufficient degrees of freedom exist for the distribution to
develop, s0 it is necessary that collisions with the walls be in-
elastic. That is, the particle closest to each wall can lose or gain
energy randomiy on collision with the wall in quantities up to
the energy possessed hy the particle.

As the distribution unfolds, the speed, position, and dj-
rection of motion of each particle can be monitored at chosen
intervais. A histogram of number of particles versus speed can
be printed at any time along with an overtay of the theoretical
normal curve as calculated from the differential forms shown
in Table 1. Termination of the program resulis in a printout
of final data as listed above in graphical and tabular form.,

The programs were written in extended BASIC for use on
a Hewlett-Packard 9845B {58K}, and ¢an he modified for most
other systems of similar size. Explanations, directions, and
appropriate documentation are also a part of the package.
Depending ¢n the speeds, system size, numher of particles,
and size of particles, elapsed real time to randomization
varies,

Students can be asked to perform individual experiments
on systems up to 100 particles; however, the speed distribution
develops only after a relatively long real-time interval, I
computation time is critical, each student can be asked to work
with systems of 50 particles or fewer observed over short,
specified time intervals and data can be combined for final
analysis. System dimensions can also be altered to insure more
collisions per time interval,

In typical experiments, a student is asked to run a simula-
tion of 50 identical particles beginning at identical speeds,
Then, there are several data accumulation and analysis tasks
which the student is asked to perform, given the raw data for
50 particle simulations for each class member. Figure 2 shows
typical data sets for one-, two-, and three-dimensional cases.
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Figure 2. Experimentat {bars) and theoreticat {dashed lines) distributions.
Spoed/ 104 em s~ * versus {1/ Mdn /del 1072 s om™*. Part a, one dimenskon;
part b, two dimenskons; parl ¢, three dimensions. m = 2.0 amuy; inifiaf spoed
= 1.0 X 10° emis.

Data shown are ten composites of 5) particles each. Super-
imposed on each graph is a thearetical distribution curve,
Analysis and development is accomplished as follows.

1} The student confirms that collision elasticity is main-
tained in the two- and three-dimensional systems by writing
a program that calculates system energy at beginning and end
of the simulation. The student also determines the final in-
elastic contribution of wali collisions in the one-dimensional
case,

2) The student compares, quantitatively and qualitatively,
the one-, two-, and three-dimensional results from the simu-
lation to ihe theoretical curves. In order to accomplish this,
each student must write a program that will accumuiate and
plot a histogram of class data and plot a normalized theoretical
curve. Quantitative comparison of simulated data with the-
oretical prediction is accomplished using a chi-square good-
ness-of-fit calculation {2) comparing simulation results to each
theoretically predicted curve. The compatison program is
written as part of the histogram program and is used for both
individual student data sets as well as whole class resulis.
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3} The stodent derives and compares values for Cace, Cimp,
and C; for all systems for both theoretical and simulated
results.

4) The student discusses all aspects of the data and results.

in essay form, explaining statistical fluctuations, curve shapes,
and curve comparisons. :

More complicated experiments can also be derived, using
non-identical particle sizes and/or masses and non-identical
initial particle speeds. Data analysis is, of course, much more
complex in these situations,

interfacing Microcomputers through Joystick
inputs

Elvin Hughes, Jr.
Southeastern Louisiana University
Hammaond, LA 70402

In today’s world, video games touch the lives of millions of
peopie and yet few of these people understand the connection
hetween the manipulations of the joysticks and the subse-
guent events on the video screen. This articte describes how
this rather common device can be revised to allow the re-
cording of data from an experiment. The computer used for
this investigation is the TRS-80 Cotor Computer, and the
charging and discharging of a capacitor in an R-C circuif (a
simulated first-order kinetics reaction) is used as an appli-
cation exampie.

Joysticks are used in video games to inferface the player
with the microcomputer. Normally one does not use the term
interfacing to descrihe this interaction, but, in fact, real time
interfacing is the proper term. Figure 3 is a schematic of a
joystick connection found on the TRS-80 Color Computer. Pin
5 supplies a 5-V DIC voitage. Pin 3 is the ground pin. The 5-V
DC potential from pin & is connected to pin 3 through a
100-K-ohm potentiometer. The wiper of the potentiometer
is connected to pin 1. Another wiper from a similar potenti-
ometer is connected to pin 2. Pin 4 1s used for “firing”. Moving
the joystick from extreme left to right allows the input voltage
at pin 1 to vary from 0-5 V while moving the joystick from
extreme up to extreme down causes the voltage on pin 2 to
vary in a similar manner. Because each joystick uses two po-
tentiometers, and two joystick inputs are available, a total of
four analog inputs are available for connecting 0-5-V analog
signals to the microcomputer. The voltage at pins 1 and 2 are
then sampled by the microcomputer and converted to a 6-bit
binary number, A 5-V input signal corresponds to a bit pattern
of 63 {all 1’s-in a 6-hit register) while a 0-V input signal cor-
responds to a bit pattern of 0 (all zeroes in the 6-bit register).
A 2.5-V input signal corresponds to a bit pattern of 32 (bit &
is 1 while bits 4 through 0 are 0}, A hit pattern may be con-
verted to a voitage by dividing it hy 63 and multiplying this
ratio by 5.

Figure 3. Joystick schematic; Radio Shack TRS-80.
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Figure 4, R-C circuit interfaced to joystick input; Radio Shack TRS-80,

Figure 4 shows the schematic for an example application:
graphing valtage across a capacitor in an R-C circuit. Shielded
leads from pins 1 and 3 of the right-hand joystick input are
eonnected across a 100-uF capacitor in series with a 20-K-ohm
resistor. The R-C circuit is connected in series with a switch
and a 3-V DC battery. The software for graphically recording
the voliage across the capacitor is the following:

10 PCLS; 20 SCREEN L,1; 30 PMODE 4; 40 FOR B = 0 T 255;
50 A = JOYSTH{0); 80 LINE (B, 180 — 3.5xA) ~ {B, 180 — 3.5¢4),
PSET; 70 NEXT B; 80 GO T( 10.

Closing the switch and simultaneously entering RUN allows
one to record the data graphically on the video monitor, The
discharging curve is recorded by opening the switch and
shorting the capacitor through the resistor. The switch in se-
ries with the R-C circuit is closed to charge the capacitor, white
the switch in parallel with the R-C circuit is closed to discharge
the capacitor.

Precautions such as using shielded cable and polarity and
not exceeding an input voltage of 5 V should be observed.
Shielded cable is necessary for the connection between the
microcomputer and the experimeni because it minimizes
extranenus voltages indnced by electromagnetic fields. Volt-
ages greater than 5 V could damage the microcomputer. Po-
ianty reversal could cause the microcomputer to malfunction
and possibly even damage it.

Through proper input voltage management (such as using
op-amps to condition the input voltage to a value between 0
and 5 V}, one may use this simpie interface scheme to record
data from laboratory instruments. This aliows one to use the
computer-video monitor as a relatively inexpensive recorder.
Fouy different events may simultaneously be monitored.

Readers who desire to use this interfacing technique are
invited to write to me for further information.

'Measuring and Calculating Energetics of an

Etectrochemicat Cell
Alger D. Salt!
Burroughs-Wellcome Co.,
P. 0. Box 1887

Graenville, NC 27834

Frank M. Etzier
East Caralina University
Greenville, NG 27834

We describe here a physical chemistry experiment in which
the Gibbs free energy, entropy, and enthalpy of the cell are
determined from cell potential as a function of ternperature.
A very inexpensive personal computer is used to acquire,
record, and analyze the data. The entire cost of computerizing
the experiment iz well under $500, inciuding the cost of a

1 Author to whom correspondance should be addressed.



television set and a cassette tape recorder, thus making the
system affordable {o even smal} institutions.

The Timex/Sinclair TS1000 is currently the least expensive
personal computer on the market and is available at many
retail stores for under $50. The TS1000 is a potentially pow-
erful scientific tool. For example, the Sinciair ZX81 (the
forerunner to the TS1000} has been used as an instrument
controller {3} and to replace & chart recorder {£}. The TS1000
employs the same microprocessor, the Zilog Z80A, found in
many other microcomputers costing over ten times as
much,

The physically small package of the TS1000 (4 X 17 X 17
cm} includes a 2K programmable memory. Tape input and
output connections are provided. The operating system is a
BASIC interpreter that supports 9-digit floating-point
numbers and intringic functions used in scientific calcuiations
such as L.OG, SIN, C0OS, et¢. The POKE command and USR
function provide a means of entering and executing the
computier's native ZB0 machine code. A line editor is also
provided. It8 convenience is somewhat offset by the incon-
venience of a very small non-standard flat-membrane key-
board. However, standard size keyhoards are available as well
as a host of other peripheral devices, including printers and
memory modules,

The VOTEM analog interface module, available from Down
East Computers,? 1s used to convert an analog voltage into a
digital frequency for presentation to the TS1000 computer.
The module includes a semiconductor temperature probe and
a means of electrical connection for measuring voltages be-
tween 0 and +1 V DC. The temperature probe aliows mea-
surement of temperatures between ~25 and +125°C. Reso-
lution of less than 1 part in 20,000 is claimed for a typical
VOTEM/TS81000 system, which translates to about 0.00005
V for voltage measurements and 0.04°C for temperature
measurements. Absolute aceuracy depends on the choice of
the calibration coefficients used in the program. These are
predetermined from a calibration procedure supplied with the
module. Accuracies within £0.002 V and £0.5°C gre obtain-
ahte. The high input resistance of the interface {greater than
200 megohms) allows direct connection to the electrochemical
cel! and cbviates an input buffer circuit.

The VOTEM module incorporates a voltage-to-frequency
conversion technigque. This technique works well in our ap-
plicetion because it offers high resolution and inherent noise
immunity ¢5). The ouiput signal of the VOTEM module is a
suare wave that swings between 0 V and +5 V and can drive
TTL-level inputs, The tape input of the T'S$1000 computer is
coupled to a T'TL, gate that forms one bit of an input port to
the ZBO microprocessor. A Z80 machiue language routine is
called from BASIC and returns a value proportional to the

frequency of trangitions at the tape input. Sampiing period

is determined by the software. Since the data are slowly
varying signals, a relatively long conversion period of aboul
one second is used. Any noise appearing at the input is effec-
tively integrated, or averaged, over the sample period.

The apparatus consists of a galvanic cell and constant-
temperature bath, a TS1000 with a 16K memory module, a
VOTEM analog interface, a black-and-white television set,
and a portable audio caseette tape recorder (Fig. 5). A thermal
printer that retails for about $100 is also incorporated into the
hardware and the software. The printer provides a convenient
form of permanent copy bug is not essential, This computer
system constitutes a complete and very inexpensive data ac-
quisition system. The cost, excluding the printer, was ap-
proximately $340,

The celi used for testing was

1Ag {Hg)| AgCHCASO, (0.02M)|Cd(Hg
Another suitable cell would be

1Cd(s)}CdS0, sat'd}Cd(Hg)}

EAR

"

CASSETTE
A RECOROER

TIMEX/SBCLAIR
TSIPBB COMPUTER

TEMPERATURE PROBE

FCD

3
— voTEM | ELECTROCHEMICAL
suppLY £ Py CELE
UNIT i)
O g s
CORCTRNT

TEMPERATURE BATH

Figwe 5. Block diagram of the computerized measurement systam.

The TS1000 and the VOTEM module here serve as a poten-
tiometer and thermometer (see Fig. §5), The procedure for
collecting data is:

1} Adjust water bath Lo initial ternperature,

2} Instruct the T81000 to collect data.

