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Experience the diode-array 
advantage and save $1000~ 
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The HP 8452A UV-Visible 
spectrophotometer lets you 
capitalize on the benefits of 
diode-array technology. 

• Full spectral acquisition -
complete sample information 
with every measurement 

• Single component quantifica
tion with results confirmation 

• Multicomponent quantifica
tion as easy and fast as single 
component analysis 

•Automated multicell enzyme 
kinetics 

•Automated DNA-melt 
testing 

With the HP 8452A, full spectra 
from 190 to 820 nm can be 
acquired in as little as one-tenth 
of a second, with excellent 
sensitivity. This is at least two 
orders of magnitude faster 
than conventional instruments! 

Th save $1000, choose a system 
solution which includes the 
HP 8452A spectrophotometer, 
MS-oos~ UV-Visible software, 
an HP Vectra personal com
puter and a Hewlett-Packard 
printer. 

Tu find out how you can 
experience the diode-array 
advantage,cal11800334-3110 
Ext. 196 today. In Canada 
call I 800 263-0669. 
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Robert C. Cowen 
Natural Science Editor, 
The Christian Science Monitor 
After obtaining B.S. and M.S. degrees 
from MIT Robert Cowen joined the 
Monitor staff in 1950. 

He is known for a writing style 
that reduces complicated technical 
materials and theories to lay terms 
without losing the interest of the scien
tifically advanced reader. 

In addition to his numerous arti
cles in the Monitor he has written a 
book: Frontiers of the Sea: The Story 
of Oceanographic Research (Double
day, 1960, 1969). 

He has won several awards, in
cluding several Aviation/Space Writers 
Association awards, The ACS James T. 
Grady A ward in 1970, the AAAS/ 
Westinghouse Science Writing Award 
in 1977 and the American Institute of 
Physics Science Writing Award in 1979. 
He is a past president of the National 
Association of Science Writers. 0 

Mario J. Molina 
Martin Professor, Department 
of Earth, Atmospheric and 
Planetary Sciences and the 
Department of Chemistry, 
Mass. Inst. of Technology. 
After obtaining a Ph.D. in physical 
chemistry at the University of Cali
fornia (Berkeley) and post-doctoral 
appointments at Irvine, he was ap
pointed to the fac ulty at the U . of 
California, Irvine in 1975. In 1982 he 
joined the Jet Propulsion Laboratory at 
Caltech and in 1989 began his present 
professorial position at MIT. 

Professor Molina is a world leader 
in developing our scientific under-
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Esselen Forum 
Tuesday, April 13, 1993 

Harvard University 
Science Center 

1 Oxford St. Cambridge, MA 

8:00 Panel Discussion 

Stratospheric Ozone Loss: 
Science and Environmental Policy 

Moderator: 
Robert C. Cowen, Christian Science 

Monitor, Natural Science Editor 

Panelists: 
James G. Anderson, 
Harvard University 

Charles E. Kolb, 
Aerodyne Research, Inc. 

Mario J. Molina. MIT 
Nien Dak Sze, Atmospheric and 
Environmental Research, Inc. 

standing of the stratospheric ozone 
layer and its susceptibility to man
made perturbations. He was a principal 
author of the 197 4 paper which put 
forward the original fluorocarbon
ozone depletion theory. More recently, 
he demonstrated in the laboratory a 
fundamentally new chemical reaction 
whereby chlorine is activated on the 
surfaces of ice cloud particles in the 
polar stratosphere. He also proposed 
and demonstrated experimentally a 
new reaction sequence which allow the 
catalytic process which accounts for 
most observed ozone destruction in the 
Antarctic stratosphere. He has received 
numerous prestigious awards including 
the Tyler Award in 1983, shared the 
first Esselen Award in 1987 with F. 
Sherwood Rowland and the New
comb-Cleveland Prize of the AAAS. 
0 

Charles E. Kolb 
President and CEO, 
Aerodyne Research, Inc. 
After obtaining a Ph.D. from Princeton 
in 1971 he joined Aerodyne Research, 
Inc. as Senior Research Scientist. He 
has had simultaneous appointments as 
research associate in atmospheric 

Corporate Patrons . x ;Ji? 
DuPorit Merck Pharmaceu1ical Oo~ 
W.R. Grace & Compahy , 
Hoechst <;:elanese Corporation~/ 
MilJii;iore. Foundation 
Polaroid Corporation, : , 

" Chemical Research Division 

Corporate Sponsors 
Aerodyne Research, Inc. , 
AESAR/ Alfa Johnson Matthey 
Arthur D. I'..ittle, Inc. * 
Consulting Resources Corporation 
Duracell, Inc. · 
Houghton Chemical Corp.1 
ICI Resins US 
Organix,' Inc. 
Orion Research, Inc. 
Physical Sciences, Inc. 
Research Biochemicals;' Iner 
Strem Chefuicals, Inc. ';;' 
Van Waters & Rogers, lri9. 
Waters Division ofMillip0re 

chemistry at the Harvard University 
Center for Earth and Planetary Physics 
1976-85 , and at the Spectroscopy 
Laboratory of MIT since 1981. From 
1987 on he has been a member of the 
National Academy of Science Com
mittee on Atmospheric Chemistry and 
currently is its chairman. He is a 
member of editorial boards for journals 
in his field of research. In 1991 he was 
Chairman of the Northeastern Section, 
ACS. 0 

Nien Dak Sze 
Founder and President of 
Atmospheric and Environ
mental Research, Inc.(AER) 
In 1974 he received a Ph.D. in applied 
mathematics from Harvard University. 

continued on page 13 

onthly Meeting 
e 752nd Meeting of the Northeastern Section 

1.merican Che.mica[ Society 
~vus John Esselen Award Meeting 

Thursday, April 15, 1993 
Harvard University, Cambridge, MA 
Faculty Club, 20 Quincy St. 

ill 

Social Hour 

Dinner (bl~~k tie optional) 

all B, Scienc'e Center, 1 Oxford St. 

Award Meeting, Dr. Dorothy J. Phillips, presiding 
The Esselen Award-Truman S. Light, Chairman, Esselen Award Committee 
James G. Anderson - Charles E. Kolb, Jr. 

Piesentation ,?fth,~lfu~t~~~~ .. ssel~!1 Awai:~ to D[ . James G. Anderson -
,,Gustavus John.EsselenIU 
Award Address Global Ozone Loss: Can it be Predicted? 

ption with ref reshments will follow the program. 

n,er reservations should be made no later thari April 9. Please call Sue O'Connor at 
872'-2054. Reservations not cancelled at l~st 24 hours in advance must be paid. 

rs, $21.00; Non-members, $23.00; Retirees, $12.50; Students, $8.00. Tl-lE 
IC IS INVITED. Anyone who needs 'special services or transportation, please call 
'Connor a few days in advance so that suitable arnuigements can be made. 

rldng available in the Felton St. Garage (level three or higher). 

-nAmeeting'.· Education Night- Thursday, May 13, 1993 at the University of 
husetts, Dartmouth, Residents ' Bining Hall. 5:30 Social Hour, 6:00 Dinner, 

vening Meeting; Prof Stephen J. W~iningf!r, Worcester Polytechnic Institute will 
on: Chemistry with a Human Face:.LJterature, lAnguage and the l.Aboratory. 

Biography 
After obtaining a B.S. in Physics at the 
University of Washington, James G. 
Anderson received a Ph.D. in Physics/ 
Astrogeophysics from the University 
of Colorado in 1970. He was a Post
doctoral Fellow at the University of 
Pittsburgh and joined the faculty as a 
Research Assistant Professor in 1972. 
From 1975-78 he was at the Space 
Physics Research Laboratory of the 
University of Michigan. In 1978 he 
joined the facu lty of Harvard Uni
versity as Robert P. Burden Professor 
of Atmospheric Chemistry, and in 
1982 he was appointed Philip S. Weld 
Professor of Atmospheric Chemistry, 

dual appointment by the Chemistry 
Department and Department of Atmos
pheric Chemistry. 

He is a member of the American 
Academy of Arts and Sciences and the 
National Academy of Sciences. He has 
received many honors and awards , 
including the 1989 American Chemical 
Society Award for Creative Advances 
in Environmental Science and Tech
nology. He is on several boards and 
committees and he has testified repeat
edly before Senate Subcommittees. He 
has authored and co-authored over 70 
technical publications in the field of 
atmospheric chemistry. 0 

Abstract 
Global Ozone Loss: 
Can it be Predicted? 
The evolution of stratospheric ozone 
research over the past decade has been 
punctuated by a number of shocks that 
have redefined both our preconceptions 
about the time scale for global scale 
changes and the need for a far more 
fu ndamental understanding of how 
catalysis, radiation, and dynamics act 
in concert to control ozone. Of greatest 
importance now is a thoughtful re
search p rogram tha t will foc us on 
achieving an understanding of the 
stratosphere to a level adequate to pre
dict the course of events over the next 
two decades as chlorine and bromine 
concentrations increase. The plausibil
ity of this predictive capability is con
sidered in the context of past successes 
and failures. 0 

Board of 
Directors 
Condensed Minutes, 
Meeting of January 14, 1993 
by Michael J. Hearn 

Officers' Reports: 
Chairman's Report: Dr. Phillips wel
comed the members of the Board and 
shared with them her plans for the 
Section for 1993, hoping to equal the 
very successful events of 1992. 
Treasurer's Report: J. Piper presented 
the itemization for December and the 
budget proposal for 1993 which will be 
voted at the February board meeting. 
His report was APPROVED. 

Committee Reports: 
Publications: A. Heyn reported that 
the NUCLEUS continues to be untler 
budget. 
Esselen A ward Committee: T. Light 
reported that Dr. J. Anderson of Har
vard University will be this year ' s 
recipient for his work on stratospheric 

continued on page 13 
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· Advanced Surface Technology Inc. 
offers a full range of Surface 
Modification services to the 
biomedical industry. Utilizing unique 
gas plasma technologies the 
surfaces of virtually any polymer 
commonly used in the biomedica l 
field can be tailored to accommo
date most applications. Some of 
the areas where plasma surface 
modification has proven useful 
include: • 

• Orthopaedics 
• Catheters 
• Vascular Grafts 
• Implantable Electrodes 
• Bloabsorbable Polymers 
• Cell Cultureware 
• Separation Membranes 
• Contact/lntraocular Lenses 

Material interfaces are perhaps the 
biggest problem facing the . 
blomaterials industry today. Using 
surface modification allows the 
scientist to select a material for its 
desirable bulk properties and 
subsequently design the correct 
surface characteristics for the 
interfaces involved. Some of the 
surface attributes that can be 
selectively tailored are: 

• Hydrophllicity 
• Hydrophobicity 
• Protein Binding 
• Cell/Molecular Affinity 
• Blocompatlbillty 

AST can provide plasma processing, 
contract research, surface 
engineerinliJ and plasma reactor 
design services at all levels. Call 
today to discuss your applications 
with a surface scientist. 

ADVANCED 
SURFACE 
TEChNOLOGY INC. 

Nine Linnell Circle 
Billerica , MA01821-3902 

508-663-7 652 
FAX 508-663-77 46 
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·Consulting 
Chemists' 
Meeting 
An Introduction to Biotechnology 

Concepts and Techniques 
A Workshop 

Saturday, April 24, 1993, 
9_:_00- 4:30 p.m. 

Sepracor, Inc. 
UO Locke Dr., Marlborough, MA 

Register by April 16, 1993 

Call Debra Saez at (508) 521-1327 

For fees and details, see the more 
detailed announcement on this page. 

Professional 
Consulting 
Chemists' Group 
Biotechnology Workshop 
An Introduction-to Biotechnol
ogy Concepts and Techniques. 

Date: Saturday, April 24, 1993 

Time: Registration 8:30 am. Classes 
from 9:00 to 4:30 pm. including breaks 
and lunch. 

Location: Sepracor, Inc., 140 Locke 
Drive, Marlborough, MA 

Directions: From the Radisson Hotel 
at the intersection of I-495 and Rte. 20 
tum north onto Felton St. (on the west 
side of the hotel). Drive to the stop 
sign and continue straight on what now 
becomes Locke Drive. On the left side, 
about 0.8 Mi from Rte 20 is Sepracor, 
Inc. at 140 Locke Dr. Park in the lot 
which surrounds the building. If filled, 
there is additional parking at Sepra
cor's main building at 33 Locke Dr. 

Who Should Attend: Those with 
degrees in science or engineering (BS 
or MS) who are not current in the fun
damentals of biotechnology; technical 
personnel who wish to have more in
formation about this burgeoning indus-

try; any technical personnel contem
plating a career switch into biotech. 

What You Will Learn: Substantive 
information on topics such as: An 
Overview of Biotechnology: Many 
Disciplines Which Unite; Cell Biology 
and Cell Culture: Fermentation Tech
nologies,' Bio-Reactor Design and 
Function; Product Separation and 
Purification Techniques; Analytical 
Methods (incl. assays, ELISAs, etc.); 
Special Topics, and more. 

This Workshop will cover tech
niques and concepts included in the 
pharmaceutical, agricultural and.spe
cialty chemical/biochemical biotech 
industries. 

Special Laboratory/Demonstration 
Section: You may choose to attend the 
optional portion of the course in which 
you will learn about significant labora
tory technologies used in biotech labs. 
You will get first-hand experience with 
chromatographic separation tech
niques, cell culture, assays, and more. 

Instructors: Dr. Edwin G.E. Jahngen, 
Prof. of Biochemistry at the University 
of Massachusetts, Lowell , and Dr. 
Stephen Fitzpatrick, President of Bio
medics (Waltham, MA). 

Fees: $185 (Lecture and Laboratory); 
$155 (Lecture only), payable by 
Friday, April 16. $145 and $115 for 
unemployed technical persons. 

After April 16 the fee will be $200 
for lectures and lab, $170, lecture only. 

Fees include workshop registra
tion, take-home materials, and a buffet 
lunch. 

Registration: Dr. Debra Saez, (508) 
521-1327. Make out checks to: Debra 
Saez - P.C.C., send to Debra at 9 Bartlett 
St., Suite 11, Andover, MA 01810. <> 

Support 
Our 

Advertisers 

Nominations 
1993 James Flack Norris Award 

Nominations are being received for the 
1993 James Flack Norris Award for 
Outstanding Achievement in the 
Teaching of Chemistry. The Norris 
Award, one of the oldest awards given 
by a Section of the American Chemical 
Society, is presented annually by the 
Northeastern Section. It consists of a 
certificate and an honorarium of $3000. 
Nominees must have served with spe
cial distinction as teachers of chemistry 
at any level: secondary school; college 
level or graduate school. This must be 
attested by broad evidence of their Stl;J
dents' subsequent careers in chemistry 
and/or other evidence of wide-ranging 
effects on the teaching of chemistry. 
Since 1951 past winners have included 
eminent and less widely known, but 
equally effective, teachers at all levels. 
The awardee for 1992 was Professor 
Jerry Bell of Simmons College and the 
AAAS. 

Nominations for 1993 will be re
ceived until April 30, 1993. Nomin
ating material must be limited to 30 
pages and focus specifically on the 
nominee's contribution to and effec
tiveness in teaching chemistry. This 
should include a thorough curriculum 
vitae with listings of honors, awards 
and such publications as relate to edu
cation. There must be a nominating 
letter and as many seconding letters as 
are necessary to convey the nominee's 
qualification for this award. These let
ters will show the impact of the nomi
nee' s teaching in inspiring students to 
spend their professional life in chem
istry, with broad student testimonial. 
They will also attest to the influence of 
other activities in chemical education 
such as textbooks, articles or other ac
tivities at national level. Materials 
should be standard 8 1/2 x 11 size for 
binding but should not include reprints 
or books. 

Nominating material should be 
sent before April 30th to Marco Scheer, 
4 Lynde St., Nashua, NH 03060-6205. 
<> 

Biological Catalysts: 
Important Tools for the 
Synthesis of Polymers 
A Symposium Presented by the Northea,stern Section A.C.S. 
Committee on Continuing Education 
Saturday, April 24, 1993. Northeastern University, 
360 Huntington Ave., Boston, MA. Room 308, Hurtig Hall. 

Program: 

8:30 am 
8:55 
9:00 

9:45 

10:30 
11:00 

11:45 
1:00 pm 

1:45 

2:30 

3:15 

Registration and Coffee 
Opening remarks 
Biological Production of Monomers. Carl Lawton, University of 
Massachusetts at Lowell. Biological synthesis of monomers as precur
sors for the formation of advanced materials, 
Synthesis in Non- Traditional Environmet:its: Peroxidase as Bio
catalyst. David Kaplan, U.S. Army Natick RD&E Center. Studies of 
peroxidase-catalyzed reactions in organic solvents, thin films and 
reverse micelles. 
Coffee break 
Biosynthesis ofy-Poly(glutamic Acid): Physiological Control of 
Polymer Formation, Stereochemistry and Molecular Weight. 
Richard Gross, University of Massachusetts at Lowell. 
Lunch: a cold buffet will be provided 
Genetic Engineering of Polymeric Materials. David Tirrell, University 
of Massachusetts at Amherst. The synthesis, cloning and expression of 
artificial genes as a new synthetic approach to obtain polymeric materi
als with precise structural control. 
Bacterial Polyester Biosynthesis in Two-Stage Fermentation. Fred 
Allen, U.S. Army Natick RD&E Center. Biosynthesis of poly(hydrox
yalkanoate) using Haloferax Mediterranei in two-stage continuous cul
tivation. An extensive introduction to bacterial polyester formation 
will be presented. 
Panel Discussion. Future possibilities for using biocatalysts to perform 
polymer synthesis. Audience participation is invited. 
Closing remarks 

Advance registration required by April 16, 1993. Use form below. 

Registration Fee (includes lunch): 
A. C. S. Members .. .. . . .. .. ... . ....... .. : ..... .. .... . . .... ...... . 
non - A. C. S Members . . ....... . ... . . ... .. . . .... .... . ..... . . .. .. . 
Retirees, Students, High School Teachers .. .. .... .. . .... . ... . . .. . . 

For further information contact: Prof. A. Viola - (617) 437-2809 

$60.00 
$75.00 
$15.00 

---- -- ---- -- -- -- ----------- -- ----- ---- --- --- -- - ---- --------------
Registration form for SYMPOSIUM on BIOLOGICAL CATALYSTS 

Name _______________ ~ Tel.: _________ _ 

Address ----------------------------

Mail with remittance to: 
(checks made out to NESACS) 

Prof. A. Viola 
Department of Chemistry 
Northeastern University 
Boston MA 02115 
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32nd Undergraduate 
Research Symposium 
Saturday, April 24, 1993 Boston 
University, Chemistry Department 
Metcalf Science Center, 590 
Commonwealth Ave. 

12:15 pm Mount posters 
1.00 pm Plenary Lecture by Prof. 

Ronald D. Archer, U. Mass. Am
herst: Metal Coordination Poly
mers: For Fun and for the Future 

2-4 pm Poster session 
4.15 pm Reception and tours 

Undergraduate researchers from the North
eastern and neighboring Sections are in
vited to participate. 

Submit abstracts by April 10 to the 
symposium organizer using the standard 
ASC abstract form . Abstracts should in
clude the name of the research advisor as 
well as the title, author(s) and institution. 

For additional information or submis
sion of abstracts, contact Prof. Patricia L: 
Samuel, Department of Chemistry, Boston 
University, Bos ton, MA 02215 . Tel: 
(617)353-2124 FAX: (617)353-6466. e
mail: psamuel@chem.bu.edu. 0 

u, ..... --••------
~ ··----==--

AMERICAN POLYMER 
STANDARDS CORPORATION 

P. 0. Box 901, Mentor, Ohio 44061-0901 
Phone: 216-255-2211 Fax: 216-255-8397 

American Instrument Exchange, Inc. 
21 Canal SlrHI, Lawrence MA 01840 

LABORATORY EQUIPMENT 
BOUGHT• SOLD • EXCHANGED 

Peristaltic Pumps - Many In Stock 
Variety of Flow Rates 

ask for our latest equipment listing 

TEL:508-794-3496 F AX:508-794-8431 
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-·The Agglutination of Erythrocytes 
by Influenza A Virus is Inhibited 
by Copolymers That Contain 
N-Acetylneuraminic Acid 
What is the Mechanism of This Inhibition? 1 

Anna Poont and George M. Whitesides 
Department gfChemistry, Harvard University, Cambridge, MA 02138 

The first event in the invasion of mam
malian cells by influenza virus is the 
attachment of the virus to the cell sur
face. Hemagglutinin (HA), a carbohy
drate-binding protein on the surface of 
the influenza virus, binds to glycopro
teins and glycolipids which terminate 
in N-acetylneurarninic acid (Neu5Ac).2 

HA is a homotrimer and each mon
omer contains a Neu5Ac binding site. 3 

The crystal structure of the Neu5Ac
HA complex is known, 4 and it has 
been shown that Neu5Ac is the only 

part of the oligosaccharide that is in 
contact with the HA. 3 One approach to 
inhibit the binding of influenza virus to 
cell is to use Neu5Ac derivatives that 
bind viral HA, and thus block it from 
attaching to. cell surface oligosaccha
rides.5 

The goal of the ongoing research 
in our laboratory is to prepare inhib
itors of the adhesion of the influenza A 
virus (specifically the X-31 strain)6 to 
cells. Recently we7 and others8 have 
developed inhibitors of the hemagglu-

t Anna Poon was a T.W. Richards Summer Scholar 
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POLYMER 
PROBLEMS? 

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

4 Mill Street 
Bellingham, MA 

02109 

• 
(508) 966-1301 
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Associates, Inc. 
HPLCSpeci.lla19 

QJlauontltotlve Tec:hnologles, Inc. 

·ELEMENT AL ANALYSIS 
C, H, N, 5, X, 

24-Hour Turnaround 

Inorganic & Trace Analysis 
AA, ICP, & Ion Chromatography 

Scheme I. There are several possible modes of interaction of inhibitors designed to block adhesion of 
virus to cell. Most monomeric inhibitors bind weakly;4 presumably a large number of ~ites must be 
occupied to prevent adhesion of virus to cell. Two important factors may contribute to the inhibition 
of viral adhesion by polyvalefll materials: (I) multiple occupation of Neu5Ac binding sites and (2) 
the steric inhibition provided by a large, hydrophilic polymer coating the surface of a virion. 
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tination process that are polyvalent in 
Neu5Ac. These polymers show a 104 

fold enhancement of binding affinity 
(KfHAI)) = 2.8 µM). 9 In fact, when 
tested in a standard hemagglutination 
assay (HAI), 10 copolymers incorporat
ing as little as 5% Neu5Ac inhibit the 
.agglutination of erythrocytes by 
influenza virus. 11 However, the exact 
mechanism that these compounds use 
to inhibit the adhesion of virus to cell 
remains undetermined. 

