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Chem Camp from the Other Side
Jacob Sanders is a Ph.D. Candidate in Chemical Physics and Head Teaching Fellow at Harvard University.
This past June, I had the opportunity to serve as the Peer Mentor at the
US National Chemistry Olympiad
(USNCO) Study Camp, held at the US
Air Force Academy in Colorado
Springs. The program, colloquially
referred to as “Chem Camp,” brings
together the top 20 high-school chemistry students across the entire country
(based on the national selection exam)
to prepare them for the International
Chemistry Olympiad.
For two weeks, the students dedicate themselves to chemistry: they
attend advanced theoretical lectures on
organic, inorganic, physical, analytical,
and biochemistry; they work with the
mentors and with each other to solve
challenging problems in all of these
fields; and they work in the laboratory
every afternoon to master advanced
techniques. At the end, the top four
students, along with two alternates, are
selected to represent the United States
at the International Chemistry
Olympiad, which comprises a fivehour theoretical exam and a five-hour
laboratory practical exam.
As a high school student, I
attended Chem Camp in June 2005,
where I was selected to attend the 37th
International Chemistry Olympiad in
Taipei, Taiwan. The entire experience,
from the study camp to the international exam, was such a formative one
that I jumped at the opportunity to
return this year to the study camp as
the Peer Mentor. This article is my
behind-the-scenes look at Chem Camp
from the “other” side—that of the
mentors and instructors.
Preparation for the study camp
begins long before June. In January,
the host country of the upcoming international exam releases a book of
Preparatory Problems: about 30 theoretical problems and 10 laboratory
experiments. The problems are really
flippin’ hard, creatively combining
many advanced topics into a single
question, and they define the scope of
the international competition by indicating which topics will be empha2
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From student (June 2005, top left) to mentor
(June 2013, bottom)

sized. Since the competition this past
year was hosted by Russia, a country
with a long olympiad tradition, the
problems were even harder than
usual—many at the level of a graduate
student!
My first task as Peer Mentor—
long before the camp started—was to
work through the theoretical problems.
Some took many hours; others
required that I learn topics far afield
from my expertise (for me, the real
zingers are inorganic chemistry!). The
chemistry nerd in me loved this
process—I got to confront topics I hadn’t thought about in a long time. I
knew it was important to understand
every problem inside-out, as I would
soon face 20 bright students asking
hard detail-oriented questions. In addition, I searched for other problems—
mostly
from
old
olympiad
exams—covering similar concepts.
These could be used as practice problems or exam questions.
Armed with a large binder full of
my notes and solutions to the Preparatory Problems, I arrived at the US Air
Force Academy with the three mentors
three days before the students. Those
three days went by in a blur: coordinat-

ing with lecturers, buying supplies,
and—most importantly—setting up
laboratory stations and making sure all
the experiments were ready to go. The
mentors took the lead in this enormous
task: prior to the camp, they tested all
the laboratory experiments in the
Preparatory Problems and designed
additional experiments to give the students practice with the techniques
being emphasized by the Russians.
Their dedication to designing, tweaking, and managing so many complicated experiments is the main reason
our team performs so strongly on the
practical component of the international exam. The three days of preparation flew by and, before we knew it,
the students started to arrive.
Meeting the students for the first
time is an inspiring experience. One
student, barely after putting down his
luggage, started to ask me deep and
sophisticated questions about advanced
equilibrium techniques—a topic I was
scheduled to lecture later in the camp.
(I silently noted that I needed to make
my lecture harder and more advanced.)
But most important is the camaraderie
that emerges when you bring 20 students obsessed with chemistry—for the
first time—in the same place. One of
the most memorable moments is the
opening dinner, where the students
receive six college-level textbooks
ranging across all the subfields of
chemistry. You can see the look of
Christmas-come-early in some of their
eyes—see the picture if you don’t
believe me!

Christmas in June! The students receive their
textbooks.
continued on page 4
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Chem Camp
2013 NESACS Golf Sponsors

Continued from page 2

After the first night, the Chem
Camp routine begins in earnest the following morning: breakfast, four hours
of lecture, lunch, four hours of laboratory, dinner, study and relaxation time
in the evening, lights out. On top of
this standard routine, which lasts ten
days, are piled three exams, one final
exam, and two lab practical exams.
As Peer Mentor, I attended all of
the morning lectures with the students.
My main goal was to help the students
bridge the gap between the theoretical
lecture material and the level of handson problem solving expected in the
Preparatory Problems. During each
lecture break, I would announce which
Preparatory Problems the students
were prepared to attempt and the students would come to me with questions. Near the end of the camp, I also
gave three lectures focusing on analytical chemistry: advanced equilibrium
techniques, advanced titrations, and a
more general how-to-solve-a-problemwhen-you-have-no-idea-what’s-goingon lecture.
One thing that really distinguishes

Stephen Ting, Saaket Agrawal, and Jessica Xu
working together at the whiteboard during a
break in lecture.