3) Colleci 6 temperature values, then § voltage values, then €
temperature vatues. Display and store the mean and standard
deviation,

4} Bring the bath to the next temperature and repeat the mea-
surement process. {Here s water bath with a programmed
temperature ramp would be useful )

After all data are collected, calculations, including propagation
of errors, are performed by the computer. The students are
not divorced from the calculations because they are instructed
to duplicate the values manually, AG{T), AH(T}, and AS(T)
are displayed and/or printed. These quantities are calculated
by

AG = —-nFE

AS = ~(d4G/dT)y

AH = ~[a(AG/TH o0 /T),)

AS and AH are calculated at the mean temperatures and
mean reciprocal temperatures. In other words, the mean de-
rivative is caiculated over a small temperature interval.
Data collection is semiautomatic; intervention by the op-
erator is required to manvally switch between the voltage and
temperature modes. However, additional simple hardware

? Down East Computers, PO Box 3096, Greenville, NC 27834,
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Data and Calculated Results, Ag-Hg Amalgam Cel}

Table 2,

Temperature (K) EMF () AG (keal/mote)

0.84428 (+0.00005)
0.8469f (:0.00005)
0.84833 (+:0.00605)

81.460{£0,005)
81,716 {£0.008)
81.853 {X0.0058)

284,42 {(+0.03)
290.08 {+0.03}
205.39 (£0.03)

301.35 {d:(}.ﬂ:}) 0.84980 (000006} 81.995 {£C.008)
Temperature {K) AH (kcal/mole)
289.80 71.278 {£0.378}
295,61 74.539 (£0.328)
Temperature (X} AS {raliK-mote)
289.91 —35.8 (+0.7)
205.72 ~24.8 (0.7}

could be incorporated to realize a fully automatic data eol-
lection systern.

" Some data and results obtained from our cell are presented
in Tahle 2. Deviation from standard values is due mainlv to
the non-unity activity coefficients of the solid phase compo-
nents. Qur cell was prepared with approximately 2% and 5%
silver-mercury and cadmium-ruercury amalgams, respectively.
The emphasis of this experiment is to insure that the student
can perforn: the caleulations on real dﬂta, rather than repro-
dueing textbock data.

In an experiment such as the determination of the activity
coefficients from cell measurements, the emphasis will be
shifted towards the accuracy reproducibility of the data, The
measirement system described ahove will, of course, work
equally well in the latter experiment. 'T'he system can be
adapted to a variety of other experiments in a variety of en-
vironments, For example, in one of the many standard un-
dergraduate acid-base refated experiments the ondy additional
necessary components are a pH elecirode and a high imped-
ance buffer amplifier, or pH meter with chart recorder
output.

A BASIC listing of the program used in the experiment is
available from the authors upon request. Please inciude $1 to
cover costs of copy and postage. The program is also available
in TS1000 machine readahle form on cassette tape for $10.

One-Semester Microcomputer/Instrument
nterfaciriq Course '

Richard Sollero and Arthur T. Poulos
Berlex l.aboratories, inc.

110 East Hanover Avenue

Cedar Knolis, NJ 07927

We describe here a one-semester graduate course in mi-
crocomputer interfacing currently being taught in the
Chemistry Department of Rutgers University. Our objective
was to teach hardware and software aspects to students having
some proficiency in programming and a good baekground in
chemical instrumentation. The course differs from others
reported in the literature {§-10) by attempting, in one se-
mester (42 hr), to bring students to a level of competency
which would enable them io interface mosf common labora-
tory devices. This highly compressed course was designed to
quickly give our graduate populstion the expertise to com-
puterize the data collection procedures reguired in their thesis
research or in their work in the chemical industry. The main
thrust of the course was to teach enough of the programming
tanguages (BASIC and assembly), efectronics, and interfacing
to complete a project within the semester.

Since the Chemistry Department did not have mlcmcom-
puters hefore this course was devetoped, a fully-equipped
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Table 3. Interfacing Course Syllabus

Time
Toplc Required (wi}

I. lntroduction 1
A, Backgrourd Evaluation -
B. Course Description
C. introdUction to Microcomputers
D. Projec! Orienlation
. Fiow Charting 1
#. Intreduction to BASKS
V. Electronics 2
A, DG Cirouits
8. inegrated Circuits
C. OP-AMPS
V. Number Systems 1
A. Binary Numbers
B. BCD
C. Hexadecimaf
0. Boolean Algabra
VI AIM-65 1
A, Memory Map
B. Versatile Interface Adapter
€. Machine Commands
0. Microprocessor Architecture
Wi, mbroguction o Assembiy Al
A. §502 Registers
B. Instruction Sat
C. Open and Addressing Modes
VI, Anslog to Digita! Convertors 2
A, Programming in Assembly
B. Progiamming in BASIC
C. Digital-to-Analog Converlors
iX. Assembly 2
A. Text Editer
B. Assembier
C. Subroutines
B. Jump Commands
E. Intefrupts
X. Prpject Demonstrations 2

s

microcomputer room was established. Initially, three Rockwell
AIM-65’s were purchased” and installed in a room which was
converted into a computer Iaboratory. Also, analog/digital
{A/D} and digital/anajog {D/A) converters were necessary tor
many of the projects. A unit, available from Excert, Inc.,*
contains an 8-channel, 8-bit AA) converter and two 8- bit D/A
converters, Three of theqe units were purchased for student
use. Im addition, three peripheral boards were built for labo-
ratory exercises. Fach board contained 8 LED’s which were
connected to Port A of the 6622 VIA (Versatile Interface
Adapter). Eight dip switches were connected to Port B, By the
proper manipulation of machine codes or PEEK or POKE
commands, the students could present.digital data oo the
L¥ED’s or read the digital data repreqented by the switch po-
smom

" Several texts were used to cover BASIC programmmg, as-
sembler programming, and an overview of the field of micro-
computers {1 I-14). A course syliabus is shown in Table 3. Flow
charting and a review of BASIC were presented first so that
programming assignments could begin immediately. A fow
chart was required with every program, and programs and/or
eircuit prob}ems were assigned every week,

The main objective of the course was to gef each student to
complete an interfacing project. Each project was chosen to
solve a prohlem that the student might have solved using
traditionai methods. Alist of suggested projects are in Table
i _ B ES .

% Rockwetl internalionat, Anaheim, CA.
4 /O 802, Excerl Inc., White Boar Lake, MN.




Tabie 4. Uist of interfacing Pru]ecls

Prolects that do not reguire an A/D or D/A convertor:

1. Counting Or measuring with a phatatal
2. Comirui of & Stapper motor
3. Dlgita plotiar
4. Paraliel printer
¢ 5. Control of LED's
6. Rear digilal data from switches
7. Titme of day digital clock
8. Evert timer )
9. Morss code send/recsive
10. Freguency Counter
11, Games paddies, joysticks
*“12. BCOD input from an nstrument with BCD output
*13. Digital thermameter '
14. Light pen
15. Connecl two VIA's {versatile interface adapters)
16. CRT erminat {or ather R5-232C device}
17. Bit pad or digitizer
18. Speach synthasizer
*19. Hall effect switches
*20. Optically couphed switches

Projects th&f require an A/D convertor:

* 1. Build an A/D comertor

* 2. Any instrument with an analog signal {i.e., HPLC detector, A A, etc.}
" 3. PMiube in a single beam spectrophetameter

* 4. Thermocouple

ijecls that require a D/ A convarter:

1. Digital voltmeter
2. X Y plotler
3. Strip chart recorder

* Projecis sucd fuify compieted by a student

These projects required a considerable amount of effort,
and this was taken into account in several ways. There was no
final for the course, but every project had to be demonstrated
in class. The grade earned on the project counted for 50% of
the course grade {25% of the course grade was hased on 4
mid-term and 25% on homework}, Since there were many
types of projects and each was different in difficulty, a project
scoring system was set up. A complexity rating, “C”, was as-
signed to each project depending an-the amount of work re-
quired. “C” ranged from values of 0.7 {0 1.3, depending on how
complex the tasks were. At the end of the semester, after the
demonstration, a success factor, “S, was awarded based on how
much of the project was compteted. This factor ranged from
0'to 100%. The project grade was calculated from the produet,
C X 8. Using this system, some students were motivated to
take an highly complex tasks with the hope that their project
grade would make up for deficiencies in other grades.

Providing the students with an appropriate electronics
backgroiind proved to be challenging. Tt was difficult to decide
how much'and what topics te cover so that a}l students could
complete their projects. However, an especially successful

technique was a one-period lahoratory demonstration on the
fundamentals of soldering, wire wrapping, bread-boarding,
and the use of test equipment such as oscilioscopes and mui-
timeters, This provided studenis with the expertise to de-
termine the analog characteristics of their own circuits. Op-
erational ampiifiers or voltage divider circuits were con-
structed hy the students to match the dynamic range of the
D/A-A/M converters. The circyit designs were obtained from
various reference books £15-17) or by consultation with the
instruciors and the departmentsl electronics technician,
Fabrication was entirely the student’s responsibility.

Any programmmg course can take from one to four se-
mesters to bring a student up to a high level of praficiency. In
this course, only half a semester was left when assembly pro-
gramming was introduced. The topic was covered to the Yimit
that the class could write and debuy simple routines that
would interact with more complex BASIC programs. The
assembler routines were restricted to data transfer or acqui-
sition through the 6522 VIA, In this way, the students eould
use a simple assembly routine to complete their project while
the fectures covered mare advanced cancepts In theory.

Our experience was that, given additional help by the in-
structors, graduate students and upper level undergraduates
could attain adequate {nterfacing facility in a one-semester
course. Qut of an initial envoilment of 17 students, 12 suc-
cessfully completed their projects. The major conceptuai
difficuities were in the use of machine {anguage, and in eon-
ditioning analog signais to be compatible with the A/D) con-
verter. Conseguently, the course has been restructured to
spend less lecture time on the BASIC language and more on
electrohics and the use of assemhly language in interfacing.

A more thorough description of the course (which includes
details on the individual projects) and a circuit diagram of the
peripheral hoard are availabie through Project SERAPHIM
at a cost of $4. (Make checks payable to Project SFRAPHIM
Account 20350.)
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This demonstration illustrates rather dramatically how the
color of certain organic acids or bases (acid-base indicators)
can be influenced in a reversible manner by changes in pH.
It is based on a “magic trick” described by Wilson, et al.? Al-
though it has obvious applications as a pedagogical tool, it is
described here in the context of a roufine which we have em-
ployed &g part of chemistry demonstrations shows the fowa
State University Society for Chemistry Undergraduate Majors
and ACS Student Affiliates has been presenting for a number
of years,

The demonstration employs three indicators which are
completely colorless in acidic solution but form the three
primary colors in basic solution.

Reagents Needed

Indicators

The following combination of indicators give the “rainbow
colors” indicated.

1) RED 1.5 g phenolphthalein plus 3.0 g mnitrophenol
9) ORANGE 0.45 g phenolphthalein plus 6.0 g m-nitrophenol
3) YELLOW 6.0 gm-nitrophenol

4) GREEN 0.6 gthymolphthalein plus 6.0 g m-nitrophennl
5) BLUE 1.5 g thymolphthalein
6) VIOLET 0.9 gphenolphthalein plus 0.4 g thymolphthalein

Each of these indicator combinations is dissoived in 30 m!
of 95% ethanol and stored in 30-ml dropping bottles labeted
with the “color” indicated.

Acid-Alcohal Sofution

Mix 260 mi of 0.05 M aqueocus sulfuric acid with 250 ml of 95%
ethanol. Transfer this liquid to a bottle (capacity 10 oz ar more}
“equipped with an automatic “shot dispenser” as commoniy used for
alcoholic drinks, delivers 1.5 oz per “shot.” (We use a 25.4-0z liquor
bottle.}2

NaOH Solutions

Transfer 1200 ml of a 0.012 M NaOH solution to a clear glass
pitcher. (The standard 2.5-pt. “pitcher” commonly used in beer halis
sérves very well.%)

T Wiison, J. W., Wilson, Jr., J. W., and Gardner, T. F., “"Chemical
Magic,” Chemicai Magic, Box 331, Los Alamitos, CA 90720.

2 A good quality skiot dispenser should be used, and the dispenser
should be thoroughly cieaned immadiately aftor use. An aliernative
method, which does not requira the use of a shot dispenser is to use
a 50-mi graduated pipet, which has appropriate intervals of 5 mi heavily
marked 50 they are more visible, and add 5-ml afiguots to each tumbler.
if this procedure is followed, the acid-atcohot solution concentration
shouid be increased. Equal voiumes of ethanol and 0.4 MHS0, works
weh,

2 A small mark should be made on the pitcher at a point corre-
sponding fo slightly more than the tota! volume needed to fill the &
tumnblers to be used in the demonstration. The pitcher should contain
at least this volume of the base solution.
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Prepare a dropper bottle containing 100 ml of a .2 M aqueous
NaOH solution.

H, 80,-Glycerin Solution

Dissolve 10 mi of 18 M H;S0,4 in 20 mi of ghycerol, and transfer the
solution to a dropper bottle.

