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Corporate Patrons
Novartis Pharmaceutical Corp.
Strem Chemicals, Inc.

Corporate Sponsors
Aerodyne Research, Inc.
Cambridge Isotope Laboratories
Consulting Resources Corp.
Houghton Chemical Corp.
New England Biolabs, Inc.
Organix, Inc.
Polymedica Corp.
Sigma-RBI

New Members
Includes members relocated to the
Northeastern Section

Invitation to attend a Section
meeting

You are cordially invited to attend
one of our upcoming Section meetings
as guest of the Section at  the social
hour and  dinner preceding the meeting.
Please call Marilou Cashman for a
reservation, letting her know that you
are a new member. ��

NESACS
News 
Tracy T. Moore II, from Cincinnati,
OH has been awarded an ACS Schol-
arship, sponsored by Proctor & Gam-
ble Co. He has chosen to study
Biochemical Sciences at Harvard Uni-
versity. Welcome to the Section!

Bassam Shakhashiri will be receiving
the AAAS Award for Public Under-
standing of Science and Technology at
the February 2003 Annual Meeting of
the AAAS in Denver, CO. He is cited
for: “tireless efforts in communicating
the nature of science to the public.”

Dr. Shakhashiri was the
speaker/demonstrator at the very suc-
cessful National Chemistry Week
Event at the Museum of Science Octo-
ber 20, 21. Congratulations! ��

Nominations
Philip L Levins 
Memorial Prize
Nominations for the Philip L. Levins
Memorial Prize for outstanding per-
formance by a graduate student on the
way to a career in chemical science
should be sent to the 

Executive Secretary, 
NESACS, 
23 Cottage St. Natick, 
MA 01760 

by March 3, 2003. 

The graduate student’s research
should be in the area of organic analyt-
ical chemistry and may include other
areas of organic analytical chemistry
such as environmental analysis, bio-
chemical analysis, or polymer analysis.

Nominations may be made by a
faculty member, or the student may
submit an application. A biographical
sketch, transcripts of graduate and
undergraduate grades, a description of
present research activity and three ref-
erences must be included. The nomina-
tion should be specific concerning the
contribution the student has made to
the research and publications (if any)
with multiple authors.

The award will be presented at the
May 2003 Section Meeting. ��

Directions
Since the MIT Lot is likely to
be pretty full and on-street
parking is tight, use the T, if
possible.
Red Line: Exit at Kendall, walk
towards Boston on Main St., turn right
into Wadsworth St. The large building
on the left at the corner of Wadsworth
and Memorial Drive is the  Sloan Ctr.
(less than 500 feet from the T).

Driving: 

From Down-town Boston: Cross to
Cambridge on the Longfellow Bridge
*and at the end of the bridge take the
right turns into Memorial Drive (west-
bound). Take the first right, into
Wadsworth St. and at the end of
Wadsworth Street, turn right into Main
Street. The entrance to the MIT Sloan
parking lot is 1/2 block on the right.
Parking free after 3:30 pm.

From Back Bay, Brookline, etc.:
Take Storrow Drive to the Cambridge
St. Exit, stay left and cross the Charles
River on Longfellow Bridge, follow *
above.

From Cambridge: Take Main St.
eastbound. The MIT Sloan parking lot
is on the right shortly after the Kendall
Square T-stop, just beyond Wadsworth
St. Parking free after 3:30 pm. ��



Biography
Leslie E. Orgel is a Fellow and
Research Professor at The Salk Insti-
tute for Biological Studies where he
directed the Chemical Evolution Labo-
ratory.  He is also an Adjunct Professor
in the Department of Chemistry at the
University of California, San Diego,
and one of five Principal Investigators
in the NASA-sponsored NSCORT pro-
gram in Exobiology.

His research is concerned with
chemical evolution.  He and his
coworkers have studied non-enzymatic
polymerization reactions in aqueous
solution that imitate nucleic acid repli-
cation and protein synthesis.  In partic-

ular, they have developed methods for
transcribing DNA sequences into RNA
with high fidelity.

Leslie E. Orgel was born in Lon-
don, England.  He received a B.A. in
Chemistry and the Ph.D. in Chemistry
at Oxford in 1951. Dr. Orgel is a Fel-
low of the Royal Society (1962) and of
the American Academy of Arts and
Sciences (1985), and is also a Member
of the National Academy of Sciences
(1990). ��
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Monthly Meeting
The 839th Meeting of the Northeastern Section of the American
Chemical Society

Thursday, January 9, 2003

MIT Faculty Club, 50 Memorial Drive, Cambridge, MA

5:30 pm Social Hour

6:30 pm Dinner

7:45 pm Evening Meeting, Dr. John L. Neumeyer, Chair, presiding

Dr. Leslie E. Orgel, Salk Institute, La Jolla, CA The RNA World and
the Origin of Life

Dinner reservations should be made no later than noon, January 2, 2003. Please
call or fax Marilou Cashman at (800) 872-2054 or e-mail at
MCash0953@aol.com.   Reservations not cancelled at least 24 hours  in
advance  must  be  paid. Members,  $25.00;  Non-members, $28.00; Retirees,
$15.00; Students, $ 8.00. 

THE PUBLIC IS INVITED.

Anyone  who needs special  services or transportation,  please call Marilou
Cashman a few days in advance so that suitable arrangements can be made.

Parking: Limited free parking after 3:30 pm in the MIT lot, entering from Main
Street. Meter parking on side streets is free after 6:00 pm

Next Meeting: February 13, 2003, Holiday Inn, 399 Grove St., Newton, MA.
Dr. Iona Black (Yale University) speaks on: “An Investigation of Bonding in
Selected Platinum(II) Complexes.” Social Hour and Dinner: 5:30; Evening
meeting 7:45.

Abstract
The RNA World and The
Origin of Life
Recent X-ray studies of ribosomal
structure provide strong evidence that
there was once an RNA world in which
RNAs functioned both as genetic and
catalytic molecules without assistance
from RNA-coded peptides or proteins.
This simplifies the problem of the ori-
gin of life in some ways because it is
now only necessary to explain the ori-
gin of RNA, but it makes inference
from biochemistry to prebiotic chem-
istry more problematical because all
biochemicals except RNA may have
been invented by RNA. I will first
review recent experimental studies that
relate to the possible de novo origin of
the RNA world. Then I will emphasize
attempts to develop replicating systems
different from and simpler than RNA,
that might have acted as midwives for
the birth  of the RNA world. ��

WWW.NESACS.org
Have you looked at it?