We envision two possible mecha
nisms that may contribute to the inhibi
tion of agglutination of erythrocytes by 
virus: (i) the terminal Neu5Ac residues 
on the polymer adhere to most of the 
Neu5Ac binding sites on the viral HA 
rendering the virus incapable of bind
ing to the cell, or (ii) only a small 
number of Neu5Ac residues are 
involved in binding to viral HA-the 
rest of the polymer contributes steric 
bulk to block contact of the virus to 
host cell (Scheme I) . 

~ 

~~ 
multivalent 

0 inhibilion &:icell ~ 
~ 

o'l:l 
<11 

steric inhibition that these appendages 
provide may be as effective in block
ing viral adhesion as the occupation of 
Neu5Ac binding sites (see Scheme II). 
The distance between the sugar 
residues in these compounds are ap
proximately 60 A in the extended 
chain conformation-the distance 
between Neu5Ac binding sites on dif
ferent HA trimers on the virus surface 
has been estimated to be less than 
about 55 A. 14 

The convergent synthesis of the 
tris-based tripods involves three pieces, 
the Neu5Ac-diglycine 3, the glucose
diglycine 6, and the mono-, di-, and 
triacids 9, 10, and 11 (see Equations l , 
2 and 3). 

The C-glycoside 115 was photolyt
ically coupled with aminoethanethiol 
hydrochloride using N,N '-azobis (iso
cyanovaleric acid) (AICV) as a radical 
initiator to yield the intermediate 
aminoethylthiopropyl-C-glycoside 2.16 

The Neu5Acdiglycine 3 was prepared 

~ 

~ ~ multivalc111 ~ inhibition 

~ell e:i:•ll ~ 

~ rJ1 
e 

mullivalcnl capping Q • si::alic acid stcric inhibi1ion 
g • inhibi1or 

Scheme II. The tripod.~ ter111i11ated with Neu5Ac may inhibit viral adhesion by one (or a combination) 
of two mechanisms: (I) 111ultivalent capping (i.e.binding) of many Neu5Ac binding sites on the viral 
HA. or (2) capping of a small percentage of the available Neu5Ac binding sites while the steric bulk 
of the free appendages blocks contact of the virus with the cell. 

In an attempt to define more 
clearly the extent that these two mech
anisms contribute to the inhibition of 
adhesion of virus to cell we are prepar
ing a series of compounds based on tri
hydroxymethylaminomethane (tris) 
that are mono-, di-, and trivalent in 
Neu5Ac; these compounds are referred 
to as tripods. We are elongating the tris 
molecule and incorporating one, two, 
or three terminal Neu5Ac C-glycoside 
residues; we chose to use the C-glyco
side analog of Neu5Ac because unlike 
the 0-glycosidic Neu5Ac, 12 the C-gly
coside is resistant to viral neuram
inidase. 13 The remaining positions are 
terminated in glucose moieties: while 
glucose is not a ligand for HA the 
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by the coupling of 2 to t-butyloxycar
bonyl-protected (BOC) diglycine with 
dicyclohexylcarbodiimide (DCC) and 
N-hydroxybenzotriazole (HOBT), fol
lowed by trifluoroacetic acid (TFA) 
mediated deprotection of the terminal 
amino group (Eq. l, p.ll). 

The peracylated a-bromoglucose 4 
was coupled to BOC-protected amino 
(ethoxy)ethanol with Ag2C03 to afford 
the required a-0-glycoside in 45% 
yield. Subsequent deprotection of the 
hydroxy groups with sodium methox
ide and deprotection of the amino 
group with TFA yielded 5, which was 
then coupled to BOC-protected digly
cine using DCC and HOBT. Depro
tection of the amino group with TFA 

yielded the glucose-diglycine 6 (Eq. 2). 
Compound 8 was prepared from 

the SN2 reaction of BOC-protected tris 
7 with allylbromide. A solution of 8, 
methyl thioglycolate, and N,N'azobis 
(isobutyronitrile) (AIBN) in tetrahy
drofuran (THF) was then photolyzed to 
yield the mono-, di-, and trisubstituted 
methyl esters in a 2:2: l ratio (77% 
total yield). Separation by flash chro
matography and base catalyzed hydrol
ysis of the methyl esters afforded the 
mono-, di- and triacids 9,10 and 11 
(Eq. 3). 

The intermediates 3, 6, 9, 10, and 
11 have been prepared in gram scale 
quantities and we are currently in the 
process of assembling the.se compo
nents to form the tripods 15, 13, and 17 
that are mono-, di- , and trivalent in 
Neu5Ac (Scheme III). The mono-, di
and triacids 9, 10 and 11 have been 
successfully coupled to the glucose
diglycine 6 (DCC/HOBT) to yield 12, 
14 and 16 respectively; compound 16, 
a tripod that is trivalent in glucose has 
been prepared as a control. To com
plete the synthesis of the divalent 
Neu5Ac tripod 13 methyl thioglycolate 
will be photolytically added to the 
double bond termini of 12, the methyl 
esters hydrolyzed and the free acids 
coupled to Neu5Ac-diglycine 3. A 
similar series of reactions will be car
ried out on the diacid 10, to yield the 
monovalent Neu5Ac tripod 15. The 
trivalent Neu5Ac species 17 will be 
prepared from coupling of the triacid 
11 with the Neu5Ac-diglycine 3. 
Compounds 13, 15, 16 and 17 will be 
tested in a hemagglutination assay5•10 

in order to evaluate their inhibitory 
potential and compare the relative 
importance of the number of available 
attachment sites versus steric inhibition 
in the p.revention of adhesion of virus 
to cell. 7 

A more complete understanding of 
the mechanisms by which polyvalent 
materials, both synthetic and naturally
occurring, adhere to biological mem
branes is an important goal for future 
research . Indirect evidence from re
search with both synthetic and biologi
cal polyvalent materials indicates that 
the enhancement often observed with 
polyvalent materials (versus mono-

valent inhibitors) is a multifaceted 
issue. Spatial di stribution of ligands 
along the polymeric backbone is cer
tainly an important factor. 18 Other 
aspects such as charge attraction and 
repulsion and hydrophilicity of the 
polymer play an important role. 19 The 
degree to which these factors contribute 
to the adhesion process in the context 
of polyvalent materials on a complex 
biological membrane (i.e. viral, bacte
rial or cellular membranes) will require 
further study. We hope that with the 
completion of the experiments outlined 
here-using small molecules with well 
defined structure and valency-we will 
be able to assess to some degree the 
relative roles of steric inhibition and 
multiple occupation of Neu5Ac binding 
sites in the inhibition of influenza virus 
hemagglutination by polyvalent materi
als. In conclusion, the outcome of the 
research in this field should allow for 
the introduction of new polyvalent 
material s with enhanced biological 
properties to address key cellular ad
hesion processes. 
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Equation (3) 

Allylbromide, 

KOH,DMSO 
80% 

'BocHN-$ 
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1. 1.0 equiv melhyl thiolglycolate, 

AIBN, THF, hv 
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3. THF, H~O, NaOH. 
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fo~s~N"TJ~JR. 
0 H 0 

•BocHN o s II O ~ II 
~~N~~R" 

' II 
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13 R' = NH(CH~)10(CH~)10Glc 
. R", R'" = NH(C!iV~(CHv,Neu5Ac 

16 R', R", R"' = NH(CHv20(CHiJ20Glc 

17 R', R", R"' = NH(CHiJ2S(CHv,Ncu5Ac 

9 

10 

1.1 equiv 6 . 

HOST, DCC 
85% 

2.2 equiv 6 

HOST.DCC 
60% 

16 

15 R', R" = NH(C!iV20(CHv20Glc 
R'" = NH(CHv~(CH2),Neu5Ac 

0 H 

-fo~s~NiN_........0,,,..._o ..... • i G~ 
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3.2 equiv 6 
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14 

HO..C NHAc 
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~ EOH OH 
OH 

11 
3.2 equiv 3 

HOST, DCC 

OH 

I OH 

G:c. ~H 

Scheme Ill. Synthesis of tripods based on Iris that are mono-, di-, and trivalent in Neu5Ac. 
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1. 2.2 equiv mC!hyl thiolglycolatc, hv 

2. NaOH, H,0 
3. 2.2 equiv 3, HP ST, DCC 

1. 1.1 equiv methyl thiolglycolate, hv 

2. NaOH, H,O 
3. 1.1 equiv 3, HOST, DCC 

17 

·' 
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Anna Poon 
1992 Richards Summer 
Scholar 

Prof. Whitesides writes: 
"The aims of our investigations 

into antiviral drug design are to de
velop compounds that interfere with 
the attachment of influenza virus to 
cells. We are interested in blocking in
fluenza specifically, but we have the 
ultimate goal of applying the general 
principles established to other viruses 
and to bacterial pathogens. The 
Theodore William Richards Under
graduate Summer Research Scholar
ship provided Anna the resources to 
contribute to this project. Her research 
experience has been an integral part of 
her education, and has allowed her to 
learn skills in experimental organic 
chemistry. Perhaps more importantly, 
Anna's exposure to an academic re
search group has encouraged her to 
pursue a Ph.D. in organic chemistry. 
Anna will begin graduate school in the 
fall of 1993." 0 

Agglutination of 
Erythrocytes 
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Board of Directors 
continued from page 5 

ozone. In addition to the Award Meet
ing on April 15, plans are in progress 
for an Esselen Forum on April 13. 
Professional Relations: Leon Rubin 
and Arlene Light were introduced as 
the new co-chairs. 
Education Task Force: Dr. Phillips 
announced that the presentation of the 
Task Force at Duracell had. led to a 

Nien Oak Sze 
continued from page 4 

In 1975 ) together with Prof. M.B. 
McElroy and Dr. S.C. Wofsy, both of 
Harvard, he developed one of the ear
liest one-dimensional stratospheric 
models which provided the first quanti
tative prediction of global ozone deple
tion by CFC emissions. His studies in 
1976 of the tropospheric interactions 
between CH4, CO and OH predicted 
the temporal increases in global CO 
and CH4 of 1-2% per year before their 
upward trends were observed and 
documented. 

In Collaboration with Dr. Wei
Chyung Wang, he identified N20-03 

perturbation as an important climate
chemistry feedback mechanism in the 
modeling of the global climate system. 
His current interest is in model simula
tion of the distribution of stratospheric 
trace gases in natural and perturbed 
environments. At AER, he and his col
leages developed a two-dimensional 
model of latitudinal, seasonal and di
urnal variations of stratospheric trace 
gases. This model has been used exten
sively for assessing a variety of global 
environmental problems, including the 
impact on ozone of CFC emissions, 
NO" exhaust from high flying aircraft, 
and chlorine emissions from space 
shuttle operations. Dr. Sze co-authored 
five chapters and was senior reviewer 
of the 1985 WMO/NASA report on 
ozone assessment. He served on sev
eral panels and boards of several 
government agencies. He was ap
pointed U.S. Chief Scientist for the 
US/PRC Atmospheric Chemistry 
Modelling Program in 1990. 0 

$15,000 award to the Section's out
reach activities. 
Old Business: T. Light, in reflecting 
on the vote at the December meeting to 
rescind the board's vote of last May on 
paid dinners for spouses at award din
ners, pointed out that it should be made 
clear that no member dues are involved 
in paying for spouses' dinners . The 
income from Award Funds subsidize 
dinners of Directors, spouses, guests, 
etc. <> · 
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Historical Notes 
Liuie Borden; The Chemical Connection 

by William L. Masterton, University of Connecticut 

We welcome as a guest columnist Dr. 
William L. Masterton, Emeritus Prof
essor of Chemistry at the University of 
Connecticut. Bill is a native of New 
Hampshire whose undergraduate life 
at the University of New Hampshire 
interrupted by U.S. Army service dur
ing World War//. After receiving the 
B.S. (University of New Hampshire) in 
I949 and the Ph.D. (University of 
Illinois) in I953 he taught at Illinois 
until I955, then came to the University 
of Connecticut for the balance of his 
professional career. He is the author 
of a very well-known general chem
istry text which has gone through nine 
editions to date . For relaxation he 
hides out at the family homestead in 
New Hampshire where he boils down 
maple sap to a delicious syrup which 
he gives to his friends. 

This past August a conference was 
held in Fall River to "celebrate" the 
I OOth anni ve rsary of the Borden 
murders . I attended as a true crime 
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buff, rather than as a chemist. The case 
does , however, have a chemical con
nection involving the poisonous gas 
hydrogen cyanide, first 'isolated by the 
Swedish chemist Carl Scheele in 1782. 
He noted that HCN has a peculiar but 
pleasant odor and a sweetish taste; 
apparently he survived this experience. 

Supposedly, Lizzie Borden at
tempted to buy prussic acid, an aque
ous solution of HCN, in a Fall River 
drugstore the day before the murders. 
She was identified, somewhat tenta
tively, by the druggist and two assi s
tants. This information never reached 
the jury at the trial; the court seems to 
have agreed with the defense argument 
that the deaths of Andrew and Abby 
Borden were due not to poison, but 
rather to repeated hatched whacks to 
the head. 

The well-known quatrain: Lizzie 
Borden took an axe ... has led many 
people unfamiliar with the case to 
assume that Lizzie was guilty. In fact, 
the jury acquitted her after deliberating 
less than an hour; the case was never 
solved. 

Curiously, at least one person who 
viewed the crime scene suggested that 
the victims had been poisoned before 
being slaughtered. Had the Bordens 
been alive when the hatchet descended, 
there should have been a great deal 
more blood on the walls, ceiling and 
surrounding furniture . It is hard to 
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understand why the murderer would 
have indulged in this kind of overkill , 
but if so, HCN would have been the 
ideal poi son; it kill s swiftly a nd 
silently. · 

Autopsies of the victims were car
ried out by Edward S. Wood, a presti
gious forensic chemist at Harvard. For 
whatever reason, he tested for the pres
ence of hydrogen cyanide, aihong 
other poisons, with negative res ults. 
However, I wonder: 

I. How was HCN analyzed for in 
1892? What is the likelihood that it 
would have been detected several days 
after death? 

2. What are the external symptoms 
of HCN poisoning? Would they have 
been obvious to the murderer and/or 
examining physicians? 

3. Why was prussic acid sold in 
drugstores in 1892? What medicinal 
use, if any, did it have? 

One of the many legends associ
ated with the Borden Case relates that 
a policeman searching Lizzie's room 
found a book of "Household Hints" 
open to a page dealing with the proper
ties of prussic acid. I can only assume 
that this was in a chapter dealing with 
"Removal of Household Pests," proba
bly under the subheading "Unwanted 
Relatives." 

I would appreciate any responses 
you may have to these questions, or 
more generally, suggestions concern
ing these fascinating murders of a cen
tury ago. 

For those who want to follow up 
this case, an article in American 
Heritage, 29 (2) 42(1978) gives titles 
of several books on the subject: 
Victoria Lincoln, Lizzie Borden, A 
Private Disgrace (G.P. Putnam's Sons, 
I967); Robert Sullivan, Goodbye 
Lizzie Borden (Stephen Greene Press, 
I974); Edward D. Radin, Lizzie 
Borden: The Untold Story (Simon & 
Schuster, Inc. 1961). Who knows, there 
may be more recent titles, as well. 0 

Health and Safety on My Mind 
by M.A. Solstad 

New ANSI 29.5 Standard on Laboratory Ventilation 
This month I turn my column over to 
Lou DiBerardinis, CIH, CSP and 
Industrial Hygiene Officer at MIT. Lou 
chaired the subcommittee on this new 
standard as it worked out the best rec
ommendations a diverse group of lead
ers in the field could devise. He tells 
me the final version should be avail
able by now from the American 
Industrial Hygiene Association. Last 
year he spoke to the New England Sec
tion of that association and presented 
this summary of its key elements: 

"The purpose of this standard is to 
establish minimum requirements and 
procedures for laboratory ventilation 
systems ... The standard requires that 
each laboratory facility establi sh a 
Laboratory Ventilation Management 
Program and designate a 'cognizant 
person' to coordinate and monitor the 
program. It emphasizes that manage
ment participation in the selection, 
design and operation of laboratory 
ventilation systems is important. 

There are no specific recommen
dations for an air exchange rate since 
the Committee fee ls that this is an 
inappropriate criterion to use for con
tamination control. Much emphasis is 
placed on the laboratory chemical 
fume hood and other means of total 
exhaust ventilation. Key fume hood 
issues discussed include: 
1. Cdn-struction features should 

include a recessed work surface, a 
bottom airfoil, utility switches and 
valves located outside the hood and 
a sash constructed of shatter-proof 
flame resistant material. 

2. Recommended work practices 
include conducting all work at least 
6" into the hood, positioning equip
ment so as not to block the exhaust 
slots, leaving sashes in place and in 
as nearly a closed position as practi
cal and not using the hood for 
excessive storage. 

3. Recommended average face vel
ocity is a range of 80 to 120 fpm .... 
face veloc ity alone is not a good 

indicator of performance but ... 
some guidance is needed. 1 

4. Both, initial and periodic per
formance tests are required . 
ASH RAE 110-1985 is the recom
mended test for purchase specifica
tion and initial evaluation, but other 
equivalent tests are acceptable . 
Routine performance tests, such as 
face veloc ity measurements and 
smoke visualization are required at 
least annually. 

5. The standard requires that new and 
remodeled hoods be equipped with a 
continuous flow-monitoring device. 

6. The use of auxiliary air hoods and 
ductless fume hoods is discouraged 
for most applications. Specific con
d itions under which their use is 
acceptable are described. 

7. Other special exhaust hoods such as 
glove boxes and perchloric acid 
hoods are discussed. 

The recirculation of fume hood 
exhaust air is discouraged. The recircu
lation of general laboratory room air is 
allowed only if specific conditions are 
met. The conditions relate to the type 
of materials in use, the concentration 
of air contaminants generated by the 
'maximum credible accident,' the type 
of air cleaning performed on the 
exhaust stream, the presence of a con
tinuous air monitor and alarm system 
and the ability to bypass or divert the 
recirculated air to atmosphere ... 

The exha ust stack d ischarge 
should be in a vertical-up direction at a 
minimum of 1 O' above the adjacent 
roof line and located with respect to air 
intakes so as to avoid re-entry. The dis
charge velocity should be at least 3000 
fpm for a stack without internal con
densation, or 2000 fpm if internal con
densation can occur. 

The standard requires that preven
tive maintenance be performed on a 
regular basis . ... some guidelines are 
provided on the kinds of maintenance 
to be performed and [on] safety proce
dures. 

The general requirement for direc
tional air flow is that air should flow 
from areas of low hazard to higher 
hazard unless the laboratory is used as 
a Clean Room where air flow from one 
area to another is critical to exposure 
con trol, then airflow monitoring 
devices shall be installed to signal or 
alarm a malfunction. Relative volumes 
of supply air and exhaust to each room 
should be such that air flows through 
any opening, ·including open door 
ways, at a minimum velocity of 50 fpm 
and a preferred velocity of 100 fpm in 
the desired direction. 

Testing and monitoring of airflpws 
and control systems is required . 
Records should be maintained for all 
inspections and maintenance activities 
and should be part of the Laboratory 
Venti lation Management Plan. Routine 
testing is recommended fo r a ll air 
cleaning devices, contaminant control 
ventilation systems, continuous moni
toring equipment and directional air
flow if appropriate. 

General requirements for fans and 
duct work are also provided. As part of 
the selection process the maximum 
noise leve ls should not exceed 85 
dB(A)2 at the laboratory worker loca
tion. In reality, levels well below this 
will be required to satisfy occupants' 
comfort ... " 

Although not a federal law as yet, 
in practical terms, courts usually hold 
institutions to such standards of good 
practice. 

Copies will be available f rom the 
AIHA at 2700 Property A ve., Suite 
250, Faitfax, VA 2203I. 

More is not better in fume hood face 
velocity: Air velocity that is too high 
sets up counter eddies, Below 60 fpm 
"capture" velocity is inadequate. 

2 85 dB(A) refers to 85 decibels on the 
A-weighted scale, the most useful for 
judging human response of three 
scales on most sound level meters. 0 
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Coal-Bedrock of the Energy Industry 
By John Sheahan* 

This is a condensa,tion of a talk given 
before a small audience at the Sept
ember meeting of the Section. 

Occurrence 
Coal is a burnable rock of organic 

origin, composed chiefly of C, H and 
0, formed beginning about 300 million 
years ago. Coals are fossilized remains 
of prehistoric forests and vegetable 
matter which decomposed into peat and 
then were gradually transformed by the 
pressure of sediments and chemical 
changes into solid combustible materi
als. Coal is of light density for a rock 
material, being barely heavier than 
water and lighter than clay . It is 
obtained by mining in underground 
tunnels or in aboveground open pits. 

The geologic transformation of 
coal is very slow, so that coal may be 
found in many different forms. Tech
nically, the correct way to classify coal 
is by rank in stages called lignite, sub
bituminous coal, bituminous coal, and 
anthracite. These are differing degrees 
of transformation, and are marked by 
increasing hardness and by decreases in 
moisture, oxygen and volatile matter. 

Coal Type Moisture Heating Carbon 
% Val. Btu/lb Content 

Lignite or Brown <45 4000-8000 25-35% 
Sub-bituminous 20-30 8300-11500 35-45% 
Bituminous or Soft <20 I 0500-15500 45-86% 
AmhraciteorHard <15 >15000 86-97% 

Uses 
Coal is used in large volume oper

ations amounting to about a billion 
tons per year in the U.S. The major 
consumers are: electric power genera
tion, 87 percent; general industry and 
retail, 9 percent; and the iron and steel 
industry, 4 percent. These data reflect 
the decline of the U.S . steel industry 
since 1970 and the tremendous in
crease in electric power production. 

The United States has increased its 

* From the December 1992 Vortex of the 
California Section. 
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use of coal by a massive 81 percent 
since 1971 and has simultaneously 
realized a 26 percent decline in air
borne emission of sulfur dioxide , a 
major pollutant resulting from coal 
combustion. 

The electric power industry uses 
coal as a source of heat. The iron and 
steel industry uses it in the form of coke 
as a source of heat and as a chemical 
reducing agent. The major use in the 
chemical industry is in the form of coal 
tar, a black, sticky liquid produced in 
the processing of coke in coke ovens, to 
provide raw materials for the produc
tion of aromatic organic chemicals. 

Analysis of Coal 
The test data most often used for 

describing and evaluating coal are the 
proximate analysis (moisture, volatile 
matter, fixed carbon and ash), the heat
ing value, sulfur content, ash softening 
temperature, size of the pieces, and 
caking and coking properties in the 
case of bituminous coal. The ultimate 
analysis for carbon, hydrogen, oxygen, 
nitrogen, sulfur, chlorides and ash com
ponents shows the exact chemical com
position, without regard to the physical 
form in which the compounds appear. 

Moisture. Even though coal may 
appear dry and dusty the pores are nor
mally saturated with inherent, bed or 
hygroscopic moisture. It may also have 
surface moisture from rain or snow or 
from washing. Moisture is an impurity 
which reduces burning and handling 
capacity and requires Btu's to heat it. 

Volatile matter. In coal analysis what is 
measured as volatile matter is the 
amount of gas and vapor which is read
ily driven off when the fuel is heated 
according to a standard test. Most of 
the gas is burnable; some is not. It con
sists of hydrocarbons, sulfur com
pounds, hydrogen , carbon monoxide 
and carbon dioxide. The higher the 
volatile matter the more readily the coal 
will ignite and the faster it will bum. 

Fixed carbon. This is the combustible 
material in the coke left after the 
volatile matter distills off. It consists 
mainly of carbon, but contains some 
hydrogen, oxygen and sulfur not 
driven off with the gases. 

Ash. The non-combustible residue left 
behind when coal bums completely is 
the ash. It consists of silica and·bxides 
of aluminum, iron, calcium and mag
nesium, chlorides and other minor 
mineral matter. 

Sulfur. Coals which are generally 
available may contain as much as 8 
percent sulfur. Although it is a com
bustible material and shows up in the 
volatile matter, for the most part sulfur 
is an undesirable impurity. It con
tributes to spontaneous combustion in 
coal piles. Its combustion product is 
sulfur dioxide (S02) which combines 
with water vapor to form sulfurous 
acid (H2 S03), which causes corrosion 
on the metallic parts of kilns , boilers, 
preheaters, dust collectors, etc. 

Heating Value. The heating value is a 
measure of the energy units which can 
be yielded by a fuel and is determined 
by burning the fuel in a bomb 
calorimeter. 

Drying and Grinding 
Almost all modem large coal-fired 

operations, such as boilers for electric 
power generation and kilns for produc
ing cement and lime, use pulverized 
coal. Such plants may each use thou
sands of tons of coal per day, ground 
to the fineness of talcum powder, so 
drying and grinding equipment are of 
appropriately large scale. Drying and 
grinding are usually done simultane
ously with firing as an immediately 
following step or as a separate step. 
Two groups of equipment are dominat
ing: vertical ring-roller mills with inte
gral classifiers, or ball or rod mills with 
various types of external classifiers; 
both are swept with heated air which 
dries and conveys the coal. 

Firing with Coal 
The coal burner mixes the finely 

ground particles of coal with air as it 
injects them into the furnace or kiln . 
The ignition temperature of pulverized 
coal is between 390 and 1020 degrees 
F ( 199 to 549 degrees C). This is the 
temperature to which the coal particle 
must be heated to burn freely and con
tinuously without more heat being sup
plied. In the combustion zone the 
volatile matter in the coal particles 
must be distilled off, mixed with air 
and ignited, and the residual carbon 
burned. The combustion air, as well as 
the coal particles themselves, must be 
heated to the ignition temperature of 
the coal. 

Use of Coal in the Cement Kiln 
Because of coal ash absorption in 

the product and alkali, sulfur and chlo
ride reactions in the kiln, firing a 
cement kiln with coal presents an inter
esting challenge to cement plant 
chemists and engineers. 

Cement kilns are long (up to 500 
feet) rotating steel tubes insulated with 
firebrick, with the raw cement ingredi
ents flowing at about 100 tons per hour 
counter-current to the flame, and melt
ing and fusing into cement clinker. 
Dust is collected at the feed end and 
returned to the kiln. The most modem 
kilns may be less than half as long with 
a series of inter-connected cyclones 
called preheaters which mix the kiln 
dust and the hot kiln gases with the 
incoming powdered feed; these 
cyclones may be fitted with auxiliary 
burners, and they become precalciners. 

Coal ash is absorbed by the 
clinker when firing with coal and 
becomes an ingredient. The cement 
raw mix of limestone, clay, sand and 
iron ore must be adjusted for the 
amount of ash absorbed by the clinker 
to maintain quality. There are specific 
formulas for this. 

The raw materials contain trouble
some compounds in the form of alkali 
salts such as sodium and potassium 
carbonates, sulfates and sulfides and 
sometimes chlorides and fluorides. 
Coal burned in the kiln provides more 
of those materials as well as organic 
sulfur compounds and inorganic sulfur 

sources such as pyrites. During the 
process of clinker formation at temper
atures gradually increasing to 2500-
2700 degrees F (1400-1500 degrees C) 
some of the alkali, sulfur and chlorine 
compounds melt, boil and vaporize. 
Others decompose and vaporize. The 
vapors are carried along with the exit 
gas to the kiln inlet, where they con
dense. Mixtures of these materials 
might not harden until temperatures 
below 1290 degrees F (700 degrees C) 
are reached. Some of these sticky 
melts may coat the kiln inlet or pre
heater or dust collector parts where 
they pick up dust or raw meal particles, 
solidify and build up into plugging 
problems. The smoothest operation 
depends on establishing a favorable 
alkali-sulfur-chlorine balance. The bal
ance must include such opposite fac
tors as the need to avoid sulfur dioxide 
pollution from the stack while at the 
same time keeping the alkali in the 
clinker within specifications and doing 
both without plug-ups. 

Energy Equivalents 
I Btu of energy = 
I million Btu 

of energy= 
I short ton of coal 
(average all ranks)= 

I match tip 

90 pounds of coal 

22 million Btu 
.-------. 3.8 barrels of oil 

I short ton of coal 189 gal. of gasoline 
produces SJO lbs. !cord seasoned firewood 
of portland cement. 21,000 cu. ft. natural gas 

Environmental Problems 
Getting away from the specifics of 

coal in cement kilns, one must also 

For Chemical 
Careers in the '90s, 

The Only Constant 
is Change 

mention the environmental problems 
of firing electric utility boilers and 
other furnaces with coal. 

Ash, both fly ash and bottom ash, 
is a problem. In the past, much coal 
ash was recycled into building mate
rials such as cinder blocks or into road
bu i ldi ng materials . These uses are 
dwindling, and other outlets are being 
sought. 

Acid rain resulting from sulfurous 
acid due to sulfur oxides in stack gases 
is a great environmental problem. One 
of the techniques used to clean sulfur 
oxides from stack gases is scrubbing 
the gases with a lime or limestone 
slurry, which creates another slurry of 
calcium sulfite and gypsum. Of course, 
this leaves another environmental 
problem - the disposal of that slurry. I 
was involved in a pioneer effort to 
convert calcium sulfite slurry into 
gypsum and then to use that gypsum to 
produce gypsum wallboard. We pro
duced acceptable gypsum wallboard on 
a plant scale, and a somewhat similar 
process is now in com.mercial use at 
one plant. 

Just recently, I saw that a cement 
company is seeking backers to explore 
their findings that the calcium sulfite 
slurry can be converted into quality 
cement and sulfuric acid. 

The coal industry and the electric 
power industry are doing much 
research into clean coal technologies to 
reduce pollution problems and that is a 
story in itself. <> 

Prepare for change w~h ACS Career Services: 
• Career Consultants 
• Employment Clearing Houses 
• Professional Data Bank 
• Resume Review 
• Job-Search Workshops 
• Salary Surveys 
• Classified Ad Discounts~~/ 

Put ACS Career Services to work 
for you ... for your entire career. 

• 
ACS CAREER SERVICES 
Fat more lnlormlllOR call Erlb II 
ll0/227·5551., 202/ln-4432 
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ACS Report 
The Chemistry Labor Force 

Condensed from a December 1992 
Bulletin of the Office of Professional 
Services. 

Size of the Chemistry Labor Force 
Numbers depend on the definition used 
in the counting. The U.S. Bureau of 
Labor Statistics uses a very narrow 
definition of "Chemist" and in 1990 
found 107 ,000, incl. college faculties. 
This is about 7% of all scientists and 
42% of physical scientists. The Na
tional Science Foundation, using a 
broader definition, found 198,000 
chemists in the U.S. in 1988. Using a 
still broader definition which includes 
chemical engineers and some molecu
lar biologists whose work is largely in 
chemistry, the total rises to 351,000. 