“Doctored" Glass Tumblers

Clean six glass tumblers {approx. 12 oz}, Arrange these in a single
row extending from left to right alorg the demonstration table. Placs
2 dropa of the red indicator in the center of the first tumbler; do not
allow any to splash on the sides. In a like fashion, place 2 drops of the
orange indicator in the second tumbler, and continue adding 2 drops
of each of the appropriately colored indicator solutions in a glass in
the proper “rainbow” sequence—red to violet. Allow the soluiions
o dry. There ia no hurry about this. The tumblers can be prepared
a week ahead of time, or they can be allowed to stand at room tem-
pérature just long enough for the solutions to evaporate to dry-
ness—about 1 br or so. If a heat lamp or heat gun is used to expedite
the drying, care must be exercised not to decompose the indicators
thermally,

The result should be six tumblers each with a dry fllin of a different
indicator deposited on the bottom; this film should be practically
unnoticeable to the audience,

Needed '*On Stage” to Present the Demonsiration

The six “doctored tumblers” should be arranged in se-
quence (red, orange, yellow, green, blue, and violet} before a
white background. (We have found the added visibility pro-
vided by a tight box, which illuminates the giasses from below
and behind, makes the demonstration especially colorful.) In
addition, have on hand

The boitle of acid-alcohel solution

The pitcher of 0.012 M NaOH sclution

The dropper hottie of 0.2 M NaOH solution
The dropper boitle of Hy304-glycerin
Stirring rod and towel

The Demonstration Routine

Step 1. Each tumbler is picked up in succession, the inside
wiped “clean” with the towel, and the tumbler returned to its
proper place in the row. Of course, the indicator film on the
bottom must not be disturbed ini this operation. (Note: From
this point on, various solutions wiil be added to the tumblers.
These additions should always be made in the same sequence,
e.g., left to right.)

Step 2. Equal volumes (1 ‘shet,’ 1.5 oz) of the acid-alcoho}
solution are poured from the bottlc into each tumbler using
the shot dispenser. In doing this, try to direct the stream of
liquid so it does not fall directly on the indicator residue; the
less the residue is disturhed and the lcss the indicator dis-
perses in the solution by the time the next operation is comn-
pleted, the better the effect. _

Stepr 3. Using the pitcher, add te each tumbler enough of
the 0.012 M NaOH solution to fiil the tumhier approximatety
halfway. Pour the liquid slowly, directing the liquid towards
the sides. If the base solution comes in contact with the indi-
cator, a momentary “flash”™ of color may be observed, and one
wighes to avoid this as much as possible. At this time, the
added NaOH should not be sufficient to render the selution
basic.

Step 4. The demonstrator looks at the six tumhlers,
half-filled with what appears to be a water-clear solution,




apparently observes there is enough liquid remaining in the
pitcher to add more to the tumblers, and proceeds to do so,
beginning with the first tumbier in the sequence. This time,
the solution is poured rapidly from the pitcher and the tum-
bier filled to approximately #;-in, from the top. As the liquid
is added, each solution is observed to change instantly to one
of the “rainbow colors.” {The rapid addition of the excess base
to the still-acidic selution, which by this time has solubilized
the indicator, should mix them adequately and resuit in an
almost instantaneous formation of the base-form of the in-
dicator throughout each solution.)

Step 5. From the dropping hottle, add enough of the
Ha504-glycerin solution to each tumbler to return the solu-
tions to their origina} acidic condition. The same amount of
this glycerin-acid mixture should be added drop-wise to the
center of each tumbler, Three drops should be adequate, but
one should determine the exact amount by experiment before
the performance. When the jast turnbler is filled, squirt about
two droppersfu} of the acid-glycerin into the pitcher in as in-
obtrusive a way as possible. If carried out correetly, the very
dense acid-glyvcerin solution will sink to the botiom of the
tumblet without dissolving, and the indicator should remain
in its hasic form. T'0 insure this, we prefer using the very vis-
cous acid-glycerin sojution. The same effect may be achieved
with practice using a more dilute mixture (up to a 50:50, v/v,
18 M B480,-giycerin}.

Step 6. The solutiens in the tumblers are then stirred
rapidly, starting with the first tumbler, and as each solution
is stirred, the color disappears. {NOTE: One must not wait too
long before starting to mix the solutions, else the colors begin
to fade prematurely.}

Step 7. Using the dropper bottle containing the 0.2 M
NaQH solution and a stirring rod, rapidly “titrate”™ the con-
tents of each tumbier back to its original color.4

Step 8. The tumblers of solution are then poured, one at
a time, in succession, back into the pitcher. The result is a
cojorfess sofution, much fike the original.

Safety Precautions

Once prepared, the solutions are so dilute that there is
virtually no safety hazard with the experiment.

Discussion

We have used this demonstration extensively in chemistry
“magic” shows, where the explanation of the phenomena is
left to the audience. In a classroom situation, we have.con-
cluded the demonstration by asking the students how it was
done. The presentation is always given concurrent with a
lecture on acid-base indicators. Once the studentis are in-
formed that only acids or bases are used in the dernonstration,
and they conclude that there are indicators, other than phe-
notphtalein, which are colorless in acid soiution and turn color
in base, they generally deduce what is taking place. This de-
duction is arrived at only after some rather inieresting class
discussion and a better understanding of such things as how
indicators work and how universal indicators or pH papers are
prepared.

4 A variation we have used is 10 pour only encugh of the NaOH from
the pitcher to obtain the desired cofor changes in step 4. (About the
same voluma of sclulion should be in the tumblers at this point.} Perform
step 5, but do not add any of the glycerin-H,S0; acid solution to the
pHcher. Instead of performing step 7, restore the colors by filling each
giass with NaQH solution which remains in the pitcher. At this paint,
in as inobirusive manner as possible the two droppertuls of the give-
erin-H;50, solution are squirted into the now empty pilcher. The
demonstration is concluded as described in step 8. This routine does
not require the 0.2 M NaDH, but it does require a bit mare skilf on the
part of the demonsirator to perform i effectively.

Error in the Minimum Free Energy Curve

Grover Willis and David Bali
California State University, Chico, Chico, CA 95929

In order to show graphically how a homogeneous chemical
reaction occurring at constant temperature and pressure tends
toward a minimum of free energy, a curve such as that shown
in the figure is often presented. However, some general
chemistry texts label the quantity at the right side of this
figure incorrectly. They call it AGY, the standard free energy
change of the reaction, 2 GYBr(l) — G%Bry} — G%Cls), where
the (3% refer to the standard molar quantities.

The Brj and the Cl; (considered ideal gases} each start out
(£ = 0) at 1 atm partia} pressure, which is their standard state.
However, since the reaction oceurs at a constant pressure of
2 atm, the BrCi ends up (£ = 1) at two atmospheres, hot its
standard state. Therefore, the quantity referred to as AGis
actually AGC plus the change in free energy for increasing the
pressure of two moles of BrCl from ane atmosphete to twa
atmospheres, AGY + 2RT in 2,

The equation for the figure is

G = {1~ £{G%,, + RT In Pgy)
+{1 -~ EHG%;, + RT In Pey,) + 2HGO%0 + BT In Py,
Details of the derivation as well as a genera)] discussion of the

type of error under discussion here may be found in the paper
by Spencer.}

? Spencer, J. N., J. GHEM, EDUC., §1, 577 (1874]).

1 T —
E » 4
-50} ~
T

Chemical reaction;
ADG K
Braig) + Cla{g) — 2 BrCHg)
2 atm

initiat condition: 1 mot Br{t atm) + 1 mol Cly(1 atm)
£ = mol Breir2, K, = 7, AG° = —6.47 kd, £ (at equilibrium) = 0.57
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Nitric Acid

Sardui 5. Pannu

University of the District of Columbia
Washington, DG 20008

0ld Names:
Latin:  Aqua Fortis, Acidum Nitri, Aqua Dissolutiva
French: Kau de Depart, Acide Nitrigue
German: Starkwasser, Sqlt Petersaure

Hisltory

The earliest reference to nitric acid is in the writing of the
eighth century Arab scholar Geber, who prepared nitric acid
by “distilling a pound of eyprus vitriel, a pound and half of
saltpeter and a quarter of a4 pound of alum.” In 1658 Glauber
obtained concentrated fiiming nitric acid by distilling niter
with oit of vitriol {(sulfuric acid}. In 1776 Lavoisier proved that
nitric acid contained oxygen. The complete chemical com-
position was established in 1816 hy Gay-Lussac and Ber-
thoiet.

Alchemist’s Symbol:

Occurrence

A considerable amount of nitric acid is produced by light-
ning and in the combustion of fossil fuel causing “acid raing™
which contain mainly sulfuric acid and nitric acid. Oxides of
nitrogen are also formed when air is irradiated in a nuctear
reactor. In the combined state it occurs in form of scdium
nitrate {Chile saltpeter) and potassium niirate.

Methods of Preparation

Until 1924, nitric acid was obtained from the reaction of
Chile saltpeter and concentrated sulfuric acid. Since then
Ostwald’s methed of catalytic oxidation of ammaonia has been
used in the manufacture of nitric acid.

From Chile Saitpeter and Concentrated Sulfuric Acid
NaNOz + Ha80, ~~ NaHS04 + HNOy
NaHSO4 + NaN 0;3 - N82804 + HN 03

Birkeland-Eyde Arc Process
In this process air is passed through an electric arc at a
temperature of about 3000°C.

Nalg) + Oulg) 5 2NO{g)

According to Le Chatelier’s Principle, the amount of NO
formed will be greater at higher temperatures and will not be
affected by pressure. The equilibrium concentration of NO
is 0.4% at 1500°C and 5% at 3000°C. This process is not used
currently because of the high cost of electricity. Another
variation of the above method was developed at the University
of Wisconsin. It consists of passing air through a preheated
bed of magnesia and then heating by eombustion of fuel gases.
After the pases containing NO have been chilled, nitric oxide
reacts with oxygen to form nitrogen dioxide which is subse-
quently ahsorbed in water.

AH = +43.2 keal
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INO + Oy ~» 2NO; _
2NO; + H;0 — HNOg + HNO,
3HNO; - 2NO + HNO; + H;0

Ostwald’s Method

Catalytic Oxidation of Ammonia. fn this method NH3 is
oxidized at 700°C by air or oxygen gas to form NO in the
presence of either platinum gauze or platinum-rhodium cat-
alyst. The reaction is rapid and goes almost to completion
{95%—98%}.

ANH; + 50, — 4NO + 6H;0
2NO + 0, -» 2NO,
INO, &5 NxOy

3N30, + 2H,0 = 4HNO; + 2NO

AH = ~229.4 keal/mole

Physical Properties

Nitric acid is a colorless mobile liquid which fumes strongly
in moist aiz. It has a pungent, choking odor. Nitric acid melts
at —41.6°C and boils at 82.6°C, Its density is 1.51 g cm™3 at

25°C. It is very soluble in water, It forms a maximum con-

stant-boiling mixture which beils at 120.5°C containing 68.5%
HNQ3, and the solution has a density of 1.4% g cm™=3 at 20°C.
“Fuming nitric acid” is the concentrated nitric containing
dissolved nitrogen dioxide. The color of fuming nitric acid
ranges from yellow 1o red depending upon the concentration
of NOs present. The {ollowing are some importunt standard
electrode potentials of nitric scid sotution.

N0y~ + 4H* + 36— — NO + 2H:0 o = +0.968Y
N{)?,m +3HT + 2e¢~ - HNO: + H‘ZO E® = 4,08V
NO;~ + 2H* + e~~~ NOz + HO E¢ = 480V

Nitric acid is a planar molecule containing an sp? nitrogen
atom. The predominant resonating structures of the acid
are

The bond distance and angles in mtr:c acid are given in the
structural formula;

/12064
180°

0.984
{est.)

1027 116°%

The struclure, properties, and uses of a variety of chemicals are high-
lighted in this feature which is aimed at Increasing the use of descriptive
chemistry.




Chemical Properties
Decomposition

Nitrie acid is fairly stable at room temperature. However,
it is decomposed by heat, ezpecially above 68°C.

4AHNO;z — 2H:(0 + Oy + 4NO;

The familiar yellow color of concentrated nitric acid in re-
agent botiles i due to its decomposition to NOs. The following
seems to be the most plausible mechanism for the decompo-
sition of nitric acid ai room temperature.

2HNO; — N3O5 + HyO
NyOs — NO; + NOy
NOz 4+ NOy -+ NO; + NO + 02
KO + NzOs -+ 3NO;y

Acidic Properties

Nitric acid is highly ionized (93% in 0.10 M} in water solu-
tions and, therefore, it is a strong monoprotic acid. It reacts
with bases, metallic oxides, and carbonates to form salts and
water unless the metallic fon concerned is a reducing agent.

CdO + 2HNQ;s — Cd{NOQs); + Hz0
3Fe0 + 10HNO; -+ 3Fe{NOg); + 5Hz0 + NO

Oxidation of Metals

Nitric acid sojutions are strong oxidizing agents. Nearly all
metals are attacked hy nitric acid except Au, Pt, Ir, Ta, and
Rh. Metals like Fe, Cr, and Al readily dissolve in dilute njtric
acid but are rendered passive by concentrated nitric acid so-
intion due to the formation of an oxide layer on the metaitic
surface. This feature makes it possible to store and ship con-
centrated nitric in steel containers. The metalloids Si, Ge, Sn,
As, and Sb along with the transition metals Mo and W are
converted to oxides by hot concentrated niiric acid, The re-
maining metals are attacked by nitric acid to form nitrates.
The other reaction products depend upon the nature of the
metal, temperature, and concentration of the acid. The re-
action product may contain one or more of the following
substances: NZO, NO, NOQ, Hg, NHQOH, Nz, and NH;g.. in
general, metals which are above hydrogen on the electromotive
series yield Hz, N», NH;, WHo0H, or NO when treated with
nitric acid. Metals which are below hydrogen in {he electro-
motive series tend to give NO or NOg.

Zn+ 2HY - Zn2t + Hyt
{(<25%}
7n + 8H* + 2NOg~ -+ 3Zn?+ + 4H,0 + ZNO
{dilute)
AZn 4+ NOy™ + 10H* = 4Zn2* 4+ 3H,0 + NH,*
{dilute)
6Zn + 2NO5~ + 16H* —» 670+ + 4H,0 + 2NH,0H+
{concentrated}
3Cu + 8H* + 2NOQy~ -+ 3Cuz+ + 4H.0 + ZNO
{dilute}
Cu+ 4H* + 2NO;™ = Cu® + 2H30 + 2N,
{concentrated}
Sn+ 4H* + 4NOz~ -+ SaQ, + 4NOs + 2H0
{voncentrated}

Oxidation af Nonmetals
Hot concentrated niiric acid oxidizes Iy to HIQg, Py to
H3P04, and C to HgCOg.

Iz + LOH* + 10NOy~ - 2HTO; + 4H;0 + 10NO;

Oxidation of Lower Oxidation Number Metallic Ions
The standard potential of nitric acid solufions range from

+0.80V to +0.96V. Therefore, it can oxidize V2+ — Y3+ Vit
to VO, Cet — Cr3t, Ti%t o TH0%T, Felt to Fe3t, and Nb#+*
to NhOz ™.
3Fe2* 4+ 4H* + N0z~ - 3Fo* + 2H;0 + NO
Felt + NO — Fe{NQ)**
hrown

These reactions form the basis of detecting nitric acid or ni-

_trate jon by the familiar ring-test method.

Reaction with Nitrogen (II) Oxide
When gaseous nitric oxide is bubbled through an aqueous
nitric acid solution uitrous acid is formed.

HNO; + 2ZNO + F0 = 3HNO,

The above reaction is catalyzed by hydrochleric acid and small
amounts {108 to0 10~2A) of silver (I} and mereury (I} ions.

Reactions with Inorganic Compounds
Nitric acid converts 805 to HpS0y, HoS to 8, HCI to Cls,
HzPO3 to H;PO,, and HzAs0; to HzAs0,

3503 + 2Hz0 + 2NO;~ — 380,% + 4H* + 2NO

Reaction with Gaseous Filuorine

Dilute solution of nitric acid {1.3 N) are oxidized at low
temperature by gaseous [luorine to pungent pernitric acid
(HNO,), which decomposes to give oxygen gas:

ZHNO; + Fy = NyOg + 2HF
NoOg + Ho0} -+ HNOy + HNO,
HNOQ, + HzO -+ HNOg + Hp04
2H20; -+ 2H0 + 03

Oxidations of Organic Compounds

Many organic compounds undergo oxidation with dilute
or concentrated nitric acid. Sawdust reacts vigorousiy and
turpentine oil explodes to produce black smoke. Warm and
ditute nitric acid oxidizes the primary alcohol function of an
aldose or aldonic acid to a carboxylic acid. Under these con-
ditions, an aldose is converted into a dicarboxylic acid, aldaric
acig){the diacid formed from D-glucose is called glucaric
acid):

=0 HNO,

z HO,C~{CHOH ),CO,H

H Aldaric Acid

HOCH;—(CHOH},~C
Aldase

Concentrated nitric acid converts sucrose to oxalic aeid and
alkyl benzene to benzoic acid derivative on heating.

H,C H, HNG, — HOOC ) COOH
H,O CH, 100°¢  HOOC —COOH
Nitrating Property

The nitrating property of HNOy 18 due to formation of
NO.* in presence of concentrated sulfuric acid;

HNQ; + 2H:80, «: NOo+ + Ha0+ + ZHS0,~

Solutions containing NOg* are of considerable importance in
the aromatic nitration reaction:

CH;; CH3
H,50 0O,N 10,
+ 3JHND, = 7 NO: 3H,0
NO,
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Uses

The argest use of nitric acid is siill the production of am-
monium nitrate, 930% of which is used as g fertilizer and the
rest for explosives and as a source of nitrous oxide (N20).
Nitric acid is used for preparation of silver nitrate, trinitro-
toluene, nitroglycerine, nitrocelluiose, and nitrobenzene which
in turn is used to produce aniline for use in the manufaciure
of dye intermediates, isocyanates, rubher chemicals and hy-
droquinone, and nitrochlorobenzene to produce insecticides,
such as parathions. A growing use of nitric acid is the manu-
facture of toluene diisocyanate (TD¥) which is the raw mate-
rial for polyurethane plastics, and adipic acid from a cyclo-
hexanol/evclohexanone mixture to produce nyton-56.

Small amounts of nitric acid are employed in stainless steel
pickling, meta} etching, rocket propellant, nuclear fuel pro-
cessing, the separation of gold trom silver, the manufacture
of sulfuric acid by the lead chamber process, and production
of nitrophosphates from phosphate rocks, especiaily in Fu-
Tope. Aqua regia is a mixture of concentrated nitric acid and
concentrated hydrechloric acid (1:3) which can dissolve gold
and platinum. '

Production and Price
The amount of nitric acid produced in the United States

was 1.1 million tons in 1947, 9.0 million tons in 1980, and 9.4
miltion tons in 1981. The 1980 prices were $0.10 to $0.14/kg
for 58-63% acid and $0.26/kg for 95% acid.
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be derivatized).

of the starting carbonyl compound,

A Convenient Method for the Preparation of 2,4-Dinitrophenylhydrazones

Fiavanone 2,4-Dinfirophenythydrazone
The prepatation of 2,4-dinitrophenylhydrazones is perhaps the most well known and widely used method for the
characterization of earhonyl compounds by chemical means,t-? The utility of this method is limited by the low solubility
of the hydrazine reagent in hydroxyiic solvents. To overcome this solubility fimitation, the reagent is almost invarighly used
as a solution in strongly acidic aqueous or aqueous ethanaolic sulfuric or phoaphoric acid.? These procedures? require that
a relatively large volume of the reagent solution be used, often leading to a low conversion of carbony} compound to hydrazone,
and are sometimes accompanied by undesired side reactiona (particularly when acid sensitive carbonyl compounds are Lo

We have adopted a far more satisfactory procedure® for use in the undergraduate organic chemistry laboratory courss.
In this case, the carbony} compound and 2.4-dinitrophenylhydrazine are dissolved in a smalt amount of dimethylformamide
{commercial reagent grade dimethylformamide may be used without further purification; 2,4-dinitrophenylhydrazine is
much more soluble in dimethylformamide than it is in commeon hydroxylic solvents). A few drops of aqueous hydrochioric
scid solution are added fo act as catalyst and the solution is alfowed to stand for cryvstallization of the product.* The time
required foy comptiete product furmation varies between a few minutes and about two hours, depending upon the nature

This procedure represents a far more convenient and useful methed for the preparation of 2,4-dinitrophenylhydrazonaes
than that described in most current manuals for the undergraduate organic chemisiry laboratory course 2 The preparation
of favanone 2,4-dinitrophenylhydrazone using this procedurs is presented below,

Flavanone 2 4-Dinjtrophenylhydrazone. Flavanone (.50 g, 2.23 mmole) is added to a selution of 0.50 g (2.52 mmote)
of 2,4-dinitrophenylhydrazine it five milliliters of dimethylformamide contained in a 50-ml Erlenmever flazk and the mixture
is swirled to obtain a homogeneous solution. Concentrated aqueous hydrechloric acid solution (wo drops from a disposable
pipette} iz added and the mixture is aliowed to stand 0.5 hr at room temperature. The solid product is then collected by fil-
tration at reduced pressure, washed with 2 N agquecus hydrochloric acid to remove unchanged 2.4-dinitrophenylhydrazine
{20-30 mi), water (30 ml), and cold 95% agueous ethancl {10 ml). The crude material is allowed to partiajly dry and is re-
crystaliized from ethyl acetate to provide the hydrazone (0.83 g; 92% yield) as orange-red needles, mp 260-261°C.

B. A. Howell
Central Michigan University
Mt. Pleazanl, MI 48859

P Wingrove, A. 8., and Caret, R. L., “Organic Chemistry,” Harper & Row, New York, 1881, p. 836.

2Moore, 1. A, Dalrymple, D. L, and Rodig, 0. R., “Experimental Methods in Organic Chemistry,” 3rd ed., CBS College
Publishing, New York, 1982, p. 347; Miller, J. A, and Neuzil, B, F., “Modern Experimental Organic Chemistry,” D. C. Heath,
Lexinglon, MA, 1982, p. 823; Fieser, L. F., and Williamson, K. L., “Organic Experiments,” 4th ed., D. C. Heath, Lexington,
MA, 1979, p. 364; Lehman, J. W., “Operational Organic Chemistry,” Allyn and Bacon, Inc,, Boston, MA, 1981, p. 411; Roberts,
R. M., Gilbert, I. C., Rodewald, L. B., and Wingrove, A, 5., *“Modern Experimental Organie Chemistry,” 3rd ed., Holt, Rinehart
and Winston, New York, 1979, p. 298; Doyle, M. P, and Mungall, W. 8., “Experimental Organic Chemistry,” John Wiley
and Sons, foc., New York, 1980, p, 180; Mohrig, J. R., Neckers, D. C., “Laboratory Experiments in Organic Chemistry,”
3zd ed., D. Van Nostrand Company, New York, 1979, p. 477; Yip, M. T., and Daiton, D. R., “Organic Chemistry in the Lab-
oratory,” 1), Van Nostrand Company, New York, 1979, p. D5,

3 Parrick, J., and Rasburn, 1. W, Can. J. Chem., 43, 3453 {1965).

#1f no solid product separates spontaneousty during the period allowed for reaction, the mixture is treated with 10 ml
of 2 N agqueous hydrochloric acid solution (o precipitate the preduct which is collected and purified aa described.
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Modification of a Microwave Oven for Laboratory Use

Judith Andrews® and George F. Atkinson
Uritversity of Waterloo, Waterioo, Ontario, Canada N21. 3G1

The use of doméstic or commercial modeis of microwave
ovens for drying analytical samples has béen recommended
by previous authors {17}, The savings of time are attractive,
and many (but not all) samples, including some electrically
conductive ones; are dried without damage (I).

A computer search of the literature using the Chemical
Abstracts database vielded a relatively small body of literature
and indicated one principal problem. When complete dryness
of a sample is approached—a condition never reached ivi mi-
crowave cooking-—the oven loses its load. No material capable
of absorbing microwaves efficiently remains. Energy is still
being supplied to the enclosure, Under these conditions, there
;is )a tendency for the magnetron to arc and destmy itself

2

We were also concerned ahout possible interaction of the
material being dried with the oxygen of the air, and wished to
examine emitted gases from the drying process. These con-
cerns led us to modify a Litlon commercial microwave oven
{Mode} 70/08 Menumaster} as follows.