The NESACS website

Dr. Leslie Orgel



I am honored to have been elected to
serve as the Chair of the Northeastern
Section for 2003.  

This is one of the largest and most
active sections in the American Chemi-
cal Society with a most impressive mix
of universities, industries and research
institutes matched nowhere else in the
world.  One of my goals as your
Chair, with your help individually and
collectively, is to bring to the attention
of the public, the role that chemists
play in our society and to improve the
public’s perception of chemicals and
chemists.

Where are the problem areas in
which we need to focus our attention?  
When we as Homo sapiens emerged in
Africa some two million years ago, our
impact on a world teaming with
wildlife was infinitesimally small.
Over the course of time, man’s brain

enlarged and he developed tools, agri-
culture and civilization.  Today, we are
one of the most pervasive species on
Earth, 6.2 billion strong and growing
by 80 million each year.  Population
increases, consumption, and technol-
ogy are believed to be the cause for
driving the human impact on our envi-
ronment.  

A few years ago, it was predicted
that by 2050 the world population
would reach ten billion.   Due to birth
rates having fallen sharply in the more
developed areas of the world, the num-
ber may only reach 9 billion.  Half the
developing world lives on less than
two dollars a day while consumption
and expectation for a better life contin-
ues to rise.

“Better living through chemistry”
How can we, as chemists, contribute to
improving the world around us?  Most

scientists agree that the planet is warm-
ing and that we, with our greenhouse
gas emitting power plants, gas guz-
zling cars and factories, are a major
culprit.  We need to reduce our gas
consumption and develop alternative
sources of fuel more friendly to the
environment.  Chemists, both directly
and indirectly, can contribute to lower-
ing the concentration of carbon dioxide
in the atmosphere.

Energy Gluttons
At the dawn of the 21st century,

the civilized world still depends on the
burning of oil, natural gas and coal to
provide 85% of the world’s commer-
cial energy and 80% of all human-
caused CO2 emissions.  Energy
demand has nearly doubled in the past
three decades and is expected to
increase by another 60% by 2020.  We
must develop and encourage the use of
cleaner and renewable energy.  Cur-
rently hydropower, wind turbines, solar
cells, biomass fuels, and hydrogen fuel
cells are supplying only 10% of the
world’s energy.  One of our own
chemists, Karl Weiss, formerly Chair
of Northeastern University’s Chem-
istry Department, is currently President
of the Westborough based Massachu-
setts Technology Collaborative that
plans to construct 170 windmills in
Nantucket Sound.  At the present time,
Germany leads the world in the use of
windmills and these provide enough
power for five million homes.

Water, water everywhere but is it safe
to drink?

One third of the world’s popula-
tion lives in countries where the water
supplies often don’t meet the demand.
Every day over 9,000 people perish
from diarrhea, cholera, schistosomiasis
and other diseases spread by contami-
nated water or the lack of adequate
water for hygiene.  

Little effort by our research estab-
lishment is focused on developing
treatments for these diseases or pre-
venting them.  Even in the United
States of America, utility companies
will have to spend 1.5 billion dollars
annually for twenty years to remove
groundwater contaminants, everything
from atrazine to zinc.

Greetings from the New
Chair
Ask Not What Chemistry Can Do For You – Ask What You Can
Do For Chemistry!

continued on page 7
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From the November 7,  2002  Norris
Award Meeting

What do you do when you come face
to face with your students for the first
time? Not only is it the first time for
the students, but it is the first time for
you too? And not just any students, but
students solely interested in the arts,
and poor, and unwilling to sign up for
the science course that you were hired
to teach them?  Well, what would you
do?

Here is what Zafra Lerman did
when she faced the fact that she had

been hired to teach science
at Columbia College, in
Chicago’s inner city, and
had to recruit her students
and, somehow, inspire
them to want to learn sci-
ence in the course of their
studying to be artists,
dancers, poets or journal-
ists.  She invited them to
cross the street with her
and “have a drink on me.” 

What, an age limit for
drinking alcohol?   As an
Israeli who had been
brought up in a culture in
which young children had their first
taste of wine at the Passover seder,  she
never thought of an age limit.  But the
students, who had ordered a variety of
drinks, Screw Drivers, Bloody Marys,
and the like, had to explain to Lerman
what the drinks were: orange juice and
alcohol, tomato juice and alcohol, etc.
And on this peg Lerman began her
teaching career at Columbia College.

“What is alcohol?  You don’t
know?”  The bar’s paper napkins were
the first blackboards for the course.
“This is how a chemist writes the alco-
hol that you are drinking, C2H5OH.”
By this time all the students in the bar
were involved.    “And what is
vinegar?  Acetic acid, CH3COOH.  If
you put them together with a catalyst
you get ethyl acetate, CH3COOC2H5,
and that’s nail polish remover.  You can
drink the alcohol, you can drink the
vinegar, but I don’t think that you will
want to try drinking the product of
their reaction.”

The science course didn’t continue
in the bar, but the message was clear:
To teach these students, and many,
many others, she had to make the sub-
ject relevant.   And by making the sub-
ject relevant she found that she could
teach anything that  she wanted.

She asked the students to read the
newspapers and bring in articles
related to science, and the students
became aware of science as a part of
daily life.  Her own dislike of taking

tests led her to mention the parable of
Rabbi Hillel who was asked by a
mocking man, ”Teach me the Torah
while I stand on one foot!”  And Hillel
replied, ”What is hateful to you,  do
not do to your friend.”  So Zafra made
a rule, “No tests, but each of you can
do a project in any medium in which
you feel most comfortable, and the
whole class will evaluate the results.”
She was counting on the creative abili-
ties of these would-be artists, and was
not disappointed.

Not only did the students love
doing their projects, but they were
assembling a portfolio of value to
themselves when they went out inter-
viewing for jobs.  

A topic such as the splitting of the
atom was illustrated by cartoon books,
by paintings, by dance groups, by
computer simulations. Salt formation
brought forth a play, Sodium and Chlo-
rine, a re-writing of Romeo and Juliet,
as well as other artistic treatments of
the interactions of opposites.  And a
few of Zafra’s students were seduced
into scientific training at the Ph.D.
level, a somewhat different outcome
from what they may have envisioned
when they entered Columbia College!

That was the beginning, and, as
we learned at the Award Ceremony
where Zafra Lerman was given the
James Flack Norris Award for Out-
standing Achievement in the Teaching
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Meeting Report
The Education of Zafra Lerman

How can we contribute?
I could go on to discuss other

environmental problems that impact
our daily lives but I have chosen to
focus on just a few of these issues.  

My hope is that each of us will
make some small contribution to help
solve these problems.  Those of you
who are educators (high school or uni-
versity), researchers or policy makers
can counter the public’s general lack of
concern about the environment by dis-
cussing these issues..  

We also need to convey the posi-
tive contributions of chemists to the
public.  I would like to continue this
dialog with you, so please contact me
if you have ideas, special needs or con-
cerns on these and other issues.

As your Chair, I can do little with-
out the help and cooperation of you,
the members of this Section.  Please
call or e-mail me to volunteer for the
many committees necessary to run this
large organization. Don’t leave it to
others, get involved!

Finally, my best wishes to all of
you in the year 2003.  I look forward to
the opportunity to greet each and every
one of you at our many NESACS
activities.

John L. Neumeyer

Email:Neumeyer@mclean.harvard.edu
��

From the Chair
Continued from page 6

Nov. 7, 2002, Award Meeting
(l. to r.) James Shoffner,* Zafra Lerman* (Norris Awardee),
Patricia Samual (Committee Chair), Morton Z. Hoffman
(NESACS Chair)
*Columbia College Chicago.  (photo; M.Z. Hoffman, with helper)

continued on page 8
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Introduction
A new class of DNA-based

biosensors are under development that
use electrochemical signals to report
the presence of specific DNA
sequences1-5. Electrochemical detec-
tion of DNA is facilitated by the 
covalent immobilization of oligo-
nucleotides on an electrode surface.  A
versatile approach for the fabrication
of DNA-modified electrode surfaces
involves the use of thiolate-gold link-
ages that provide a well-defined DNA-
metal contact.  The preparation of
DNA films using thiol-modified

oligonucleotides has facilitated the
study of the redox properties of inter-
calators 1,2 and the use of electrochemi-
cal methods to detect genomic
sequences 3,4 and disease-related point
mutations5.  

Although oligonucleotides teth-
ered to gold surfaces have been used
extensively for DNA-based biosensing,
little is known about how the DNA-
electrode connection affects film
integrity or the electrochemical signals
obtained for bound reporter groups.
Identifying linkers that facilitate the
formation of tightly-packed films is
important for controlling monolayer
structure, and the discovery of highly
conductive DNA-electrode linkers is
important for applications where mini-
mal contact resistance is desired.

We investigated a series of films
immobilized on gold electrodes com-
posed of DNA oligonucleotides deriva-
tized with different thiol-terminated
tethers.  An efficient synthetic
approach has been developed that
allows the generation of modified
oligonucleotides with a variety of
aliphatic and aromatic moieties incor-
porated within the linker structure.  We
used electrochemical assays to charac-
terize the films and assess the extent
and kinetics of monolayer deposition.

In addition, the electron-transfer kinet-
ics of an intercalated redox-active
probe were monitored to assess the
electronic properties of the different
DNA-electrode linkages.  The fastest
electron-transfer kinetics are observed
with a linker attached to a thymine
residue, indicating that enhanced
DNA-electrode coupling results when
the tether is conjugated directly to a
stacked base. 

Results and Discussion
Using a combination of solid- and

solution-phase reactions 6, we were
able to generate a series of DNA
oligonucleotides featuring different
thiol-terminated linkers (Figure 1).  We
constructed four different assemblies:
two containing predominantly aliphatic
linkers of two different lengths (C2
and C6) conjugated to the 5’-OH of the
terminal ribose, one with the same
sugar linkage but with a xylene spacer
substituted for the methylene chain of
the aliphatic linkers (XYL), and one
that is structurally similar to the C2
linker but conjugated directly to a
DNA base through the 5-CH3 group of
thymine (T-5).  Each structure shown
in Figure 1 was attached to the same
sequence: 5’GCATTAACGAGTTAC
(with the exception of the T-5 linker,
which required the substitution of the
terminal G with a T).

To test the effect of different
DNA-electrode linkers on the electro-
chemical behavior of a redox-active
reporter, we monitored the response of
methylene blue (MB) at the films
immobilized through the series of teth-
ers.  MB is a useful probe of DNA
films, as it exhibits a reversible reduc-
tion centered at -0.25 V (versus
Ag/AgCl) 2.  In dilute solutions (1 µM)
of MB, pronounced signals are
observed by cyclic voltammetry for
gold electrodes treated with thiol-mod-
ified DNA duplexes, whereas no signal
is obtained with bare gold electrodes.
These results are consistent with previ-
ous studies demonstrating that MB
shows high affinity (K ~ 4 x 106 M-1)
to immobilized DNA and more moder-
ate affinity (K ~ 2 x 105 M-1) to bare
gold 2 . 

* 2002 Norris/Richards Summer Scholar

Summer Scholar Report
Development of conductive DNA-electrode linkers
Meaghan O’Keefe* and Shana O. Kelley

Boston College, Merkert Chemistry Center,
Chestnut Hill, MA 02467

continued on page 9

Figure 1: Illustration of DNA-thiol linker con-
jugates synthesized and investigated via elec-
trochemical assays. The DNA duplex is not
shown to scale.

of Chemistry, it led to a new curricu-
lum for teaching science, to an NSF
sponsored Flagship Project,  “Ozone to
Oil Spills”, to joint symposia between
Princeton students and Columbia Col-
lege students, to recognition not only
in the United States, but abroad.

Not only had Zafra learned to
teach science to poets, but she had also
learned to teach science so that the
teaching, visualization, stuck with the
students.  Work with students, teachers
and parents in “the worst school dis-
trict in the country” (as it was called by
former Secretary of Education Ben-
nett) in the Chicago public schools,
showed how effective her mode of
teaching was.  Gains in achievement at
the 5th and 8th grade levels were unpar-
alleled.

Her work has put a new face on
the teaching of science, in particular
chemistry, and gives us the feeling that
a beneficial revolution in  science
teaching should result.