Chem Campers from other students I
have taught, including most Harvard
undergraduates, is how demanding
they are—in the best way possible.
They never left any academic stone
unturned. If a lecturer skipped steps in
a derivation, students would cluster
around the blackboard during the break
to fill in the missing steps. Similarly,
many students loved taking assigned
problems and making them harder:
What if you dropped a key assumption? Could the result be generalized?
I often found that, rather than teaching
these students, I ended up interacting
with them as colleagues—participating
excitedly in the give-and-take of their
discussions, but letting them guide the

LSNE Lyophilization Services of NE
Strem Chemical
Litman Gerson
Sage Chemical
Davos
Prime Organics
Brian O’Reilly, LLP, Patent Litigation
Johnson Matthey
IRIX Pharmaceuticals
Cambridge Major
O’Conner Carnathan and Mack, LLC
Edelstein and Co.
Chengda - Social Hour Sponsor
way. I think this is the only group of
students I have ever had that was more
talkative inside the classroom than outside of it.
After lunch, the students typically
spent the full afternoon working in the
laboratory. While I occasionally
observed the students and assisted
them with instrumentation, as a theorist, I ultimately left most of the laboratory responsibilities to the
mentors—who did a fantastic job
preparing the students for the practical
exam at the International Chemistry
Olympiad. Instead, I used the afternoons to prepare for the evenings:
researching the answers to particularly
tough student questions and culling
through old International Chemistry
Olympiad exams to satisfy the students’ endless thirst for more practice
problems.
After dinner, in the evenings, the
students could finally relax. Games of
mafia proved especially popular and,
by the end of the camp, we had complicated the standard rules so much
that I was at my wit’s end to implement them correctly. Even during this
evening relaxation, the uniquely creative talents of the students shone
through: two of them went off to
develop a mathematical model to find
the optimal number of mafia members
needed to make the game as fair as
possible. Many of the students, even
continued on page 16
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Monthly Meeting
The 939th Meeting of the Northeastern Section of the American
Chemical Society

Martin
Karplus
By Jack Driscoll,
NESACS Public Relations Chair
The information for this article was
taken from an interview with Prof.
Karplus in January 2014, an article that
he wrote in 2006 (Annual Review of
Biophysics 35, 1-47, 2006) and the
Nobel Prize website.

Copyright © Nobel Media AB 2013, Photo: Niklas Elmehed

Motion: Hallmark of Life. From Marsupials to Molecules
Dr. Martin Karplus, Theodore William Richards Professor of Chemistry,
Emeritus, Department of Chemistry and Chemical Biology, Harvard University and Professeur Conventionne, Université de Strasbourg, France,
2013 Nobel Prize in Chemistry

Thursday, March 6, 2014
Courtyard Marriott – Boston/Cambridge
777 Memorial Drive, Cambridge, MA 02139

Agenda
4:30

Board Meeting in “Great Room”

5:30

Social Hour in “The Ballroom”

6:30

Dinner in “The Ballroom”

7:30

Welcome, Dr. Catherine Costello, NESACS Chair
Introduction, Dr. John N. Driscoll, NESACS Public Relations Chair
Evening Lecture: Dr. Martin Karplus
THE PUBLIC IS INVITED

For those would like to join us for dinner, please make a reservation by noon,
Thursday, February 27 using PayPal: http://acssymposium.com/paypal.html.
Select the pay with credit or debit card option and follow the additional instructions on the page. Cost: Members, $30; Non-members, $35; Retirees, $20;
Students, $10.
If you wish, join us for the evening program only, starting at 7:30 PM.
Please pre-register using PayPal http://acssymposium.com/paypal.html. Select
the “Seminar Only” option. The fee is $1. New members or those seeking
additional information, contact the NESACS administrative secretary, Anna
Singer, at secretary@nesacs.org (preferred) or (781) 272-1966, 9 AM - 6 PM.
Dinner reservations not cancelled at least 24 hours in advance must be paid.
Parking:
Parking in the Courtyard Boston Cambridge Marriott is free of charge for those
attending this event. u