Watar Ballast

The oven nameplate states its minimum permissibile load
is 50 m1l of water. Accordingly, a small bottle was made with
two sidearms and a threaded neck accepting a standard
polyethylene screw cap. A sfand made from two pieces of
polypropylene sheet held the bottle above the oven floor and
away from the wall. The sidearmis were joined to two léngths
of PTFE hellows tubing by using PTFE/FEP shrink tubing,
hoth from Pope Scientific Inc, of Menominee Fails, WI, The
capacity of the bottle to the upper sidearm was approximately
100 ml, Bottie and stand are shown in Figure 1.

inert Atmosphere Enclosure

The polypropylene lid of a Nalge polymethyipentene jar
{1000 ml) was put on a lathe, and the upward flange provided
for secure stacking was temoved, The lid was then mounted
on the sidewall of the oven, positioned so the jar itself could
be screwed into it. Two %-in.-diameter holes were made in the
lid and in the oven chamber wall, and two similar holes on the
same spacing in a polypropylene shelf, Thesé parts were as-
sembled as shown in Figure 2 using glass-filled polypropylene
tee-fittings. The through arm of the inlet tee was provided
with a glass tube with several lateral holes to swéep purge gas
inte various paris of the jar beneath the sheif, while the up-
ward-turned stem of the tee was piugped with polypropylene
rod, The gas exit tee had its arm extending hielow the shelf
plugged, and the upward-pointing arm open. When desired,
this arm may be fitted with an inverted U of tubing io collect
gas froin a sample container immediately above the sample,
The shelf is braced with a half-siotted support and may be
given a platform of ceramic foam to protect 1t from the heat
of drying samples.

Outside the oven chamber, etbows direct the hores to the
rear, and polyviny! chloride tubing is used to lead out through
the ventilating louvers of the oven to an apptopriate gas
supply and vent or analyzer.

Water Fiow System '

The connections to the water ballast are made to glass-filled
polypropylene elbows mounied in the chamber wall, and
thence through polyvinyl chioride tubing out through the

- 12 em -

Figure 1. Water batiast for oven on a polypropylene stand,

Figure 2. Attachment of enciosure to oven chamber wali, Soe text for de-
taits.

louvers. A water flow monitor (Instruments for Industry and
Research, Cheitenham, PA, Model WFM-1800) was connected
in the drain line to turn off oven power if the water [low failed.
A constant water feed, either through a flow regulator or a
constant head device, is helpful in setting 4 minimum ade-
quate flow.

Materials and Equipment Comments

All construction materials were tested by placing them in
the oven for at least 2 min of irradiation. I no temperature risc
was observed (apart from the slight generai rise of the un-
ioaded oven’s temperature), the material was judged suitable
for use. Polypropylene, PTFE, polymethylpentene, polyeth-
ylene, and nylon were thus tested.

The holes for fittings and the rim of the jar lid were gener-
ously coated with silicone bathtub sealant at the time of as-
sembiy.

Although polyvinyl chloride tuhing did not heat when

1 This work was performed by Judith Andrews as her finai-year re-
search project for her BS degree,
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placed dry in the oven, and although it was successfully used
for connecting the water ballast jar in early experiments, its
use inside the chamber was abandoned after the oven was once
operated with this tubing full of water but without water flow.
The tubing swelled and charred to resemble a burned sausage,
and melted (but did not ntherwise degrade) nvinn clamps
securing it to the hallast jar.

One disconcerting discovery made when the shell of the
oven was remaved to fit the medifications was that the air flow
channeling fitted by the manufacturer consisted of strips of
cardboard secured with carpet tape, and that this cardboard
was resting against the glass of the incandescent lamps pro-
vided te light the oven chamber. We recommend that these
strips be fireproofed or replaced with fireproof material even
if the oven is not heing modified in the manner described.

Performance

Copper sulfate pentahydrate is reported to lose four moles
of water at temperatures below 150°C, and the fifth mole only
between 250 and 300°C (8}. Our experiments agreed with
literature reports that microwave drying can produce only the
monohydrate Drying is nearly complete in 10 min, and vari-
ations in time to remove the last traces of the four moles of
water probably reflect exposure during weighing to the varying
humidity of days on which experiments were conducted.

Drying oxalic acid dihydrate af high heat settings of the
oven resulted in sublimation of the & form of the anhydrous
acid {m.p. 188.5-183.5°C). The sublimate which collected in
the upper part of the sample container was shown by infrared
speciroscopy to be unchanged chemicaily.' Such use of the
ovens for sublimation from hydrated starting materials de-
serves exploration. At medium power séttings, oxalic acid
dihydrate does not sublime, but appears to reach a stable
condition after 16 min and then abruptly loses the rest of its
water. About one-third of the total weight loss occurs in this
second step.

Freshly precrpztated calciumn oxalate was succegsfully dried
(in sintered-glass filtering crucibies) in 5 min, compared 10 60
min in a typical convection aven.

The effect of passing nitrogen through the internal chamber
was compared to, and found to be more efficient than, drawing
ait through with an aspirator, The nitrogen supply used was

the bench nitrogen, which is the hoil-off from the liquid ni-
trogen service to the huilding.

A mass of wet crystals of ammonium nitrate gave a subli-
mate of ammonium nitrate and also some nitrogen oxides and
reached a high temperature after first dissolving in the water
which was preeen't We would recommend that nitrates not
be dried hy microwave radiation without careful tests with
very small samples.

As an additional Lest of oven performance, portions of “Tel
Tale” indlcatmg Silica-Gel (Davison Chemicals Division of
Grace Inc.} werespread in Petri dishes to a depth of 4 to 5 mm
after exposure to humia air to turn the cobalt indicator sait
thoroughly pink. One dish was placed in the nitrogen atmo-
sphere chamber and the other on the floor of the oven outside
{he chamber, The first batch required 13 min of operation (at
Medium-High setting) to hecome uniformly deep blue, and
the second hatch 8 min, The appearance of blue color in both
cases was in irregular patches which increased in size more
than in number. We attribute the slower drying in the nitrogen
chamber to the smalier rate of atrnosphere exchange compared
to the air circulation in the main chamber. We thank the ref-
eree who suggested this ad ditional test.

Concluslons

A commercial microwave oven can be usefu! in drying ma-
terials used in analytical laboratozies. To protect such a unit
against energy buildup when the samples are dry, and to
prevent possilile destruction of the magnetroa tube, a smait
water ballast may he installed, which will of course decrease
the microwave power available for drying the samples.

A chamher made of a polymethylpentene jar, with fittings
of other microwave-inert plastics, permits drying in special
atmospheres, protects the oven from effluent gases, and allows
testing of those gases,
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tube.

it on the pins of & test tube rack.

A Simple, Compact Nitrogen Bubbler

Many chemical reactions require maintaining an inert atmosphere, and many more weuld I i
henefit from excluding air, to reduce impurntiss resuiting from air oxidaiion. We have eonsiructed
a simple nitrogen bubbler for this purpose. Silicone oil {(ar Hg) is added throtgh B tn a height
of 1-2 mm above the tip of the dip tube. The only critical aspects of construction are that B be
high enough to avoid splattering of oil cut of the tube aud that the volume of the upper chamber
be large enough to contain af} the oil in case a dmp in pressure causes the oil to back up the dip

In use, for maintaining an inert atmnosphere, the deviee is attached to the g}am Joinl of a flask,
rellux condenser, or dropping funnel, end inert gas is passed through A, adjusting the flow to give
a bubble every 1-2 . For purging apparatus through a separate npening or for monitoring gas
evolution, tube A is closed off with a rubber budbh. The gas flow can be led from B into a reagent.
such as NaQH, for example, when monitoring COy evalution in the Hundsdiecker reaction.

The advantages of this unit are that it is compact, ncoupying about the space of a conventional
drying tube, and it is easy t0 use and gtore, either by hanging it from the glass loop or by setting

R. M. Baldwin
Medi-Physics, Inc.
Emeryvilis, CA 94804

A. Rhodes

Pacific Flame Glass Works
Emeryvilte, CA 8480a
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Synthesis of Vitamin K Epoxide

An Undergraduate Biochemisfry Experiment

M. Thierry-Palmer’
University of Michigan- Dearbom Dearborn, Ml 48128

The synthesis of vitamin K epoxide is an experiment which
introduees the student 1o many of the techniques used.in lipid
biochemistry. Most experiments designed to teach the tech-
niques of lipid biochemistry involve the isolation of lipids from
animal tissue or plants (1, 2, 3), n this experiment a metab-
olite of vitamin K, its 2,3-epoxide, is synthesized and purified.
Students are thus able to apply the techniques of lipid bio-
chemistry to a fat-soluble vitamin. The fat-soluble vitamins
are not extensively discussed in undergraduate biochemistry
courses and recent dramatic advances in the knowledge of
vitamin K metabolism and function may not yet be known to
undergraduate students (4, 5). 'This experiment can be used
to supply cusrent information on vitamin K as well as to in-
troeduce students to some techniqueés of lipid biochemistry.

Experimentail Procedure

All manipulativns are io be performed in semi-darkness. Vilamin
K epoxide is prepared by oxidation of vitamin K {8igma Chemical
Company, 8t. Louis, MO} with hydrogen peroxide in hasic agueous
ethanol {6, 7}.2 Up to 1 g uf vitamin K is placed in a 125-m] Erlen-
meyer flask, dissolved in 50.m! ahsolute ethauol, and heated to 80°C
in a shaker bath. One inilliliter of 30% hydrogen peroxide and 2.5 mi
of 0.5 gj’mi sodium carbonate solution are added to the flask and the
mixture i shaken for 15 min. A second I mi aliquot of 30% hydrogen
peroxide is added to the reaction mixture and the tlask is shiaken for
an additional 45 min while maintaining the tempirature at 80°C. The
reaction mixture is difutedl with 50 il distilled water and extracted
three times with 50-mi portions of hexane. The liexane sxtructs are
puoled and waghed with 50 mi of 0.99% sodiumn chloride. 'The hexane
layer is reruovid, troated with 0 ¢ of anhydrous sodium sulfate for
1 hr, filtered to remove solids, and concentrated to 10 mi by evapo-
rating under a stream of nitrogen in a 40°C water bath, (CAUTION:
No flames should be present in the laboratory during the use of
hexarie. Hydrogen peroxide should be handled with rubber
gloves and never pipittod by mouth.)

Vitamin K epoxide is separated [rom other components of the
hexane extract by reverse phaso thin-layer chroinatugraphy, A 20 x
20 em plastic thin-layer plaie, precoated with Silica-Gel G cimlaining
ultraviolet luorescence indicator {Brinkman Instruments, Westbury,
NY}, is placed in a tray of 5% miberal oif in hesane for 2sec. The plate
is allowed Lo air dry bifore applying the samples. Surgical gloves are
used when handling the TLC plate. Capiffary pipeties (5 ul) are used
to spot vitamin K (dissvived in hexane} 2.5 cm from the buttos of the
plale and L0 ¢m fram Lhe left and right edges and 1o apply the hexane
extract as 3 band to the space on the plale between the two vitamin
K spots. The extraet and the vitanin are applied in small aliquots and
the solvent is allowed to evapurste belween aliguots. Aliguots are
applied until the spols are slightly yeliow.

'F'he plate is placed in » reclangalar chromatography tank con-
taining 300 ml of 92:8 aceione:water solution and lined with solvent
sutoraléd filter paper. The chrumatlogram is allowed to develop fur
approximately 90-min and the plate 1s removed, allowesd Lo air dry,
and examived under an ultraviolet lamp. The Rfof vitamin K should
he (.4 and that of the epoxide 0.6. The epuxide band is circied with

pencil, cut into 10 ml spectral grade hexane and extracted twice by

shaking vigorously for 20 min in a shaker bath. Silicic acid particles
are removed from the combived extracts by centrifugimy for 10 min

' Present address: University of North Carolina at Chapel Hill, Chapet
Hill, NG 27514,

2 The author wishes to thank J. A. Sadowski of the Medicat Cotlege
of Wisconsin for his modification of the method of Tishler et at.

Afsorhonoe

in a tabletop centrifuge. A double beamn recording ultraviolet spec-
trophotometer is used to obtain complete spectra (350 nm to 200 am)
for vitamin K and the synthesized epoxide. Initial feadings at 226 sm
{ER: = 660) and at 248 nm (B, = 420) can be taken to determine
whether the epoxide and the vttamm need dilution. The volume of
the extract and the absorbance value at 226 nm may be used to cal-
culaté the amount of the vitamin K epoxide extracted from the TLC

plate.

Optional Experlmenl

The purity of the TLC- extracted vitamin K epox}de may be tested
in a high pressure hquld ehromatography system. For such an ex:
périment the hexdne is evaporated from the TLC-derived vitamin K
epoxide and the epuxndn is dissolved in the appropriate HPLC prade
solvent. The sample is filtered through a 0.2 um filter or centrifuged
to remove patticles before injection.

Several chromalographic procedures are available for separatmg
vitamin K from its epoxide by HPLC. Three isocratic reverse phase
procedures employing ditferent commercial eolumns are listed helow:
Methanot:dichloromethane (8:2 v/v} or acetonitrile:dichloromethane
{(7:3 v/v} on Di Pont Zorbax-0D3 column {8); methanolwater {93..7,
v/v) on Waters pBondapak Cqp column (8); and acetonitrile:water
(99:1, v/v) on Varian Micre-Pak CH-10 column {10). A flow rate of
1 ml per min is adequate for sli three systems. Detection is achieved
readily using the standsrd fixed wavelength (254 nm} ultraviolet
spectrophotometers connected to most high pressure liguid chro-
matographs.

Results and Discussion _

Conversion of vitamin ¥ to its epoxide goes nearly to
completion. As little as 0.1 g vitamin K may be used and
enough material will be available for ultraviolet and bigh
pressure Hquid chromatographic anatyses. Vitamin K and its
epoxide are separated fairly well on reverse phase thin-ldyer
piates. The ultraviolet spectrum of the epoxide produced by
one student is shown in Figure 1. This spectrum is to be
compared with that of the original starting material, vitamin
K. Published literature lists Ay for vitamin K epoxide at 226
nm and for vitamin K at 243, 249, 261, and 270 nm. The
spectrum for the epoxide closely resembies that in the pub-
tished literature {7).

The experiment as described can be performed in three

fbhsorbonce.

s L i i L A 5 L L

250 200 380 IR T S T W SO T N 00 0 3 o
Wavelength {nm) 250 275
Wavedength [nm)

Uitraviolet spectra of synﬂ'bemzed vitamin K epoxide {ott) and the vHarnin K {right}
used as starting material for the synthesis of vilamin K apoxide.
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4-hour laboratory periods by a class of 14 students, A schedule
for the experiment would be as follows: first day, synthesis and
extraction of the epoxide; second day, thin-layer chromatog-
raphy of the epoxide; third day, UV spectroscopy and high
pressure liguid chromatography of the epoxide.
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Events of interest to high schoot chemistry teachers in vartous parts
of the country ‘and a calendar of important dates and meetings are
teatured in this column. If you have information about en up-coming
evert, or if you wish to repori on the ouicoms of a parlicular meeting
or program, write your “What's Happening” editor, or contact the Sec-
ondary School! Editor.

edited by

WaLLACE J. GLEEKMAN
Brookiine High School
Brookling, MA 02148

Northeast

February 29, 1884
NEW JERSEY SCIENCE TEACHERS ASSOCIATION 1984 CURRIC-
ULUM CONFERENCE tc be held at the College of St. Elizabeth,
Comnvent Station, NJ.

For further information, see the January 1984 issua of THIB JOURNAL.

March 5-9, 1884
MTTSBURGH CONFERENCE on ANALYTICAL CHEMISTRY AwD
APPLIED SPECTROSCOPY AND EXPOSITION 1984 to ba held In At-

lantic City, NJ.
For turther information, see the January 1584 i35ua ot THIS JOURNAL.

March 17, 1984
THIRD BIENNIAL CHEMISTRY DAY o be held at Drew University,
Madison, NJ, co-spansored by the Teacher Afflliate Group of the North
Jersey Section, American Chemical Soclety, the New Jersoy Sclonce
Teachers Assoclation, and Drew Univarsty.

For Further information, see Lhe January 1884 issug of THIS JOURNAL.

March 2628, 1964
NEW YORK ACADEMY or SCIENCES CONFERENCE on MACRO-
MOLECULES As DRUGS anp As CARRIERS ror BIOLOGICALLY
ACTIVE MATERIALS to be held at the Roosevelt Holel, New York,
NY.

For Turther information, see the January 1984 issun of THIS JOURNAL.

April 5-8, 1984
32Np ANNUAL CONVENTION of THE NATIONAL SCIENCES
TEACHERS ASSOCIATION (NSTA) will ba held af the Sheraton-
Boston and the John B, Hynes Audllwlwn in Bogton, MA.
Thema: “Reaching for Excellenca.”
For further information, contact Harold "Sandy” Wiper, Mawton North
High Schoot, Newtonvitle, MA 02160.
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NaNCy LEMaSTER

0. W. Daniel High Schooi
Central, SC 29630

Southeast

ADVANCED PLACEMENT SEMINARS

March 13, 1984

Urn‘verslly of Virginia, School of Educatlon-Ruftner Hall, 405 Emmett
Street, Charlotteaville, VA 22003.
For furiher informanion, comtact: Jean Rayburn, (804} 924-7751,

March 20, 1884
Catawba College, College Community Cenire, Salisbury, NC
28144,

For furthar information, contact: James A, Nesbitt, (704} B37-4402.
March 23, 1984
Migslissippi University for Women, The Hogarth Student Center (2nd
Floor}, Columbus, MS 38701,

For further infermation, contact: Jos Porteea, {701} 328-4750.

Apri 3, 1984

’ Unlveral'l)_r of Kentucky, Studemi Cemler Annex, Lexington, KY

40506.
For herther imbarmation, centact: Timothy R. Burcham, (806} 257-1606.

April 10,1884
Tennossea Tecl'mcloglcal University, University Canter, Cookesville,

TN 38501,
For further information, comact: Jamas C. Perry, (615) 526-3568.

For te state of Florida, the list of AP seminars may be obtained, For fur-
ther intarmatien, sas the Jamiary 1984 lesue of THIS JOURKAL,

May 10-12, 1884

37t ACS FLORIDA SECTION ANNUAL MEETING at Florlda Southem
Cottage, Lakeland, FL,
For further information, comtact; Dick Hanley, Program Chairman, Florida
Jr. Collegs at Jacksonville, 11901 Beach Boulevard, Jacksonwille, FL
32216, (B04) 646-2165,

edlted by
HoBERT SUMs

Northcentral

D. H. Hickman High Schoof

Cokimbia, MO 65201

Aprit 6-T, 1984
THE B3RBD 2YC; CONFERENCE at the St. Louis Community College
at Filorisagnt Vailey, 3400 Parshali Road, S5t. Louis, MO 83135, in
conjunction with the 18ﬂh ACS Natlonal Meeling, Aprl B8-13,
1984,

For hurther inlormation, 56¢ the Jenuary 1884 lssug of THIS JOURNAL,

Aprli 8-13, 1884

187TTH AGS NATIONAL MEETIRG, 54 Louls, MO.
For turther information, see the January 1584 issua of THIS JOURKAL,

April 9, 19684
“HIGH SCHOOL DAY" at the ACS Natlonal Meeting, St. Lowls, MO,
For further informéation, see the January 1684 issug of THIS JoURNAL,



Southcentral editad by

JaN HaRRIg
Cypress-Fairbanks High Schoot
Houston, TX 77064

March 2-3, 1984
§2np TWO-YEAR COLLEGE CONFERENCE, Tarrant County Junior

College, Northeast Campus, Hurst, TX 76051.
For further information, see the January 1984 iseua of THIS JOURNAL.,

Southwest editad by

ERIC STRE{TBERGER
University of Catifornia-Fulierion
Fullerton, CA 96231

March 24, 1984
CALIFORNIA STATE TEACHERS ASSOCIATION SPRING COMNFER-
ENCE, Redding, CA.

For further information, contact this editor.

TEACHER WORKSHOPS sponsored by the Colorado
ACS Section, Regis Coliege, Room 312 Science
Bidg., Denver, CO 80221. 8:00 A.M.~5:00 P.M.

April 7, 1984

Descriptive Chemistry of Metals

May 5, 1884
Descriptive Chemistry of Non-Metals

For further information, contacl: Evaiyn Bank, Chairman of the Colorado
ACS Section, Westminster, CO 80030, {303} 4268-9541 ext. 243 or (303)
424-3162,

WEDNESDAY AFTERNOON LECTURES being held at
California Institute of Technology, 3¢d floor, Baxter
Hall, Pasadena, CA.

These lectures begin at 3:30 P.M. and are free for sacondary school stu-
dents and teachers. They are as follows:

April 4, 1984
The Crack: the Most Expensive “Nothing™

Speaker: W. T. Knauss, Professor of Aeronaulics and Applied Me-
chanics

May 2, 1984
The Atomic Nucleus: Quantum Physics on a Grand Scale

Speaker: §. G. Koonin, Prefessor of Theorelical Physics

For further information on the above lectures, comact Lee F. Browne or
Phyilis Brewster, California institvte of Teohnology, Pasadena, CA
81125, {213) 356-6624.

Deéudséon of CHEMICAL EDUCATION

Report of the AGS Examinations
Gommittee

The 1984 Testing Program

Four new tests are featured this year,

General Chemistry, scrambled version, Form 1983-8, 80 items, 110
minuies

High School Chemistry, serambled persion, Form 1983-8, 80 items,
80 minutes

High School Chemistry, edvanced version, Form 1984-ADV, 60
itemns, 110 minutes

Organic Chemistry, brief version, Form 1984-B, 70 items, 90
minutes

Note: An “5” form denotea 2 “scrambled version™ which contains
the identical iterns as the original test, but in a different sequence. It
i# recommended that the two versions be used together to test stu-
dents seated alternately 50 as to improve security and discourage
copying in crowded rooms.

Users of the new tests are urged to send their data for calculation
of extensive and statistically reliable norms, As soon as calculated,
these norms will be mailed to those contributing data or serving on
the Committee. Thereafier, the norms will be mailed routinely with
the new orders.

Norms gent to users are regularly updated from newer of more ex-
tensive data.

The folowing is a complete spectrum of all tests featured this
year,

Toledo Chemistry Placement T'est, Forms 1974, 1981

General Chemistry, Forms 1979, 1979-8, 1981, 1681-8, 19681-B
(Brief), 1983, 1983-8, 1983-B (Brief),

Brief Qualitative Analysis, Forms 1973-B, 1977-B

Analytical Chemistry (Quantitative Analysis}, Form 1982

Instrumental Determinations {Anaiysis), Forms 1971, 1981

Awmenican WISM

Organic Chemisiry, Forms 1978, 1932

Brief Organic Chemistry, Forms 1977-B, 1984-B

Biochemistry, Forms 1977, 1982

Physical Chemistry, Forms 1973-1, 1973-11, 1973-11, 1976-1, 1981 -],
1083.HI

Physical Chemistry, Form 1975 (year test)

Physicat Chemistry for the Life Sciences, Form 1982-L

Potymer Chemistry, Form 1978

Tnorganic Chemistry, Forms 1976, 1981

(remeral-Organic-Biological Chemistry, Form 1979

High School Chemistry, Foerms 1972-S, 1981, 1981.8, 1983,
1983-8

High School Chemistry {Advanced), Forms 1980-ADYV, 1982-ADV,
1984-ADV

Graduate Level Placement Examinations in:
Anaiytical Chemistry, Forms 1977-A, 1981-A
Inorganic Chemistry, Forms 1976-1, 1981-I
Organic Chemistry, Forma 1877-0, 1981-0
Physical Chemistry, Forms 1977.P, 1981-P

These tesis are confidentiat and are available only to members of
edueational institutions. They should be ordered through the official
channels in their schools. These tests are not to be used for coaching,
nor be seen by students except during the time of testing.

For further informatiou and a hrochure describing the tests, write
i T. A. Ashford, Examinations Committee-ACS, University of South
Florida, Chemistry Room 112, Tampa, FL 33620, {813) 974-2730.

Condensed Norms: ACS Examinations

Condensed norms for the most recent tests are presented in the
following tables. These are selected from a larger body of data sent
routinely with orders and are available from the Examinations
Committee-ACS, University of South Florida, CHE 112, Tampa, Fi.
32620

For condensed norms of previcus tests, ses THIS JOURNAL, 60, 253
{March 1983); 59, 263 (March 1982); 58, 286 (March 1081); 57, 235
{March 1980); 56, 252 {April 19723); and previous isgues.
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General Chemistry {Brief Yersion) Form 1583-B Generat Chemistry Forms 1983 and 1983-S Scoring Formula—
Humber Right—80 Hems

Scoring Formudza---Number Right—50 items
Raw Scora %ILE Raw Score %ILE Norms for the performance of randomly seiected groups with various
professiona! goals, as indicaled by the studenls, and tfor the entire group.

14 4 . 28 &8

16 ] 30 78 Profassionat  Chemisl  Sclence other Modical  Enlire

18 16 32 83 Goal No. of Chem. Engr.  than Chem. Engineering Sciences Group

20 27 34 80 Studems 63 195 103 309 1254

22 36 . 38 94 Raw Score %ILE %ILE %ILE %itE BILE

24 47 40 98 .

26 57 45 100 26 2 7 7o 8 6
Madian 25 7 £.98 ;g :; : ; ;g ; 1:
Kear 2554 KR 21 Rgl 0.757 an 8 24 25 13 20

34 8 28 33 18 25
Based on a sample of 511 studens from the 1883 Testing Program. 36 14 38 45 26 34
a4 15 14 50 ap 40
Equlvaleni Scores 40 29 55 58 59 47
J— 42 37 B4 64 45 54
for the General Chemistry brief version Form 1983-B and the full iength versions 44 49 79 70 51 60
Forms 1983 and 7963-8 for a given perceniile rounded off t0 whole num- 48 57 77 77 58 67
bers, ) 48 62 79 az 87 72
Score Score 50 65 82 a5 74 ki)
Seore on Scoro an 52 70 85 a5 81 82
54 73 81 8v 84 88
an Ful an Ful 56 79 94 89 89 89
Brief Length Percen- Brief Length 58 87 o5 a1 31 92
Percantile Form Form tile Form Form 60 a4 a5 g2 a5 a5
1 11 20 55 25 42 88 97 98 97 89 98
5 14 25 &0 26 44 72 100 100 100 100 100
i0 16 28 &6 28 45 Range 24-69 18-75 19.72 15-69 12-75
18 18 30 70 a0 47 Median 45 39 28 44 41
20 19 32 75 31 49 Mean 48.57 40.45 34.88 43,72 41,1¢
25 20 34 80 .32 50 T 5.94 10.25 12.24 10.40 $2.00
30 Z1 36 85 33 34 St. Etror 125 a7z 1.21 0.588 3.339
35 22 37 |0 34 57 KR 21 Rel. 0.813 0.820 0.878 0.827 0.872
40 23 38 o5 37 &0
45 24 40 99 42 ;] g
50 24 41 Based on a semple of 1254 siudents in 21 ingritutions krom the 1983 Testing Pro-
' gram.
Corrulption coathickent: brigf bo full length fast, r = 0.26. Covadence = 70.30. The high
cofretation coetficient permAs ghving tha brief test # time is limied, )
Physical Chemisiry Form 1983-14 (Quantum Chemisiry) High School Chemistry Forms 1883 and 1883-5
Sooring Formula—~-Number Right---50 ltems Scoring Formula—Nurnber Right—80 items
RAW SCORE FILE RAW SCORE %UE Norms for the performance of studants in regular, Chern Study, Honors courges

16 5 31 54 and the entire group.

8 i) 32 &1 No. of CHEM Entire

20 12 34 72 Students Regular Study Honors Group

22 4 36 a0 RAW 2575 1170 473 az18

24 24 38 a7 SCORE IE %ILE %ILE % ILE

26 32 40 @3

28 38 43 98 26 8 1 0 5

29 44 48 100 30 14 4 1 10

a0 50 34 25 8 3 18
Mean 30.5 7 7.80 36 32 " 4 23
Median 30 KR 21 Ret, 0.821 38 0 15 5 29

. 40 47 18 8 35
42 55 24 1 41
Baged on the scores of 152 students in B educational ingtitutions from the 1983 Testing 44 BO 30 15 47
Program. 48 B85 a4 19 51
. . 48 7a 40 24 56
Physical Chemiatry for the Lite Sciences Form 1982-L 50 14 46 28 o
Scoring Formula-—Number Right—350 ltems 52 79 53 a5 67
RAW SCCRE ILE BAW SCORE % ILE 54 62 0 40 7
56 87 B4 45 76
18 R:| 27 60 58 a1 72 54 g2
18 14 28 64 8z 94 81 63 a7
a0 23 29 64 B85 98 ;- 73 80
N 27 30 78 a8 89 293 81 95
22 36 32 82 72 100 o7 a8 98
23 40 34 EA 79 100 100 a0
24 47 38 82. Median 41 52 58 48
25 52 38 85 Mean 42.29 51.59 56.15 46.71
28 58 40 100 T 12.96 11.79. 13.15 1297
Median 25 a B2 5% Error D.548 0.488 0.60% D200
Mean 25.11 KR 21 Sei. G.827 KR 21 Rel. 0.878 0.67v9 0.915 0.896
Based on Whe scores of 145 students in 10 educaffonal instilutions from ihe 1862 and Dased On a sample of 4039 students in 144 high schoofs from the 1883 Testihy Pro-

1283 Testing Programs. gram.
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Chemistry and Our Changing World
Alan Sherman and Sharon J. Sherman,
Prentice-Hali, Inc., Englewood Ciliffs, NJ,
1983. xxiii + 568 pp. Figs. and tables. 18
x 24 cm,

Written for a one-semester or {wo-quar-

ter course for nonscience majors, this lext
- provides an interesting addition to those al-
ready available for this group of students. It
does a reagonably good job of introducing the
nonscience student to chemistry, and through
& multitude of interesting examples it illus-
{rates hnw chemistey relates to the everyday
world. Simple, easy to read, conversationat
style language is used ainng with numerous
biack and white cartoons, figures, photo-
graphs, and tabies. The quality of these is
generaliy good and, for the raost part, they
add significantly {o the texi. Each chapter
begins with a Hst of learning goals and ends
with a chapter summary and a set of self-test
exercises based upoo the learning goals. Nu-
merous werked-out examples are given
throughout the hook. Supplements af. the end
of the book include a glossary and appendices
on basic mathematics, the metric system and
measurement, expanded nomenciature rules
pius & set of important tables. For those
desiring it, a separate instructor’s guide s also
available to supplement the text.

‘Fhe hook covers the typical topics deait
with in a brief course in general, organie, and
biological chemistry and in addition bhag
chapters with such titles as Air Pollution,
Agrieultural Chemistry, Food, Pharmaceu-
ticals and Drugs, The Chemistry of Home
Care and Personal Products, and Chemistry
and Outer Space. The book does a nice job of
presenting a great deal of historical infor-
mation: much more than is given typicaily in
most oollege texts, This feature adds greatly
to the beok and helps the reader gain a better
appreciation of how science operates and a
realization that progress in science is due to

Titles of interest

Reviewed in this Issue

the collective contribution of many individ-
uals,

Another feature of the fext is a set of short
essays referred to as “Scenarios,” Frequently
futuristic in nature and interesting to read,
they tend to dwell on the negative conse-
guences of chemicals in our modern world,
The same negative theme seems to underlie
rnany paris of the book noj dealing with
fundamental eoncepts, This negative em-
phasis can detract, at least from a chemist’s
point of view, from what is a generally well
done text. It came across, to the reviewer, as
an attempt by the authors io patronize those
individuals in our society who like to push the
theme that “science is bad.” Although truth
should prevail above ail, such emphasis is not
necessary in a chemistry text and gives a
distorted perspective of science to {he stu-
dent.

One other aspect of the text that bothered
this reviewer was the simplistic and at times
incorrect approach of some of the illustra-
tions. For exarnple, using oxygen molecuies
to introduce double honds (p. 72) dees not
seern appropriate even with a disclaimer
statement included in the discussion. Like-
wise, showing 10°C water in equilibrium with
ice over a frezen lake (p. 192) is somewhat

. misgleading, Other such problems are pictup-

ing glucose molecules as being smaller than
water rnoleculss (p. 177), a somewhat con-
fusing picture of the crystal structure of ice
{p. 193), “keys™ that cannot, as dtawn, fit into
the “enzyme lock" shown (p. 384}, bubbies of
COq that pass uneffected into the atmosphere
above a glass of water containing an Alka-
Seltzer? tablet (p. 409), etc.

Although generally well done and inter-
esting to read the reviewer would probably
not adopt the beok because of its negative
emphasis and misieading illustrations,

M. Lynn James

Univorsity of Northern Coloratia
Gresipy. CO BUG3Q

Elememts of General and Biologicat
Chemistry
John A. Holurn, John Wiley & Sams, Som-
erset, NJ, 1983, xv + 523 pp. Figs. and ta-
bles. 21.5 X 26 cm.

The sixth edition of this textbook is a
combination of the second edition of “Fun-
damentals of General, Organic, and Biologital
Chemistry™ published in 1982 and the fifth
edition of “Elements of General and Bio-
togical Chemisiry’ published in 1979, It is
considerably briefer than the 1982 book and
somewhat shorter than the 1979 book. The
number of chapters and their titles are the
same as in the fifth edition but the content
has been changed, most notably in the bio-
chemiatry sections.

While the book is somewhai briefer than
the former editions it is vety suitable for a
cne-semester eourse in chemistzy for students
pursuing a professional career in the allied
health professions. Also, as the author
suggests in his preface, this book can serve as
wel] for a4 two-term courae where students
have had no previcus chemistry or are very
poorly prepared.

The seven chapters that inciude most of
the hasic topics usually associated with gon-
eral chemistry, while quite brief, will provide
5 basic understanding of the principies of
chemistry. The five chapters devoted to or-
ganic chemistry provide n basis of undes-
standing that is needed in the subsequent
chapters related to biochemistry.

One of the strong points in favor of this
book is the inclusion of pumerous bipchemi-
cal applications both in the text and in the
problems in the early chapters on basic
chemistry and organic chemiatry.

The upgrading of the hiochemistry chap-

(Continued on page AGS)
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ters include many significant advances in
research. For example, a nnit on nrenro-
transmitters and the kinds of drugs that work
at the neurctransmitter level is included,
New information is included about the
tranajation of genetic messages in eukaryotic
cells as opposed to . cofi. A new unit on re-
comhinant DNA and a special topic on in-
ferferon have beeu added. A chapter devoted
to radiation and heaith is included and a new
topic on the PET scan appears for the first
time.

This sixth edition represents a major
change in design. Wnrked exampies, set off
by a color screen, appear throughout. These
examples are followed directly by Erercises.
{Answers to these exercises are found at the
end of the hook.) Special topics are found
throughout the taxt and set aside by a ¢olor
screen. At the end of each chapier separate
review questions and problems are provided,
Answers at the end of the book are provided
for alternate probiems. The remainder are
inclnded in an instructor’s manual. A new
design fegture is the addition of a full glossary
which is a snmmary of a Hst.of key terms that
appear at the end of each chapter.

This sixth edition shonld be welcomed by
thnse involved in the training of students in
the allied health professions.

P. Calvin Maybury

Univarsity of South Florida
Tampa, FL 33620

Fundamemtals of Organic Chemisiry
Herman G. Richey, Jr., Prentice-Hali, Inc.,
Engiewnod Cliffs, NJ, 1983 xvi + 480 pp.
Figg. and tables. 18 X 24 cm. 524,95,

Richey has writien an inferesting intro-
ductory textbook in organic chemistry meant
for the student primarily interested in g
one-semester introduction to organic chem.-
istry. The length of the book is just about
right for this pnrpose, with suitable materiaj
for a 40-lecture sequence. Richey follows a
reasonably stardard organization of the book
with chapters on the following topica: al-
kanes; alkenes and alkynes; aromatic com-
pounds; alcohols, ethers, and phenols; chiral
componnds; organic halides; amines; al-
dehydes and ketones; carbohydrates; car-
boxylic acids; esters and amides; lipids; amino
acids and proteins; nncleic acids; and a finaj
chapter on speciroscopy of orgamic com-
pounds.

This book is distinguished by the clarity of
presentation of the material. Even more im-
portantly, though the material is introductory
i nature and limmited in scope, it nonetheless
portrays organic chernistry as an exciting and
ongoing enterprise. It does a particularly
admirable job of intercalating various aspects
of big-organic chemistry with ciassical or-
ganic chemistry. In general the discussions in
the bio-organic area are well chosen and ae-
curate, However, some minor misinformation
has crept in. For example, *enkephalins” are
not “endorphing” {p. 380). In any case, since
the vast majority of students taking a one-
semestor course in organic chemiséry have
primary interests in some aspect of the bio-
jogical or behavicra) sciences, a more thor-

SAFETY
in the
Chemical Laboratory

S V.5 Foreign
VYolume 1 $10.35 $11.25
{January 1984-January 1967)
Yolume 2 $10.35 $11.25
{February 1967-January 1970}
Volume 3 $10.35 $11.25
(February 1970-January 1974)
Volume 4 $11.60 $12.50
(February 1974-Jaruary 1980)

Softbound 8%" X 117 '

The articles reprinted from the Journal of Chemical
Education refiect an effort to bring together widely
scattered and diverse information relating to labora-
tory safety and safe handling and use of chemicals.

Articles have been grouped for convenient reference,
and an extensive index has been prepared.

PA residents add 6% sales tax.
Check or Money Order must accompany your order.

Subscription and Book Order Dept.
Journal of Chemicai Education
20th & Northampton Streets

Easton, PA 18042

AGB Journal of Chemical Education

ough integration of bio-organic chemistry
with classical organic functional pgroup
chemistry is needed. 'T'his book goes a long
way in satisfying this need.

In summary, the book represents an ex-
cellent addition tu introductory organic
chemistry texts. It should be seriously con-
sidered by all who are teaching one-semester
college courses in introductory organic
chemistry.

Victor J. Hruby
The University of Arizona
Tucson, AZ BS721

Titles of Interest
Symposium
1983

jon Exchange Membranes
D. 8. Flett (Editor), John Witey & Sons,
Somersat, NJ, 1883. ¢ + 210 pp. Figs.
ard tables. 15.5 X 23.5 cm. $49.50.

Tapics Covered: Trends in Ton Exchange
Membrane Science and Technology; Sepa-
ration of Anions by Electrodialysis; The Ca-
penhurst Electrolyiic Eichant Regeneration
Process; Supported Liguid Membranes for
Metat Extraction from Diluie Solutions; lon
Exchange and Ion-Selective Electrodes;
Application of Solid Flectrolyte Membranes
to High Temperature Process Control and
Metal Refining; The Development of §-alu-
mina Membranes for Use in Electrochemical
Devices; Chlor-alkali BElectrolysis Using
Perfluorccarboxylic Acid Membrane; Per-
{luorinated Ton Exchange Memhzane, Ne-
osepta-F and its Properties; Eqnilibrium and
Transport Properties of Perfluorinated
Membranes Immersed in Concentrated
Electtolyte at Elevated Terperatures; The
Progtess of Membrane Technology for
Chlor-atkali Production; Ion Exchange
Membrane Application for Electrodialysis,
Electrorednction and Electrohydrodimeri-
sation: An Electrachemical Unit for the Re-
covery of Sodium Hydroxide and Sulphuric
Acid from Wasle Sireams.

Measurement of Sugpended Particles

by Quasi-Elastic Light Scattering
Barton E. Dahneke (Edilor}, John Wiley &
Sons, Somerset, NJ, 31983, xiv + 570 pp.
Figs. and tables. 18 X 23.5 cm. $39.95.

This volume containg papers printed at the
Sympestum on Measurement of Suspended
Particles by Quasi-Elastic Light Scattering
in Santa Monica, California on February 18
and 19, 1982,

Molecular lons: Geometvic and
Etectronic Structures, Series B,
Volume 90
Joseph Berkowitz and Karl-Ontjes Groe-
neveld {Editors), Flenum Publishing Cor-
poration, New York, NY, 1983. xii + 495
pp. Figs. and tables. 17 X 26 cm. $758.50.

Thiz volume contains contrthutions pre-
sented at the NATO Advanced Study Insti-
tute on Molecular Jong held on the island of
Kos, Greece, from Seplember 30 to October
10, 19840,



The short organic
chemistry text
instructors respect
and students
understand.

Organic Chemistry: A Short
Course, Sixth Edition

Harold Hart, Michigan State University
443 pages ® cloth * Study Guide
Laboratory Manual » Instructor’s Manual
to Text and Laboratory Manuai e 1983

Hart provides a solid foundation in
organic chemistry for students majoring
in the health sciences, home economics,

Take

Also of interest

Programmed Probiem-
Solving for First-Year
Chemistry

Arnold B. Loebel, Merritt College
708 pages ® paper o {983

Loebei’s text is completely programmed
for solving the mathematical problems
that arise in first-year college chemistry.
Additionally. Loebel offers very detailed
programs on inorganic nomenclature
and equation balancing. Dimensional
analysis is the primary method of
problem solving used in the text.

The programmed instruction makes the
learning process nonthreatening while
ensuring a high degree of student
success. Moreover, Loebel’s informal
writing style and clear, step-by-step
explanations facliitate understanding.

agricuiture, and noniscience disciplines.
Throughout the up-te-date Sixth Edition,
Hart uses worked examples to show
students how to soive problems, then
immediately provides in-chapter problems
to give students practice in applying the
material. Additional end-of-chapter
problems reinforce the fearning.

Even more frequently than in previous
editions, Hart appiies organic chemistry
to everyday phenomena, biology, and the
health sciences. New briefs on applica-
tions expiore the chemical aspects of vari-
ous topics rejating to contemporary life.

The accompanying Laboratory Manual—
compatible with any short organic
chemistry text—provides a balance of
experiments involving techniques,
preparations, tests, and applications.

Hart.

Chemical Problem-Soiving by
Dimensional Analysis '
Second Edition

Arnold B. Loebel, Merritt Coliege
423 pages ® paper » 1978

In a completely programmed format,
Loebel covers a range of chemical
problems typically encountered in intro~
ductory courses. His use of dimensional
analysis throughout has proved highly
-effective in helping students learn the
mathematics needed for chemistry. The
Second Edition includes logarithms, pH.
and thermodynamic calcuiations.

For adoption consideration, request examination copies
from your regional Houghton Miffiin office.

<%, Houghton Mifflin

13400 Midway Rd., Dalfas, TX 75234

1900 50. Batavia Ave., Geneva, iL 60134
Pennigton-Hepewel! Rd., Hopeweli, NJ 08525
777 Califormia Ave., Pala Alto, CA 94304
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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 professars who
teach, who buy in volurme, 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 heip 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 equlpment. and apparatus a
gcientist uses in the training pro-
cess {end to be the fypes and
brand names that he seeks when
he assumes a research posifion in
industry or government."'

Call 215-667-9666

. snd get the full story on
the huge academic marketplace
for scientific products. Ask for
Jimi Byrne, Advertising Sales
Managet, Chemical Education.

Chemical Education
Advertising Management: Centcom, Ltd,

AT0 Journat of Chemical Education

APPARATUS
EQUIPMENT
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I_For {nformation. Write Or Cait - |

! J & S SOFTWARE {
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I Port Washingten, N.Y. $1050 |

516-944-9304

R

PLE Il

CREATE-A TEST!

lt's here! A computer program that
makes perfactly formatted chemistry
tests in 10 minutes. Use disks of
prepared questions or write your own. 8

6000 chemiatry 8
! questions availeble ]

CROSS EDUCATIONALSOFTWARE Ml

P. 0. Box 1536, Ruston, LA71270 I

{318} 255-8921 . B
[T T T AT T T

vinyl Coated » 7 sizes
55.50__1:0_ $31.=
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PA 1302
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THORN SMITH ANALYZED MATERIALS
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. Educalionsgl Kils
Thorn Smith incorporated
~ Hewmak, Michigan 49817 « 616-B82-4672

CLASSIFIED SECTION

SABBATICAL LEAVE PRDGRAM Salary stipends and
study opponunitios provided for ks, teachers, one
pach in Bio, Chem, Geo, Math/Comyp Sci, Phys for
1484- 19E5 school year as hall fime instructors, Send
curriculum vitag, thriee reference letters, and ietier
giving reasons for applying o Myron Anderson. Gus-
tavus Adctphus Coll, St Peter, MN 58082 bofore Mar
15. Mastet's preferred. 507-831-7328.

RAPID ELEMENTAL ANALYSIS AND
UNDERGRADUATE TEACHING

Vresland Spectroscope

Easy 1d Operate
Built-in Standards for .
Allthe Elemesits ¥
Direct Reading

Call ar write For free Application Notes
amf frea vigwing af mowvie film_ .
SPECTREX OCHPDRATWON . $5680
3694 Haven Ave., Redwood City, CA 94063
Phone [41 5} 365 656? o

CHEM ED
BUYER'S
GUIDE

Rates hased on number of in-
serficns used within 12 months
from date of first insertion and
not on the number of inches
used. {(Inch unit dimensions;
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SHIPPING INSTRUCTIONS:

Send all material to:

JOURNAL OF
CHEMICAL
EDUCATION
c/o0 CENTCOM, LTD,
25 Sylvan Road South,
P£.0. Box 231,

Westport, CT. 06681
(203) 226-7131




Chemistry is the

complex

subject

many students fail
for a simple reason.

Many of the 60,000 students who fail
Introductory Chemistry each year fail for
one simple reason: they never learn how
to balance eguations. The first time they
get stuck, and no ones there to get them
out of frouble, they just skip over the prob-
tern. And because stoichiometry is funda-
mental 1o an understanding of Chemnisiry,
as the course progresses they fall further
and futther behind.

Wiley just took
that simple

reason away.

THE CHEMISTRY TUTOR:
Stoichiometry & Balancing
Equations
ifrank F Kinehort
THE CHEMISTRY TUTOR nips confu-
sion in the bud-—~before it has a chance to
threaten a student’s work. ifs an interac-
tive tutorial program that teaches studenis
how to halance chemical equations the
same way pou teach them: in careful,

step-by-step detail.

The secret lies in THE CHEMISTRY
TUTOR's amazing flexibility. It actually
gives specific responses fo any answer
your students enter-—no matter how close
or off-base that answer is. For example, if
a student were confused between coeffi-
cients and subscript, you wouldn't say:
“Wrong. Try again” Neither does THE

Appe®is a registered frademark of Apple Compuler. fnc.

]
lUnlocking the power of computing

CHEMISTRY TUTOR. The program
instantly recognizes where the problem
lies, and asks questions designed to lead
students back on the track to the right
answer—and an understanding of where
they went wrong in the first place.

Fiexibifity for the instructor, too.

The equations on THE CHEMISTRY
TUTOR represent the gamut of stoi-
chiometric problems. from the simplest to
the most rigorous. And you can change
or add to the equations at any time, with-
out endangering the disks integrity. So
you can put your own chaices right into
the program--and also choose the char-
acter style (bold or normal). sound, and
color. Also, as an owner of THE CHEM-
ISTRY TUTOR. you have uniimited
access to the Wiley Educational Software
Help-Line.

THE CHEMISTRY TUTCR runs on the
Apple I + /lle with one disk drive, DOS
3.3

Available October 1983
0 47188808-7 $75.00
0471802743  $25.00
0471 80273.5

Instructor’s package

Students package
$ 400 Sample diskette

For further information, or to order, write io
Bill Rosen, Dept. 4-1656.

WILEY EDUCATIONAL SOFTWARE

605 Third Avenue
New York, N.Y. 10158

Circle No. 2V ot Readers’ imquiry Card



Spectrophotometry
of thetuture. loday.

No lamp changes needed; in the 4050 both deuterium and

' & tungsten halogen iamps in a unigue optical system; No
detector changes: single solid-state detector eliminates
. errors. Incorporates high performance 1200 lines/mm
graiing monochromater,
Fingertip control: no knobs, ho complicated controis, Just

.
Accura WIth ease 8 smooth keys in logical sequence, easily aperated to give
Cy congistently accurate results.

Ulrospec 4050 and 4051 are the world's first single beam
UV and Visible speciraphotameters using microprocessor
control to give increased instrument accuracy combined
with simplified operation. By fully utilising microprocessor
technology, this completely new design incorporates many : '
unigue features, along with faciities that are regarded az Compact, durable design: requires a minimum of bench
accessories on conventional ingtruments. space. Sophisticated eonstruction with e high quelity

Unique microprocessor hased optical system finish.

simplifies operation: Automstic wavelength check and More features than any other in its price range: finest
calibration; Automatic dark current compensation; after-sales service too,

The new generation range from LKB
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