The following statistics are based 
on ACS surveys. 

Type of Degree 
60% have Ph.D.s, 15% indicated mas
ter's degrees and 25 % bachelor's 
degrees as their highest degree. NSF 
data are roughly comparable. 

Type of Employer 
In 1992, 65% of ACS members 
worked in industry, 22% in academia, 
8% in government, 4% in other non
academic employment and 1 % teach
ing in high schools. The NSF arrived at 
roughly comparable figures. 

Field of Work 
Here the break-down is much less 
clear. In industry, the largest group, 
30%, call s itself Analytical, with 
Organic and Polymer Chemistry each 
being about 17%, Environmental 11 o/o 
and all others adding to 25%, none 
being above l 0%. In academia, 
Organic Chemistry is the largest con
tingent with 24%, fo llowed by 
Biochemistry with 2 1 %, Physical 
Chemistry 18%, Analytical 12%, 
Inorganic 10% and all others 15%. 
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Geographic Distribution 
ACS members' chemists are concen
trated primarily in three or four 
regions: Middle Atlantic (23%), East 
North Central (20%), South Atlantic 
(17%) and the Pacific Region (12%). 
Sorry, the Northeast contributes only 
7% of the chemists (but probably a 
much higher percentage of the ideas). 

Type of Industrial Employer 
Of the industrially-employed chemists, 
20% work for pharmaceutical firms, 
19% for other manufacturing firms and 
13% for specialty services. The break
down goes into many categories: Basic 
chemicals, petroleum, plastics , coat
ings, agricultural chemicals, electron
ics, food, all of which add up to 32%. 

Type of Work Activity in Industry 
About 60% of industrially-employed 
chemists are in R&D, 15% in R&D 
management, l 0% in basic research 
and 35% in applied research. 

Academic Employment 
43% of academic member chemists are 
in non-Ph.D. granting institutiongs, 
50% in Ph.D. granting ones, and 7% in 
medical schools. More than 50% were 
full professors, 18% each are associate 
professors and Assistant Professors 
and 7% Research Associates, etc. 

Age Distribution 

Industrial Academic 
<30 4% 2% 

30-39 36% 23% 
40-49 33% 29% 
50- 59 21% 32% 

>60 6% 14% 

Women in the Workforce 
In 1991, 17% of ACS members were 
women, however they constitute 29% 
of ACS member BS/MS chemists, but 
only 12% of member Ph.D. chemists. 
() 

New· 
Element 
Discovered 
The heaviest element known to science 
was recently discovered by university 
physicists. This element, tentatively 
named "ADMINISTRATIUM", has no 
protons or electrons and thus has an 
atomic number of 0. However, it does 
have one neutron , 70 vice ileutrons, 
and 161 assistant vice neutrons. This 
gives it an atomic mass of 232. These 
232 partic les are held together in a 
nucleus by a force that involves the 
continuous exchange of meson-like 
particles called morons. 

Since it has no electrons, Admin
istratium is inert. However, it can be 
detected che mically, as it impedes 
every reaction it comes in contact with. 
According to researchers , a minute 
amount of Administratium, added to 
one reaction caused it to take four days 
to complete. Without the Administra
tium, the reaction ordinarily occurred 
in less than one second. 

Administratium has a normal half 
life of approximately three years , at 
which time it does not actually decay, 
but instead undergoes a reorganization 
in which assistant neutrons, vice neu
trons and ass is tant vice neutrons 
exchange places. Studies seem to show 
the atomic mass actually increasing 
after each reorganization. 

Research indicates that Admin
istratium occurs naturally in the atmo
sphere. It tends to concentrate in cer
tain locations such as government 
agencies, large corporations and uni
versities. It can usually be found in the 
newest, best appointed and best main
tained buildings. 

Scientists warn that Administra
tium is known to be toxic, and recom
mend plenty of fluids and bed rest after 
even low levels of exposure. 

Author unknown 
Reprinted with permission, f rom the 
February, 1993 "the CHEMICAL bul
letin" (Chicago Section). 0 

LABORATORY AUTOMATION. 
Off-the-shelf and custom soft
ware for PC and PDP-11. Labo
ratory instrument interfacing 
and data acquisition. Inorganic 
CLP reporting. R.N. St illwel l, 
Scientific Computer Applica
tions, (617) 275-2964 

Attend NERM 23 

June 22 - 25, 1993 at 

Northeastern University 

Boston, MA 

RECRUITING ? 
The NUCLEUS readership base 
is New England's largest source 
for chemical industry personnel. 

The Nucleus reaches more than 
10,000 readers each month. 
These readers are in the follow
ing areas of activity: 

Industry Management & R&D 67% 
Academe Faculty & Admin 14% 
Students Grad & post-docs 10% 
Consulting & Clinical Labs 5% 
Government 4% 

One company that recruited through 
The Nucleus said: We rece ived more 
qualified resumes from our ad in The 
Nucleus than we did from our 
newspaper ad. 

Call Nancy Bedell for more info: 
(617) 837-0424 

CUSTOM SYNTHESIS. Lab scale 
synthesis (gram to several ki lo
grams) of organic chemicals, 
biochemicals, metal alkoxides, 
metal acetylacetonates , and 
metal carboxylates. We have the 
ability to handle air and moisture 
sensitive compounds. Contact 
Dr. N. Rice, Oryza Laboratories, 
Inc., 112 Parker Street , New
buryport, MA 01950. 
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As the leader in the rapidly expanding $3.5 
billion separations industry. we combine 
chromatographic and e/ectrophoretic in
strumentation, column and membrane 
chemistries, and information processing. 
The people who make our strengths poss
ible are recognized, rewarded and encour
aged to advance their careers. 

Senior Applications 
Development Chemist 
Investigate and solve a broad range of 
chemical problems for the pharmaceuti
cal and industrial marketplaces. In
volves creating hardware and software 
solutions to support the development of 
application-specific products. Requires 
a degree in Chemistry with significant 
mass spectroscopy experience. Knowl
edge of GCMS, and/or LCMS is a plus. 
Dept. SADC. 

Applications Chemist 
Workmg in our Bioscience group, you' ll 
develop/verify test applications of diode 
array detectors for peptide analysis; eval
uate new chemistries/column hardware 
for peptide separations; and support pep
tide HPLC and applications in preparative 
HPLC. Requires a Bachelor's degree 
with 5+ years' experience, a Master's 
degree with 3+ years' experience, or a 
recent Ph.D.; significant HPLC experi
ence; knowledge of peptide chemistry, 
peptide HPLC, and preparative separa
tions. Familiarity with Ollr equipment is 
desirable, and a Biochemistry background 
is preferred. Dept. AC. 

Product Manager 
With responsibility for preparative chro
matography instruments and related 
chemical products, you' ll provide detailed 
analysis of current products/markets; 
develop a marketing plan to increase 
product sales; communicate with field 
sales groups; and provide technical prod
uct management. Requires familiari ty 
with preparative chromatography and/or 
primary customer bases - pharmaceuti
cal biotechnology, process development. 
Dept.PM. 

Participate in leading-edge product and 
market development, while enjoying the com
petitive salary and benefits of a growing 
Fortune 500 company. Please 
mail or FAX vour resume, 
referencing th~ appropriate 

departme/11, to: Millipore 
Waters Chromatography 
Division, 34 Maple Street, 
Milford, MA 01757; FAX 
(508) 478-8451, Attn: Steve 
Mellor, Human Resources. i 
Millipore is an equal opportunity employer; 
women and minorities are strongly encour
aged to apply. 

MILLIPORE 
Waters Chromatography 
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