Nobel Prize Background
The Nobel Prize is awarded to “the
person or persons who have made the
most important chemical discovery or
improvement.” The Nobel Prize in
Chemistry for 2013 was awarded
jointly to Martin Karplus (Université
de Strasbourg, France, and Harvard
University), Michael Levitt (Stanford
University School of Medicine), and
Arieh Warshel (University of Southern
California) for their work on “the
development of multiscale models for
complex chemical systems” (http://
www.nobelprize.org/).
Karplus says, “If you like to know
how a machine works, you take it apart
and put it together again. We do that
for molecules.”
The Nobel Prize in Chemistry has
been awarded to 166 Laureates since
its inception in 1901 (http://www.
nobelprize.org/nobel_prizes/facts/chem
istry/ ). The average age of all Chemistry Laureates at the time of the award
is 58 years. Only four women have
received the Nobel Prize in chemistry:
Marie Curie (1911), Irène Joliot-Curie
(1935), Dorothy Crowfoot Hodgkin
(1964), and Ada Yonath (2009). , Ten
women have received a Nobel Prize in
Physiology or Medicine
Martin Karplus delivered his
Nobel Lecture on 8 December 2013, at
Aula Magna, Stockholm University,
where he was introduced by Professor
Sven Lidin, Chairman of the Nobel
Committee for Chemistry (http://www.
nobelprize.org/nobel_prizes/chemistry/
laureates/2013/karplus-lecture.html) .
Some excellent background material on his life and his research was
continued on page 6
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Martin Karplus
Continued from page 5

org/podcast/. For more information,
just Google Martin Karplus+ Nobel
prize.
A photo of the Nobel Medal is shown
in Figure 1

Figure 1. Nobel Medal

described by Martin Karplus in a 2006
article in the Annual Review of Biophysics (http://www.annualreviews.
org/doi/pdf/10.1146/annurev.biophys
.33.110502.133350).
There are a number of videos on
Martin Karplus that can be found on
http://www.youtube.com in which
Martin talks about winning the Nobel
Prize: (http://www.youtube.com/
watch?v=C5mpmPZGChA) . Martin
explains his work to young students
(http://www.youtube.com/watch?v=Hc
N02yYerCg), and describes how he
stays creative (http://www.youtube.
com/watch?v=9zM3dF5GYg0 ).
A 45-minute interview of him can
be found at http://www.nobelprize.

Biography
Martin Karplus was born in Austria in
1930 and the family lived there until
the German occupation of Austria in
1938. The family lived in Brighton
when they first immigrated to the U.S.
but moved to Newton because of a better school system.
How did he get from there to here?
1. Family background
Martin’s maternal and paternal
grandfathers were both physicians. His
father was a mechanical engineer and
his mother worked as a nurse for her
father. His uncle invented the “Variac”
or variable transformer which has been
used by most chemists. A friend introduced him to the Lowell lectures. Two
of Martin’s daughters are physicians.
His brother Robert was an eminent theoretical physicist and was deeply
involved in science education in his
second career.

2. Early years
Martin’s interest in biology was
stimulated by receiving a microscope
at an early age, by his father’s interest
in nature, by attending the Lowell lectures, and by his interest in birds.
Martin had a supportive environment in Newton elementary and junior
high schools. In high school, where his
brother Robert had been an excellent
student, the teachers presumed that
Martin would not be the student that
his brother had been. Martin had considerable problems interacting with the
chemistry teacher in particular.
His brother suggested to him that
he take the Westinghouse Science Talent Search exam. After he could not
get a recommendation from his chemistry teacher, he went to the principal,
took the test, and became a Westinghouse Scholar.
3. College
Martin attended Harvard as a
Westinghouse scholar. He was
expected to go into medicine, but during his freshman year he felt that a
career in the sciences would be more
interesting and productive. He was
interested in biology but chose the
unique Chemistry and Physics Program at Harvard to give him a better
understanding of biology. I am
amazed that Martin, in his freshman
year of college, was able to select the
courses and direction of his career at
such a young age.
Martin attended graduate school at
California Institute of Technology. He
started as a biology major but that
changed quickly as a result of the first
seminar he gave; his advisor said that
it was the worst seminar that he ever
heard. Martin was devastated, but
another Professor told him that “he
says this to everyone” and that Delbruck probably did not understand
what Martin had said. In any event,
Martin decided to switch to chemistry
and went to work under Kirkwood.
Several months later, Kirkwood
accepted an offer from Yale and invited
his students to join him. Prof. Linus
Pauling had stopped taking graduate
students but he asked Kirkwood’s students if they wanted stay at Cal Tech
continued on page 17
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NORTHEASTERN SECTION

