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E.J. Corey Nobel Laureate 
From a news release by the Harvard University News Office 

, Elias J. Corey, Harvard University's 
Sheldon Emery Professor of Organic 
Chemistry, was awarded the 1990 
Nobel Prize in Chemistry for invent
ing new rules that allow scientists to 
make complex new molecules from 
ordinary chemicals. 

The complex molecules range 
from new drugs to paints and pesti
cides. 

Before Corey's work, organic 
chemists worked out the synthesis of 
each compound separately, largely by 
trial and error. Now they can use gen
eral rules developed by him to put 
together complex biological and 
chemical compounds. 

"Teaching is as important to me 
as research," said Corey, a professor at 
Harvard since 1959. "I still teach first
year students, and I do whatever I can 
whenever I can to get young people 
excited about science and mathemat
ics. I advise them to do what I have 
always done: try for more than you 
think you can get." 

Corey said that he will use at least 
part of the $700,000 prize money to 
continue his fundamental research. 

"My objectives have not changed," 
he remarked. "They have always been 
broad and general. I do not start out to 
make specific molecules for specific 
purposes, but it is inevitable that 30 
years of work will produce useful sub
stances. In fact, there is not a pharma
ceutical laboratory in the world that 
does not use products from our work. 
And by 'our' I mean not just me but the 
hundreds of colleagues, postdoctoral 
fellows, and graduate students who 
have helped me." 

Harvard chemistry professor 
Dudley Herschbach, a longtime friend 
who won the Nobel Prize in Chem
istry in 1986, said, "E.J. changed the 
whole way that modern chemistry 
is done." 

In 1969 Corey led the team that 
made the first synthetic prostaglan
dins-hormone-like proteins involved 
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in the regulation of blood pressure and 
other functions of the heart, brain, kid
ney, stomach, and other organs . In 
1987 he created the first of many 
chemzymes, relatively simple com
pounds that speed up chemical reac
tions and make possible ultra-pure 
drugs which have reduced side effects. 

Corey sees his work not as some
thing confined to a laboratory, but as 
"a way to improve the health of all 
people and to make the world a better 
place for all mankind." 

Born in Methuen, Mass., Corey 
received his Ph.D. from the Massa
chusetts Institute of Technology in 
1950. He is the 33rd Harvard profes
sor to win the Nobel Prize and the 
sixth in chemistry . There are 18 
Nobelists currently on the Harvard 
faculty. 0 

1991 Polymer 
Curriculum 
Development Awards 

The joint Polymer Education Com
mittee of the Division of Polymer 
Chemistry and the Division of 
Polymeric Materials of the American 
Chemical Society, in cooperation with 
participating industrial companies, is 
sponsoring $10,000 and $2,500 
A wards to improve the teaching of 
polymer chemistry and polymer engi
neering in existing curricula at U. S. 
colleges and universities . Our objec
tive is also to introduce polymer sci
ence to educational institutions which 
now have no polymer program. The 
major goal is to provide industry and 
academia with graduates who will 
have a greater knowledge of polymers. 
The main criteria for the awards are 
probable effectiveness of the proposed 
activities in increasing student inter-

ests in and knowledge of pol ymer 
chemistry and polymer engineering, 
and the mechanism of dissemination 
of the information generated by the 
proposed program. 

The award will be made over 
three years. The budget cannot exceed 
a total of $10,000 in the first category. 
Matching funds from submitting insti
tutions are encouraged. A wardees will 
be required to provide annual reports 
describing activities during each aca
demic year and are expected to pro
vide publishable information which 
can be used by other institutions. 
$2,500 awards are limited to institu
tions which have not yet established a 
polymer program or have started it 
less than three years ago. 

For inquiries about proposal for
mat and content address Professor 
Kris Matyjaszewski , Department of 
Chemistry, Carnegie Mellon Univer
sity, 4400 Fifth Avenue, Pittsburgh, 
PA 15213, (412) 268-3209, fax (412) 
268-6945. 

Interested institutions should 
submit five copies of the proposal 
to the Award Committee by March 
15, 1991. 0 

1990 Development 
Award Winners 

The Polymer Curriculum Development 
Award Committee received seventeen 
proposals for evaluation this year. The 
proposal "Polymer Chemistry Labor
atory I and Polymer Science Curricu
lum Enhancement" submitted by Prof. 
Ray Kellman from San Jose State Uni
versity was announced as the 1990 
winner. A special award funded by 
Tripos Associates Inc. went to Prof. 
Joe Schlenoff from Florida State 
University for a proposal "Integration 
of Molecular Modelling into Polymer 
Chemistry Education". The $10,000 
awards, matched by the University, 
will be used to upgrade existing facil
ities, prepare new manuals, and pro
vide summer support for st uden ts 
and faculty. 0 
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December Meeting 
The 729th Meeting of the Northeastern Section of the American Chemical Society 

Thursday, December 13, 1990 
"Cold Fusion" and Electrocatalysis: Dreams and Reality 

Mark S. Wrighton, Massachusetts Institute of Technology 
Simmons College, Main College Building, 300 The Fenway, Boston, MA 02115 

5:30 p.m. Social Hour: Special Functions Room 

6:15 p.m. Dinner: Fens Dining Room 

. 7:30 p.m. Lecture 

Refreshments will be served after the program. 

Dinner Reservations: Must be made no later than December 7. Please call Mrs. Karen 
Piper at (800) 872-2054 or (508) 456-8227. Reservations not cancelled at least 24 hours 
in advance must be paid. Members $21; Non-members: $23; Students and Retired 
Chemists: $8. 

The Public is Invited 

Next Meeting: Joint with Medicinal Chemistry Group, January 10, 1991; Symposium on 
Dopamine Receptors: Emanuel Meller (N.Y.U. Med. Center), Richard Chipkin 
(Schering-Plough Corp.); Philip Seeman (U. of Toronto), evening speaker. 

Biography 
Mark S. Wrighton 

Mark S. Wrighton is currently Provost 
of M.l.T., holder of the CIBA-GEIGY 
Chair in Chemistry and until recently 
was Head of the Department of 
Chemistry. His research interests are 
in the areas of transition metal cataly
sis, photochemistry, surface chem
istry, molecular electronics, and in 
photoprocesses at electrodes. Principal 
objectives of his research are to eluci
date the basic principles underlying 
the con version of solar energy to 
chemical fuels and electricity, to dis
cern new catalysts and ways of mak
ing them, to understand chemistry at 
interfaces, and to provide the knowl
edge base for development of new 
electrochemical devices. 

Born in Jacksonville , Florida in 
1949, he received the B.S. degree with 
honors in chemistry from Florida State 
University in 1969 and upon gradua
tion received the Monsanto Chemistry 
Award for outstanding research . He 

did his graduate work at the Califor
nia Institute of Technology under 
Professors Harry B. Gray and George 
S. Hammond , receiving the Ph.D. 
there in 1972. He was named the first 
recipient of the Herbert Newby 
McCoy A ward at Caltech based on his 
research accomplishments. He re
ceived an Honorary Doctor of Science 
Degree from the University of West 
Florida in 1983. 

Professor Wrighton joined the 
faculty at M.l.T. in 1972 as Assistant 
Professor of Chemistry, was appointed 
Associate Professor in 1976 and 
Professor in 1977. From 1981 until 
1989 he held the Frederick G. Keyes 
Chair in Chemistry . In 1989 he was 
appointed the first holder of the 
CIBA-GEIGY Chair in Chemistry. He 
became Head of Department in 1987. 
He was awarded an Alfred P. Sloan 
Research Fellowship, 1974-1976, 
and was the recipient of a Dreyfus 
Teacher-Scholar Grant in 1975-1980. 
The American Chemical Society 
awarded him the Pure Chemistry 
Award in 1981 and the Award in Inor
ganic Chemistry for 1988. He was 

awarded a MacArthur Prize Fellow
ship in 1983. In addition, he received 
many awards: from the New York 
Academy of Science, the U.S. Dept. of 
Energy, Phi Lambda Upsilon and 
Teaching awards from M.l.T. He was 
elected a member of the American 
Academy of Arts and Sciences in 
1988 and a Fellow of the American 
Association for the Advancement of 
Science in 1986. 

Professor Wrighton has served on 
scientific advisory boards for many 
Federal and private agencies. He is 
also currently a member of the Edi
torial Advisory Boards of several 
journal s. He was Editor for the 
Physical Electrochemistry Division 
of the Journal of Electrochemical 
Society, 1980-1983. He has edited two 
volumes of the American Chemical 
Society' s Advances in Chemistry 
Series, and served as the Consulting 
Editor for the text, "General Chem
istry' ', (1st, 2nd, and 3rd editions) by 
Darrell D . Ebbing , published by 
Houghton Mifflin. He is the co-author 
of a book entitled "Organometallic 
Photochemistry". 

Professor Wrighton is the author 
or co-author of over 250 articles pub
lished in profes sional and scholarly 
journals and has been awarded eleven 
patents. 0 

Abstract 
"Cold Fusion" and Electro
catalysis: Dreams and Reality 

Astonishing claims of electrochemical 
"cold fusion" processes have now sub
sided and an assessment can be made 
of what new knowledge ha s been 
gained, how the scientific enterprise 
functioned , and what lessons have 
been learned. While it is evident that a 
new nuclear fusion process for genera
tion of usefu l energy is not at hand, 
there are major opportunities for elec
trochemical power systems (batteries 
and fuel cells) which hinge on discov
ery of electrode-confined catalysts. 
Recen t progress on electrocatalytic 
oxidation of CH 30H under ambient 
conditions will be summarized. 0 
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Consulting Chemist Group 
The Professional Consulting Chemist's 
Group of the Northeastern Section of 
the American Chemical Society will 
hold its first open meeting on Tuesday, 
December 18, 1990, at 7:00 p.m. in 
Room S-183 of the Science Building at 
Simmons College, 300 The Fenway, in 
Boston. The featured speaker, Scott A. 
Cook, Esq., will present a seminar 

WOLFE 
TRAVEL, 

LTD. 
101 Themont Street 
Boston, MA 02108 

Business, Convention, and Personal 
'/Tave/ Arrangments for the ACS 

since 1973. 

Leonard W. Wolfe, President 
482-0005 

entitled: "Owning and Operating a 
Consulting Business: Tax, Liability, 
and Business Considerations". Mr. 
Cook, a Senior Associate with the 
Boston law firm of Bradley, Barry & 
Tarlow, P.C., specializes in advising 
owners of closely-held businesses on 
issues involving contracts, corporate 
governance, commercial law, and 
forms of organization. 

Learn which kind of business 
structure suits your consulting practice 
the best, whether your chemistry con
sulting practice is established, fledg
ling, or merely a dream! 

Open to all interested members of 
the Northeastern Section. Dinner at a 
nearby restaurant is available at 5:00 
p.m. Meet the speaker in a relaxed 
atmosphere and network with other 
consultants . For further information 
and to make a dinner reservation, con
tact Debra Saez at (508) 521-1327. <> 

"Since 1950" 
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MICRONALYSES 
Analysis For All Elements, 
Trace Analyses, ICP Scans, 
TOX, Ion Chromatography, 

Molecular Weights. 

GALBRAITH lABORATORIES, INC. 
P.O. Box 51610 

Knoxville TN 37950-161 O 

Phone (615)546-1335 
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2323 Sycamore Dr. 
Knoxville TN 37921 

FAX ((615)546-7209 

Call for 
Nominations 
1991 Patterson-Crane Award 
of the American Chemical Society's 
Columbus and Dayton Sections 

The ACS Columbus and Dayton 
Sections are seeking nominees for the 
1991 Patterson-Crane A ward. The 
biennial award, consisting of a $2000 
honorarium and a personalized com
mendation, is given in honor of Austin 
M. Patterson and E. J. Crane, previous 
editors of Chemical Apstracts. 

An international honor, the 
Patterson-Crane Award acknowledges 
outstanding achievements in chemical 
information theory or practice. 
Contributions of international signifi
cance may be in the areas of the pro
duction of original books, articles, 
reviews, and bibliographies; editorial 
work; abstracting; nomenclature; con
struction of indexes, codes or methods 
of classification; development and use 
of methods for searching the literature 
and of mechanical or electronic aids to 
information storage and retrieval; 
chemical library work; implementa
tion and management of chemical 
information systems and services; or 
related areas. 

The 1991 Award will be pre
sented on May 21, 1991, at a dinner 
held in Columbus, Ohio. 

Nominations must be in writing 
and should include the nominee's con
tributions to the field and an evalua
tion of his or her accomplishments. A 
biography and bibliography of publi
cations and presentations supporting 
the nomination should be enclosed. 
Seconding letters are required. 

Send one copy of the nomination 
materials by January 31, 1991, to: Dr. 
W. V. Metanomski, Chemical Ab
stracts Service, P.O. Box 3012, 
Columbus, Ohio 43210. 

To receive an informative bro
chure about the Award, contact 
Metanomski at (614) 447-3631. <> 
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Medicinal Chemistry Group 
Meeting 
fuesday, December 11, 1990 
!Boston College, Room 307, Higgins 
Hall, Chestnut Hill, MA 
4:00 p.m. Coffee 
14:30 p.m. Lecture 

!Bruce E. Maryanoff 
R W. Johnson Pharmaceutical 
Research Institute. 

will speak on 

~olecules for the Treatment of 
Depression and Epilepsy: Two 
~ignettes in Medicinal Chemistry 

~:00 p.m. Dinner, Ming Gardens, 
Chestnut Hill 
lFor dinner reservations please call 
~ESACS office, Mrs. Piper, by 
December 11, 1990, in (617) area: 
K800)872-2054; all other areas: 
(508)456-8227. 
'Members: $10.00 Students: $3.00 
f 
Next meeting: January JO, 1991; jointly 
with the Northeastern Section. Symposium1 
pn Dopamine Receptors. Speakers: Philip4 
!Seeman (U. of Toronto,), Emanuel Meller' 
~N.Y.U., Med. Center), Richard Chipkin, 
/Schering-Plough Corp.). 

Biography 
Bruce Maryanoff 

Dr. Maryanoff, who was born in 
Philadelphia, received his B.S. in 
chemistry from Drexel University in 
1969 . He continued his studies at 
Drexel in organic chemistry under 
Prof. Robert Hutchins and received his 
Ph.D. in 1972. Subsequently, he was a 
postdoctoral fellow at Princeton 
University under Prof. Kurt Mislow. 
He then joined McNeil Laboratories as 
a Research Scientist in 1974 where he 
has been ever since. McNeil Labor
atories, however, has undergone a 

number of transformations to McNeil 
Pharmaceutical, the Janssen Research 
Foundation, and the R.W. Johnson 
Pharmaceutical Research Institute. He 
is currently a Distinguished Research 
Fellow I Assistant Director. 

Dr. Maryanoff is on the editorial 
boards of the Journal of Medicinal 
Chemistry and Heteroatom Chemistry, 
and a member of the advisory board of 
the ACS Petroleum Research Fund . 
He is the editor of the book series 
"Advances in Medicinal Chemistry". 
In 1989, he was chairman of the 
Gordon Research Conference on 
Organic Reactions and Processes. He 
has also been active in the local ACS 
section in Philadelphia where he was 
the director during the period 1984-86. 

Dr. Maryanoff is the author or 
coauthor of 92 scientific publications 
and holds 15 U.S. patents. He has 
received two Philip B. Hoffman 
Research Awards and a Philadelphia 
ACS Local Section Award. In 1988, 
he was elected as a Fellow of the 
American Association for the 
Advancement of Science. 

Dr. Maryanoff's interests include 
new organic synthetic methods, reac
tion mechanisms, stereochemistry, con
formational analysis , heterocyclic 
compounds, nucleosides, and organ
ophosphorus chemistry. Specific 
classes of compounds include central 
nervous system agents, antidiabetic 
drugs, peptidomimetic agents, nons
teroidal inhibitors of cytochrome P-450 
isoenzymes, and inhibitors of glu
coneogenesis and glycolhydrolases. <> 

Abstract 
Molecules for the Treatment 
of Depression and Epilepsy: 
Two Vignettes in Medicinal 
Chemistry 

My research group and I have been 
working to discover new agents for 
treating disorders of the central ner
vous system (CNS). We have explored 
a series of pyrroloisoquinolines, which 
have potential as antidepressant drugs. 
Certain compounds in this class are 
powerful inhibitors of the uptake of 

certain neurotransmitters into nerve 
cells. Along with biological informa
tion, various chemical syntheses in 
this area will be discussed. We have 
also discovered the first series of anti
convulsants containing a sulfamate 
group. The key derivative here is a 
fructose sulfamate called topiramate, 
which is presently in advanced clinical 
trials for the treatment of epilepsy. I 
will discuss various chemical and bio
logical aspects relating to this exciting 
drug series. <> 

PROTECT 
Your Expensive Lab Work 

Stock Notebooks: #8500- Fifty original and f1f1y 
duplicates Instructions. W' Squares. Brown 
Covers. 11 x 8112 
#B100P-100 Workpages. (No duplicates) Instruc
tions. Brown waterproof covers. 
#B200P-200 Workpages, 1/4' Squares on Rt. and 
Left pages 
#B200PH- 200 Workpages. horizontal lines only 
on right and left pages 

All Booka Sl-00 bch FOB Chic

CUSTOM MADE TO ORDER LAB BOOKS 
SCIENTIFIC BINDERY PRODUCTIONS 

1255 South Wabash Ave. 
CHICAGO, ILL. 60605 

Phone: (312) 939.3449 

ChemDesigri 1coc1 
ChernDesign Corporation, 99 Development Rd. • • 
Fitchburg, MA 01420, U.S.A., (508)345-9999 

The Nucleus December 1990 7 



Our Changing Environment 
the Scientific Challenge for the Nineties 
Jarvis Moyers' talk at the October 11 meeting 

The federal government has tradition
ally sponsored research programs on a 
disciplinary basis . With the recogni
tion of the multidisciplinary nature of 
environmental problems federal 
agencies have to review their ways of 
tackling problems and take a new 
approach to sponsoring scientific 
research. 

The National Science Foundation 
should not only continue support for 
the individual scientist working at the 
fundamental level in the university 
but also support attempts to solve 
highly complex problems by groups 
of scientists interacting to generate 
studies integrating the results of sev
eral disciplines. 

Arrhenius in 1896 speculated on 
the influence of man on his environ
ment in his study of the spectrum of 
carbon dioxide. He predicted that the 
burning of fossil fuels would increase 
the level of carbon dioxide in the 
atmosphere, interfering with the radia
tion of infrared energy back into 
space, thereby warming up the Earth. 
Only in 1957 in the International Geo
physical Year did C.D.Keeling mea
sure the change of C02 with time and 
show that the increase was a reality. 

Another robust prediction was 
that of Rowland and Molina who pre
dicted in 1974 that chlorofluoro
carbons would rise to the stratosphere 
where they would be photolyzed to 
generate chlorine fragments which 
would attack the protective ozone 
layer. The late '80s studies of the 
disappearing ozone in the Antarctic 
amply confirmed their hypothesis. 

Carbon dioxide and chloro
fluorocarbons are linked to human 
activities. Methane is largely formed 
in microbial processes, and is found 
to be increasing at a rate even faster 
than that of C02 • Around year 1000 
methane was pre sent in the atmo
sphere at 0.7 ppm, while in the 1980's 
a value of 1.7 ppm is found. This 
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large increase is not explainable. 
Nitrous oxide and carbon monoxide 
are other gases whose rate of increase 
cannot be explained with our present 
knowledge. 

How can we define the system 
that is the Earth, understand its 
changes and prepare for the future? 

From the 40' s and 50 's to the pre
sent the study of the Earth has under
gone major changes. Early work 
consisted of collecting data in new 
regions and establishing data centers, 
then individual investigators worked 
on the data, generating crude models. 
By the late 80's Earth System Studies 
or Global Geosciences had become a 
multidisciplinary effort, with both 
space and ground observations, inter
active modelling, the entire globe 
being studied over long time spans, 
and reali stic models of major Earth 
systems developed. New ways of con
ducting environmental research had 
been evolved. 

The new ways require new meth
ods of funding such research. It is 
even more difficult for bureaucrats to 
leave the tried method of supporting 
individual disciplines to support sys
tem-wide multidisciplinary programs 
than it was for individual scientists to 
join multidisciplinary approaches to 
hugely complex problems. 

The Committee on Earth Sciences 
has the task of integrating science into 
policy areas, maintaining the part
nership among all participants, and 
focussing on interdisciplinary science 
and interactions in the Earth System. 
The complexity is shown by the large 
number of federal agencies involved 
in the '91 budget: the Departments of 
Agriculture, Commerce, Defense, 
Energy, Interior, Transportation, State; 
EPA, NASA, NSF, Environmental 
Quality, OMB, OST. 

The goal is to make advances in a 
very difficult field. Some of the ques
tions to be addressed include: What is 

the role of clouds in the heat and radi
ation budget? What are the interac
tions of oceans and atmosphere in the 
storage, transport and uptake of heat? 
How do oceans and the terrestial bio
sphere act as sinks for C02 and how 
do they change with time? What are 
the sources for the increases of meth
ane and nitrous oxide? Which ecosys
tems are most sensitive to global 
change and which are affected by 
man? What are the natural rates and 
rates of change in climate and envi
ronmental systems, and how to mea
sure the effects of human activihes? 

These questions are aimed at 
understanding problems associated 
with ozone layer depletion, agricul
tural ecosystems, water policy, sea 
level changes. 

To attack these questions the 
studies are focussed in seven areas: 
oceans, atmosphere and water cycle, 
biogeochemical dynamics, earth sys
tem history, human interactions, solid 
earth processes, solar influences. The 
object is to generate models approxi
mating the real system. How will 
human activities respond to the chang
ing globe and how will such responses 
alter the system? 

Chemistry has a role to play in 
these studies. Biogeochemical dynam
ics will require the most input from 
chemists. Understanding the change 
and rate of change has the highest pri
ority. How are various chemicals 
changed in the atmosphere, in oceans, 
in the terrestial biosphere, by chem
ical or photochemical or biolog
ical processes? The exchange of 
materials between land and ocean 
is another study. 

We need understanding in the lab 
to be able to make useful models. This 
requires exquisite measurement tech
niques and detailed measurements. 

The Committee on Earth Sciences 
is trying to get the bureacrats to under
stand the difficulty of the job in order 
to get the money and people to do the 
job. A 30% increase in resources has 
been requested. In conclusion, the 
future for chemists in environmental 
studies looks bright. 0 

Reported by M.S. Simon 

Challenges at 
Sigma-Aldrich 
Alfred Bader's talk at the October 18 meeting 

An episode in graduate school gave 
Alfred Bader the idea of developing a 
fine chemicals supply business. With a 
single compound to make to finish his 
thesis the newly affianced student 
tried to buy a starting material from 
Distillation Products , the division of 
Eastman Kodak that was at that time 
the sole supplier of research organic 
chemicals. After waiting six weeks 
Bader wrote DPI, inquiring whether 
his order could be rushed. His answer 
was a stock reply. "We have your pur
chase order and will fill it as quickly 
as possible. Don't write again, you are 
adding to our paper work." It was 
clear to Bader that there must be a bet
ter answer to the needs of the research 
community than that. (He made the 
starting materia l himself and only 
learned years later that EK bought its 
material from Dow which made it 
only once a year!) 

After trying unsuccessfully to 
start a fine organics synthesis group in 
the Pittsburgh Plate Glass Company's 
laboratories, Bader set up his own lab
oratory in a garage, as a spare time 
effort. Several years later, when PPG 
moved out of Milwaukee , B ader 
decided to remain behind and try his 
fortune with his garage enterprise. 

By a fluke , the new company 
received the name "Aldrich Chemical 
Co", named after the last name of the 
girlfriend of Bader's attorney. 

Their first product was methyl 
nitrosonitroguanidine, MNNG, the 
best source of diazomethane. Bader 
had worked out a synthesis at Queen 's 
University as an undergraduate, had 
brought it to Harvard where an entire 
class of first year organic chemistry 
students made it as a laboratory prep 
in Louis Fieser's course. The fact that 
it is one of the most mutagenic com
pounds known did not emerge until 
years later. It is no longer made by 
Harvard undergraduates! 

The compound was described in a 
one page "catalogue" which was dis
tributed to 2000 senior authors culled 
from the Journal of the American 
Chemical Society and the Journal of 
Organic Chemistry. The first year's 
sales was $1 705. By the second year, 
twelve compounds were offered and 
sales totalled $5000. By the third year, 
when Bader left PPG, sales had 
reached $ 15,000. In 1989 sales had 
gone to $441 million. 

Bader attributed the Aldrich suc
cess to four factors: 

First, Eastman was "a wonderful 
competitor." With $15 billion in sales 
it didn' t care about the fine chemicals 
business. "Everyone should have such 
a competitor". When Eastman printed 
an advertisement agreeing that their 
DPI service was poor, "We Admit It", 
Bader snapped back with " Please 
Bother Us", stressing service from 
chemists to chemists. 

The second factor was the effort 
made to provide fast service, accom
plished in part by keeping a $200 mil
lion inventory, with locations in Mil
waukee, St. Louis, England, Germany, 
Japan. The result is that 90% of the 
orders can be shipped the same day. 
Good business practice would not per
mit such an inventory. The catalogue 
contains 20,000 products of which 
10,000 are "dogs", selling less than 
$300 annually. Also, giving out one 
million each of Aldrich and Sigma 
catalogues and 400,000 Fluka cata
logues is probably not good business 
practice either, Bader noted. 

Compounds stay in the catalogue 
unless they can no longer be made. For 
example , 80% m-chloroperbenzoic 
acid can no longer be listed because 
the 80% hydrogen peroxide can no 
longer be shipped. " I am deeply 
embarrassed by our prices", but pack
aging, handling and shipping costs are 

continued on page JO 

John C. Sheehan (right) receives 50-year certifi
cate from Chairman EJ. Billo at October 11, 
1990 meeting at Simmons College 

Jarvis L. Moyers (N.S.F.) addresses the 
Northeastern Section at October 11, 1990 
meeting at Simmons College 

Group at Henderson House on October 18, 
1990 

Two entrepreneurs in discussion: Michael E. 
Strem (Strem Chemicals, Inc., left) and Alfred 
Bader (Sigma-Aldrich, right). 

The Nucleus December 1990 9 



James Piper, Treasurer, addressing the section 
after receiving the Henry A. Hill Award. 

The Piper family at Henderson House: (left to 
right) Scott Piper, his wife Kathryn, Mrs. James 
Piper (Karen), Jessica Piper, James Piper, 
Jeananne Piper. 

Alfred Bader during his address Challenges at 
Sigma-Aldrich. 
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Sigma-Aldrich 
continued from page 9 

such that "selling dishwater would 
require a price of $12 per pound!." 

The third factor is the attempt 
made to sell products of high purity . 
But a customer who says he is satis
fied with purity "worries me. He 
hasn't bought much from us". Every 
compound cannot be analyzed when 
shipped, and many products are unsta
ble. Of the 20,000 compounds 7000 
are already deteriorating. 

Bader 's fourth factor for success 
is communication with the customers. 
The "Please Bother Me" motto is truly 
meant and brings Bader 20 to 30 
phone calls each day. Not all com
pounds requested can be made , for 
various reasons: very limited market 
for the product of a multi-step synthe
sis, the requirement of multi-ton lots, 
the need for reagents or starting mate
rials which cannot be obtained be
cause of regulatory prohibitions. The 
Eastman catalogues never changed 
while Aldrich, as part of its attempt to 
better communicate with the chemists, 
kept developing its catalogue until it 
now is a valued handbook. 

In the question period Bader 
explained the Sigma-Aldrich union as 

·based in his perception in the late 
60's, since revised, that organic chem
istry had peaked with Woodward 's 
synthesis of strychnine, that the future 
lay with biochemistry. Despite a num
ber of rebuffs by Dan Broida, Sigma's 

president and builder, Bader persisted 
and now declares the union beneficial 
to both sides, with each adopting the 
best characteristics of the other. 

Regulations in the present climate 
are more complicated and make it more 
difficult to run a chemical business. For 
example , Aldrich's first product, 
MNNG, used to be sent by mail. Now 
it cannot be shipped by any other car
rier than a truck, which adds hugely to 
the cost. Propiolactone had been a start
ing material for many compounds but 
now Celanese uses it in house rather 
than face up to shipping an OSHA can
cer list chemical. Sigma ran into a very 
difficult situation when a small amount 
of mescaline could not be accounted 
for, and paid a $10,000 fine rather than 
fight an uphill legal battle. 

Taking back partly used bottles of 
chemicals is under serious consider
ation. The chemists are ordering 
smaller amounts because disposal costs 
are so high and Aldrich finds that they 
are willing to pay almost as much for 5 
grams of a compound as for 100 
grams. A plan to take back chemicals 
for a nominal handling charge is under 
discussion, but decisions such as 
whether to restrict this service to only 
chemicals bought from Aldrich, or 
whether to take in other sellers' chemi
cals have not been made. 

Bader has bought collections of 
research samples for modest sums 
when disposal would have been a cost 
to the owners. While much of these 
collections has to be discarded, there 
are some compounds worth adding to 
his computerized library of research 
chemicals. Heyn mentioned the flood 
in the Boston University basement 
which floated the label s off many 
research samples. Bader countered 
with the story about Lou Fieser's 
requirement that all labelled samples 
be varnished to protect the labels. 
When the varnish was wetted by a 
flood in the Harvard laboratories' sub
basement the moist varnish became 
irresistible to the mice, and the labels 
were nibbled off. Bader, to his regret, 
had bought the collection before 'he 
learned what the mice had done. 0 

Reported by M.S. Simon 

Superior High School 
Chemistry Teaching 

The Aula Laudis 
Honor Society 

1985 
Warren F. Averill 
Stanley Boynton 
I .Walter Brough 
Helen Crawley 
Burton Goldman 
Ronn N. Minne 

Boston Latin School 
Lexington High School 
Newton South H. S. 
Winchester High School 
Newton South H. S. 
Phillips Academy, 

by M.S. Simon 

One of the major legs on which the 
choice of a chemical career rests is the 
role of the high school chemistry 
teacher. Most chemists have stories to 
tell about their first introduction to 
chemistry, of the man or woman 
teacher who began to draw back the 
curtain so that the student could peek 
at the fun and exci tement of chem
istry. (Without an exciting and inspir
ing teacher of science in high school 
how many of us would have opted for 
a career in chemistry?) 

In recognition of the important 
role the high school chemistry teacher 
plays, in 1985 we set up a program to 
identify and honor teachers who have 
shown superior ability as shown by the 
successes of their students. We called 

y;::-
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it the Aula Laudis (Hall of Merit) 
Honor Society for Exemplary Teach
ing of Chemistry. For six years we 
have inducted members and it is with 
pride that we print the names of the 
mem~ers of Aula Laudis in this issue. 
Have we found all the best chemistry 
teachers in the Northeastern Section? 
Certainly not! But we have made a 
start, and with your help we will con
tinue to single out those teachers who 
make chemistry live for their students. 
If you know a secondary school chem
istry teacher who has shown the quali
ties we have described for membership 
in Aula Laudis, send your letter of sup
port to Mrs. Piper for consideration by 
the selection committee. 0 

Phillip B. Weld 
Andover 
Phillips Academy, 
Andover 

D.Montgomery Wells Newton North H. S. 
Katherine Wickenden Tabor Academy 
Earl E. Winand Watertown High School 

1986 
Mary Elizabeth Dowse Medfield High School 
Horace Fader Norwood High School 
William J.R.Marks Winchester High School 
David J.Olney Lexington High School 
Ivan VandeWorkeen Westwood High School 

1987 
Reen D. Gibb Brookline High School 
Laura Wick Hallowell Wellesley High School 
George F. Martins Newton North High 

School 
Ethel L. Schultz National Science 

Foundation and 
Marblehead High School 

continued on page 21 
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''Solid-State Fusion'' 
Effects 
A Report from the meeting in Salt Lake City 

by D.T. Thompson, Johnson Matthey Technology Centre 

By a serendipitous coincidence the fol
lowing review article on "Solid-State 
Fusion" came to hand in time for the 
December meeting dealing with the 
same subject. Platinum Metals Review 
is a house organ of Johnson Matthey 
Public Limited Company of London, 
England. Johnson Matthey Co. is a 
prime producer and supplier of plat
inum and platinum group metals. 
Platinum Metals Review appears quar
terly and publishes both original 
papers and abstracts of papers having 
a bearing on platinum group chemistry 
and technology. Interested scientists 
and engineers can subscribe at no 
charge by contacting Johnson Matthey, 
Inc., Valley Forge, PA 19482-0733. We 
are happy to publish this article with 
permission of I.E. Cottington, Editor. 

The "Solid-State Fusion" or 
"Cold Fusion" phenomenon, including 
excess heat generation and the produc
tion of nuclear particles, was first 
reported by Professors Martin Fleisch
mann and B. Stanley Pons in March 
1989. The phenomenon described has 
many fascinating facets, not least of 
which is the fact that investigators are 
unable to produce the effects "on 
demand". Many of the experimental 
variables which seem to be significant 
were described and discussed at the 
"First Annual Conference on Cold 
Fusion" which was held in Salt Lake 
City, Utah, U.S.A., from 29th to 31st 
March 1990. The information pre
sented at the conference is sum
marised here. 

This three-day conference was 
timed to coincide with the first 
anniversary of the original announce
ment of the anomalous effects 
observed when deuterium oxide 
'(heavy water) is electrolysed using a 
palladium cathode and a platinum 
anode in the presence of lithium 
deuteroxide; a diagrammatic represen-

12 The Nucleus December I 990 

tation of the electrochemical cell used 
is shown here as Figure I. The an
nouncement was made on 23rd March, 
1989 (1) and a preliminary paper was 
published during the following month 
(2). The phenomena observed subse
quently became known as "solid-state 
fusion" or "cold fusion", and may cru
cially depend upon the exceptional 
ability of palladium to pack into its 
lattice up to an equal atomic amount 
of hydrogen or deuterium (3). 

Since the time of the announce
ment there has been much discussion 
of the observations made and the rea
sons for them. Due to the radical 
nature of these observations-of 
excess heat and nuclear particles-the 
new phenomena have attracted both 
"believers" and "non-believers" in the 
scientific community. A central pur
pose of the conference was an evalua
tion of the experimental evidence 
available to date, in order to chart the 
path needed to achieve a full under
standing of what actually happens in 
the process. New theories were also 
advanced to rationalise the experi
mental results. Attempts were then 
made to define the research that would 
be required in the months and years 
ahead to enable a full assessment to be 
made of the new effects, and to realise 
their potential from academic and 
commercial viewpoints. 

The conference presentations 
were generally of a high standard, 
drawing immediate reactions from 
members of the 200 strong audience, 
with much active, constructive and 
mainly friendly discussion of the vari
ous experimental results reported. 
Most of the current reports are coming 
from the U.S.A., but very significant 
contributions are also being made in 
India, Japan and some European coun
tries, notably Russia and Italy. 

Some papers addressed the excess 

heat effects observed, some the nu
clear particles, and others the theoreti
cal aspects. Reference to the use of 
Johnson Matthey palladium was made 
by many of the speakers. 

Presentation of Experimental 
Results The original announcement in 
March 1989 described work carried 
out by Pons and Fleischmann at the 
University of Utah using palladium 
rods supplied by Johnson Matthey. It 
was therefore appropriate that the first 
paper given at this meeting was by 
Pons. He described in detail the accu
racy of his calorimetric metlrod for 
determining excess heat, and dis
tributed copies of a manuscript which 
has been accepted for publication in 
the Journal of Fusion Technology. 
The accuracy of his temperature con~ 
trol was ±0.003 to ±0.01 'C, and there 
was a systematic underestimation of 
the heat evolved by 1-4 per cent. Data 
have now been collected from 200 
experiments; 150-200 calibrations 
being done each week. Excess heat of 
up to 100 W /cm3 of palladium has 
now been recorded. At low current 
densities (64 mA/cm2) a scatter of 
results is obtained, but at higher densi-

Fig. I The electrochemical cell used by Fleischmann 
and Pons/or their investigations included a palladium 
cathode and a platinum anode in an electrolyte of 
lithium deuteroxide in deuterium oxide, all contained 
within a vacuum jacketed vessel. 
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ties (512 mA/cm2 and 1 A/cm2) the 
reproducibility is much better and the 
scatter decreases. In addition to these 
steady heat emissions, enthalpy bursts 
are also occasionally observed. In a 90 
day experiment these bursts can last 
for 2 weeks and the potential of the 
cell decreases during a burst. During 
these bursts the thermal output of the 
cells exceeds the enthalpy input by 
factors of up to 40. Some cells are 
charged for weeks or months before 
giving excess heat. The total specific 
energy output during the bursts as well 
as the total specific energy output of 
fully charged electrodes subjected to 
prolonged polarisation (5-50 MJ/cm3) 

is 102- l 0 3 times larger than the 
enthalpy of reaction of chemical types 
of processes. 

An excellent paper on work car
ried out in sealed cells was given by 
O.J. Murphy of Texas A & M Uni
versity, U.S.A. All the necessary con
trol experiments had given zero excess 
heat. Annealed palladium rods had 
shorter induction times than unan
nealed rods before giving out excess 
heat. The effect falls rapidly when 
lithium deuteroxide is replaced with 
lithium hydroxide. The experiment 
can also be quenched by the addition 
of sodium hydroxide. Enriched Li6 

deuteroxide works well. Auger elec
tron spectroscopy on used rods did not 
detect any palladium on the surface. It 
was not easy to get gas out of the elec
trodes after long term electrolysis. 
There was a uniform lithium penetra
tion into the palladium electrode, to 
4-5µm , to form a palladium-lithium 
alloy layer. 

Eight experiments using 6.35 mm 
diameter palladium rods supplied by 
Johnson Matthey were described by 
D. Hutchinson of Oak Ridge National 
Laboratory, U.S.A. Five of the open 
cells gave a power excess of between 
2-9 W for 1500 hours, out of a total 
operating time of 1800 hours. The 
other three cells remained in power 
balance. This initial work finished last 
December, but Hutchinson now has 
more funds and plans to work on iso
tope ratios in used electrodes, do con
trol experiments with water, and to use 
total internal recombination systems. 

Another excellent talk describing 
very careful flow calorimetric investi
gations using current densities of 400 
to 600 mA/cm2, was given by C.D. 
Scott, Oak Ridge National Laboratory. 
The closed system used, incorporating 
gas recombination, was operated for 
1900 hours. The palladium, of 99.9 
per cent purity and obtained from 
Materials Research Corporation, was 
cast, cold worked and drawn before 
being annealed at 900' C for 4 hours. 
In an experiment run at 500 mA/cm2, 
replacement of deuterium oxide by 
water only destroyed the excess heat 
effect after 100 hours , indicating a 
bulk rather than a surface effect. An 
energy burst after 1300 hours coin
cided with the emission of neutrons 
(60 neutrons per day) and , more 
approximately , with gamma emis
sions. He found no increase in tritium 
production. 

A report by P.K. lyenger and M. 
Srinivasan of the Bhabha Atomic 
Research Centre (BARC), Bombay, 
India, described a very large number 
of experiments, presenting a massive 
quantity of information in a very short 
time. A major report (BARC-1500) 
has been published and another is due. 
Neutrons were produced in bursts last
ing from tens of seconds to tens of 
minutes, but tritium was the primary 
product observed with a neutron:tri
tium yield ratio of 10-s. Most cells 
gave their first neutron burst when a 
charge of about 1 A h/cm2 had been 
employed. This corresponds to a 
deuterium:palladium loading of 0.6. 

In a very stimulating talk, J. O'M. 
Bockris of Texas A & M University 
set out the statistics of successes and 
failure s in his experiments with 
respect to excess heat and, particu
larly, tritium generation. Neutron mea
surements can be confusing since 
cosmic rays can interfere. In the tri
tium experiments he used nickel 
anodes, charged at 64 mA/cm2, then 
raised the current density to various 
values, such as 300 mA/cm2 and 90 
mA/cm2, for a range of times. 

Palladium cathodes have been 
used to evolve deuterium from lithium 
deuteroxide solutions for up to four 
and a half months. Excess heat has 

been observed from 4 electrodes out 
of 28 , and tritium in 11 out of 47 
experiments. Some degree of correla
tion between excess heat and tritium 
production has been observed, but lev
els of tritium account for only 1 per 
cent of the heat obtained. The produc
tion rate of tritium was about 10 '0 

atoms/cm2/ s . The branching neu
tron: tritium ratio was 10-s A dendrite 
enhanced surface fusion model was 
suggested which was claimed to give 
quantitative consistency with experi
mental results. 

Experiments on tritium emissions 
were described by E. Storms from Los 
Alamos National Laboratory, U.S.A. 
The variables explored included high 
deuterium:palladium ratios, impurities 
in the palladium lattice, impurities on 
the palladium surface and dendrites. 
He has used PdLi, PdC, PdLiC, PdB, 
PdS, PdBe (which possibly gave some 
neutrons), PdRh (which improved the 
deuterium:palladium take up ratio) 
and PdRhLi, but none of these pro
duced tritium. LiPd took up deuterium 
faster than palladium. He has exam
ined a range of palladium samples and 
found no particular correlations. Sur
face treatment of palladium with nitric 
acid, hydrochloric acid or hydrogen 
peroxide had no effect. Heating the 
palladium in paraffin or paraffin + 
water and hydrogen sulphide appeared 
to promote the generation of tritium 
by giving rise to a coating of palla
dium sulphide on the surface. Rough
ening the surface with sandpaper was 
not helpful. Platinum and n ickel 
anodes produced tritium, but not stain
less steel. 

Storms did not always observe tri
tium, but overall some 16 out of 50 
experiments produced DT or DTO. 
The conclusions are that tritium is def
initely produced in some experiments, 
that it does not result from contamina
tion, and that no cell or cathode design 
works consistently. Carbon was pre
sent on the cathode surface. 

A talk given by D.T. Thompson 
described some work related to an 
understanding of these new phenom
ena undertaken at the Johnson 
Matthey Technology Centre, U.K. 

continued on page 14 
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Cold Fusion 
continued from page 13 

This work was of a multi-disciplinary 
nature and was carried out by D.R. 
Coupland, M.L. Doyle, J.W. Jenkins, 
J.H.F. Notton, R.J. Potter, and their 
colleagues. Surface and bulk analyti
cal work on palladium rod samples 
which had been returned to Johnson 
Matthey by Fleischmann and Pons 
showed that a number of elements, 
including platinum and lithium, had 
been deposited on the surface during 
the electrolysis. One electrolysed rod 
exhibited recovery of part of the 
wrought microstructure, which would 
normally require a temperature higher 
than about 200 ' C. Another rod 
showed recrystallisation of a portion 
of its length and this would normally 
require a temperature higher than 
about 300'C. These effects on the met
allurgical structure could not be repro
duced by filing or sawing either virgin 
palladium rods or palladium rod s 
which have been electrolysed in water. 
Temperature programmed hydrogen 
absorption/desorption profile measure
ments on a range of palladium sam
ples indicated wide differences in 
properties for the various samples, 
including distinctions between the 
behaviour of active and inactive rods. 
A palladium rod electrolysed in 
lithium hydroxide absorbed hydrogen 
more readily than a similar rod elec
trolysed in sodium hydroxide. This 
technique would therefore seem to be 
of value in characterising the palla
dium electrodes. Electrotrochemical 
measurements conducted in light 
water showed that there were signifi
cant differe nces between the be
haviour of palladium in lithium 
hydroxide on the one hand , and in 
sodium hydroxide or in potass ium 
hydroxide solutions on the other hand, 
as can be seen in Figure 2. Finally, a 
preliminary investigation using time 
of flight SIMS indicated a reduction in 
the Li6:Li7 ratio found on the surface 
of an active rod, from the 11 per cent 
quoted by Pons to 4 per cent. The 
results indicate that lithium may play a 
role in the effects described. 

Theoretical Aspects A paper by 
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Fig. 2 Stcudy·slate voltummogromtt for a 
palladium Ji1c clcclroJe of 1urface area 
J.lxl0-2 cm2 show lhe Jifferenceo lhal 
occur with: 
(a) 0.1 M li1hiu111 hydroxide, 
(Ii) 0.1 M 10Jiu111 hydroxide, anJ 
(c) 0.1 M pola11iu111 hyJroxiJc; 
all al 20°C in light "-'Bler u1ing a current 
of 20µA wilh a sweep rale of JO 111 V /s 

G. Andermann of the University of 
Hawaii , U.S.A., described a theoreti
cal model (Nu-Q) for.rationalising the 
electrochemically induced nuclear 
events observed in deuterium loaded 
palladium cathodes. He proposed a 
theoretical model based on the forma
tion of a new neutral particle, namely 
two bound neutrons , designated as 
neutrium (Nu). He postulated that Nu, 
under favourable conditions, may be 
absorbed by a deuteron to yield qua
trium (Q), where Q decays to produce 
various high energy nuclear Nu, thus 
providing plausible explanations for 
the achievement or non-achievement 
of various high energy events. The 
model also accounts for the possibility 
of Nu being absorbed by palladium or 
other heavy nuclei. 

Discussion of Result In a panel 
discussion on thermal phenomena the 
overall conclusion proposed was that 
there can be a steady state emission of 
excess enthalpy. This depends on the 
materials used, and there seems to be a 
threshold density of deuterium 
required in the palladium to produce 
the phenomena. Superimposed on the 
excess enthalpy effect can be bursts of 
enthalpy. A variety of calorimetric 

techniques have been used to observe 
these effects. They could derive from 
the bulk or the surface of the material 
and there could be a correlation with 
neutron and gamma emissions. On the 
other hand the heat emission could be 
a bulk effect, and the particle emis
sions a surface effect. A complex pic
ture is emerging with a large number 
of variables to be controlled; it may be 
important to get the system as clean as 
possible. The loading with deuterium 
is critical. The overvoltage and surface 
conditions must be defined, par~icu
larly with respect to preventing depo
sition on the surface of the cathode. 

The heat effects do not seem to be 
explicable in chemical terms. 
Production of 10-20MJ/mol is the 
most exothermic chemical reaction 
which could be conceived to occur in 
the system (s uch a reaction would 
account for no more than 3 per cent of 
the observed excess heat). The lack of 
repeatability of the phenomena is still 
a major area of concern; it is not yet 
possible to go into the laboratory and 
tum on the effect. 

Another panel di scuss ion on 
nuclear phenomena concluded that the 
Texas A & M, BARC, Los Alamos 
and Oak Ridge results seemed signifi
cant, but as D.H. Worledge of the U.S. 
Electric Po wer Research Institute 
pointed out, investigators must be able 
to reproduce these results. The phe
nomenon itself seems to be transient, 
and the required property of the lattice 
may be destroyed by the phenomenon, 
and thus it may then be necessary to 
look at another new system to get the 
effect again. To date the excess power 
and nuclear phenomena have been 
largely studied separately and experi
ments need to be designed to observe 
both simultaneously. Since tritium is 
easy to measure, this at least should be 
sought in all experiments wherever 
possible. There should be significant 
advantages in using closed systems. 
Therefore reliable He3/He4 analysis 
is required. 

Professor Bockris said that this 
meeting, and particularly the work of 
Scott, had convinced him that there 
were two mechanisms operating, one 
to produce heat and the other to pro-

duce tritium. His dendrite mechanism 
for tritium, requiring 109 volts/cm, 
was now theoretically credible follow
ing the paper presented by Y .E. Kim 
of Purdue University, on the screening 
of D-D interactions on surfaces and at 
tips of the protrusions from the sur
face. With the new funding available 
to him, Bockris is going to make den
drites of known geometry and under
take long term measurements looking 
for gamma emissions , tritium and 
heat, simultaneously. 

Conclusions In his summing up 
Fleischmann made reference to a 1934 
letter to Nature by Rutherford and his 
colleagues in which D-D fus ion was 
postulated (4). He then summarised all 
the areas where apparent evidence for 
solid state fusion had been obtained 
during the past year, namely: excess 
enthalpy, bursts in enthalpy; tritium, 
bursts in tritium; neutrons, bursts in 
neutrons; X-rays, gamma rays and 
bursts in these. He recommended that 
emphasis should now be concentrated 
on confirming reaction products, such 
as He•. New theories were emerging, 
but one year was too short a time in 
which to have fully evaluated them. 

After his brief talk there was a 
standing ovation from the 200 dele
gates, almost all of whom had re
mained in attendance until 5:00 pm on 
the Saturday afternoon! Only a few 
sceptics remained seated. Undoubt
edly much more work will be exe
cuted and discussed before all of the 
essential variables necessary to repeat 
the effects on demand are clarified. 
The full consequences, both scientific 
and technical, can be properly 
assessed only when all the significant 
variables have been identified. 
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The Secondary School 
Teachers' Column 
l'he reports of Northeastern Section 
high school students winning the 
Ashdown Awards , go ing on to the 
Chemistry Olympiad and bringing 
home medals from competitions with 
the world' s best chemistry students has 
given us a feel ing that something is 
going very right in secondary school 
chemistry teaching here. The interest 
in high school chemistry teaching is 
also apparent from a limited survey of 
NUCLEUS readers. As a result , we 
have asked several teachers to write 
columns for the NUCLEUS and will 
welcome columns submitted by others 
who wish to write. 

Our kick-off column in this new 
series is by Dr. Wallace J. Gleekman 
who teaches at Brookline High School. 
A long-time member of this Section, he 
has won the Hill Award for service to 
the Section, and has received many 
awards fo r teaching , including the 
James Bryant Conant National Award. 
Here he chooses to describe a labora
tory experiment that has interest to 
both students and teachers. 

Popcorn Chemistry: A Lab for 
Investigation and Ingestion 
The high school chemistry laboratory 
is a place where students draw on their 
ability to accumulate data and make 
observations which, by analysis and 
calculations, lead to the formation of a 
conclusion. A laboratory exercise, 
simple in design, can be used to show 
students some relevant experimenta
tion used in the real world. Students 
should be able to develop an under
standing of chemical processes 
through first-hand observable experi
ences while enjoying a "fun" lab. 

Many chemistry teachers at the 
high school level conduct an experi
ment determining the percentage of 
water of hydration in crystals (the 
most popular crystal used is hydrated 
cupric sulfate). A follow-up experi
ment employing many of these same 

Brookline High School students performing 
popcorn experiment. (Photo by Gleekman) 

techniques turns the lab into a fun 
place to be. 

Students are aware that popcorn is 
a corn product yet very few know the 
principles involved in its processing. 
They may see the "popper" at movie 
theaters busily spewing out the puffy 
morsels of corn but may not realize 
the mechanism by which the product 
is made. Some students may not even 
care how it is made as long as they get 
to eat it. 

This experiment combines the 
best of both worlds- a laboratory 
experiment which the teacher can 
enjoy because students apply knowl
edge previously learned and obtain 
results within acceptable limits of 
error and which the students enjoy 
because they can get to eat the experi
mental results. 

As with any chemical experiment, 
proper safety precautions should be 
used: safety goggles and lab aprons 
are a must. Also, new beakers must be 
used so that no chance of a chemical 
residue remains in a beaker from a 
prior experiment. Since this experi
ment may be done for several classes 
it may be wise to set aside special 
beakers for this experiment alone. 
Materials used: a 400 mL or 600 mL 
beaker, a piece of aluminum foil to fit 
and overlap the mouth of the beaker, 
cooking oil, popping corn, a balance 
and the apparatus needed to heat the 

continued on page 16 
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Popcorn 
continued from page 15 

experiment (burner, ringstand, ring, 
wire gauze and beaker tongs). 

Students weigh an empty beaker 
and the aluminum lid. They add 40 
kernels of popping com to the beaker 
and weigh the beaker, lid and kernels. 
They can now determine the mass of 
the kernels. Enough oil is then added 
to just cover the kernels and the beak
er and contents are reweighed. The lid 
is placed snugly on the beaker and the 
foil is pierced with a sharp object (a 
pencil will do) to make several small 
holes. The beaker is then heated to 
pop the corn. To avoid burning the 
popcorn, the burner should be moved 
around the bottom of the beaker to dis
tribute the heat evenly. As the oil is 
heated the com will start to pop. When 
most of the kernels have exploded the 
heat should be reduced to avoid burn
ing and scorching the com. The beaker 
is removed from the ringstand and the 
lid taken off to allow the steam to 

escape. The beaker is cooled to room 
temperature. 

Since popcorn is a cereal grain 
(seed) it consists of three main parts: 
the pericarp (the hull or outer cover
ing), the germ (the part that sprouts) 
and the endosperm (the starch or 
stored food material for the seed). 
Popcorn acts the way it does because 
of the special construction of the peri
carp and the microscopic structure of 
the endosperm. 

Popcorn has an extra strong peri
carp. This tough protective layer acts 
like a seal and holds in the steam until 
the pressure inside increases and the 
kernel explodes. If the pericarp has 
been cut or cracked during processing 
it will not pop properly. 

Com has two types of endosperm, 
translucent and opaque. The expansion 
or popping takes place in the tightly 
packed translucent endosperm. Pop
ping com contains mostly translucent 
endosperm which is better for popping 
while regular corn contains mostly 
opaque endosperm. 

As the kernel is heated (in oil 
which is typically at 260°C) the inter
nal water turns to steam and the pres
sure rises. When the temperature 
inside the kernel climbs above 100°C 
all the water might be expected to tum 
to steam. In fact, only a small amount 
vaporizes because enough pericarp 
acts like a pressure cooker and the 
boiling point of water increases. 

The steam and superheated water 
penetrates the starch granules and 
transforms them into gelatinized glob
ules. At about l 75°C, when the pres
sure inside the kernel is about 9 
atmospheres (600 torr or 132 P:s.1.), 
the pericarp ruptures and the kernel 
explodes. The gelatinized globules, 
reduced to normal pressure, expand, 
forming a network and solidify, pro
ducing the fluffy solid that we eat. 

Students weigh the cooled beaker 
and popped corn. The oil used will 
cling to the popcorn, lid and beaker. 
Students should be able to determine 
the mass of water lost and calculate 

continued on page 21 
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Health and SafetyonMyMind 
Risk Assessment: EPA on the Defensive at 200th ACS Meeting 

by M.A. Solstad 

The EPA may be riding high on Capitol 
Hill, but increasingly the mainstream 
scientific community is calling its risk 
assessment protocols into question. 

The lead article by Paustenbach in 
the July issue of the Journal of the 
American Industrial Hygiene Asso
ciation sharply criticized the mathemat
ical model used by the EPA to calculate 
risk at very low exposure levels, as the 
least valid among half a dozen possible 
mathematical models.( 1) 

An award winning article in the 
August issue of Food Technology was 
more gentle in its criticism in "Assess
ing Risk: A Risky Business".(2) The 
October issue of Chem Tech had an 
article by Bruce Ames, chosen by 
readers as their most significant article 
of 1989.(3) Almost any Ames article 
in the last few years has been critical 
of the Ames test when used to predict 

carcinogenicity . These are papers I 
have come across without any effort to 
research the topic; and I've heard in 
convention conversations of many 
others. This is saddening, yet gratify
ing to me, as I've privately questioned 
EPA procedures the last few years. 
During the course of an EPA con
ducted workshop for industrial 
hygienists a few years back I heard 
an EPA spokesperson describe their 
risk assessment procedures. I was 
appalled, as it seemed so foreign to 
what I had been taught of scientific 
procedure. Very briefly, there are five 
or six steps to risk assessment, starting 
with animal or cell culture toxicity 
studies, through exposure estimates, 
both in terms of concentration and 
time, through the numbers who might 
be exposed, to the mathematical 
model used to extrapolate to low 

doses. At each stage, if there is a pos
sible range to the results, the higher 
bound is selected, rather than the mean 
or lower bound. Acceptable risk is 
selected as no more than lQ-6. After 
half a dozen steps, the result is one 
that differs from that which might be 
obtained by using the mean at each 
step by three to six or eight orders of 
magnitude; using the low bound end 
of the range for each step can even 
produce a zero risk assessment. 

At the ACS 200th Meeting in 
Washington this August, in the Presi
dential Plenary Session, F. Henry, an 

· EPA spokesman was pitted against 
Bruce Ames. It seemed an uneven con
test. Dr Ames admitted he had come 
180° since he developed the Ames test 
for assessing mutagenicity, and presum
ably carcinogenicity, in bacteria, and by 
extension, animals and man. Briefly his 
argument is that the test itself causes 
cancer. This deserves a bit of explana
tion. Cells that are not dividing do not 
develop cancer. Cancer occurs only in 
dividing cells, by definition; cancer is 

continued on page 18 
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Health and Safety 
continued from page 17 

uncontrolled cell division. Cells that 
have been damaged are replaced by 
new, growing cells. In toxicity tests the 
animal is challenged with a long term 
exposure just below the MTD (maxi
mum tolerated dose), but still very 
toxic, and damaging to the organism. 
The damaged cells are replaced by new, 
and therefore just divided, cells. Over a 
long term study this gives many oppor
tunities for uncontrolled cell division or 
cancer to develop. Therefore the test, 
independent of the chemical tested, is 
carcinogenic. 

The Chemical Health and Safety 
Division devoted one and one-half 
days at the 200th Meeting to a 
Symposium on "Risk Assessment· 
Uncertainty, and Past and Futur~ 
Challenges". Other divisions also had 
risk assessment on the agenda. 

The first session discussed the var
ious mathematical models for extrap
olating dose response curves to 
exposures five orders of magnitude 
below available biological data. It was 
quite clear the speakers did not trust the 
protocol generally used by the EPA. 

The next day's sessions were even 
more troubling. Karch suggested that 
"current practices (in risk assessment) 
lack biological plausibility". Wilson 
said "Risk assessment resembles ... 
professions ... (where) the practitioners 
must recommend courses of action 
even in the absence of information. 
(There are) default assumptions (that) 
bridge information gaps ... It comes as 
no surprise that some of these default 
assumptions may not be based on the 
soundest of science". 

Many of the doubts were thus 
couched in gentlemanly scientific prose. 
And so it went throughout the day. 

The gist of two of the factors that I 
recall affecting biological plausibility 
were [ 1] In one type of test for carcino
genicity, all precancerous tumors were 
once counted as cancerous, whereas 
more careful work has shown these are 
benign. [2] One frequently used strain 
of male rat very often develops kidney 
tumors in tests for carcinogenicity; the 
positive results have not been repli-
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cated in either the female rat of this 
strain, nor any other rat strain, nor any 
other test animal. The metabolic fate is 
unique to this strain of male rat. 
Additional biological complications 
include intraspecies variability, in par
ticular human variability. 

As for the default assumptions 
that are scientifically suspect, they 
include [ 1] Interspecies extrapolations 
of dose-responses. [2] Estimating 
human exposures to airborne toxins. 
An example of the former, it is not 
unusual to have TD50 vary by a factor 
of 100 between rats and mice. Com
plicating the latter is that whereas 
most human exposures are to mix
tures, many quite complex, almost all 
toxicity tests are on the pure sub
stance. Further factors might include 
variable activity of various isomers, 
and structure- activity assumptions. 
And one can assume all kinds of prob
lems in getting an accurate fix on a 
human population's exposure to envi
ronmental contaminants. 

A most critical factor would seem 
to be the mechanism of cancer induc
tion. The Delaney amendment, requir
ing zero tolerance for carcinogens, is 
the heritage of the early researchers 
who believed even one molecule could 
initiate a lethal cancer. It is now clear 
that cancers are much more com
plicated. Some chemical carcinogens, 
such as cigarette smoke, are very 
potent, others much less so by many 
orders of magnitude. Whatever the 
trigger, there are many mechanisms, 
many of them multistep, with possibil
ities for biological repair at many of 
the steps. There are also a multitude of 
transport and metabolic pathways 
between exposure to a toxin, and dose 
at the site of action, or target organ. 

Dr Ames has found that about 
half the synthetic, and half the natural 
chemicals tested in animals have 
caused cancer. Yet the human expo
sure and dose is such that few of these 
are causing cancer (outside of test sit
uations, and occupational exposures). 
The majority of cancers seemed to be 
caused by hormonal changes, diet, 
sexual practices, smoking and other 
life style factors. (3) 

Another major fault may be the 

past failure of the regulatory process to 
include human epidemiological data 
(usually occupational) in their "equa
tion". In 1982 the risk assessment for 
workers occupationally exposed for 40 
years to 20 ppm EDB (ethylene dibro
mide) was said to predict almost 100% 
development of cancer. Actual occupa
tional exposure at 20 ppm over 15-25 
years produced no cancers. (1) p.344. 

Considering the costs in time, dol
lars and physical, legal, and paper
work expended in the efforts of 
American industry to meet EPA'regu
lations, not to mention the public fear 
generated, it behooves us to have risk 
assessments as accurate as possible. 
Considering the punitive fines EPA 
can level, it is even more urgent. Some 
may say "the people, through Con
gress, insist that such and such be reg
ulated to such and such a level" But 
they are dealing with information pro
vided by EPA. 

I have colleagues in EPA who 
have long questioned, unofficially, the 
risk assessment protocols. At certain 
levels it must be very difficult to ques
tion the process. There is ample 
evidence in the literature that the 
problem is being approached. And 
witness the recent downgrade in the 
risk assessment for dioxin.(1 ) Is it pos
sible we did not have to evacuate 
Times Beach? Colleagues in OSHA 
question the scientific rigor of their 
EPA counterparts. 

I suggest you further inform your
self (issues of Science from 1987 on 
and Environmental Health Perspec
tives). Then contact your congressman 
and let them know there are good sci
entific reasons to doubt EPA's figures. 
If they are wrong, in whichever direc
tion, society is paying a substantial 
price; in possible illness on the one 
hand, or in fearmongering headlines, 
bankruptcies, lost jobs, futile quests 
for elusive goals of <1 ppb, and puni
tive and unjust fines on the other. 

(!) Paustenbach, D.J., "Health Risk Assess-
ments and the Practice of Industrial 
Hygiene". J.A.I.H.A. 51, 339-351 (1990) 

(2) Sugarman, C., "Assessing Risk: A Risky 
Business". Food Technology, 60-64 (Aug 
1990) 

(3) Ames, B.N., "Chemicals, Cancers, Causalties, 
and Cautions". Chem Tech 19, 590-598 (1989) 

Dialog vs. ACS 
Various sketchy items of information 
have been provided by C&E News, and 
by direct mailing from both parties to 
this suit to Councilors and perhaps 
other members. Until the ACS counsel 
filed its response on August 31 detailed 
statements could not be made about 
the ACS response to the suit. Jn the 
October issue we published some 
information concerning electronic 
information services with special refer
ence to Chemical Abstracts to provide 
background information in this fie ld. 
The following is an Overview of the 
ACS position concerning this lawsuit. 
An abbreviated version was given 
orally to Councilors at the August 29, 
1990 Council meeting in Washington, 
DC. Now that the filings have been 
made the veil can be lifted and the ACS 
position communicated to members. 

Ed. 

Overview 
Dialog Information Services, 
Inc. v. American Chemical 
Society 
At the heart of the $150 million law
suit that Dialog has filed against the 
American Chemical Society is Dia
log's insistence that ACS should be 
required to share with it connection 
table data from ACS ' s Registry and 
give Dialog direct online access to 
ACS ' s prestigious Chemical Ab
stracts, which in hard copy form has 
been the exclusive province of ACS 
and an essential part of its work since 
1907. It is well-established in Amer
ican jurisprudence, though, that one 
does not have any duty to share the 
fruits of his or her own labors with 
anyone, and most particularly with 
one 's competitors. Indeed, the law 
fully recognizes that innovation and 
competition are ordinarily best served 
by permitting innovators and competi
tors to reap the full benefits of their 
own labors, without any requirement 
that they share those benefits with the 
less insightful or productive. 

Dialog seeks to circumvent this 
fundamental public policy by its claim 
that ACS ' s connection table data and 
its computerized chemical abstracts 
have, through government funding 
received between 15 and 25 years ago, 
been incorporated into a single com
prehensive database that Dialog 
describes in its complaint as the 
Chemical Registry System Database 
("CRSD"). Dialog goes on to contend 
that, by virtue of the government's 
role in the creation of this purportedly 
single database, the database should 
be deemed an "essential facility" and, 
as such, access to all of its files should 
be given to any entity which wishes to 
exploit them for its own commercial 
purposes. In support of its contention, 
Dialog seeks to rely both on the 
antitrust laws and on specific language 
contained in the government contracts 
under which the alleged CRSD was 
supposedly created. Dialog' s claims, 
however, are without merit for a myr
iad of reasons. 

First, Dialog chooses to use the 
acronym CRSD as it does in an effort 
to breath life into its essential facility 
argument. Dialog contends that this 
supposedly single and unified database 
sprung magically and full blown into 
existence under government contracts 
awarded some 15 to 25 years ago. In 
fact, the information Dialog seeks 
access to is contained in a combination 
of separately created, produced and 
maintained databases, many of which 
existed for many years before any 
thought of ACS's entry into the online 
computer search business and were 
gradually added to ACS' s CAS 
ONLINE® service, from among a 
larger universe of ACS databases, over 
a period of years, as ACS expanded 
and improved its online service from 
its very modest inception in 1980. 

The notion that the contribution of 
some federal funding to the effort of 
computerizing some of these databases 
somehow makes the whole combina
tion of databases a national resource is 
even less justified. The awarding of 

those government funds occurred long 
ago and represents only a minuscule 
portion of the total funding involved in 
the development and maintenance of 
the databases Dialog seeks access to. 
The vast majority of the funding for 
those files has come from the reve
nues generated by ACS 's Chemical 
Abstracts Service and its publishing 
and information services. Moreover, 
the government contracts involved cer
tainly do not mention any obligation to 
make any databases available to 
Dialog or to any other vendor of online 
databases, even though ACS has in 
fact done so. They only require that the 
products of those contracts (primarily 
software used to computerize existing 
files ) be used to make information 
available to the public, something that 
ACS views more as a mission than as a 
mere contractual obligation. 

Further, whether viewed as one 
database, or as a combination of 
databases, ACS's files are clearly not 
an essential facility within any eco
nomically meaningful sense of that 
term or as that phrase is used under 
the antitrust laws. Rather, ACS' com
puterized files are simply one among a 
number of alternative and supplemen
tal means by which users can identify 
primary scientific and technical infor
mation. As ACS has learned through 
hard marketplace experience, the 
majority of potential customers for 
CAS ONLINE® prefer a service with 
a broader range of scientific and tech
nical topics in its database menu than 
ACS is able to offer through the 
databases that it produces itself. It 
was, thus, not until ACS combined 
with government sponsored database 
producers in Germany and Japan to 
offer an expanded range of scientific 
and technical information through 
their collective STN International® 
online service, that ACS began to pen
etrate in any significant fashion the 
online computer search segment of the 
scientific and technical information 
market, which Dialog ironically to this 
very day continues to dominate. 

The critic al importance that 
Dialog now attempts to attach to con
nection table data and chemical 

continued on page 21 
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Dialog vs. ACS 
continued from page 19 

abstn1cts is further belied by the fact 
that ACS, for years, licensed its con
nection table data to Dialog and 
offered to license certain of its 
databases containing roughly 50% of 
its chemical abstracts. Dialog, how
ever, expressed no interest at the time 
in putting any of these databases 
online, using the connection table data 
only to derive ring analysis data, 
which it apparently deemed to be 
more important to its users than con
nection table data in permitting them 
to do structure and substructure 
searching . It was only after STN® 
began to become an important factor 
in the scientific and technical informa
tion market, and ACS decided to with
draw the license for connection table 
data, that Dialog purported to realize 
the full importance of connection table 
data and chemical abstracts. 

Indeed, the timing and nature of 
Dialog's suit leads one to the inescap
able conclusion that one of Dialog's 
real purposes in filing its action 
against ACS is to curb the threat that 
the STN® service has begun to pose to 
Dialog's market dominance . Addi
tionally, Dialog's suit appears to be an 
effort to avoid the payment of more 
than an estimated $10,000,000 to date 
in licensing fees and royalties that 
ACS had recently begun serious 
efforts to collect and that ACS be
lieves Dialog has sought to avoid 
through a number of artifices and 
stratagems. 

Dialog would, thus, have the 
Court force ACS to surrender the 
fruits of ACS 's own labors and 
deprive ACS of any ability to offer a 
competitively attractive competing 
online service, while Dialog presm:ri
ably would defend its own ability to 
do the same thing by depriving ACS 
of access to more than 65 scientific 
and technical databases for which 
Dialog has exclusive rights . Dialog, 
indeed, does not desire any kind of 
level playing field but, rather, one that 
is tilted decidedly in its favor. 

The reality is that Dialog has not, 
in fact, been crippled as a competitor 

by any of the acts of which it com
plains . In addition to the more than 
300 databases that Dialog offers 
through its own online service, that 
service has many innovative and 
attractive search features and, indeed, 
at least according to its own advertis
ing, Dialog's service already offers 
full structure and substructure search
ing, even without ACS 's connection 
table data. While STN® has made 
some recent inroads into Dialog's 
dominant position in online computer 
searches for scientific and technical 
information, and that obviously has 
begun to cause Dialog concern, the 
fact is that, to date, "some inroads" is 
all that ACS has achieved. Dialog is 
still the dominant provider of such ser
vices and hardly is in position to 
accuse ACS of being a monopolist. 0 

Editor's 
Corner 
The controversy surrounding "Cold 
Fusion" brings to mind a Danziger 
cartoon in The Christian Science 
Monitor some months ago showing 
some men engaging in fisticuffs over 
Cold Fusion with balloons having one 
group, labeled 'Chemists' say: "It is 
so", and another, labeled 'Physicists' 
saying: "No, it ain ' t". 

Some unexpected developments 
have occurred just as this issue goes to 
press : It has been reported that Prof. 
Pons has unexpectedly left the country 
after obtaining on very short notice a 
year's leave of absence from the 
University of Utah. Apparently he has 
left for an extended stay abroad 
because he is reported to have put his 
house up for sale. He is expected to 
attend a meeting on November 7 in 
Utah on "Cold Fusion" but has 
declined to produce his original data 
on the basis of pending patent matters. 
Has the controversy surrounding this 
field produced more heat, and his 
experiments less than he can face? 

No doubt, Prof. Wrighton will be 
able to bring us up to date on these 
developments. 0 

Aula Laudis 
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the mass of water lost as a percent of 
the original mass of the kernels . 
Should any kernels remain unpopped, 
their weight should be subtracted from 
the original mass and the final mass. 

Students should be able to con
struct a table showing the data 
obtained as well as a table for their 
calculations. At the end of the experi
ment students eat their results. 

To add a measure of unpredicta
bility to this experiment, students may 
use different brands of popcorn. They 
may discover a difference in the water 
content. The best quality popcorn 
seems to contain 19-22% water. 

A copy of this experiment may be 
obtained from the author. 0 
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A Brief History of RBI 
In 1980 John Neumeyer and Evelyn 
Friedman decided to form a business 
to market four or five dopamine ago
nists and antagonists which John had 
developed at his Northeastern Uni
versity laboratory. In the past, John 
had distributed research samples of 
these compounds to fellow scientists, 
but the demand for these products 
(specifically the dopamine agonist 
NP A, N-n- propy lnorapomorphine) 
became too great to continue to supply 
free of charge. Research Biochemicals 
was incorporated to supply the grow
ing needs of the neuroscience commu
nity and, at the same time, sponsor the 
research of graduate students working 
in John's medicinal chemistry group at 
Northeastern University. 

Within a year profits from RBI 
sales were able to support one part
time student and by 1982 Evelyn had 
left her teaching position to handle all 
necessary activities of the company 
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outside of the laboratory and become 
its first President. John continue in 
his academic duties as Professor of 
Medicinal Chemistry and Chemistry at 
Northeastern University while taking 
on new responsibilities at RBI as 
Chairman and Scientific Director. 
During this time RBI licensed one of 
its first significant products to Ayerst 
Laboratories in Montreal-the dopa
mine antagonist ( + )-B utaclamol and 
its inactive (-)-enantiomer. 

The RBI strategy was, and is , to 
continually broaden its product line 
while maintaining the highest stan
dards of product quality and purity. 
The first catalog was a single mimeo
graphed page. By the end of 1984, the 
catalog had expanded to eight pages 
and the company had three employees. 
The business was filling a critical need 
and besides supporting John's 
research laboratory, it had taken on a 
life of its own. 

While research was conducted at 
space leased from Northeastern 
University, the administrative side was 
carried out in the home of John and 
Evelyn in Wayland. Gradually, the 
basement and converted playroom 
became too full and crowded for the 
expanding needs of RBI. In 1986, they 
leased 2,000 square feet of space at 9 
Erie Drive in Natick which they 
thought would last at least five years. 
Two more staff members were hired 
and a small laboratory for quality con
trol and organic synthesis was added 
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at the premises . Having again out
grown the facilities, on June 15, 1990 
they moved into their own newly ren
ovated build-ing which encompasses 
over 10,000 square feet of officeand 
laboratory space at One Strathmore 
Road. The soon to be published 1991 
Catalog/ Handbook will contain a list
ing of over 600 products. 

RBI and its scientific staff have 
been extraordinarily successful in 
attracting government funding, espe
cially Small Business Innovation 
Research (SBIR) Grants . Since 1986, 
RBI has received seven Phase.J and 
five Phase II research grants from the 
National Institute of Mental Health, 
the National Institute of Digestive and 
Kidney Disorders, the National 
Institute of Neurological Disorders 
and Stroke, the National Institute of 
Alcohol and Drug Abuse, the National 
Science Foundation and the Depart
ment of Energy . These grants have 
greatly facilitated the development of 
new products which have and will 
continue to play a critical role in stud
ies dealing with the cause and treat
ment of disorders such as Alzheimer's 
and Parkinson diseases, drug addiction 
and basic brain research They were 
particularly pleased when, on July 19, 
1990, they were awarded a major con
tract from the National Institute of 
Mental Health entitled "Synthesis of 
Chemical Compounds Relevant to the 
Field of Psychopharmacology". 

The dedicated staff continues to 
increase and now can proudly boast 
thirty qualified full and part-time 
employees . The success of RBI is 
partly due to its efforts to remain on 
the cutting edge of the exciting neuro
science arena by offering unique and 
exclusive products required for neuro
science research <> 

Readers: 
Please donate your copies 
of the NUCLEUS to your 
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CONSULTANTS 

OSHA AND SARA Ill COMPLIANCE for 
small business. Hazard communication 
manuals and Worker Right to know train
ing tailored to your company; MSDS 
editing and review. Community Right to 
Know filings . Certified industrial hygien
ist; experience in toxicology, indoor air 
pollution , risk management. Solstad 
Health and Safety Evaluations 
(617)631 -47 48. 

Biotechnology Product Commercial
ization is our specialty. Experienced pro
fessional assistance in technology eval
uation, development and production of 
biosensors, diagnostics and therapeutics. 
Manufacturing scaleup, pilot plant design 
and facilities renovation design. Afford
able , low cost, no overhead. Technical 
Evaluations (617)862-0890 

CUSTOM PC SOFTWARE for laboratory 
automation and instrumentation. Special
ist in instrument interfacing and lab au
tomation (including robotics) will config
ure a PC to control your instrumentation. 
Software written tailored to your needs. 
Call Analytical Instrumentation Software, 
Arlington , MA (617)648-0157. 

SERVICES 

LABORATORY AUTOMATION. Off-the
shelf and custom software for PC and 
PDP-11 . Laboratory instrument inter
facing and data acquisition . Inorganic 
CLP reporting . R.N. Stillwell, Scientific 
Computer Applications, (617)275-2964. 

COMPUTER WIZARD at your service! 
DEC VAX and IBM-PC computer pro
gramming, with an emphasis on research 
aids and laboratory automation. If you 
can ' imagine' it, I can do it. Douglas J. 
Wilkening (617)738-4330. 

COMPUTER SIMULATION and PROP
ERLY planned experimentation can make 
your research, development and produc
tion efforts highly cost effective, while 
producing pertinent and quantitative in
formation . We specialize in this area. 
Contact: Szonyi Associates 
(617)862-8385. 

MOSSBAUER SPECTROSCOPY char
acterization of iron, tin, antimony, eu
ropium, and gold in catalysts, zeolites, 
doped semi and superconductors, geo 
and hydrothermal scales, corrosion, coal 
and environmental specimens, magnetic 
recording media, coordination com
pounds. Determination of oxidation and 
spin state, quality control. Transmission 
and surface backscatter spectra. Moss
bauer Spectroscopy Consultants, P.O. 
Box 1003, Burlington, MA 01803. 
(617)272-5023. 

THE NUCLEUS 
BUSINESS DIRECTORY 

The Nucleus Business Directory is pro
ducing results for our advertisers and for 
our members. 

A career opportunities advertiser said •we 
received more qualified resumes from 
our Nucleus ad than we did from th• 
Globe. We will recruit fhru the Nucleus 
again.• 

A consultant said •/ only received a few 
responses In fhrH months, but I won a 
mu/fl-month contract from one of them, 
please keep running my ad.• 

You can increase your sales leads or find 
highly qualified personnel by advertising 
in this business directory. The section 
includes consultant, career opportunity, 
services and product ads. 

Call TOM NUGENT AT: 
(617-837-0424) 

!CAREER OPPORTUNITIES·! 

MARINE COATINGS 
DEVELOPMENT 

Opportunity In coatings research for an 
organic or polymer chemist (MS level pre
ferred). Excellent laboratory skills a must. 
Waterborne coatings experience desirable. 
U.S. citizenship Is required. 

S•nd r .. um .. In confidence to: 

Cape Cod Research Inc. 
P.O. Box 600, Buzzards Bay MA 02532. 

Principals only, no phone calls please. 
An equal opportunity employer. 

Place your business directory ad here. 

WANTED 
KEY VOLUNTEERS FOR 

The NUCLEUS 
• ONE ASSOCIATE EDITOR -- FEATURES 
• SEVERAL WRITERS AND AUTHORS 

The NUCLEUS is an extremely well re
garded publication . Our members and 
other Section newsletters around the 
U.S. have given it many kudos. 

Now is your opportunity to join the excit
ing team that produces The Nucleus. A 
recently conducted survey of our mem
bers has shown that more feature arti
cles and several special 'columns' are 
wanted . We would like to provide this 
service to our members and therefore 
need to expand our volunteer staff. Vol
unteers who can donate 5 to 10 hours 
per month will help us reach our goals . 

Call Arno Heyn at (617)969-5712 
for further information. 

THE NUCLEUS 
BUSINESS DIRECTORY 

The Nucleus Business Directory is pro
ducing results for our advertisers and for 
our members. 

One consultant said •1 only received a 
few responses In three months, but I 
won a multi-month contract from one of 
them, please keep running my ad.• 

A career opportunities advertiser said "We 
received more qualified resumes from 
our Nucleus ad than we did from the 
Globe. We will recruit thru the Nucleus 
again.• 

You can increase your sales leads or find 
highly qualified personnel by advertising 
in this business directory. The section 
includes consultant, career opportunity, 
services and product ads. 

Call TOM NUGENT AT: 
(617-837-0424) 
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