Reported by Myron S. Simon��

Meeting Report
Continued from page 7
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Integrated peak currents were con-
sistent with surface coverages of MB
corresponding to 1 - 2 intercalators per
immobilized duplex (ΓMB = 8 – 10 x
10-11 mol/cm2, ΓDNA = 4 - 7 x 10–11

mol/cm2 approximated from blocking
experiments).  The observed MB cur-
rents are consistent with previously
proposed models suggesting that MB
binding sites are localized mainly to
the solution-accessible periphery of the
monolayer on short time scales2.   

Variations in the linker that pro-
vided the DNA-gold connection did
not significantly affect the overall sen-
sitivity or general features (e.g., Eo,
peak splitting at low scan rates) of the
electrochemical signals obtained.  This
information, combined with results of
experiments assessing the density of
thiol-modified DNA duplexes immobi-
lized on gold electrodes, indicates that
a wide variety of chemical structures
can be used to construct well-behaved
DNA films.  

The goal of this study was to iden-
tify structures that would provide a
DNA-electrode linkage with optimal
electronic coupling.  We examined the
influence of the linker structure on the
heterogeneous electron-transfer kinet-
ics by monitoring the dependence of
the voltammetric peak splitting on scan
rate.  Several groups have reported the-
oretical descriptions of the relationship
between peak-potential splitting and
electrode kinetics based on Butler-
Volmer free-energy relationships and
Marcus electron-transfer theory 6-8, and
experimental studies 7,8 have validated
the use of scan-rate studies to measure
electron-transfer rates.  

Manipulating the chemical struc-
ture of the DNA-electrode linkage pro-
duced detectable differences in the
kinetics of electron transfer for MB
bound to the films as deduced from the
magnitude of voltammetric peak split-
ting at high scan rates (Figure 2).  For
example, at 20 V/s, Epc-Eo was 54(±2)
mV for MB bound to a film with a C6
linker (where Epc is the voltage at
cathodic maximum current).  The base-
conjugated T-5 linker, however,

yielded a significantly lower Epc-Eo
value of 27(±2) mV (Figure 2).   The
C2 linker and XYL linker also pro-
duced smaller peak splittings with Epc-
Eo values of 29(±2) and 30(±6) mV,
respectively. 

Complete scan-rate studies con-
ducted with each film allowed for the
determination of approximate het-
erogenous electron-transfer rate con-
stants (ket) as shown in Table 1.  The
variation in peak splitting as a function

of scan rate was monitored for all four
types of films, and rates were extracted
using theoretical working curves previ-
ously reported 7.  This analysis yielded
detectable rate differences for each
linker.  The reduction of MB at a film
composed of oligonucleotides func-
tionalized with the C6 linker, the
longest of the series described here,
displays the slowest kinetics (ket = 1.5
x 102 s-1).   The smaller number of
methylene units in the C2 linker results
in a twofold increase in the electron-

transfer rate (ket = 3.8 x 102 s-1).  The
XYL and T-5 linkers yielded the fastest
kinetics, with ket values of 4.4 x 102

and 5.0 x 102 s-1, respectively.
The redox-active probe employed

for these studies, MB, is associated
noncovalently with the DNA films
mediating the charge transport.  There-
fore, the distance over which the elec-
tron-transfer reaction occurs is not
precisely known.  Previous studies
have indicated that MB is localized to
the DNA binding sites closest to the
solvent interface2. It is therefore likely
that the rates we measure represent the
kinetics of electron transfer through the
immobilized DNA molecules. How-
ever, it is noteworthy that the rate
changes we measure are not as large as
would be predicted from the changes
in structures of the different linkers.
For example, the C6 and C2 linkers
differ by four methylene units.  The
shortened tunnelling path length would
be expected9 to produce at least a 100-
fold change in rate; indeed, ferrocene-
terminated alkanethiol monolayers
with similar linker lengths displayed
the expected exponential dependence
of ket on distance with a ß-value of
1.1/methylene unit8.  The anomalous
distance dependence we observe may
indicate that the actual tunneling path
does not include the entire linker struc-
ture (one possibility would include the
formation of hydrogen bonds within
the linker structure given the availabil-
ity of amide H-bond donors and accep-
tors), or that the electron-transfer
reactions through the DNA films we
are studying do not adhere to a simple
tunnelling mechanism.

Irrespective of the mechanism of
electron transfer, the observation of 
the fastest rate for a base-conjugated
linker illustrates an important design
principle for engineering conductive
DNA-electrode connections.  Many
DNA-mediated charge-transport reac-
tions are known to proceed more effi-
ciently when the stack of aromatic
bases is accessed directly10,11.  The
attachment of DNA molecules to metal
surfaces through a direct connection
with base functionalities may therefore
give rise to the lowest electrode con-

Summer Scholar
Continued from page 8

continued on page 10

Figure 2. Cyclic voltammograms
obtained in 50 mM sodium phosphate (pH
7), 50 mM NaCl for MB bound to DNA
films with C6 (A) or T-5 (B) linkers.  Scan
rate = 20 V/s, electrode area = 0.02 cm2.
IR compensation was utilized to obtain
these voltammograms.

Table 1.  Effect of linker structure of elec-
tron-transfer rates measured for MB
bound to DNA-modified electrode.
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tact resistance.  
The attachment of oligonu-

cleotides to electrode surfaces is a key
element of electrochemical DNA-
based biosensors.  The chemical struc-
ture of the thiol-terminated linkers
used to immobilize DNA affects the
density of the monolayer and the effi-
ciency of charge transport through the
film.  The development of synthetic
methods for the generation of different
tethers permits the exploration of these
issues, and revealed that flexible, base-
conjugated linkers are likely the best
candidates for the fabrication of films
with desirable levels of surface cover-
age and efficient charge transport prop-
erties.

Experimental

Materials
DNA synthesis reagents including

the amino-modified thymidine
(Amino-modifier C2-dT) were
obtained from Glen Research.  Methyl-
ene blue (MB), and potassium ferro-
cyanide trihydrate were received from

Aldrich Chemical Company.  
Oligonucleotides (5’GCATTAAC-

GAGTTAC and 5’GTAACTCGT-
TAATGA) were synthesized using an
ABI 394 DNA/RNA synthesizer
according to standard automated solid-
phase techniques12.  The DNA
sequences were modified with thiol-
terminated linkers as described13.

Preparation of DNA films
Modified oligonucleotides and

unmodified complements were re-sus-
pended in H2O, desalted using size-
exclusion gel filtration, and quantitated
by measuring absorbance at 260 nm..
Equimolar amounts of complementary
strands were annealed in deoxygenated
20 mM sodium phosphate/50 mM
NaCl buffer (pH 7.4) with heating to
90 °C and cooling slowly to room tem-
perature.  MgCl2 was then added to a
final concentration of 100 mM.  

Gold electrodes (Bioanalytical
Systems) were polished on Buehler
microcloth polishing cloths with 0.05
µm alumina, rinsed in water, sonicated
for 5 min, etched in 1 M H2SO4, and
rinsed with water.  Thiol-derivatized
samples (approx. 100 µM) were then

placed on the Au electrode surface.
The electrodes were then left in a
humid chamber for 8 hours.  Prior to
electrochemical experiments, the elec-
trodes were washed in 50 mM sodium
phosphate/50 mM NaCl (pH 7).

Electrochemical Measurements
All cyclic voltammetry measure-

ments were performed on a Bioanalyti-
cal Systems CV-50W potentiostat in a
50 mM sodium phosphate/50 mM
NaCl (pH 7) buffer solution.  The
experiments were conducted at room
temperature using a standard three-
electrode configuration with a Pt wire
as the counter electrode and an
Ag/AgCl reference electrode.  IR com-
pensation was employed for all cyclic
voltammetry measurements with scan
rates of 1000 mV/s and above.  
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by Otto Theodor Benfey and Peter J. T.
Morris, Eds. (Chemical Heritage Foun-
dation, 2001) 470 pp., ISBN:
0941901254; $45.00 (hard cover)

Reviewed by Bernard Miller, 
Department of Chemistry, 
University of Massachusetts, Amherst

The structure known, but not yet
accessible by synthesis, is to the
chemist what the unclimbed
mountain, the uncharted sea, the
untilled field, the unreached
planet, are to other men … The
unique challenge which chemical
synthesis provides for the creative
imagination and the skilled hand
ensures that it will endure as long
as men write books, paint pictures,
and fashion things which are
beautiful, or practical, or both.

Robert Burns Woodward*

It is fitting that this stirring
description of the beauty of organic
synthesis should come from the pen of
the greatest practitioner of the art in
our time - perhaps the greatest (in
competition with Emil Fischer and Sir
Robert Robinson) of all time.

Certainly, Robert Burns Wood-
ward was known not only for the
remarkable work carried out in his lab-
oratory, but for the clarity, precision,
and elegance of his reports of that
work.  His lectures, frequently featur-
ing complex structures drawn by hand
in chalk of many colors, put the usual
lecturer’s parade of slides to shame.
(Indeed, Woodward seemed to resist
the use of mechanical presentation aids
as long as possible.  As the last of the
chalk-talkers, I rely on his example to
support my own contention that the
human mind works at the same rate as

a piece of chalk on a blackboard.)
Several of Woodward’s lectures

are included in this Festschrift, includ-
ing his lectures accepting the Nobel
prize and the Cope medal, as well as a
transcript of his lecture, presented in
Sheffield, England, on the Woodward-
Hoffmann rules.

Most reader’s will probably smile
knowingly on reading Woodward’s
comments about publishing a literal
transcript of the Sheffield lecture: 

“Those who have had the devas-
tating experience of seeing what
they may well have imagined to
be their lucid, well phrased, and
even eloquent expositions will
appreciate my reluctance to have
this laid bare here.  Only the most
powerful advocacy ... of the view
that a mean fraction of a loaf is
better than none has brought me to
perpetrate this literary offense.”

Woodward was certainly aware
that this lecture, like all his lectures,
beautifully demonstrates  “lucidity,
good phrasing, and even eloquence.”
[Notice the phrasing of his modest
demurrer, by the way:  not “a half a

loaf”, but “a mean fraction of a loaf.”]
The care with which Woodward

approached his lectures is illustrated in
this book by the reproduction of part of
the handwritten manuscript for his
Cope lecture.  The paper almost
appears to resemble an actor’s script,
with words that he wished stressed
written in capitals or underlined.  Since
Woodward would hardly have recopied
a 43-page manuscript by hand, it must
be concluded that this was the first
draft.  It is therefore astonishing that,
in the pages reproduced, there are only
a few additional phrases inserted in the
margins, with very little crossing out
and rewriting.  One has to conclude
that these remarkably polished, felici-
tous lectures proceed almost from the
author’s mind to the paper, and then to
the lectern.

While Woodward’s lectures are
fascinating, this volume quite properly
consists in large part of reprints of
selected papers from his work.  These
papers include examples of his contri-
butions to physical organic chemistry,
such as the “Woodward Rules” relating
the frequency of UV absorptions to
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Book Review
Robert Burns Woodward: 
Architect and Artist in the
World of Molecules 

*From “Art and Science in the Synthesis of
Organic Compounds: Retrospect and Prospect”
in Pointers and Pathways in Research, M.
O’Connor, ed., CIBA of India, Bombay, 1963,
quoted in the book here reviewed
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chemical structures, the “octant rule”
relating optical rotary dispersion spec-
tra to chemical structures, and, of
course, the “Woodward-Hoffmann
Rules” for predicting, and explaining,
the course of pericyclic reactions.  In
addition, this book includes the brief
communications that include the first
published proposals that ferrocene and
its derivatives have “sandwich” struc-
tures and aromatic properties.

The principal emphasis of this
book (as was Woodward’s emphasis),
however, is on synthesis.  Thus, papers
describing the syntheses of quinine,
cholesterol and cortisone, strychnine,
reserpine, chlorophyll, and vitamin
B12 are republished here - a total of
twenty two papers altogether, includ-
ing his Nobel Prize lecture describing
the synthesis of cephalospirin C.

It is a pity that the journals in
which Woodward’s papers were pub-
lished did not allow for the same mul-
ticolored presentations as his lectures.
Still, even in plain black and white, his
papers are a pleasure to read - and

reread.  Chemists of a certain age will
already have read most of these papers
as they appeared - in the JACS and
other journals.  They should still find
great pleasure in re-reading them, and
are likely to find new favorites.
Despite all the lectures I have given
introducing students to the UV spectra
of conjugated ketones, for instance, I
read Woodward’s original paper on the
subject (one of his earliest independent
publications) for the first time in this
book.  Not only was the presentation as
elegant as would be expected of Wood-
ward, but it was fascinating to see his
immediate application of the “Wood-
ward Rules” to reassigning structures
to several compounds improperly iden-
tified in the literature.  (Woodward’s
amazing familiarity with the literature
was evident there.)

All the reprints (grouped together
by subjects) are preceded by essays by
Peter Morris.  His introductions, which
discuss the historical backgrounds
leading to Woodward’s work and offer
comments on particularly critical
aspects of the Woodward papers, can
stand by themselves in providing a fas-
cinating history of a large segment of

organic chemistry.
In addition to Woodward’s own

words, this large, well-produced vol-
ume includes many discussions of
Woodward’s work and personality by
other writers.  These contributors
include, for instance, Woodward’s
daughter Crystal.

I cannot resist an anecdote here.
A half-century ago, a fellow graduate
student at Columbia came into my lab-
oratory, wide eyed, to proclaim that
Crystal Woodward was bound to fol-
low her father as a Nobel Prize winner
in Organic Chemistry.  Crystal, then
barely out of junior high, had taken
advantage of a stay in New York to
visit Gilbert Stork, an old family
friend.  While Stork had to attend to
business, Crystal had wandered across
the hall to my friend’s laboratory, and
while casually rummaging through a
copy of the JACS, had wondered.
“Can this be right?  This paper doesn’t
seem reasonable to me.”  After my
classmate and several other talented
graduate students had considered the
matter at length, they concluded that
the paper in question, by a distin-
guished organic chemist, did indeed
contain a subtle error in reasoning.  It
was no surprise that my friend was
awestruck by the young girl’s knowl-
edge and talent.  However, the whole
thing was a setup:  Stork had primed
Crystal with the script, and sent her off
to hoodwink his more gullible graduate
students.‡

So Crystal Woodward’s primary
interest is in art, rather than chemistry.
However, her attempts in this volume
to analyze the aesthetic nature of
Woodward’s work do not really seem
to lead to much enlightenment about
the nature of his art. —  Of course, the
same is true of most such attempts.  It
is hard to find a unifying principle
when art museum exhibits can range
from Rembrandt portraits to urinals
and piles of used sneakers.

Other contributions provide more
interesting discussions about Wood-
ward’s life and personality.  A paper by

‡The graduate student anticipated Woodward’s
Nobel Prize by about thirteen years. [ed.]

Book Review
Continued from page 11

continued on page 13
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(photo by Arlene Chaplin) NCW Report
The Northeastern Section
Celebrates National Chemistry
Week 
On Sunday, October 20th, the North-
eastern Section and the Boston
Museum of Science sponsored and
hosted a 2002 National Chemistry
Week celebration. Since the Museum
of Science was preparing for an
upcoming Ancient Egypt exhibit and
the NCW theme was Chemistry and
Cleaning, the two themes were com-
bined as Chemistry and Ancient Egypt.
Volunteers from Emmanuel College
and Tufts University had prepared
numerous demonstrations of personal
hygiene and cosmetics in Ancient
Egypt. 

Hands-on activities included: sim-
ulating Ancient Egyptian toothpaste
and a comparison with modern tooth-
pastes; the extraction of oils from natu-
ral products and their use in perfumes;
the chemistry of mummification, and a
demonstration with the mummification
of an apple. 

Cosmetics of ancient Egyptian lip
and face paints were prepared and then
applied to plastic models; soap and
cleaners were then prepared and used
to wash the cosmetics from the face of
the plastic models. 

As the highlight of the day, Prof.
Bassam Shakhashiri of U. Wisconsin-
Madison gave two presentations of the
Phyllis A. Brauner Memorial lecture
entitled Quest for Chemistry: Moles,
Molecules, and Mummies. These capti-
vating lectures were enjoyed by chil-
dren and adults alike. On Monday,
October 21st Prof. Shakhashiri gave an
exclusive presentation to 300 school-
age children from Boston.

Throughout the two days, volun-
teers from local schools and industries
assisted hundreds of visitors to cele-
brate National Chemistry Week by
appreciation of chemistry in the world
around us. ��
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Woodward’s best friend in junior high
school, for instance, records the early
experiences of the two young boys in
repeating classical chemistry experi-
ments, and takes us back to the days
when teenagers were casually synthe-
sizing hydrogen cyanide and chlorine
gas in their home laboratories, and
preparing, and exploding, hydrogen
gas and nitrogen triiodide.  It is a far
cry from the present, when even col-
lege upperclassmen and women are
forbidden to run experiments using any
solvents other than water.

Other notable contributions
include a delightful set of reminis-
cences by Frank Westheimer, and com-
ments by Albert Eschenmoser on
Woodward as a collaborator. ��

Book Review
Continued from page 12

(L. to r.) Susan Brauner, Bassam Shakhashiri
and Doris Lewis. Doris is the chair, and Susan,
a daughter of Phyllis Brauner, is a member of
the Phyllis A. Brauner Memorial Lecture Com-
mittee, sponsor of the lecture at the Museum of
Science.

Prof. Bassam Shakhashiri during his demon-
stration lecture: Quest for Chemistry: Moles
Molecules and Mummies 

The “burning book” demonstration of a volatile
solvent which burns, but doesn’t damage the
book

Jennifer Gough applies makeup she prepared
while Volunteer Rachell Jyringi watches. 

National Chemistry WeekTo the Editor 
From an e-mail received
recently, with some editing
I’d like to mail you my long,long
standing lament: I am appalled every
time I read the Calendar of every
NUCLEUS that there are so many
“TBAs”, even for the Tripathy Memor-
ial Symposium. … I firmly believe in
the adage: No Abstract, no podium. I
just can’t believe that Richard Vachet
or Rob Coalson. etc. don’t know the
title of their talks a month before their
talks. I go to some talks either because
there is the potential to apply my
expertise (supercritical fluids) to the
lecturer’s activities, or because there is
something “off the wall” that is inter-
esting. I cannot decide to go if there is
a “TBA.” Val Krukonis, Phasex Corp.

You said it; I agree! One mitigating
circumstance: because of the produc-
tion schedule of each issue, copy for
the Calendar must be in hand about a
month before the mailing date of the
issue, which could be as much as two
months before the talk. But even so,
those arranging the talk should have at
least a topic, if not the exact title, when
they send in the copy. Those arranging
talks PLEASE NOTE.(ed). ��
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Dr. Patricia Hamm (Suffolk U.) presenting
“Planning for a Career in Industry”

(L. to r.) Prof. John Snyder (Boston U., event
host), Penny Lancaster (Chemia President,
Boston U.), Prof. Ruth Tanner (UMass Lowell;
NESACS Education Committee chair), Prof. Amir
Hoveyda (Boston College, keynote speaker).

Dr. Alex Golger (Boston U.) presenting“Demon-
strations in Chemistry to Fascinate Kids”

Boston U. Chemia officers and faculty adviser.
(L. to r.) Justin Tourigny (Vice-President), Penny
Lancaster (President), Delia Silva (Treasurer),
Prof. John Snyder (Advisor), Athena Nomikos
(Secretary)

From the Northeast Regional
Undergraduate Day, Nov. 2

Nominations
Aula Laudis
The Northeastern Section annually
honors teachers of chemistry at the
secondary level in our region by
choosing several for selection to the
honor society, Aula Laudis. Election to
membership in Aula Laudis is a recog-
nition of excellence in the teaching of
chemistry at the secondary school
level. This recognition is based on both
qualitative and quantitative criteria that
involve the totality of an individual’s
participation in, and contribution to the
teaching profession. Inasmuch as
teaching is a skillful art with a wide
range of marks of excellence, no one
criterion for election to Aula Laudis is
sufficient and no one criterion is neces-
sary. The following criteria, in their
broadest sense, shall be considered by
the Selection Committee:
• Having taught chemistry to students

who have won state-wide, regional,
or national chemistry competitions,
such as the Ashdown Examination
Award;

• Having received awards for excel-
lence in teaching from state-wide,
regional or national organizations;

• Having advanced the scholarship of
chemical education, including cur-
riculum design, laboratory develop-
ment, and the introduction of
pedagogical methods and techniques
through publication in recognized
chemical education journals and/or
through presentations at scientific
meetings and continuing education
symposia;

• Having served as the adviser of
extra-curricular activities, such as
clubs, science programs and science
talent searches, in which the interest
of chemistry students in the subject
is advanced and developed;

• Having performed special service to
the chemical education community,
such as through the organization of
continuing education symposia in
chemistry;

• Having demonstrated excellence in
classroom teaching as evidenced

continued on page 15
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Board of
Directors
Notes of Meeting of October
10, 2002
NOTE: Board Meetings are held on the
monthly meeting day at 4:30 p.m. Sec-
tion members are invited to attend.

Officers’ Reports:
Chair: M. Hoffman presented Esther
A. Hopkins with an ACS plaque in
recognition of 30 years of devoted
service to NESACS. He announced
that only seven of the 25 new 50-year
members will be attending the dinner
and meeting this night. 

M. Hoffman thanked Howard
Mayne for making the arrangements
for the joint meeting with the Maine
Section in September, held at the
Portsmouth, NH Sheraton. 

He sent a letter of congratulation
to Dudley Hershbach for receiving a
Life Honorary Membership of the New
York Academy of Sciences.

He announced the appointment of
the newly created Finance Committee:
J. Piper (chair), M. Hoffman, J.

Neumeyer, J. Fuller-Stanley, M. Strem,
K. Weiss.

He announced the appointment of
the following Alternate Councilors to
fill vacancies created by the 2002 elec-
tion: Derek Wierda (ending 12-31-
2004), Don Rickter (ending
12-31-2005).
Chair-Elect: J. Neumeyer stated that
the November 7th meeting will be at
the Holiday Inn, Newton, with Zafra
Lerman of Columbia College,
Chicago, to receive the Norris Award
for Excellence in Teaching  of Chem-
istry. The December 12 meeting will
be at ArQule, Inc. in Woburn, and will
be a joint meeting with the Medicinal
Chemistry Group. The January Meet-
ing will be at the MIT Faculty Club,
with Prof. Leslie Orgel from the Salk
Institute as speaker.
Treasurer: J. Piper presented the Sep-
tember 2002 financial report, which
was ACCEPTED. He stated that
budget requests by committees are due
at the November Board Meeting.
Archivist: M. Simon reported that, in
answer to a request for the correct
wording of the plaque for Hill
awardees, he found that although the
bylaw language gives: The Henry A.
Hill Award is given to xx for Outstand-
ing Contributions to the Northeastern
Section, the original award committee
added: “and to the Profession of
Chemistry.”  Hill Award plaques were
inscribed with the expanded wording
from the inception of the award until at
least 1993. M. Simon recommends that
this expanded wording be used on
future Hill Award plaques.
Standing Committees:
Bd. Of Publications: A. Heyn reported
that everything is going well. F. Gorga
has resigned from the Board of Publi-
cations and is to be replaced.
Editor: A. Heyn circulated a proof
copy of the November 2002 Nucleus.
Membership: M. Chen reported that
she will be sending welcome letters to
the 435 new members for whom she
has received address labels. There will
be at least one new member as a guest
of the Section at the meeting this night.
Public Relations: M. Chorghade
reported that the Industrial Relations
booth was well attended at the National

ACS Meeting in August in Boston. He
urged that more industries be involved
in the future.
Chemistry Education: R. Tanner
reported that the Connections to 
Chemistry 2002 program at Burlington
High School has had overwhelming
response. Only 120 of the 167 appli-
cants could be accommodated. The
ACS Education Division and the J.
Chem. Ed. have generously supported
this program for high school teachers
by supplying materials. The Under-
graduate Research in Chemistry Pro-
gram at Wheaton College on
September 21, 2002 was co-sponsored
by NESACS. Summer intern under-
graduates reported on their research
and coop experiences. Dr. Anthony
Fernandez, the Student Affiliates Coor-
dinator represented NESACS at the
symposium. The 8th annual Northeast
Regional Undergraduate Day, spon-
sored by the Education Committee, is
scheduled for November 2, 2002 at BU
in conjunction with NCW activities.
Applications for Grants in Aid for
undergraduate students for attending
and presenting posters on their

Continued on page 16

from written in-class evaluations by
supervisors;

• Having had a significant personal
impact on students as evidenced by
letters from alumni/ae on behalf of
the nominee.

The Selection Committee will accept
nominations on behalf of active and
retired secondary school chemistry
teachers; the length of teaching service
is not a criterion. 

Nominations, including a one-
page summary of the nominee’s rele-
vant accomplishments, are to be sent
to: David Olney

PO. Box 559
Mattapoisett, MA 02739 

e-mail: djolney@rcn.com 

Nominations are due February 3,
2003. ��

Nominations
Continued from page 14
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research at the Spring 2003 ACS meet-
ing in New Orleans, LA are being
solicited. M. Hoffman added that Dr.
Carl Selavka of the Mass. State Police
Crime Lab was the keynote speaker at
the Connections to Chemistry 2002
program.

Next year’s Connections program
is being planned.
Professional Relations: 
Career Services: M. Chorghade
reported that he was a guest speaker at
a workshop on conducting a job search
at Virginia State University on Septem-
ber 13. The more than 40 attendees
appreciated the event which also
included a résumé review and mock
interviews. It was suggested that this
feature should be added to NESACS
meetings. M. Chorghade is involved
with updating the ACS career services
literature. He will be attending a week-
end training and orientation meeting
for ACS workshop presenters during
November 1-2, 2002.
Other Committees:
Medicinal Chemistry: E. Groman
reported that the December joint sym-
posium with the Section  will be at
ArQule on December 12 on the topic
Molecular Properties that Affect Drug
Bioavailability. 
New Business: E.A. Hopkins dis-
cussed the recent activities of the Phyl-
lis A. Brauner Memorial Lecture
Committee. The Committee requests
that the Section make a grant to the
National Chemistry Week Endowment
(ACS) to establish a Phyllis A. Brauner
Endowment as a separate account, the
income from which is to be used
exclusively by the Northeastern Sec-
tion for the Phyllis A. Brauner Memor-
ial Lectures as part of the Northeastern
Section’s annual National Chemistry
Week observances. The Committee
asked for a $50,000 chartering amount
and requests the Board of Directors to
authorize the transfer of this amount
from the Permanent Trust Income
Account. The proper legal language for
accomplishing this is being developed.

J. Piper expressed his concern that

Board of Directors
Continued from page 15

Continued on page 17
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SERVICESSERVICES

the remainder of the Permanent Trust
Income Account may not be large
enough to accommodate this request,
as well as the normal NESACS activi-
ties, which are $10,000-15,000 per
year.

Discussion will continue at the
November Board Meeting. 

Following adjournment of the
meeting, ACS District I Director Anne
O’Brien spoke to the Directors. ��

Board of Directors
Continued from page 16

D I R E C T O R Y

NESACS
Web Page
Did You Know the Northeastern Sec-
tion Has a Web Page?

The Northeastern Section has had
a web page for five years. It was
started by Arthur Obermayer, then,
after three years was updated by Mari-
etta Schwartz to its current location:
http://www.nesacs.org. It was revised
again, and is currently maintained by
Frank Gorga and two other volunteers. 

The web page includes a wealth of
information, ranging from historical
facts to NESACS Board of Directors
and committee member information to
meeting reports to local grant informa-
tion. The complete text of The Nucleus
is available as a PDF (portable docu-
ment format) file. There is also a cur-
rent calendar of events.

WE NEED YOUR HELP!
Upkeep of  our web site is a major
task, and more help is needed

The NESACS Board of Publica-
tions, which oversees the Section web
site, is calling for volunteers. We are
looking for a group of energetic and
reasonably web-savvy people to join
our web team. 

If you are interested in helping to
maintain and update our web page, or
have ideas on how to make it better
and especially if you have had experi-
ence in web authoring, please contact
Marietta Schwartz at marietta.
schwartz@umb.edu to volunteer and to
obtain more information. ��
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UMass Boston
UMass Boston
Offers MS in
Chemistry and 1st
ever PhD in 
Green Chemistry!     

A Great University in a Great City January 2003

Not only does UMass Boston offer a 
solid, flexible, yet broadly-applicable
Master’s degree program in Chemistry,
it also offers the world’s first PhD 
program in Green Chemistry!  

Our MS Chemistry program gives you
the opportunity to earn your degree
where we understand your need for 
quality professional training as well as
flexible scheduling, and your wish to
excel in both classroom and research.
You can satisfy your interest in 
concentrations as diverse as chemical
physics, chemical biology, or medicinal
chemistry. Your UMass Boston degree
will be an important credential as you
continue your current work, or go on to
further research in a doctoral program.

The UMass Boston PhD program in
Green Chemistry incorporates an 
environmentally sustainable view of
chemical research, development and
manufacturing. UMass Boston’s unique
complement of faculty, drawn from both
the Chemistry and Environmental
Sciences fields, provides you with the
opportunity to delve into this emerging
and increasingly vital field.

Master’s,
Certificate, 
and Doctoral
Programs

Exceptional
Faculty

Impressive
Facilities

Convenient
Boston Harbor
Location

Day, Evening,
Weekend, and
On-line Classes

Quality
Education at
an Affordable
Cost

To ask for more details, call
617.287.6000 or visit us at

www.chem.umb.edu

For additional information:
Check the NESACS Homepage for late
additions: http://www.NESACS.org

Jan 6
Prof. Eduardo Perozo (Univ. of Virginia)
Biochemistry Seminar
“The Mechanics of Mechanosensitive 
Channel Gating”
MIT, Room 6-120, 4 pm

Jan 23
Dr. Jeff Rohrer (Dionex)
“Glycoprotein Monosaccharide Compositional
Analysis by HPAE-PAD: 15 Years Old and 
Still Improving”
Boston Glycobiology Discussion Group,
MIT Faculty Club, top floor of 50 Memorial
Drive, Cambridge, 6:00 pm
For reservations, please contact: Kathryn
Newburg, 781-642-0025

Jan 29
Prof. Shaul Mukamel (Univ. of Rochester)
Joint Harvard-BU-MIT-- Theoretical 
Chemistry Lecture Series
MIT, 77 Mass. Ave., Cambridge, Rm 31-161,
3:00 pm 

Notices for the Nucleus
Calendar should be sent to:
Dr. Donald O. Rickter, 88 Hemlock St.,
Arlington, MA 02474-2157
e-mail: rickter@rcn.com

19 M
ill R

oad
H

arvard, M
A

01451

N
O

N
PR

O
FIT

O
R

G
.

U
.S. PO

STA
G

E
 PA

ID
N

O
R

T
H

E
A

ST
E

R
N

 
SE

C
T

IO
N

A
M

E
R

IC
A

N
 C

H
E

M
IC

A
L

SO
C

IE
T

Y

Calendar