AMERICAN CHEMICAL SOCIETY

ADMINISTRATIVE SECRETARY
12 CORCORAN ROAD
BURLINGTON, MA 01803

Telephone: 781-272-1966
E-Mail: secretary@nesacs.org

THEODORE WILLIAM RICHARDS AWARD
FOR
EXCELLENCE IN TEACHING
SECONDARY SCHOOL CHEMISTRY
January 2014
Do you know an excellent Chemistry Teacher to nominate for the 2014 Theodore William Richards
Award for Excellence in Teaching Secondary School Chemistry sponsored by the Northeastern Section
of the American Chemical Society? We feel that there are many outstanding and exceptional Chemistry
teachers in the Northeastern Section, so please take the time to nominate one of the deserving faculty members from your school.
The prestigious Theodore William Richards Award for Excellence in Teaching Secondary School
Chemistry is presented annually to a teacher who demonstrates exceptional innovation and dedication in
inspiring students, communication in the principles of chemistry in and out of the classroom, and leadership in influencing and mentoring other chemistry teachers. Sound like someone you know or work with?
Then use the nomination form at http://www.nesacs.org to recognize that teacher’s talents.
Nominations by STUDENTS (current or former), COLLEAGUES, DEPARTMENT HEADS, or INDIVIDUALS who choose to self-nominate are eligible for consideration. The deserving recipient will be honored at the Education Night ceremony in May and presented with a $1,500 cash prize and Certificate of
Recognition.
Thank you for your attention in bringing recognition to the talented Chemistry Teachers of the Northeastern Section, and hopefully the next deserving recipient of the prestigious Theodore William Richards
Award will be from your school.
Please send nomination forms by April 11, 2014 to:
Richards Award Committee
Attn: Steve Lantos
Brookline High School
115 Greenough Street
Brookline, MA 02445
Email: steve_lantos@brookline.k12.ma.us
Thank you,
Richards Award Committee u
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Call for
Norris
Nominations Award
Symposium
at Dallas
Meeting
The 2014 James Flack Norris
Award for Outstanding
Achievement in the Teaching
of Chemistry
Deadline: April 15, 2014

Nominations are invited for the 2014
James Flack Norris Award, which consists of a certificate and an honorarium
of $3,000 and is given annually by the
Northeastern Section (NESACS). The
presentation will take place at a ceremony and dinner in November 2014,
and will include a formal address by
the awardee. The Award was established in 1950 by NESACS to honor
the memory of James Flack Norris
(1871-1940), a professor of chemistry
at Simmons College and M.I.T., chair
of NESACS in 1904, and ACS President in 1925-26.
Nominees should have served
with special distinction as teachers of
chemistry at any level: secondary
school, college, and/or graduate
school. With the presentation of the
first Award in 1951, awardees have
included many eminent teachers at all
levels whose efforts have had a wideranging effect on chemical education.
The recipient will be selected from an
international list of nominees who
have served with special distinction as
teachers of chemistry with significant
achievements.
A nomination in the form of a letter should focus on the candidate’s
contributions to and effectiveness in
teaching chemistry. The nominee’s
curriculum vitae should be included
and, where appropriate, a list of honors, awards, and publications related to
chemical education. Seconding letters
may also be included; these should
show the impact of the nominee’s
teaching for inspiring colleagues and
students toward an active life in the
chemical sciences, and attest to the
influence of the nominee’s other activities in chemical education, such as
textbooks, journal articles, or other
8
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It may seem hard for some of us to
imagine, but 2014 will see the awarding of the 50 th James Flack Norris
Award in Physical Organic Chemistry.
This occasion is being marked with a
symposium on Monday, Mar. 17, at the
American Chemical Society (ACS)
spring national meeting in Dallas. The
symposium was organized by E.
Thomas Strom and Jeffrey I. Seeman
of the ACS Division of the History of
Chemistry with the Northeastern ACS
Section and the ACS Division of
Organic Chemistry as co-sponsors.
The symposium is titled “Fifty Years
of the James Flack Norris Award. The
Foundations of Physical Organic
Chemistry.”
The opening comments will be
given by Section Chair Catherine
professional activity at the local,
national, and international level.
The nomination materials should
consist of the primary nomination letter, supporting letters, and the candidate’s curriculum vitae. Reprints or
other publications should NOT be
included. The material should not
exceed thirty (30) pages, and should be
submitted electronically in Adobe PDF
format through April 15, 2014 to Ms.
Anna Singer, NESACS Administrative
Secretary <secretary@nesacs.org>.
For more information about the Award,
see <http://www.nesacs.org/awards_
norris.html>.
Questions about the Award or the
nomination process should be directed
to the Chair of the Norris Award Committee, Professor Doris Lewis,
<Dorisilewis@gmail.com>. u

New Members
Invitation to attend a meeting

You are cordially invited to attend one
of our upcoming Section meetings as a
guest of the Section at the social hour
and dinner preceding the meeting.
Reservations for new members
and for additional information, contact
the secretary Anna Singer at (781)2721966 between 9am and 6pm or e-mail
at secretary@nesacs.org u
Costello. The introductory talk will be
given by section member Arthur
Greenberg of the University of New
Hampshire. His title is “James Flack
Norris, A Pioneer in Chemical Education and His Early Contributions in
Physical Organic Chemistry.” This talk
will reveal some previously unknown
material on Norris. The symposium
will also include seven talks by early
winners of this award. Those speakers
are Edward Arnett, Ronald Breslow,
Andrew Streitwieser, Jr., John Brauman, Paul Schleyer, Kendall Houk,
and Michael Wasielewski.
The symposium will conclude
with a panel discussion from additional
winners of the award: Matthew Platz
(the 2013 winner), John Baldwin, Ned
Porter, Hans Reich, John Roberts, and
Michael Wasielewski again. The symposium will be held at the Omni Dallas
Hotel.
This symposium honors one of
this section’s most distinguished members, James Flack Norris, and also this
important award, which has kept Norris’ memory green. We hope that those
section members attending the spring
ACS meeting will be present to hear
talks from these great physical organic
chemists. u

Q. Exactly, how many awards and
scholarships does NESACS sponsor?
A) One

b) Two

c) Many

www.nesacs.org/awards

Fifty Years Of
The James Flack
Norris Award
MONDAY, MAR. 17, 2014
OMNI DALLAS HOTEL
8:55-9:00 a.m.

Opening Remarks, Catherine Costello, Northeastern ACS Section

9:00-9:30 a.m.

Arthur Greenberg, University of New Hampshire,
“James Flack Norris, A Pioneer in Chemical Education and His Early Contributions in Physical
Organic Chemistry”

9:30-10:00 a.m.

Edward M. Arnett, Duke, “Some Thermochemical
Studies in the 1960s and 70s”

10:00-10:30 a.m.

Ronald Breslow, Columbia, “Aromaticity and Conductivity in Molecular Wires”

10:30-10:45 a.m.

Break

10:45-11:15 a.m.

Andrew Streitwieser, Jr., UC-Berkeley, “Hydrogen
Isotopes in Physical Organic Chemistry”

11:15-11:45 a.m.

John I. Brauman, Stanford, “Adventures in Physical Organic Chemistry”

11:45 a.m.-1:55 p.m. Lunch Break
1:55-2:00 p.m.

Opening Remarks, Jeff Seeman, Moderator

2:00-2:30 p.m.

Paul Schleyer, Georgia, “Norbornyl Cations Still
Fascinate”

2:30-3:00 p.m.

Kendall N. Houk, UCLA, “Physical Organic Chemistry with Computations: Pericyclic Reactions”

3:00-3:15 p.m.

Break

3:15-3:45 p.m.

Michael Wasielewski, Northwestern, “Understanding Electron Transfer Reactions: A Case Study in
Physical Organic Chemistry”

3:45-4:45 p.m.

Panel Discussion, “Whither Physical Organic
Chemistry?”
Panelists: John Baldwin, Matthew Platz, Ned
Porter, Hans Reich, John Roberts, Michael
Wasielewski u

NESACS
Candidates
for 2014
Chair
Jerry P. Jasinski
Wilton Virgo
Secretary
Michael Singer
Treasurer
James U. Piper
Trustee
Jack Driscoll
Ruth Tanner
Auditor
Anthony L. Rosner
Councilor/Alternate Councilor
Mary Burgess
Mukund S. Chorghade
Morton Z. Hoffman
Patricia A. Mabrouk
Michael Filosa
Patrick Gordon
Liming Shao
Christine Jaworek-Lopes
Doris I. Lewis
Chris Moreton
John Podobinski
Mary Jane Shultz
Sonja Strah-Playnet
Anna Waclawa Sromek
Mark Tebbe
Ralph T. Scannell
Andrew Scholte
Director-at-Large
Ralph T. Scannell
John Burke
Andrew Scholte
Nominating Committee
Mukund S. Chorghade
Anna Waclawa Sromek
John Williams
Norris Award
Mary A. Mahaney
Mark Tebbe
Chris Moreton
Robert Goodnow
Petition Candidates: “Any group com-

prising 2 per cent or more of the Northeastern Section (136 members) may
nominate candidates…” See NESACS
website for details. u
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Summer Scholar Report
Applying Green Chemistry Principles in the Electrophilic Bromination of Indole-3-Acetic Acid
Kyle Murphy and Edward J. Brush, Department of Chemical Sciences, Bridgewater State University, Bridgewater, MA
Introduction
The goals of green chemistry are to reduce or eliminate the
use of hazardous reagents, prevent the synthesis of toxic
products and byproducts, and improve the overall efficiency
of chemical reactions. Green chemistry is incredibly important today as chemical products are produced and used
around the world, resulting in the use and generation of hazardous chemicals, and unintended consequences to human
health and the environment. Paul Anastas and John Warner
developed the 12 Principles of Green Chemistry1, Figure 1,
to provide the framework for a sustainable future in the
design of more efficient technologies to produce consumer
products that are better, safer and cheaper.

Figure 2. Potential mechanism-based inhibitors based on
oxindole derivatives.
derivatives designed to inhibit specific enzymes known to
be therapeutic targets, Figure 2.
The traditional method to synthesize BOAA from
indole-3-acetic acid (IAA) is illustrated in Figure 3.2 N-bromosuccinimide (NBS) serves as brominating agent, and tertbutanol is both solvent and reactant, providing the C-2
oxindole oxygen. We have found major complications with
this synthesis, including the use and generation of hazardous
chemicals, poor atom economy (30%), and low percent
yield (25%). NBS is a major source of the waste byproducts
including HBr and succinimide (see box in Figure 3). Note
that of the 24 atoms in two mole equivalents of NBS, only
one bromine atom is incorporated in the final BOAA product, contributing to the low atom economy. Based on literature precedent,3,4 we suspected that the low percent yield
was primarily due to poor regioselectivity in the bromination of IAA, resulting in the formation of isomeric brominated products.

Figure 1. The Twelve Principles of Green
3-Bromooxindole-3-acetic acid (BOAA) is an important intermediate in our group’s work on the synthesis of
small-molecule mechanism-based enzyme inhibitors.
BOAA is readily transformed into a variety of oxindole
10
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Figure 3. Traditional method to synthesize BOAA from IAA.

Summer Scholar
Continued from page 10

The goal of this research project was to obtain a better
understanding of the overall BOAA synthetic process, and
apply the Principles of Green Chemistry to improve reaction
efficiency. Utilizing 1H NMR we have: identified four major
products from IAA bromination, determined that the reaction process occurs in two discrete steps, and obtained key
mechanistic insight that is helping us improve on the overall
efficiency of this reaction.
Experimental
All reagents were purchased from Sigma-Aldrich or Fisher
Scientific and used without further purification. Tert-butanol
was stored over 3Å molecular sieves. Nuclear Magnetic
Resonance (NMR) spectra were obtained on a JEOL ECX400 MHz instrument.
Evaluating different reaction parameters for the synthesis of BOAA would require substantial amounts of solvent
and reagents, produce liters of hazardous waste, and an
entire day would be needed to run and analyze a single reaction. To optimize our “green chemistry” approach, we
developed a quick, reproducible and efficient reaction
screening method that required milliliters of solvent, milligrams of reagents, and minimized waste. The screening
method used quantitative NMR (qNMR)5 to determine %
yield and recovery. In qNMR the quantity of a particular
analyte could be determined by comparing the integrated
value of an analyte signal of known number of H’s to the
integrated value of the vinyl protons (2H, 6.33 ppm) of the
maleic acid internal NMR reference standard.6
The standard screening reaction used 200 µL of a 0.174
M solution of IAA in tert-butanol (6.11 mg, 34.9 µmole)
added to a 10 mL reaction vial with an additional 800 µL of
tert-butanol. The solution was stirred at room temperature
and reaction initiated by the addition of two mole equivalents (12.4 mg, 69.8 µmole) of NBS. After stirring for an
additional 10 minutes, the reaction was worked up by evaporation of tert-butanol solvent on a high vac, and then suspending the residue in diethyl ether. The succinimide
byproduct was removed by pipette filtration into a 10 mL
round bottom flask and solvent again evaporated under
reduced pressure. Acetone-d6 containing 0.05% TMS (1.0
mL) was added to dissolve the residue, then 2.00 mg
(0.0172 mol) of maleic acid dissolved in 25 µL of dimethylsulfoxide-d 6 was added as the internal qNMR reference
standard. This screening method allowed us to run and analyze up to five reactions per day. This general procedure
allowed us to test the effect of various reaction parameters
on the product distribution, including the IAA:NBS stoichiometry, and addition of potential catalysts.
Results and Discussion
The traditional reaction mixture with two equivalents of
NBS was worked up to remove residual solvent and succinimide byproduct, and the residue analyzed by 1H NMR, Figure 4. By focusing exclusively on signals in the aromatic

Figure 4. 1H NMR (400 MHz) of IAA reaction with two
equivalents of NBS.

Figure 5. Oxindole byproducts of complete IAA-NBS reaction: (a) 3,5-dibromooxindole-3-acetic acid (5-BromoBOAA), (b) 3-bromooxindole-3-acetic acid (BOAA), (c)
5-bromooxindole-3-acetic acid(5-Bromo-OAA), (d) oxindole-3-acetic acid (OAA).
region, we were able to identify four major products from
IAA bromination, Figure 5.
We propose that the bromination of IAA with two
equivalents of NBS occurs in two reaction steps as shown in
Figure 6. In Reaction #1 the initial equivalent of electrophilic bromine adds rapidly (within seconds) to the C-2,3
double bond (possibly with assistance from N-1), followed
by addition of tert-butanol to C-2. Subsequent elimination
steps (mechanism not shown) produce oxindole-3-acetic
acid (OAA). We also observe 5-bromo-OAA most likely
from the addition of a second equivalent of bromine to C-5
of OAA (consistent with literature precedent7). Reaction #2
is slow addition of the second equivalent of NBS to C-3,
producing BOAA and 5-bromo-BOAA. Our proposal is
consistent with the observation of C-3 and C-5 brominated
products from indoles.3,4,7 The C-3 position of indoles is
known to undergo bromination very rapidly, while C-5
bromination was based on the known activating effects of
the N-1 nitrogen (C-7 brominated product was not
observed). The authors from these original studies employed
indirect methods for product analysis based on chemical
transformation to known compounds, followed by melting
point determination. Our work is the first to conclusively
identify the IAA bromination products using 1 H NMR
analysis.
continued on page 12

The Nucleus March 2014

11

Summer Scholar
Continued from page 11

Figure 6. Proposed reaction scheme for IAA bromination.
To test this idea we ran the traditional BOAA synthesis from
IAA by adding NBS in two separate steps. The results of
these reactions (data not shown) clearly show that addition
of one mole equivalent of NBS produces OAA and 5bromo-OAA. Subsequent addition of a second NBS equivalent gives the typical product distribution shown in Figure 5.
As our preliminary data suggested that addition of the
first equivalent of electrophilic bromine to IAA was the critical step, in that multiple oxindole byproducts are produced
and that this poor regioselectivity was ultimately responsible
for the poor efficiency of this reaction. As we could now
successfully run the BOAA synthesis as two separate reactions (Figure 6), this allowed us to focus exclusively on
Reaction #1, and conduct preliminary experiments to
improve the poor regioselectivity.
It has been reported that the selectivity of NBS-mediated brominations can be controlled with amides and
amidines that act as Lewis base catalysts by either facilitating the regioselective transfer of bromine from NBS to the
acceptor, or stabilizing the bromonium ion intermediate.8-11
Furthermore, in the traditional synthesis we suspected that
HBr generated during the course of Reaction #1 catalyzes
C-3 halogenation of OAA through an enol intermediate. We
subsequently surveyed a variety of Lewis base, and acid catalysts for improving the overall efficiency of BOAA synthesis. Representative data are presented in Table I.
When dimethylformamide (DMF) was added to Reaction #1 there was modest improvement in the regioselectivity by promoting BOAA production as compared to the
oxindole byproducts. Similar results were obtained when
acetic acid was added to Reaction #2, consistent with acid
catalyzed halogenation. Furthermore, addition of triethylamine inhibited production of BOAA as well as other oxindole byproducts, possibly by neutralizing any HBr produced
in Reaction #1.
Conclusions and Future Work
We have applied Green Chemistry principles and NMR
analysis to better understand the synthetic reactions in the
preparation of BOAA from IAA. We have identified four
oxindole products from this reaction, and determined that
IAA bromination occurs in two discrete steps. These prelim12
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Table I. %Composition of oxindole products as a function
of reaction conditions
inary results have provided key mechanistic insight that will
help us improve the low yield and overall efficiency of this
reaction. We are currently evaluating additional Lewis base
catalysts to improve the regioselectivity in Reaction #1, and
the effect of acid catalysts for Reaction #2. We are also very
interested in developing an efficient gram-scale synthesis of
oxindole-3-acetic acid (OAA) in Reaction #1, as this compound has recently been identified in the regulation of auxin
homeostasis and response mechanisms in plants.12
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ACS Northeastern Section
at Fenway Park!
Red Sox Game Tuesday, May 6
Northeastern Section members are encouraged to bring their families, friends,
and colleagues to this NESACS traditional outing. We are hoping again this year
for pleasant weather, good company, and a winning team.
On Tuesday, May 6th we have right field box seats for the Red Sox - Cincinnati Reds game. Our tickets reflect the lowest possible cost under the new Red
Sox ticket pricing policy; $45 includes handling charges and a small donation to
the Northeastern Section. Reserve your seats by mailing your check (payable to
NESACS) to Anna Singer, 12 Corcoran Road, Burlington, MA 01803. Questions
may be sent to secretary@nesacs.org. u

Fenway park photo from Boston.redsox.mlb.com
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January
Meeting
Report
By Xavier Herault (with additional
content and photos provided by
Jack Driscoll)
The 937th Meeting of the Northeastern
Section of the American Society was
held at the Holiday Inn in Brookline on
Thursday, January 16, 2014. The
speakers were Dr. Heidi Erlacher, a
partner at the law firm Mintz Levin,
Cohn, Ferris, Glovsky and Popeo, P.C.
Christopher Montean, a tax accountant
at Ernst & Young and Dr. Eddine
Saiah, the Head of Chemistry at Atlas
Venture, a venture capital firm. Dr.
Monica Palme, a Sr. Director of Drug
Development at Pfizer who was slated
to speak, unfortunately, could not
make it.
The subject of the symposium was
“Alternate Careers for Chemists, or
What Do I Want to Be When I Grow
Up?” NESACS Chair, Cathy Costello
opened the meeting and Program
Chair, Katherine Lee was the moderator.
The three speakers first described
when and how they knew it was time
for them to move their careers into a
new direction after practicing chemistry. Each has taken a different route.
For Dr. Heidi Erlacher, it was during
her doctoral work at the Massachusetts
Institute of Technology. For Christopher Montean, it was while a few years
into his chemistry career at Corning.
For Dr. Eddine Saiah, it was after a
twenty-year career in medicinal chemistry that saw him reach the position of
Director of Chemistry at Pfizer in
Cambridge. However, the common
theme for all was the realization that a
life in the lab or in meetings was not
for them anymore and that their other
interests (law, finance or starting new
biotech companies) were stronger.
Each speaker offered words of
advice to other chemists considering
making a change. You never know
who you can meet in your everyday
14
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NESACS Chair-Elect and Program Chair,
Katherine Lee Moderating the Panel on alternative careers for chemists. Pictured (L-R) are
Katherine Lee, Heidi Erlacher, Christopher
Montean and Eddine Saiah.

life who will open your mind to new
opportunities (Dr. Heidi Erlacher).
Sometimes it can be a big change but
you need to learn to be comfortable
being in an uncomfortable time of
change (Christopher Montean). At the
end, you don’t choose a job, the job
chooses you (Dr. Eddine Saiah).
A transition to a career in the law
could be either going to law school
right after the doctorate, or starting in a
law firm as a technical advisor and
going to law school part-time in the
evening. A change to a career in
finance would require going back to
school to pursue a Master’s in accounting and maybe even a concurrent
MBA. A jump to business and being a
venture capitalist would require cashing in during a very successful scientific career.
After the panelists described their
situations, the floor was opened to the
audience. The questions continued for
nearly an hour before the meeting was
closed.
NESACS PR Chair, Jack Driscoll
talked for a few minutes about the
ACS Entrepreneurial Forum which
will be held on April 9, 2014. A video
about this forum can be found on
YouTube: (http://youtu.be/jmSiycZpCnY)
NESACS thanks the speakers for
sharing their unique insights into transitioning into alternate careers.
Sixty-five registered for the meeting. Please remember you must register one week before a meeting whether

NESACS Chair Cathy Costello opening the
937th NESACS Monthly Meeting

or not you intend to have dinner.
After dinner an additional 50 students arrived to attend the symposium
and take advantage of the NESACS
policy that the evening program is free
and open to the public. This meeting
was an excellent start for our new program chair, 2014 Chair-elect, Katherine Lee. u

What’s Yours?
DMPK Scientist,
LC/MS Product Specialist,
Mass Spec Operator,
Staff Investigator,
Process Chemist,
QA Manager,
Synthetic Chemist,
Lab Instructor . . .
Many local employers post positions
on the NESACS job board.

Find yours at

www.nesacs.org/jobs

March
Historical
Events in
Chemistry
By Leopold May, Catholic University of America
March 1
b. 1910 Archer J. P. Martin, