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OurnewHPLC 
is built on an 
excellent foundation. 

ThOLNl!lds of HP 1090 tt'>ers acclaimed 
its perionnanee and ('onsidered it 
a hreaktlmlugh. However~ wc weren't 
satisfied. So we developed the HP 
10!-JO Series II. 

At cwry stcp, wc asked ourselvcs 
how we ('ould inercase pe1fonnan('e. 
So Wl' gavc it a new diode-array 
clPtpdor with enhan('ed sensitivity 
and spectral resolution for improved 
tran'-IPV<'l detcl'tion and l'ompound 
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identification. Plus new automated 
optimization software which, eom
hined with the new quaternary solvent 
delivery system, speeds methods 
development. 

We designed it for working inte r
adively with chromatographi(' and 
spel'tral data while data acquisition is 
underway We automated cverytlting 
from sample preparation to archiv
ing - with convenient , single-

•' 

keyboard control. And of course, 
we hack it with first-ranked HP relia
bility, servil'e and support to kPPJl 
performance high. 

Call l 800 556-1234, Ext. 10238 
for more infom1ation. In California, 
l'all l 800 441-2345, Ext.10238. 

F//'QW HEWLETT 
~/!JI PACKARD 

.. 

.. 

I ' 

' . 

The Northeastern Section of The 
American Chemical Society Inc. 
Office: Karen Piper, 19 Mill Road, 
Harvard, MA 01451, in 617 area 
1-800-872-2054; (508) 456-8227 
Any ACS Business may always be conducted 
via the business office above . 
Washington, D.C. ACS Hotline: 
800-227-5558 

Officers 1991 
Chairman 
Charles E. Kolb, Jr. 
Aerodyne Research Inc., 45 Manning Rd. 
Billerica, MA 01821, 508-663-9500 

Chairman-Elect 
Katie Stygall 
Bradford College 
Bradford, MA 01830, 508-372-7161 ext. 311 

Immed. Past Chairman 
E. Joseph Billo 
Chemistry Dept., Boston College 
Chestnut Hill, MA 02167, 552-3619 

Secretary 
Michael J. Hearn 
Chemistry Dept., Wellesley College 
Wellesley, MA 02181, 235-0320 ext. 3127 

Treasurer 
James Piper 
Simmons College, 300 The Fenway 
Boston, MA 02115, 738-2181 

Auditor 
Anthony L. Rosner 
Chemistry Dept., Brandeis University 
Waltham, MA 02154, 736-2000 

Trustees 
Phyllis Brauner 
Adrienne S. Dey 

John L. Neumeyer 

Councilors Alternate Councilors 
Term expires 111192 Term expires 111192 
Catherine Costello Emily Dudek 
Esther A.H. Hopkins Patricia L. Samuel 
Truman S. Light Alfred Viola 
Janet Perkins Valerie A. Wilcox 

Term expires 111193 
Mary Burgess 
Adrienne S. Dey 
Esther B. Garber 
Thomas R. Gilbert 

Term expires 111194 
Michaeline F. Chen 
Amo H.A. Heyn 
John L. Neumeyer 

Term expires 111193 
E. Joseph Billo 
Wallace J. Gleekman 
Mary Ann Solstad 
Robert Stolow 

Term expires 111194 
Ernest I. Becker 
Doris I. Lewis 
Myron S. Simon 

Committees, the editor of .... 
All Chairmen of standing A 
THE NUCLEUS, and the . ~ 
Trustees of Section Funds ? 
are members of the Board 
of Directors. Any Coun-
cilor of the American 
Chemical Society residing within the section 
area is an ex officio member of the Board of 
Directors. 

Contents 
NESACS Committees, 1991 

Monthly Meeting ______________ _ 
David W. Ellis to speak on "The Science Museum; Its Role for 
Improving Science Literacy 

The Professional Relations Column 

Board of Directors' Minutes, November 8, 1990 

Report of Mark S. Wrighton's Talk 

4 

5 

7 

9 

at the December Meeting ____________ _ 10 
"Cold Fusion" and Electrocatalysis: Dreams and Reality 

Environmental Chemistry Column 11 
Charles W. Kolb, Jr. addresses the question "Why is there Air?" 

The Secondary School Teachers Column _______ 13 
Monty Wells describes a "Cents-ible" Experiment 

Norris Summer Scholar's Report __________ 16 
James E. Dowling writes about Benzylation of 
I-Benzylidene-3-Pyrazolidinium Oxides 

Mercury: Stone Age Metal ____________ 19 
James V. Thompson gives a historic overview of mercury production 
and use. (Reprinted from the California Section's "The Vortex") 

Cover: Museum of Science, Boston, MA 

Deadline: April issue: February I6, 1991 

THE 

NUC::LEUS 
Dedicated to the Memory of James Flack Norris 
Published monthly from October to May by the Northeastern 
Section of the American Chemical Society, Inc. 

The Nucleus is distributed to the members of the Northeastern Section of the American Chemical 
Society, to the secretaries of the Local Sections, and to editors of all local publications. Forms close 
for advertising on the 1st of the month of the preceding issue. Text must be received by the editor six 
weeks before the date of issue. 

Editor: Arno Heyn, 21 Alexander Rd., Newton, MA 02161, Tel: 969-5712 

Associate Editor: Myron Simon, 20 Somerset Rd., W. Newton, MA 02165, Tel: 332-5273 

Board of Publications: Michael E. Strem (Chair), Joseph A. Lima, Catherine E. Costello 

Business Manager: Russell F. McCann, JO Bassett St., Foxborough, MA 02035, 
Tel: 543-2155 

Advertising Manager: Vincent J. Gale, 56 Bartlett Island Way, Marshfield, MA 02050, 
Tel : 837-0424 

Contributing Editors: Edward Atkinson, History of Chemistry, Book Reviews; Maryann 
Solstad, Health; Cynthia McGowan, Calendar. 

Proofreaders: G. Richard Handrick, Donald Rickter, M.S. Simon 

Copyright 1991, Northeastern Section of the American Chemical Society, Inc. 

The Nucleus February 1991 3 



NESACS Committees for 1991 
(Numbers in parentheses indicate num
ber of elected members required) 
(* indicates chairperson) 
(e) elected by committee; (x) ex officio 

' Awards 
*William 0 . Foye 

Phyllis Brauner 
Arno Heyn 
Esther Hopkins 

Board of Publications (3) 
* Mike Strem 

JoeLima 
Cathy Costello 

Budget (5) 
* Jim Piper 

Joe Billo 
Chuck Kolb 
John Neumeyer 
Mike Strem 
Katie Stygall 

Chemical Education (University) 
* Cynthia McGowan 

Norris Summer Scholars 
Cynthia McGowan 
Undergraduate Research 

Symposium 
Emily Dudek 
Student Affiliates 
Marietta Schwartz 
Project SEED 

Chemical Education (High School) 

4 

* Dorothy Bagley 
Ashdown Examination Contest 
Steve Lantos 
Olympiad Examination Committee 
Josephine Parlegreco 
Aula wudis Society 
David Olney 
Phyllis Brauner 
Richard Coombs 
Wally Gleekman 
Lyman C. Newell Grants 
Laura Hallowell 

PROTECT 
Your Expensive Lab Work With SB 

Notebooks for Patent Protection 

Stock lotebDDks: #1500-AllJ 1rlglnll llld lilly dupll· 
cate1. lnllructloa1. 1/4" lqu1rn, lmY1 conr1. 

#B50DH ··lorlL llnn u lrlt. I lupllcatea. 
#B100P···111 Workp11a (II lupllcalll). lnllrUC· 

1111111. ll'llWI Wllll'!ll'DDI Clllll'I. 
#B200P-m WarQ1111. 1 /4" lqnm n II. I lelt Pl• 
#B200PH-m Wll'Qllll •• hl'lloldll llne1 lldJ. 

ALL STOCK BOOKS $9.50 EA. FOB CHI IL 
SCIENTIFIC BINDERY PRODUCTIONS 
1255 S. Wabash Ave. Chicago IL 60605 

(312) 939-3449 

The Nuc/eu> February 1991 

Chemical Education (Elementary) 
* Connie Senior 

Constitution & Bylaws 
* Arno H. A. Heyn 

Esther Hopkins 
Ted Light 

Membership 
* Iclal S. Hartman 

Nominating (5) 
*Joe Billo 

Tom Gilbert 
Wally Gleekman 
David Howell 
Mike Strem 

Program 
* Katie Stygall 

Professional Relations 
*Myron S. Simon 

Mary Burgess 
Leon Rubin 
Michaeline Chen 
Esther Hopkins 
Janet Perkins 
Chuck Kolb 

Public Relations 
* Yvette Dick 

Phyllis Brauner 
Continuing Education 

* Alfred Viola 
Ernest Becker 
Jim Hall 
Martin Idelson 

Legislative Affairs 
* Beth Duston 

Phyllis Brauner 
Public Service 

*Pat Samuel 
Phyllis Brauner 
Bette Bridges 
Esther Hopkins 
George Martin 
Mike Strem 
Carolyn Spodick 
Katie Stygall 
Valerie Wilcox 

Safety 
* Frank Wagner 

Secondary School A ward 
* Irwin Taub 

Carolyn Spodick 
Wally Gleekman 
Ron Harris 
Harry Stubbs 

Speakers Bureau 
* Mary Ann Solstad 

Archivist 
* Esther Garber 

NERM 23 (1993) 
* Tom Gilbert 

Summerthing 
* Michaeline Chen 

Catherine Byrne 
Emily McHugh 
Janet Perkins 
George Thomas 

Medicinal Chemistry Group 
* Patrick Gordon 

Retired Chemists Group 
* Ernie Becker 

Chemical Consultants Group , 
*Debra Saez 

Richards Medal (7) 
* Fred Greene 

Norman Lichtin 
Angelo Lamola 
Dudley Herschbach 
Ed Chandross ( e) 
Al Cotton ( e) 
Allen Bard (x) 

Norris Award (7) 
* Bob O'Malley 

David Haines 
Elmer E. Jones 
Marco H. Scheer 
? (e) 
? (e) 
Joseph Lagowski (x) 

Esselen A ward (7) 
*Myron Simon 

Bill Foye 
Ted Light 
Arthur Obermayer 
? (e) 
? (e) 
Michael Heylin (x) 

Corporate Patrons 
Du Pont Medical Products Department 
W. R. Grace & Company 
Chemical Research Division, 

Polaroid Corporation 

Corporate Sponsors 
Aerodyne Research, Inc. 
Cambridge Isotope Laboratories 
Duracell, Inc. 
Morton International 
Orion Research, Inc. 
Physical Sciences, Inc. 
Research Biochemicals, Inc. 
Strem Chemicals, Inc. 

February Meeting 
The 731st Meeting of the Northeastern Section 
of the American Chemical Society 

The Science Museum: Its Role in the Quest for 
Improved Science Literacy 
David W. Ellis, President, Museum of Science, Boston 
Thursday, February 14, 1991 
Simmons College, 300 The Fenway, Boston, MA 
All activities will take place in the Main College Building 

5:30 Social Hour: Special Function Room 
6:15 Dinner: Fens Dining Room 
7:30 Lecture 

Refreshments will be served after the program. 

Dinner reservations should be made no later than February 8, 1991. Please call Mrs. Karen Piper at 
(508) 456-8227 or (800) 872-2054. Reservations not cancelled at least 24 hours in advance must be 
paid. Members $21.00; Non-members: $23.00; Students and Retirees: $8.00. THE PUBLIC IS 
INVITED. 

Next Meeting: March 14, 1991 at Simmons College: Dr. Mildred Dresselhaus (Mass. lnstitute of 
Technology) will talk on Carbon Fibers 

Biography-
David W. Ellis 

A native of Huntingdon, PA, David 
Ellis attended the Governor Dummer 
Academ y and graduated from 
Haverford College in Chemistry . He 
received a Ph.D. from MIT in analyti
cal chemistry in 1962. From 1962 to 
1978 he was on the chemistry faculty 
of the University of New Hampshire 
and also had administrative appoint
ments culminating in 1971 in appoint
ment as Vice Provost and Vice 
Presi dent of Academic Affairs. In 
1978 he was President of Lafayette 
College in Easton, PA until last year, 
when he was appointed President and 
Director of the Museum of Science, 
Boston, MA. He has received a num
ber of research grants while at the 
University of New Hampshire, con
sulted widely and been active in the 
National Association of State 
Universities and Land Grant Colleges 
and the New England Associations for 
Schools and Colleges. He has received 
honorary doctorates from Lehigh and 
Susquehanna Universities , Ursinu s, 
Juanita an,d Lafayette Colleges. 0 

Abstract 
Science museums and science centers, 
cousins of their predecessors museums 
of natural history , provide directed 
environments for informal education in 
science. As such they play a significant 
role, and some would argue, an in
creasing role in motivating and educat
ing young people in science. Increas
ingly over the last 20 years, science 
mu seum s and science centers have 
embraced "hands-on" and "interactive" 
exhibits. Research has shown that such 
exhibits greatly increase visitor interest 
and understanding. The combination 
of physical objects, "hands-on" type 
exhibits, quality interpretation/explana
tion and various means of delivery pre
sents an effective learning environment 
for individuals and groups. Interactive 
chemistry exhibits are relatively rare 
while demonstrations are much more 
common. Informal museum learning 
complements well the formal education 
received by young people in school 
and the frequent presence of one or 
more family members enhances the 
experience. 0 

Letter to 
the Editor 
Re: Popcorn Chemistry: 
A Lab for Investigation and 
Ingestion, December 1990 
by W. Gleekman 
Sir, 

I could not believe it when I read 
it, and do not understand why the 
Editor of The Nucleus would permit 
an article to be printed in The Nucleus 
which lauds a chemistry experiment in 
a high school chemistry laboratory (or 
any chemistry laboratory) where the 
students EAT the materials they have 
just handled and used for experimenta
tion! The students are, however, 
required to wear lab aprons and safety 
goggles and to use beakers set aside in 
the laboratory for this experiment 
because-and I quote-"as with any 
chemical experiment, proper safety 
precautions should be used". 

"Cute" or "fun" as a trade off for 
safety is a game of roulette. Thi s 
experiment needs a warning label: 
Caution: May Be Hazardous To Your 
Health. 

Yours truly, 
(signed) Dr. Ruth Tanner 
Professor of Chemistry 
University of Lowell 

W. Gleekman Responds 
Professor Tanner: 

Ah, it is nice to know that some
one out there actually read the pop
corn experiment and I appreciate the 
comments. 

I trust that the specific special 
safety items for thi s lab were noted: 
new or never-before-used-for-any
other-experiment beakers were used, 
packaged aluminum foil (presumed 
clean) , oil (presumed pure) from the 
original container and popcorn kernels 
of various brands came directly from 
the jar/package and were placed on 
clean, new paper towels. Safety gog
gles and lab aprons are required in the 

continued on page 6 
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Gleekman Responds 
continued from page 5 

event the lid pops off and the oil spat
ters or the beaker falls and breaks (has 
never happened thus far but we never 
know, so it's better to be prepared just 
in case). 

At the beginning of the year stu
dents were told to never taste, smell or 
touch experimental results without the 
express instruction and permission of 
the teacher. The only unsafe procedure 
that I can think of in this lab is that the 
students do handle the kernels with 
their hands while counting them and, 
when popped, in transferring them to 
their mouths. 

Probably the most widely and fre
quently used chemistry laboratory in 
the world is the home kitchen and 
what dangers exist there! Water at 
about 100°C, oil at l 50°C or more , 
and dry heat at 190°C and sometimes 
up to 230°C. Most of the time aprons 
are worn but not too often are safety 
goggles employed. Accidents are 

ChemDesigrf 1coc1 
ChemDesign Corporation, 99 Development Rd. • • 
Fitchburg, MA 01420, U.S.A , (508) 345·9999 
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much more likely to occur there than 
in our chemistry laboratory. And, in 
some cases, depending on the skill of 
the experimenter, the kitchen results 
may be really hazardous to the health 
of the ingestor. 

The Home Economics Depart
ment has even considered using the 
same experiment for their "labs" but 
has been somewhat reluctant to 
become involved with the complicated 
weights and calculations needed to 
determine the percent of water in the 
popcorn kernels. The original idea 
for this experiment, by the way, was 
adapted and developed from 
Chemunity, a publication of the 
American Chemical Society. 0 

Editor's Comment 

On receiving the above letter I sent 
copies to the author, and to Dr. J. 
Kaufman, chairman of the NESACS 
Safety Committee who responded 
orally that he agrees with Prof. Tanner 
that it be an ironclad rule that there be 
no eating, drinking, or even tasting of 
products in a chemistry laboratory. He 
suggests that the experiment be carried 
out in a kitchen or home economics 
room. Weighing can easily be done on 
a top-loader balance of sufficient sen
sitivity which can be moved for that 
purpose to the home economics room. 
This removes the experiment from the 
"laboratory"to the kitchen, where eat
ing the product is taken for granted. 0 

POLYMER 
PROBLEMS? 

• Complete Polymer Deformulation 
• Good vs. Bad Comparison 
• DSC. TGA. IR. UV-Vis, GC. HPLC, NMR 
• GPC/SEC Molecular Weights and MWD 
• Additive Package Analysis 

4 Mill Street 
Bellingham, MA 

02019 

• 
(508) 966-1301 

Associates, Inc. 
HPLC Specl•tlat1 

Consulting 
Chemists 
Group 
Second Open Meeting 
February 25, 1991, 7:00 p.m. 
Simmons College, 300 The Fenway, 
Science Building, Room S-183. 

Jennifer Dougall (Senior Account 
Executive, Wakefield Group, Inc. of 
Bloomfield Hills, MI) will speak on: 
"Have Brains ... Will Consult. But Who 
Needs Me?" 

Dinner available at 5:00 p.m. in a local restau
rant. Interested members can meet the speaker 
and enjoy each other's company and network in 
a relaxed atmosphere. To reserve dinner or for 
information, call Debra Saez (508) 521-1327 
by February 22. 

Consulting Chemists Group 
Ms . Dougall , the speaker for the 
February 22 meeting of the group, has 
a background in chemical R&D and 
marketing . Her presentation will 
describe techniques which the private 
technical consultant can use to deter
mine which businesses are likely 
clients for that consultant's expertise, 
and will offer suggestions of how to 
determine what the technical needs 
and problems of those industries and 
laboratories may be. Don't miss this 
opportunity to acquire some skills 
which may turn your consulting ven
ture into a success! No admission fee. 
All interested persons are welcome. 

Ofji.cersfor1991-1992 
The Group needs interested members 
to serve as officers in 1991- 1992, and 
to help draft a set of guidelines and 
byl aws . A meeting is planned for 
March to review and finalize the posi
tions, candidates and guidelines. Please 
take part if you want the Group to con
tinue to serve your needs! Service as 
an officer will take only a minimum of 
your time. Call Debra Saez at (508) 
521 -1327 to offer your support to the 
group and for information about the 
March executive meeting. 0 

The Professional Relations Column 
Myron S. Simon, Chairman, Professional Relations Committee 
In the column ACS Comment in the 
November 26, 1990 C&EN issue, Pro
fessor Paul Gassman, ACS President, 
attempts to define what is professional 
conduct for the chemist, and what 
industry's responsibilities are. This 
article takes up where ACS' Profes
sional Employment Guidelines leaves 
off, and spells out in detail many of 
the aspects of professionalism. 

Since I have much less space than 
his 2400 word article requires I can 
only summarize briefly and urge you 
to dig the issue of C&EN out of the 
file , round or otherwise. To quote a 
few snippets: 

"What constitutes professional 
behavior for chemical scientists? I 
believe that chemical scientists should 
bring to their positions a level of work 
ethic, commitment, and professional 
pride that would distinguish them 
from hourly laborers who punch a 
time clock. The key here is the level 

of involvement. .. A true profes
sional's mind never stops working. A 
true professional never stops learning. 
And a true professional never stops 
contributing." 

In the discussion of industry's 
responsibilities to the professional 
chemist: "When a chemical scientist 
enters the industrial sector, the con
cern is how well the individual will be 
treated relative to the five R's: respect, 
remuneration, responsible continuing 
education, retention, and retirement. 
There is little doubt in my mind that 
the chemical industry ... has major 
responsibilities to its professionals rel
ative to these five categories." 

Gassman points out that while 
chemists are "absolutely essential" to 
the well-being of the chemical indus
try, the employment that industry pro
vides is "absolutely essential" to the 
well-being of the chemists. "It is very 
clear that this mutual interdependency 

dictates the necessity for a close and 
mutually benefici al working relation
ship between the chemical scientists as 
employees and the chemical industry 
as employer." 

After a career of 39 years in 
industry I can state the man is right. 
Read the article and let me know what 
you think. () 

LABORATORY 
EQUIPMENT 

BOUGHT • SOLD • EXCHANGED 

FEBRUARY SPECIAL 
SPECTROPHOTOMETERS 

Many in stock - Call for prices 

American Instrument Exchange, Inc. 
21 Canal Street, \ Lawrence MA 01840 

508-794-3496 

OUR TEMPS 
DON'T TYPE 

They do however, understand what is meant by 
HPLC, GC/MS, PAGE, DNA and GMP. And they do have 
the proven skills and background needed to help ease your 
work load or meet a tight project deadline. Short-term, long
term, any level or discipline, Lab Support can provide you 
with the scientific talent you seek. Quickly. Lab Support is 
staffed by scientists, so we' ll know exactly what you're talking 
about, and we'll provide you with exactly what you need. 

With Lab Support, the chemistry is always right. 

(617) 270-3726 
•• LAB SUPPORT 
-· INCORPORATED 

155 West Street, Suite 26 
Wilmington, MA 01887 Science Professionals On Assignment 
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Nomination 
1991 James Flack Norris 
Award 

Nominations are being received for 
the 1991 James Flack Norri s Award 
for Outstanding Achievement in the 
Teaching of Chemistry. The Norri s 
Award, one of the oldest awards of a 
section of the American Chemical 
Society, is presented annually by the 
Northeastern Section, and consists of a 
certificate and an honorarium of 
$3,000. Nominees can be from any
where in the world and mu st have 
served with special distinction as 
teachers of chemistry at any level: sec
ondary school; college level or gradu
ate school. This must be attested by 
broad evidence of their wide-ranging 
effect on the teaching of chemistry, of 
their effectiveness beyond the local 
classroom. Recent winners have 
included eminent teachers at all levels 
such as Louis Fieser, Joel Hildebrand, 

Bassam Shakhashiri, Dana Mayo
Ronald Pike, Jerry Mohrig and other 
effective teachers at all levels . The 
awardee for 1990 was Professor 
Joseph A. Schwarcz who was honored 
on November 8th and gave an inspira
tional address entitled "Interactive 
'Radio-Chemistry'." 

Nominating materials must be 
limited to 30 pages and focus specifi
cally on the nominee's contributions 
to and effectiveness in teaching chem
istry. This should include a thorough 
curriculum vitae with listings of hon
ors , awards , and publications that 
relate to education. There must be a 
nominating letter and as many second
ing letters as are necessary to convey 
the nominee 's qualification for this 
award for outstanding achievement in 
teaching chemistry. These letters 
could show the impact of the nomi
nee's teaching in inspiring students to 
spend their professional life in chem
istry, or how the nominee succeeded 
in reaching a broader, national or 
international, audience through text-

"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 37950-1610 

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

FAX ((615)546-7209 

books, articles, or other more innova
tive efforts . Material should be of 
standard 81/2 x 11 size for binding but 
should not include reprints or books. 

Nominating materials should be 
sent before April 15 to Prof. Robert 
O'Malley, Department of Chemistry, 
Boston College, Chestnut Hill, MA 
02167. <> 

Volunteers 
Math and Science
You Too Can Help 

Over 100 volunteers are now working 
with students in the Boston Public 
Schools, helping and enriching the 
teaching of Math and Science. These 
volunteers are serving as guest lectur
ers, tutors , teachers' aides and men
tors. Richard Stomberg recently spoke 
at Latin Academy about the biology of 
flowers; Steven Smith, retired from 
Draper Labs, has spoken at several 
schools about inventing; Ralph Kodis, 
retired Harvard professor, has tutored 
in mathematics at Boston Latin. These 
and many others are giving their time 
and talents to the youth of Boston in 
an effort to create a more technically 
literate high school graduate. 

Our country is not keeping pace 
with the rest of the world in the teach
ing of math and science. Our initiative 
is an effort to meet this deficiency. 

The Executive Service Corps (a 
nonprofit agency) is seeking volun
teers who are willing to give as little 
as one hour a year to this endeavor. 
Join us and share the satisfaction of 
giving with the knowledge of meeting 
one of our country's most pressing 
needs. 

Call Cathleen Lane at 617-570-
3444. <> 

Correction 
In the January 1991 issue page 10, the 
name of the presenter in the top pic
ture was incorrectly given as Prof. 
Ethel Shultz. The correct name is Prof. 
Mary Jane Schultz. <> 

" 
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Board of Directors 
Condensed Minutes, Meeting of November 8, 1990 

Michael J. Heam, Secretary 

Officer's Reports: 
Secretary: The Minutes of the 

October 11, 1990 meeting were 
APPROVED as presented. 

Treasurer: J. Piper provided the 
status of the current operating fund 
and itemization for October. Funds are 
in a healthy position. It was MOVED 
and PASSED to accept the report. 
Committee Reports: 

Board of Publications: A. Heyn 
reported for C. Costello that the 1991 
budget for the Board of Publications 
has been completed and will be sent 
shortly to the Budget Committee. At 
the next meeting the results of the 
recent telephone survey of Section 
members on the NUCLEUS will be 
discussed. The December issue is to 
be 24 pages. A new feature will be a 

column on high school teaching. 
Chemical Education: D. Bagley 

introduced M. Schwartz (U. of Mass., 
Boston) who will be the new Student 
Affiliate Liaison . D. Bagley com
mended the outstanding performance 
of Wayne Whitney from this Section at 
the high school Chemistry Olympiad. 
D. Bagley also described a lively out
reach program to foster interaction 
between the Board, high school teach
ers and elementary school teachers. 

Membership Committee: I. 
Hartman pointed out that 20 new 
members attended the October 11 
meeting of the Section . The Com
mittee has been welcoming new mem
bers and provides them with 
information about the Section. 

Program Committee: C. Kolb 
stated that the program for the 
December meeting was set and that 

the program for the 1991 meetings are 
under way. It was proposed to have a 
special Nobel Prize Winners Night on 
the program, which would be espe
cially suitable for the meeting dedi
cated to new members. 

Continuing Education: A. Viola 
mentioned the Symposium on 
Microscale Techniques in Research, to 
be given at Northeastern University on 
November 17. 

Public Service: V . Wilcox 
reported for P. Samuel that the High 
School Science Symposium at the 
Museum of Science on October 3 I 
had been highly successful. Plans for 
the Holiday Lectures featuring B. 
Shakhashiri are in place. 

Summerthing: J. Perkins, speak
ing for M. Chen, asked the Board for 
suggestions concerning the format of 
Summerthing I 991. 

Speakers Bureau: Its program is 
going well. There has been a recent 
request from New Hampshire Science 
Teachers for several speakers at a 

continued on page I 8 

Let Mass-Vac 
solve Ill your vacuum pump 

problems. 
VACUUM PUMP FLUIDS 

•M_V-18 - A purified hydrocarbon, non-additive fluid 
designed especially for use in all types of mechanical 
vacuum pumps. 

•MV-19 - A distilled hydrocarbon fluid developed for 
all types of mechanical vacuum pumps and espe
cially direct drive pumps. 

•FOMBLIN - Perfluorinoted polyether fluid. Ideal for 
use in pumping corrosive and explosive gases. 

•SILICONE DIFFUSION PUMP FLUIDS - D-7040 and 
D-7050 silicone fluids ore recommended for use in all 
types of diffusion pumps for high and ultra-high 
vacuum applications. 

•SILICONE GREASE - Vacuum greases for use under 
extreme operating conditions and also more typical 
conditions. 

•VACUUM TUBING - A pure red gum rubber tubing 
with a cloth impression. Available in sizes from 3/16" ID 
to 1 5/8 " ID. 

•TUBING CLAMPS - Stainless steel tubing clomps 
available for all sizes of our vacuum lubing. 

•VISI TRAP'M - Vacuum foreline traps to protect your 
vacuum pump and reduce oil backstreaming into 
your vacuum chamber. 

•OFHC COPPER GASKETS - For CONFLAT' flanges 
from 1.33 " OD to 10 " OD. 
'(CONFLAT is the Trademark of VARIAN ASSOC) 

•VACUUM PUMPS - A COMPLETE VARIETY OF PUMPS 
FROM 100 TORR TO 104 TORR ULTIMATE VACUUM. 

We maintain a variety of Re-built Pumps 
in stock .. . ready for immediate delivery. 
Call us today for more information: 

Tel. (508) 667-2393 Fax (508) 671-0014 

~MASS·VAC.Nc. 
--n 247 RANGEWAY ROAD , P.O. BOX 359 
~ N. BILLEHICA, MASS. 01862 
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''Cold Fusion'' and Electrocatalysis: 
Dreams and Reality 
Mark Wrighton 's Talk at the 
December 13 Meeting 
Reported by Dawn Friedman, 
Chemistry Department, Harvard 
University 

Mark Wrighton, now Provost of M.l.T, 
then Head of the Department of Chem
istry, remembers his reaction to the 
first news of "cold fusion" in March of 
1989: "I said to my wife, 'This could 
revolutionize the world if they are 
right.' He remembers his department's 
response: "By the time I got to my 
office, my graduate students were 
already trying to reproduce Pons and 
Fleischmann's work." As his research 
group held an emergency meeting that 
Saturday morning, an M.l.T. plasma 
physicist came knocking on the door to 
borrow a cup of Dp. 

Wrighton's students were so eager 
to find out if this phenomenon was 
reproducible that they worked all day 
and night from the scanty information 
given in newspaper accounts, while the 
plasma physicist flew to Utah to find 
out more. Members of four depart
ments-Chemistry, Physics, Material 
Science, and Nuclear Science-pooled 
their resources and ideas for M.I.T's 
effort to reproduce cold fusion. It 
couldn't be done. 

If what Pons and Fleischmann 
claimed were true, anyone could tell 
whether cold fusion was taking place: 
with a ratio of four units of heat pro
duced for each unit of electrical 
energy used, the difference in temper
ature between a beaker of water and a 
beaker of fusing D20 would be obvi
ous to the touch. This effect could not 
be reproduced-by anyone. More deli
cate measurements were made: 
advanced calorimetry, neutron detec
tion, tritium detection . Wrighton's 
results yielded two journal articles 
describing exactly how little fusion if 
any could be taking place. 

The conclusion was that nothing 
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of technological importance was hap
pening in any "cold fusion" experi
ment. This is not to say, however, that 
nothing of importance to scientists 
took place . Ethical and procedural 
issues were raised that are still being 
considered. For example: Was it right 
for Pons and Fleischmann to announce 
their results in a press conference? It is 
now easier than ever before to circum
vent peer review by disseminating 
results through the press, electronic 
mail and fax machines - is doing so 
ever,justifiable? Do researchers have a 
responsibility to provide enough infor
mation to allow others to reproduce 
their work? What are the ethics of 
publishing work that may later need to 
be retracted? 

But many of the lessons to be 
learned from "cold fusion" are wel
come ones. The American scientific 
endeavor responded almost instantly 
to explore a new opportunity, working 
in interdisciplinary groups to tackle a 
difficult problem. The errors in experi
mental work that were made were 
inevitably corrected by the scientific 
process itself. Scientists proved to be 
open-minded and curious, providing 
good models for their students. And if 
the public saw that scientists can make 
mistakes and succumb to enthusiasms, 
they also saw that they care about their 
work. All in all, the benefits probably 
outweigh the costs. 

The dream of cold fusion, how
ever exciting, is over. "Let me now 
tell you about somethi ng real": 
Wrighton is serious about this coun
try 's need for a clean, efficient energy 
source that can reduce our dependence 
on imported fossil fuels and the enor
mous trade deficit they generate. 
Today, his group is working towards 
electrochemical power based on new 
electrode-confined catalysts. 

The photo-oxidation of water pro
duces oxygen and clean hydrogen 
fuel, and with a platinum and a stron
tium titanate electrode it converts 

ultraviolet light to usable energy at 
25% efficiency. Unfortunately for this 
reaction, only 5% of sunlight is ultra- · 
violet, giving an overall efficiency of 
1 %-not nearly good enough for com
mercial use. The need is for a reaction 
that produces fuel with the more abun
dant visible light. Wrighton's group 
has found that M0Se2 and MoS2 elec
trodes allow the production of Cl 2 

from Cl- under these conditions, but 
with low efficiency. With a platinum 
catalyst, efficiency using red light 
jumps from 0.7% to 9.8%. Similar 
reactions, running in the reverse direc
tion, could act as fuel cells, using up 
chemicals and providing electricity. 
Fuel cells are twice as energy efficient 
as burning fossil fuels , produce little 
pollution, and are naturally load-fol
lowing, responding to demand. But the 
multi-electron processes that produce 
the most electricity are intrinsically 
slow. To produce either fuel or energy 
through electrochemical reactions is 
impractical without appropriate cata
lysts -catalysts that promote multi
electron transfer reactions at negative 
potential voltage. 

Wrighton' s recent work on the 
oxidation of methanol proves his 
point. Although oxidizing liquid 
hydrocarbons or alcohols in a fuel cell 
is far more efficient than burning them 
in a combustion engine, existing cata
lysts for oxidation of C-H bonds are 
extremely poor. To maximize catalytic 
effectiveness, Wrighton has taken the 
best known catalyst, a binary mixture 
of platinum and tin, and deposited it as 
particles on a polyaniline substrate . 
The exceptionally high surface area of 
the polymer network increases the 
effective catalytic surface, while the 
substrate itself is conductive, appar
ently aiding in electron transport. With 
this binary catalyst, current onset for 
the oxidation of MeOH to C02, 6H+, 
and 6e- occurs at 0.0 V, a significant 
improvement over pure Pt on polyani-

con1inued on page 18 

~' 

•• 

Environmental Chemistry Column 
With this article we introduce a series of columns on the environment from a chemical standpoint. 
We are pleased to present the following introduction to the subject by the Chairman of our Section. 

I. Why Is There Air? 

by C.E. Kolb, Center for Chemical 
and Environmental Physics, Aerodyne 
Research, Inc. 

Introduction As an undergraduate at 
MIT I managed to augment my record 
collection by occasionally reviewing 
albums submitted to the student news
paper by recording companies. One 
favorite was an early Bill Cosby com
edy cut entitled, "Why Is There Air?" 
Drawing on his experience as a young 
athlete growing up in Philadelphia, 
Cosby' s answer was "to blow up bas
ketballs." As an atmospheric chemist 
I've since learned that the real purpose 
of air is to disperse and chemically 
cycle an incredible variety of both nat
ural and man-made trace chemical 
species. 

Air in the Earth's troposphere, the 
lowest 10 to 14 km of the atmosphere, 
has four major constituents; three are 
the permanent gases N2, 0 2 and Ar 
which comprise 0. 781, 0.209 and 
0.0095 by volumetric mixing ratio (or 
mole fraction) of dry air. The fourth 
major constituent, water vapor, varies 
with atmospheric temperature and rel
ative humidity from several percent 
down. In the stratosphere, which 
occurs between the top of the tropo
sphere and about 50 km, water vapor 
drops to a trace species, seldom 
exceeding several parts-per-million by 
volume (ppmv). 

Atmospheric chemistry involves 
the photochemical transformation of 
oxygen, water vapor, and a large vari
ety of trace chemical species in both 
the gas phase and on or in cloud 
droplets and aerosol particles. The 
trace species of interest range from 
carbon dioxide, whose current mean 
tropospheric level has reached 350 
ppmv (i.e. atmospheric mixing ratio of 
3.5 x lO-•), to the hydroxyl radical , 
OH, whose mean atmospheric mixing 
ratio near the surface is roughly 3 x 

10·14, or more than 10 orders of magni
tude less than C02• Trace species and 
classes with both natural and man
influenced sources of current interest 
to atmospheric chemists i ~ c lude: 
ozone, 0 3; the "odd hydrogen" radical 
species, OH and H02 ; hydrogen per
oxide, H20 2 ; nitrogen oxides, NO, 
N02, N03, N20 5, H02N02 , and HN0 3 ; 

sulfur oxides, SO, S02, S03, H2S04 ; 

halogen oxides, ClO, BrO, IO; halo
gen nitrates, ClON02, BrON0 2 ; 

ammonia, NH3 ; methane, CH., and a 
wide variety of higher hydrocarbons; 
partially oxygenated and nitrogen 
oxide containing organic compounds, 
inc luding aldehydes, alcohols, 
ketones, organic acids, organic nitrates 
and organic peroxynitrates; and 
reduced sulfur species , includ ing 
OCS, H2S, CS 2 , CH3SCH3 , and 
CH3SH. A wide variety of man-made 
hydrocarbons and halogenated hydro
carbons also have exceedingly impor
tant atmospheric chemistries. 

A number of "pollu tion prob
lems" require increased understanding 
of atmospheric chemistry. They have 
characteristic length scales ranging 
from a few meters for indoor air pollu
tion to tens of thousands of kilometers 
for greenhouse gas build-up. They are 
briefly described in the paragraphs 
below, and some leading ongoing 
research based in the Northeastern 
Section are noted. 

Indoor Air Quality Ventilation 
rates inside homes, commercial and 
public buildings are often restricted to 
conserve energy used for heating and 
air conditioning. Reduced ventilation 
rates can lead to unhealthful build-up 
of combustion gases such as nitrogen 
oxides and carbon monoxide, organic 
emissions from construction and fur
nishing materials, and particles from 
tobacco smoke, cooking and other 
sources. Factors controlling the emis
sion, chemical evolution, and removal 
of most important indoor air pollutants 
are poorly understood. Much of what 

we do know is due to work of John 
Spengle r ' s research group at the 
Harvard School of Public Health. 

Air Toxic Emission, Evolution. 
and Deposition Coal and oil fired 
power plan ts can emi t copious 
amounts of S02, nitrogen oxides, par
ticulate and airborne metals, and 
volatile organics. High levels of CO, 
nitrogen oxides, and organics can arise 
from automotive and other transporta
tion sources. Industrial processes, 
including those in the chemical indus
try, produce by-product and waste 
stream emiss ions. Natural gas and 
petroleum production can emit NH3, 

H2S, CO, and organics; geothermal 
systems produce H2S. Each of these 
sources may inflict adverse affects on 
local structures, vegetation, animals, 
and people. Assessment of their 
impact requires knowledge of emis
sion rates , gas and heterogeneous 
(cloud, fog, aerosol) reaction rates and 
deposition processes. Research in the 
Chemical Engineering and Mechanical 
Engineering Departments at MIT, and 
at Physical Sciences in Andover, MA, 
has greatly contributed to our under
standing of the processes governing 
pollutant emissions from industrial 
combustion sources. 

Urban and R egional Photo
chemical Air Pollution The National 
Research Council is currently prepar
ing an extensive report on tropo
spheric ozone production due to 
photochemical air pollution on the 
local , regional and continental scale. 
The pivotal role of volatile organic 
and nitrogen ox ide emissions fro m 
transportation, power generation and 
industrial energy sources is clear. A 
recent Office of Technology Assess
ment document also has detailed these 
issues. 

There are strong indications that 
photochemical activity is producing a 
significantly increasing level of tropo
spheric ozone over the European and 

continued on page 12 
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North American continents. This is 
. manifested even at sites remote from 

major pollution sources and may have 
a significant impact on the greenhouse 
problem, both through ozone's direct 
infrared activity and the implied 
impact on the oxidation rate of hydro
gen-containing greenhouse species 
such as CH2• 

Jennifer Logan of the Applied 
Sciences Division at Harvard has 
played a leading role in uncovering 
the chemical processes driving tropo
spheric ozone production. 

Acid Deposition The recently 
completed federal National Acid 
Precipitation Assessment Program 
(NAPAP) has demonstrated that NOx 
and S02 emissions from transporta
tion, power generation, and industrial 
energy systems cause the acid deposi
tion problem. A key recent insight is 
the major role that chemical reactions 
in cloud droplets play in the conver
sion of gaseous S02 and N20 , into 
H2S04 and HN0 3• A research group 
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compri sed of Boston College and 
Aerodyne Research , Inc . chemists 
devised a unique laboratory technique 
to study directly the interfacial mass 
transport and heterogeneous chemistry 
processes important to these conver
sions. Daniel Jacob of Harvard has 
pioneered mathematical models of 
chemical processes in clouds. 

Atmospheric Aerosol Impact on 
Visibility and Radiation Transport 
The chemistry of the formation and 
growth of atmospheric aerosols and 
their role in degradation of visibility 
on local and regional scales, their 
direct effects on the global atmo
spheric albedo, and their indirect 
effects on albedo through cloud nucle
ation are all topics of growing con
cern. Current "hot" topics include the 
role of power plant-generated sulfate 
aerosol on haze in the Grand Canyon, 
global effects of sulfate aerosol scat
tering, and dimethyl sulfide-driven 
production of marine cloud condensa
tion nuclei. Researchers at the Air 
Force Geophysics Laboratory in 
Bedford, MA, have played an impor
tant role in determining the distribu
tion and radiative effects of 
atmospheric aerosols. 

Greenhouse Gas Growth and 
Control Greenhouse gases trap 
infrared radiation from the Earth's 
surface , heating the lower atmo
sphere. Major greenhouse gas sources 
include co2 emis sions from fossil 
fuel combustion; CH. emissions from 
natural gas and coal production, wet
lands, rice paddies and ruminants; 
NP from soils, the ocean and com
bustion; chlorofluorocarbons from air 
conditioning and refrigeration sys
tems, electronics degreasing and foam 
plastic production. 

Major contributions to our under
standing of the natural and anthro
pogenic sources and sinks of 
atmospheric methane, carbon dioxide 
and nitrous oxide have come from the 
work of Robert Harriss' research group 
at the University of New Hampshire, 
Steven Wofsy and Michael McElroy's 
group at Harvard, and my colleagues at 
Aerodyne Research. 

Tropospheric Oxidative Capa
city The atmosphere removes pollu-

tants by oxidizing compounds to water 
soluble forms which are removed 
through interaction with cloud and fog 
droplets, rain and snow, and aerosols 
which reach the Earth's surface; or by 
direct deposition to soil, plant or water 
surfaces. The primary atmospheric 
oxidant is the hydroxyl radical, OH. 
Some scientists are concerned that 
increasing pollution levels on the con
tinental and global scales are over
whelming the atmosphere's oxidative 
self-cleansing capacity. 

Ronald Prinn's group at MIT has 
pioneered methods to estimate the 
level of OH radicals present in the 
atmosphere. 

Stratospheric Ozone Depletion 
Chemical reaction catalyzed by nitro
gen oxides , chlorine oxides and 
bromine oxides can seriously reduce 
the stratospheric ozone layer which 
substantially shields the lower atmo
sphere and surface from harmful 
ultraviolet radiation in the 250 to 300 
nm range. 

Man-made chlorofluorocarbons 
and bromine containing halocarbon 
compounds released to the atmosphere 
have substantially elevated the level of 
Cl and Br containing chemicals in the 
stratosphere, leading to periodic 
Antarctic "ozone holes" as well as sig
nificant ozone loss at mid-latitudes. 

Major contributions to our under
standing of the relevant atmospheric 
chemistry have come from the efforts 
of scientists at Harvard (M. McElroy, 
J. Anderson, S. Wofsy) , MIT (M. 
Molina, R. Prinn), Boston College (P. 
Davidovits), Atmospheric and 
Environmental Research, Inc. (N _D. 
Sze, M. Ko and J . Rodriguez) and 
Aerodyne Research , Inc. (D. 
Worsnop, M. Zahniser, and C. Kolb). 

Future columns will deal with 
many of these atmospheric chemistry 
issues which are all closely inter
related, as well as with topics in 
ground, surface, and marine water 
pollution and toxic substance issues. 

C.E. Kolb is President of Aero
dyne Research, Inc. and Chairman 
of the National Research Council's 
Committee on Atmospheric Chem
istry. 0 
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The Secondary School Teacher's Column 
A "Cents-ible" Experiment. 

By Monty Wells, Newton North High School, Newtonville, Mass. 

We teach very little science in our sec
ondary schools. We teach lots of the 
knowledge gained by science-the 
facts, the laws, the theories. But give 
very little opportunity to actually do 
science as a scientist does. Sometimes 
a very simple and fun experiment can 
be left open-ended, to raise lots of 
questions. Some of these questions 
can provoke genuine scientific work 
on the part of the students, to find 
some answers. 

A nice open-ended experiment is 
one that we call "The Olympic Medal 
Set." The student group supplies three 
bright shiny cents. One is kept as-is; 
it's the "Bronze Medal". The other 
two are put in a small beaker and cov
ered with 3-Molar potassium hydrox
ide solution. CAUTION: this is a 
caustic solution; goggles must be 
worn, and care taken not to splash it 
on anyone or anything. Any spills may 
be neutralized with vinegar. Powdered 
or granular zinc metal is sprinkled 
over the cents, and the mixture is 
allowed to sit overnight or longer. The 
process may be hastened, to be com
plete in well under an hour, by heating 
the mixture to nearly boiling, but the 
hazards due to splattering of the hot 
liquid obviously increase so cover 
with a watch-glass. The cents acquire 
a bright, shiny silvery coating of zinc. 
It may help to tum the coins over with 
a glass rod to ensure even coating on 
both sides. 

When they are fully plated they 
may be removed from the liquid with 
forceps, washed thoroughly and dried. 
One of these is now set aside as the 
"Silver Medal." The remaining zinc
KOH mixture may be reused many 
times, or may be washed down the 
drain with lots of water. The third cent 
is now held in tongs by the edges, 
across a diameter. It is held flat in the 
hot part of a Bunsen flame for a few 
seconds. Suddenly, a beautiful gold 
color washes over the coin. The cent is 

immediately removed from the flame 
and quenched in water. After drying, it 
looks like it is gold. This completes the 
Gold, Silver, and Bronze medal set. 

You can also use copper foil or 
sheet-even getting all three condi
tions on one strip. And, no, it's not 
illegal to "deface" pennies this way, as 
long as you don't try to spend them as 
dimes. 

Now, what do we do with all this? 
Handing them out to students in lower 
grades is a great promoter of 
Chemistry, and it's a fun thing to do 
with Physical Science or lower-level 
chem classes. But suppose we ask a 
few questions about the process, and 
have the students think about how to 
find answers. First-what is the sil
very coating that develops? How 
would we prove that it's zinc? What is 
the gold coating we get by heating? 
Brass, naturally, an alloy of the zinc 
with the underlying copper-but how 
can we be sure? And, how did it form? 
Do the atoms of the solid zinc and 
copper really move around that much, 
to mix, well below the melting point? 

How does the zinc get from the 
solid granules to make a smooth shiny 
layer on the coin? A single replace
ment reaction? Probably-but wait! 
The Electromotive Series says that 
zinc is much more reactive than cop
per--copper should plate out on zinc, 
not the other way around! In fact, we 
usually show just that, with the 
Daniell Cell. How does the zinc get 
into solution to make the transfer? 
Does it react and dissolve? What are 
the products? Will the plating occur if 
the zinc doesn't touch the copper? 

The zinc in the hydroxide solution 
develops tiny bubbles-what are they? 
Hydrogen? Prove it-and figure out 
the equation. What is the form of zinc 
ions in strongly alkaline solution; how 
much do you want to investigate com
plex ions? And what does "zinc is 
amphoteric" mean? 

If it's a replacement reaction, cop
per should go into solution. Does it? 
How can we test the solution for the 
presence of copper ions? 

What happens to the rate of the 
zinc plating with temperature? With 
KOH concentration? With differing 
amounts of zinc metal? With zinc 
powder vs. zinc granules vs. zinc 
lumps? What happens if you use 
NaOH instead of KOH? (It doesn't 
work at all well-how come, if Na and 
K are so much alike?) Or LiOH or 
Ca(OH)2 or NH3 or ... ? 

If you can control the temperature 
with a high-temperature oven, explore 
the conversion of the zinc coating to 
brass. Is there a threshold temperature 
for the reaction to occur-how does it 
relate to the melting points of zinc and 
copper, or of brass? How does the 
temperature affect the time required 
for the conversion, and the quality? 

A little imagination can come up 
with lots more things to explore. Let 
small student groups each pick a ques
tion to spend a lab period (or 2, or ... ) 
on, and then report. Or have it as an 
extracurricular assignment, or a 
Science Club activity. Let the students 
realize that there are lots of good ques
tions left to be answered! And that 
they can do the answering-it doesn ' t 
have to already be in the book! 

D. Montgomery Wells is a chemistry 
teacher at Newton North High School. He 
has been elected to the Au/a Laudis 
Society for excellence in high school chem
istry teaching. 0 
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Health and Safety on My Mind 
by M.A. Solstad 

PPE. CHP, and RADON 
vs. EPA 

Stop that Chemical with PPE 
Do you always select the best protec
tive equipment for hazardous chemical 
exposures? There is a section near the 
end of the MSDS (material safety data 
sheet) referring to PPE, personal pro
tective equipment. 

MSDS's often recommend 
"appropriate gloves", occasionally 
suggesting butyl rubber or nitrile rub
ber. You sometimes come across 
charts which rate various glove mate
rials as Poor, Fair, Good or Excellent 
against various categories of chemi
cals. Some lab supply catalogues will 
offer useful guidance. The smart 
chemist will run a simple permeation 
test, sacrificing a glove. 

"Approved respirators" aren't too 
difficult to select because the canisters 

are color coded by chemical category. 
Using them correctly needs training, 
practice, and common-sense. Some 
manufacturers will provide assistance, 
such as videos or demonstrations. 
Don't kid yourself by trying to use 
a respirator with whiskers or a 
beard; you're not protected. Even tem
ple pieces of glasses can prevent a 
good seal. 

Sometimes MSDS ' s vaguely 
mention protective clothing. As 
chemists we can certainly understand 
that various barrier materials used in 
gloves, aprons or coveralls would vary 
in their effectiveness . It is unlikely 
you have seen information on protec
tive clothing . Nor had I, until in the 
November, 1990 issue of the J AIHA, 
Berardinelli , et al, of CDC and 
NIOSH compared the effectiveness of 
a range of coverall material s against 
permeation by ammonia and ethylene 
oxide at 100% and 0.2% concentra
tions. In Table I are some of their data 
as an eye opening illustration of the 

100% Ammonia 

wide range in protection offered by 
various materials. 

Chemical Hygiene Plan. 
NOW! 

Laboratory chemists have not 
paid much attention to MSDS's up to 
now, perhaps because they've seemed 
so "industrial" . Actually they had a 
point: chemical exposures in most lab
oratories differ from those in industry 
because the scale of operation, variety 
of chemicals, and types of procedures 
are generally different from those in 
production operations. 

Times are changing. As of the end 
of January, 1991, the OSHA Labor
atory Standard goes into effect. 
Laboratories should have a Chemical 
Hygiene Plan in operation. In essence, 
it requires labs to have written proce
dures for assuring that chemists and 
technicians have access to health and 
safety information about all their 
chemicals. This could be in manufac-

continued on page 15 

I 00% Ethylene oxide 

Mean Thickness Mean Breakthrough Mean Thickness Mean Breakthrough 
Product ± s.d. (n=3) mm time± s.d. (n=3) min . ± s.d. (n=3) mm time± s.d. (n=3) min. 

Wheeler polyvinyl 0.445 ± 0.007 19± I 0.437 ±0.006 13±1 
chloride (PVC) 

Wheeler butyl 0.277 ± 0.003 >566 0.282 ± 0.003 85 ± 14 

Fyrepel Viton® 0.212 ± 0.015 50±5 0.223 ± 0.00 I 116 ± 14 

Dayton surgical latex 0.192 ± 0.007 2±0 0.160 ± 0.010 3 ± l 

ILC Dover urethane 0.433 ± 0.035 53 ±5 0.442 ± 0.007 29± l 

ILC Dover Chloropel® 0.544 ± 0.003 154± 16 0.534 ± 0.005 118 ±6 

MSA Betex® butyl on 0.454 ± 0.000 I >850 0.457 ± 0.006 165±10 
polyester on neoprene 

MSA Vautex® on 0.495 ± 0.023 >400 0.50 I ± 0.009 80± 18 
nylon on neoprene 

Fairprene® neoprene 0.440 ± 0.006 163 ± 11 0.425 ± 0.002 51 ±2 

Saranex-Tyvek® 0.160 ± 0.017 21±8 0.163±0.014 121 ±5 

Chem Fab nonwoven 0.273 ± 0.005 254 ± 30 0.270 ± 0.0 >950 
Nomex® on Teflon® 

Pioneer nitrite glove 0.345 ± 0.004 288 ±7 0.345 ± 0.0 I 0 195 ±6 
A- 15 

Chemron Chemrel® 0.290 ± 0.008 33 ± 6 0.291 ±0.014 >1050 
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Health and Safety 
continued f rom page 14 

turers MSDS s as well as additional 
reference materi al which should be 
readily available to all. Standard pro
cedures for safe lab operations of all 
types should be spelled out. A chemi
cal hygiene officer assures the plan is 
implemented. 

"Prudent Practices for Handling 
Hazardou s Chemical s in Labora
tories", National Academy of Science, 
1981 , is given in the regulation as a 
useful reference. "Safety in Academic 
Chemistry Laboratories" and "Chem
ical Safety Manu al for Small 
Businesses" are inexpensive, often 
updated ACS publications, written by 
the Committee on Chemical Safety, 
that also give excellent information on 
what is current prudent lab practice. 
This summer, Jay Young and Doug 
Walters, long time members of ACS 
CCS prepared a short book aimed at 
helping compliance with the Chemical 
Hygiene Plan . The ACS Education 

Department is preparing a series of 
videos and accompanying manual to 
guide compli ance with the Chemical 
Hygiene Plan. It should be out in late 
winter; I was one of the reviewers. 

Radon. EPA Questioned 
Again? 

The November '90, J AIHA, also 
has a paper by Henry Shotwell that 
caught my eye, as I am always inter
ested in the radon problem; we sleep 
in the lowest floor of a house built on 
ledge. His abstract follows: 

The problem of residential 
radon ... The ... EPA, while disavowing 
responsibility or jurisdiction in this 
matter, has nonetheless published 
guidelines for homeowners to use in 
interpreting test re sults .)* These 
g uideline s are based on certain 
assumptions about the degree of equi-
1 i bri um between radon gas and its 
daughters in typical dwellings under 
closed-house conditions. This paper 
presents data that indicate the EPA' s 
assumptions are flawed and may lead 

to improper risk evaluation and unnec
essary remedial action. 

Basica lly, although the radon 
daughters do the damage to our lungs, 
we measure radon itself, assuming a 
constant 50% equilibrium. During a 
two year period of testing under EPA 
closed-house conditions in real homes 
Shotwell found a range from 11 % to 
57%. Another researcher had values 
from 6% to 34% . The length of the 
test run or time of year were not found 
to be factors. The actual level of radon 
daughters may be from 1/2 to almost 
I/10th that assumed. If you're testing 
for radon in your own home you might 
want to bear this in mind, or test for 
radon daughters directly . If you are 
dealin g with Realtors or bankers or 
lawyers, you undoubtedly would be 
prudent and follow the EPA guidelines 
just to avoid extra hassles . 

* US Environmental Protection 
Agency : "A Citizens Guide to Radon", 
(OPA-86-004). Atlanta, GA, CDC, 1986, 
pp 1-13 <> 

Rent from U.S. Analytical Instruments 
and solve your problems. 

Your equipment malfunctions. Unexpectedly. You want to try it. Before you buy it. 

You need the instrument. Now. 

When you need it now but you might not need it forever, relax. 
And caU U.S. Analytical Instruments. We have a complete 
inventory of new analytical instruments from the major 
manufacturers. So )'OU can rent what you need right now. 

All instruments are avai lable for immediate delivery. And 
are fuUy supported by the manufacturer for installation and 
service. 

• Gas. liquid and ion chromatographs 
• GC/MS systems 
• JR, FflR, lN/VIS, Ouorescence and M spectrophotometers 
• Thermal analyzers 
• And more 

Get it short term. Long term. Or any length of time in between. 
Choose from a wide variety of convenient rental plans. 

And here"s the best part of all. When you've finished solving 
~------.., your problems with one of our rental 

. - -~~. -~ . instruments, you just sen.d it back. 
· -~- ~"1· fl;... _ ' And relax until the next lime. 

• ~ . • > · Call today! 

':: "-' 800-437-9701 . 7'-, 

United States Analytical Instruments 

lh 
A U.S. Leasing Company 
1511 Industrial Rd . 
San Carlos, CA 94070 
{415)595-8200 

The Nucleus February 1991 15 



Benzylation of 1-Benzylidene-3-
Pyrazolidinium Oxides 
by James E. Dowling, 
Department of Chemistry, University 
of Massachusetts at Boston, Harbor 
Campus, Boston, MA 02125 

The generation of olefins is an impor
tant process in organic chemistry; it is 
of even greater value when the desired 
double bond can be selectively un
masked at a specific stage in a synthe
sis. I Since the discovery by Kent and 
Anselme2 that the oxidation of 5-
phenyl- and 4,5-diphenyl-3-pyrazo
lidinones (2a and 2b) gave styrene and 
trans-stilbene (4a and 4b) respectively 
(Eq. I), presumably through the inter
mediacy of cyclic a-azocarbonyl com
pounds (J), no further work3 has been 
performed to determine the general 
utility of this fragmentation reaction 
in the preparation of carbon-carbon 
double bonds. A rigorous investiga
tion of the reaction would need to 
address two major areas of impor
tance, namely the stereochemistry and 
scope of the reaction. From an under
standing of the stereochemical aspects 
of the decomposition of the cyclic azo 
compound and their influence upon 
the resulting alkenes, the potential for 
a stereospecific olefin synthesis may 
emerge and thereby enhance the value 
of the reac tio n as a whole. As an 
example, the immediate precursor (2b) 
of the 4,5-diphenyl-1-pyrazolin-3-one 
(3b)likely possesses a trans orientation 
about the 4,5-position as a result of its 
adoption of a lowest energy conforma
tion during Mi chael addition of 
hydrazine to methyl a-phenylcinna
mate (Eq. 2);4 however, the cis isomer 
would need to be synthesised and its 
subsequent oxidation to cis-stilbene 
investigated in order to determine if 
the oxidation is truly stereospecific. 

It also re mains to be shown 
whether the introduction of a double 
bond at the 4,5-position of the pyrazo
lidinone ring would allow for further 
elaboration, through Michael additions 
or cycloadditions for example, to com-
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pounds which upon oxidation would 
liberate the product resulting from for
mal addition to an acetylenic system. 
It seems plausible that the introduction 
of a site of unsaturation a to the car
bonyl carbon in a pyrazolidinone bear
ing protective groups on the nitrogen 
atoms should produce a system which 
could, after addition, be selectively 
deprotec ted then oxidized to give 
alkenes and cycloalkenes (Eq. 3). 

As part of exploratory studies of 
the utility of these blocked 3-pyrazo
lidinones(,5_) and 4-pyrazolin-3-ones(.6) 

as masked olefinic and acetylenic syn
thons, the synthesis of 1,2-dibenzyl-5-
phenyl-3-pyrazolidinone (1 Oa)as a 
model compound was undertaken . 
While in principle there are several 
. routes towards the desired compound, 
the simplest being the reac tio n of 
1,2-dibenzylhydrazine with a cinnamic 
ester, it was decided to assess the 
reactivity of the negatively charged 
nitrogen atom of the l -benzylidene-5-
phenyl-3-pyrazolidinium oxide (7a). 
Indeed, if alkylation occurred as antici
pated, hydrolysis of the carbon-nitro
gen double bond of the intermediate 8a 
would lead to 2-benzyl-5-phenyl-3-
pyrazolidinone (9a) which could then 
be benzylated a second time to afford 
the desi.red 1,2-dibenzyl compound 
I Oa. Alternatively, reduction of the 
carbon-nitrogen double bond5 of the 
putative hydrazinium salt (8a) would 
provide the necessary compound 
directly (Eq. 4). 

However, when the reaction was 
carried out with benzyl bromide in 
DMF at 110° for 48 hours, chromato
graphic separation of the reaction mix
ture gave five products (Eq. 5). The 
formation of the major constituent 
(35% ), l-benzyl-2-benzylidene-2-cin
namoylhydrazine (lli), may be ratio
nalized in terms of the expected initial 

continued on page I 8 
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Benzylation 
continued from page J 7 

benzylation followed by bromide 
promoted abstraction of the a-proton 
with ring opening and concurrent 
cleavage of the carbon-nitrogen bond 
(Eq. 6). A similar reaction has been 
reported between aminimide 14 and 
acetic anhydride at high temperature 
(Eq. 7).6 

While it is evident from this prod
uct that the negatively charged nitrogen 
of 7a is. sufficiently reactive to undergo 
al~ylat10n, the relative stability of the 
yhde causes the reaction to proceed 
s~owly enough to allow some hydroly
sis to occur and thus results in the for
mation of three of the four products. 
The dibenzylated compound (lOa) 
must result from in situ hydrolysis of 
i?termediate 8a and subsequent alkyla
tion by unreacted benzyl bromide while 
the monobenzyl isomer 13a evidently 
arose from the apparently facile hydrol
ysis of the ylide to 7a before it is ben
zylated. Similarly, hydrolysis of 7a 
must have occurred in the formation of 
the "head to head" dimer .U as postu
lated by Dom and Kreher.7 

It is interesting to note that the 
products that might be derived from 
0-alkylation were not observed . 
Perhaps benzylation with 12-nitroben
zyl bromide might be useful since the 
resulting aldehyde (Eq. 8) should be 
easily identifiable. 

Similar behavior was also ob
served when ylides bearing different 
substituents at the 4 and 5 positions 
were treated with benzyl bromide in 
DMF under the same conditions. The 

WOLFE 
TRAVEL, 

LTD. 

reaction of l -benzylidene-4,5-di
phenyl-3-pyrazolidinium oxide (7b) 
under conditions similar to those of 
the first case afforded ring-opened 
material as the major component of a 
complex reaction mixture; however the 
resulting cinnamoylhydrazone (I lb) 
apparently underwent in situ hydrolysis 
to l-benzyl-1-( a-phenylcinnamoyl) 
hydrazine (14b). Similarly, the ylide 
(7c) obtained from the condensation of 
5-methyl-3-pyrazolidinone with ben
zaldehyde, when subjected to the same 
c.onditions, gave the corresponding 
nng-opened hydrazone in substantially 
reduced yield, perhaps owing to the 
abs~nce ?f stabilization provided by 
conjugation of the type exhibited by 
the other hydrazones (Eq. 9). 

It seems plausible that the use of a 
benzylating agent with a nonnucle
ophilic, non-basic gegen ion might 
permit the isolation of the intermediate 
quaternized pyrazolidinone (.8.) and 
allow hydrolysis or reduction as illus
trated in Eq. 4. 

Having been shown to be reactive 
towards benzyl halides, ylides which 
are derived from aldehydes or acetals 
bearing a secondary electrophilic site 
on the side-chain may prove to be a 
viable route towards fused ring sys
tems (Eq. 10).8 
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Cold Fusion 
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line with onset at +0.2 V, but still not 
in the. desired negative range. 
Increasmg temperature improves cur
rent density. A switch to ethanol gives 
even better results: at room tempera
ture, with the Pt/Sn catalyst, current 
onset occurs just below 0.0 V. It is 
likely that at the boiling point of 
etha.nol, current onset and density will 
fall mto the range of practical utility. 

Practical utility was further 
dem~nstrated when, after a lively 
quest10n and answer session, Professor 
Wrighton was presented with the 
Northeastern Section American 
Chemical Society paperweight. It was 
hoped that this weighty token of "the 
enabling science" would enable the 
new provost to make his point at 
administrative meetings. (> 
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major conference with 500 prospec
tive attendees in that state. 
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in the Section. D. Bagley, A. Light 
and C. Kolb discussed a proposed 
exchange program within the Section 
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from industrial labs which could be 
very useful for science labs in schools 
if information to this effect were 
available. There also was discussion 
on forming a Program of Regular 
Instruction for high schools and ele
mentary schools with input from the 
Board and Section members. (> 
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Mercury: 
Stone Age 
Metal 
by J arnes V. Thompson 

PART I 

Reprinted from the December 1990 
issue of The Vortex, the official publi
cation of the California Section, ACS. 

Perhaps your first experience with 
mercury was in grade school where 
you "silvered" pennies by rubbing 
them with mercury between your fin
gers. You soon learned that bright pen
nies silvered better than dull pennies so 
you cleaned them first with a rubber 
eraser. Most of us never silvered 
enough pennies to get mercury poison
ing. If you missed the penny silvering 
experience you no doubt learned about 
clinical thermometers at an early age 
and in your high school and college 
laboratory experience you saw the use 
of mercury in some lab instruments. 

Historical Background Gold, sil
ver, copper, tin, iron and lead were 
known to the Ancients. However it 
may be that man's experience with 
mercury predates these metals. 
Cinnabar, a red (vermillion) soft (2.2-
2.4 Mohs' Scale) mineral, outcrops in 
many places in the world. Prehistoric 
man is known to have used cinnabar 
as a pigment. If he dug very far below 
the surface of a high grade outcrop he 
would have discovered liquid native 
mercury in vugs (crevices) in the vein. 
A human skull was found in a Stone 
Age cave and it was painted with 
cinnabar pigment. 

The fact that cinnabar will oxidize 
and release mercury at camp fire tem
perature must have been discovered 
early on. The chemistry is quite simple: 

HgS + 0 2 = Hg + so2 
As soon as the mercury vapor 

came in contact with a cooler stone 
around the camp fire, mercury would 
have condensed. 

From De Re Metallica by Georgius Agricola ( 1556), as reprinted in the English translation of 
Herbert C. and Lou H. Hoover (Dover Publications, 1950). The illustration shows the preparation of 
mercury from mercury sulfide ores by heating in a pot in the furnace, shown separately as A. The 
mercury vapor condenses in the clay retorts 8 and is collected in clay pots D. 

Mercury may have been known in 
the Chang- Yin Dynasty in China 
(1751to1112 B.C.) At best this is a 
loose date. It seems to have been 
known in Asia Minor (Hittite Empire) 
in 1500 B.C. There has been a ques
tionable discovery in an Egyptian 
tomb of 1500 B.C. 

Most sources mention Aristotle 
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(384-322 B.C.) as the first writer to 
mention mercury. Theophrastus (Stu
dent of Aristotle) in 315 B.C. 
described a method of making mer
cury by rubbing cinnabar with vinegar 
in a brass mortar and pestle. 

Dioscorides, a medical man who 
is said to have been in the armies of 

continued on page 20 
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Mercury 
continued from page 19 

Nero, described the retorting of 
cinnabar to obtain mercury. Pliny the 
Elder (23 to 79 A.D.) in 50 A.D. 
described both the vinegar and retort 
methods. It may have been Theo
phrastus who gave mercury the name 
of hydrargyros (Greek) or hydrar
gyrum (Latin) meaning "liquid silver" 
and hence the symbol "Hg". 

The first detailed descriptions of 
the recovery of mercury from cinnabar 
are recorded in Agricola's De re 
Metallica published in 1554 AD. (The 
book was translated from Latin by the 
Patron Saint of American mining 
engineers, Herbert C. Hoover and his 
wife Lou Henry Hoover. All mining 
engineers desiring to exhibit smarts 
quote De re Metallica and have a copy 
in their library, perhaps autographed 
by HCH himself). 

Ancient Production Mercury 
was produced in the ancient world at 
Almaden in Spain, Monte Amiata in 
Italy and ldria in what is now Yugo
slavia. These mines have been produc
tive up until modem times. Indeed one 
third of all the world's mercury has 
come from Almaden in Spain. The 
Romans seem to have been among the 
first to mine mercury on an organized 
basis. When Rome defeated the 
Carthaginians about 201 B.C. they 
acquired the mines of Sisapo (Alma
den) in Spain. There is little doubt that 
these mines were operated long before 
the Romans, in prehistoric times. 
These mines, in good Roman fashion, 
were operated by slave labor. The use 
of slave and convict labor lasted 
through the 16th, 17th and 18th cen
turies. The operators were well aware 
of mercury poisoning and it is said 
that slaves worked only three days at a 
time and then were given other work 
away from the source of mercury poi
soning for a period of time. 

Around mercury mines in both 
Italy and Yugoslavia stone age tools 
have been found. After the battle of 
Sentinum in 295 B.C. the Romans 
controlled all of Italy, including 
Monte Amiata, where the mercury 
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mines are located. But for some reason 
the Romans did not operate these 
mines, preferring to get mercury from 
Spain. Agricola says that the Romans 
did not want to mine mercury in Italy 
for environmental reasons saying that 
mining causes injury to fields, vine
yards and olive groves, pollution of 
streams, killing of fish and as a result 
of deforestation the loss of birds and 
beasts. Where have we heard that 
before! Sounds like the 20th century! 

Mining in the ldria district of 
Yugoslavia is of more recent date than 
Spain and Italy. Mining was started in 
the 1490s (there are conflicting dates 
within the decade). However, the 
deposits were known in prehistoric 
times and may have been worked in 
Roman times. 

There was also mining in other 
countries in ancient times, these 
include Greece China, Asia minor, 
Russia and Japan. 

Folklore In times gone by mer
cury contained in a small amulet was 
worn on the person to combat the 
"Evil Eye". The amulet may also be 
hung over the front door or placed 
under one's pillow at night. Also, the 
amulet was good for a number of ill
nesses, both in preventing and curing. 
Farmers would place a quantity of 
mercury on their plow to control 
weeds and to prevent birds from eat
ing the seeds. Hunters and fishermen 
have used a mercury amulet as a good 
luck charm. Mercurialized bread cast 
upon the waters was thought to be use
ful in locating a drowned body. This 
use of mercury did not escape the 
attention of Mark Twain where 
Huckleberry Finn says "Well then I 
happen to think how they always put 
quicksilver in loaves of bread and 
float them off because they always go 
right to the drowned carcass and stop 
there" . 

Alchemy Mercury was an indis
pensable reagent in alchemy. Many 
basic chemical reactions were discov
ered by alchemists but they were more 
often charlatans. Their objective 
among other things, was to change 
mercury or lead into gold. It was 
alchemists that gave mercury its name 
but it is not clear just when this was 

done . Identification with the planet 
Mercury goes back to the 7th century 
A.D. In the 2nd century B .C. the 
Chinese were tinkering with alchemy, 
trying to make an elixir of life from 
mercury. Transmutation into gold 
came later. 

Alchemy was also in fashion in 
India where it might have come on in 
the 2nd century A.D. It was all mixed 
up with magic medicine and religion. 
Mercury was used in some religious 
rites. The Arabs produced great 
alchemists and the word is of Arabic 
derivation. Geber, an Arabic alchemist 
in the 8th century A.D., is said td have 
devised two ways to make the red 
oxide of mercury a compound used by 
Paracelsus (1490-1541 A.D.) in the 
treatment of syphilis and by Priestley, 
Lavoisier and Scheele in the prepara
tion of oxygen. 

Of course alchemy flourished in 
Europe and the Mediterranean coun
tries and mercury was always there. 
The Roman emperor Diocletian (245 
to 313 A.D.) called for the destruction 
of all alchemist installations for fear 
that they would discover how to make 
gold out of mercury or other metal and 
thereby debase Roman gold currency. 

Nobles of the middle ages spon
sored alchemists . A favorite way to 
get a research grant was to amalga
mate a little gold in mercury-not 
enough to make it stiff-and retort it 
in the presence of the noble. The 
resulting gold with no mercury show
ing was good for the next FY. (Fiscal 
Year) 

Early Uses of Mercury and 
Cinnabar Primitive man knew about 
cinnabar and perhaps metallic mer
cury. However, his use was confined 
to cinnabar as a pigment. The metal 
was just a curiosity, perhaps used in 
magic or religious events. 

In the Roman world red cinnabar 
pigments are known from the 6th cen
tury B.C. and from about the same or 
somewhat later period in Greece. 
Aristotle wrote about quicksilver in 
the 4th century B.C. but fails to men
tion any use for it. Theophrastus in 
315 B.C. mentions that quicksilver has 
a practical purpose but fails to state 

continued on page 21 
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what it was . Vitruvius (his dates are 
not known; he is believed to have 
served the Emperor Augustus as an 
architect, and his written works are 
after 27 B.C.) is the first to suggest a 
practical use for mercury. He men
tions the use of mercury to amalga
mate gold to recover it from 
embroidery contained in worn out gar
ments of the rich. He also mentions 
how mercury can be beaten out of 
pure cinnabar with a hammer and how 
the ore when retorted will give off 
mercury vapor. 

Pliny, who wrote about almost 
everything (23 to 79 A.D. ), mentions 
mercury for the amalgamation of gold 
and for plating copper and silver. 

In China the early uses were for 
cinnabar as a pigment. During the Han 
Dynasty(lst century B.C.-lst century 
A.D.) mercury was being produced in 
retorts. Mirror making was known in 
China, perhaps as early as the 2nd 
century B.C., but surely by the 4th 
century A.D. 

In the Americas the natives knew 
about cinnabar pigments and may 
have known about the metal. There 
seems to have been little use of the 
metal, except possibly in Mexico for 
gold and silver, before Spanish times. 

Through medieval times the use 
of mercury was well established in the 
mining of gold and silver. The toxic 
properties of mercury were well estab
lished but often ignored. 

Medical Uses Early uses 
involved mostly cinnabar for external 
use. Mercury metal was used in some 
preparations and at times for internal 
use often with fatal results. Mercury 
preparations and metallic mercury 
vapors were used for the treatment of 
syphilis. "Cures" were often claimed, 
but it is believed that these were the 
result of natural recovery by the 
patient and that mercury never cured 
anybody of anything. Among those 
fre ·ated was the Borgia Pope 
Alexander VI and members of the 
Borgia family by the physician Pedro 
Pintor of Rome (1423-1503). Often 

Figure 1 Seventeenth century medical treatment 
for syphilis. The patient was placed in a sweat 
box and a fire was placed under the bulb (lower 
left) which contained mercury. 

patients were exposed to "vapors" 
both externally and internally. In the 
early part of the 16th century a method 
was devised for inhaling mercury 
vapors for the treatment of syphilis. 
This method lasted until 1928 ! 

Today, little mercury is used in 
medical practice, indeed mercury clin
ical thermometers have all but been 
eliminated in hospitals, and if one 
breaks they might evacuate the place. 
The authorities would like to remove 
mercury from everything including the 
periodic table. 

Metallurgical Use of Mercury 
in History The use of mercury to 
amalgamate gold was mentioned by 
Vitruvius. Amalgamation has no doubt 
been in use for at least 2000 years. But 
it was at the beginning of the 16th 
century when the Spanish started their 
conquest in the Americas that this use 
became widespread for the recovery of 
gold and silver in the New World. In 
the MAY 1988 issue of THE VOR
TEX the writer described the chem
istry of the patio process for the 
recovery of silver. This process used 
much mercury, most of which came 
from Almaden in Spain and some 
from Peru under Spanish government. 
Mercury is used today in the process
ing of gold ores . In the past in Cali
fornia and elsewhere it was used 
carelessly but with proper supervision 

it can be used safely. In 1850 mercury 
production was started at the New 
Almaden mercury mine in California 
and this mine provided much mercury 
for gold mining in California. 

Occurrence, Geology and 
Mineralogy Mercury deposits are 
widespread, however at this time there 
are about 11 principal producing 
countries (Table I). Twenty years ago 
the list would have included about 18 
to 20 countries. Limiting further dis
cussion of occurrences to California 
there have been in the past about 30 
mines having significant production. 
Of these 29 have been in the Coast 
Ranges in areas underlain by rocks of 
the Franciscan series and associated 
with serpentine. Throughout the world 
mercury deposits are largely confined 
to regions of Tertiary or Quaternary 
volcanic activity. Most deposits are 
less than 2000 feet in depth and are 
classed as epithermal. Many deposits 
are associated with past hot springs 
activity, which is to be expected in 
volcanic areas. The California mines 
are in 23 districts scattered along a 
coastal belt of about 350 miles extend
ing from Lake County to Santa 
Barbara County. 

There are about 30 known miner
als containing mercury. By far the 
most common is cinnabar (HgS). 
There are some natural amalgams 
of mercury and gold and silver. The 
silver amalgam is known as 
"Moschellandsbergite" and with a 
name like that we can be thankful that 
it is rare. Cinnabar has a specific grav
ity of 8.0 to 8.3 and a hardness of 2.0 
to 2.5. The sublimation temperature is 
about 580° C. Cinnabar when pure 
contains 86.2% Hg and 13.8% S. 

The Mercury Flask For many 
years the standard unit of trade in the 
mercury market has been the "76 
pound flask'' . This measure comes 
from Spain, the principal producer of 
mercury from Roman times. The orig
inal unit was the "quintal" which was 
100 apothecaries pounds. When con
verted to avoirdupois pounds it would 
equal 76 .07 pounds. The .07 was 
dropped and the unit became an even 
76 pounds avoirdupois. The flasks are 

continued on page 22 
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Mercury 
continued from page 21 

made out of forged steel like oxygen 
bottles, cast iron and even pipe fit
tings. 

· Past Production From Roman 
times until the end of the 19th century 
AD. the big three mercury producers 
were Almaden in Spain , Monte 
Amiata in Italy and Idria in Yugo
slavia. In 1850 California started pro
duction with two of its mines named 
after Almaden and Idria. 

It has been estimated that up to 
1700 A.D. that 1,800,000 flasks were 
produced world wide. (This may not 
have included Chinese production , 
about which little was known.) To the 
end of 1940 a total of 14,625 ,000 
flasks were produced . If a guess is 
made to include far eastern production 
the total might be 18,000,000. Since 
1940 there has been about 11,600,000 
flasks produced making a world total 
from Roman times of 29,400,000 
flasks. Of this total almost 40% has 
been produced in the last 50 years! 

The New Almaden mine, a few 
miles south of San Jose, through 1951 
had produced 1,051,041 flasks of mer
cury, which was over 1/3 of United 
States production up to that date . It 
has been the most productive mine in 
North America. The New Idria mine 
in San Benito County is second, hav
ing produced over 500,000 flask s 
between 1858 and 1955 . While the 
New Almaden reached a depth of 
2450 feet the bulk of the production 
came from the first 800 feet. 

For the first 20 years of New 
Almaden mining hi story ( 1850 to 
1870) the ore, with some hand sorting 
averaged 10% Hg . The average to 
1950 was near 4% Hg. The last pro
duction at the New Almaden mine 
may have come from ore of less than 
2.0% Hg. For all practical purposes 
the New Almaden mine seems to be 
worked out. Much the same is true of 
the other well known min es in 
California. 

California has no production at 
the present time but it was a famous 
producer in the past. Actually the 
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California mine s never prospered 
much after the government purchase 
programs of the 50' s but they lasted 
until the late 70's with some later 
revivals thereafter, but these never 
amounted to much. From 1850 
through 1955 California mines pro
duced 2,670, 100 flasks, which is about 
10% of the world total for all time. 

Modern Production Today the 
U.S.S.R. and China are large produc
ers. In 1989 the estimated world pro
d uc ti on was 179 ,000 flasks (The 
estimate is made by the writer. The 
data leaves out the one U.S. mine that 
produced primary mercury, and this is 
estimated at 10,000 flasks). Of this 
total , the U.S.S .R. produced 37.2% 
(66,580 flasks) Spain 22.3% (39,947 
flasks) Algeria a relative newcomer 
11.3% China 11.3% (20,260 flasks) . 
Yugoslavia has slipped badly and Italy 
has dropped out. In 1989 the U.S. had 
one primary mercury mine and some 
byproduct mercury from gold mines. 
In Italy, about 15 years ago the gov
ernment took over Monte Amiata to 
"preserve employment". The private 
company was about ready to give up 
because of low grade ore. It appears 

that even the government has now 
given up on Monte Amiata. 
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Mercury World Production, by country I 
(Metric tons) 

Country 1985 1986 1987 1988p 1989e 

Algeria 794 756 705 re7QO 700 
Chinae 700 700 700 700 700 
Czechoslovakia 158 168 164 168 165 
Dominican Republic I (2) (2) (2) (2) 
Finland 125 146 144 130 125 
Mexico 394 rt04 124 345 300 
Spain r873 r2,757 1,395 rel,380 1,380 
Turkey 1"233 r29} 211 97 100 
U.S.S.R.e 2,200 2,250 2,300 2,300 2,300 
United States 570 w w w w 
Yugoslavia 88 75 67 70 70 

Total r6, 136 r'7 ,247 5,810 5,890 5,840 

eEstimated . PPrelimi nary. rRevi sed. wwithheld to avoid disclosing 
company proprietary data- excluded from "Total." 
!Table includes data available through Apr. 25, 1990. 
2Less than l /2 unit. 
From Mineral Industry Surveys. U.S. Department of Interior, Bureau of 
Mines. 
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BUSINESS DIRECTORY 

CONSULTANTS 

OSHA AND SARA 111 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)631-4748. 

Biotechnology Product Commercial
ization is our specialty. Experienced pro
fessional assistance in technology eval
uation, development and production of 
biosensors, diagnostics and therapeu
tics. 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. Spec
ialist 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 VPIX. 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 
production efforts highly cost effective, 
while producing pertinent and quanti
tative information. 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. 

Peptides, Oligonucleotides, and 
Amino Acid Analysis . Custom synthesis 
at reasonable prices by Brown Uni
versity's Macromolecular Biochemistry 
Facility. Satisfaction guaranteed. Oligos 
$4/base unpurified. Peptides $900/10 
mer, analyses and bulk purification 
included. Amino Acid Analysis $40/ 
sample, $75 including hydrolysis . Rapid 
turnaround time. Free estimates. Call 
Charles Setterlund: (401 )863-1530; FAA 
(401)863-1201 . 

CAREER OPPORTUNITIES 

MARINE COATINGS 
DEVELOPMENT 

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

Send reaumee 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 
recent!~· 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. 

BUSINESS DIRECTORY 
ADS GET RESULTS 

The Nucleus Business Directory 
is producing results for adver
tisers and for members. 

A career opportunities adver
tiser said "We received more 
qualified resumes from our 
Nucleus ad than we did from 
newspapers. We will recruit 
thru the Nucleus again." 

A consultant said "I received a 
few responses in three 
months, and I won a multi
month contract from one of 
them, keep running my ad." 

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

Call NANCY BARNES 
(617-837-0424) 
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Calendar 
For additional information, call: 

< Brandeis University-(617)736-2500 
Harvard University~(617)495~5333 
Massachusetts Institute of Technology-· 

' (617)253-1892 
Northeastern Univ. - (617)437-2822 
Southeastern Massachusetts 
University-(617)999-8246/8232 
Tufts University-(617)381-3441 
Univ. ofNewHampshire--:;(603)862-1550 

t • 
, Monday, Feb. 4 

Prof. Herbert Morawetz (Polytechnic U.) 
"Some Applications of Fluorescence to 
Polymer Research" 
Tufts University, Pearson Memorial 

1 Laboratory, room 104 at 4:30 pm 

prof. Samuel J. Danishefsky (Yale) 
, "Synthesis of Biologically Interesting 

Carbohydrates" 
Brandeis University 
Gerstenzang room 122 at 4:00 pm 

Prof. James Cowan (Ohio State U.) 
"Metals in Biology: Enzymatic Redox 
Reactions and the Metallobiochemistry 
of RNA" 

1 Harvard University, Mb-23 at 4:15 pm 

Tuesday, Feb. 5 
Piof. Geoffrey Davies (Northeastern U.) 
"Transmetalation" 

~"T~fts University, Pearson Memorial 
,Laboratory, room 104 at 4:30 pm 

Dr. Louis Brus (AT&T Bell) 
"Electronic Structure and Photophysics 
of Quantum Semiconductor Crystallites" 
Northeastern University 
Hurtig Hall room 129 at 4:00 pm 

THE 

Wednesday, Feb. 6 
Dr. Mary Lynn Grayeski (Seton Hall U.) 
"Analytical Applications of 
Chemiluminescence" 
S.M.U., Science & Engineering Building 
(Group II) room 305 at 4:00 pm 

Monday, Feb. 11 
Prof. Mark A. Johnson (Yale) 
"Electron Solvation in the Cluster Regime" 
Brandeis University 
Gerstenzang 1 ~2 at 4:00 pm 

Prof. Paul Wender (Stanford U.) 
"DNA Cleaving Agents: Mechanistic; 
Synthetic, and Computer Modeling 
Studies" 
Harvard University, Mb-23 at 4:15 pm 

Tuesday, Feb .. 12 
Prof. John Capobianco (Concordia U.) 
"Laser Spectroscopy of Transition Metal 
Ions in Solids" · · 
Tufts University, Pearson Memorial 
Laboratory,room 104 at 4:30 pm 

Wednesday, Feb. 13 
Dr. Harry Frank (U CONN) 
"New Developments in Photosynthesis: 
Structure and Function of the Reaction 
Center" 
S.M.U., Science & Engineering Building 
(Group Il) room 305 at 4:00 pm · 

Tuesday, Feb. 19 
Prof. Fleming Crim (U. Wisconsin) 
"Controlling fhemi~al Pathways: Bond
Selected PhotOdissociation and 
BimoleculM Reaction" · 
U.N.H., Parsons Hall, room Ll03 at 
ll:OO am 

Prof. James Fasching (U.R.I.) 
"A Class Room Experiment in Science 
Education" 
Northeastern University 
Hurtig Hall room 129 at 4:00 pm 

NUC::LEUS 

('. 

Wednesday, Feb. 20 xv 
Dr. D. David Westmoreland (Wesleyan) 

"Appli~aa·····o. n of Physical M .... e.thods !o ·J''.· ... Complex Systems: The Acti · .•.• 
Structure of a Mixed-Valent ' 

%~ 
.>%@ 

NONPROFIT ORG. 
U.S. POSTAGE 

PAID 
BOSTON, MASS. 
PERMIT NO. 336 


	Nucleus001
	Nucleus002
	Nucleus003
	Nucleus004
	Nucleus005
	Nucleus006
	Nucleus007
	Nucleus008
	Nucleus009
	Nucleus010
	Nucleus011
	Nucleus012
	Nucleus013

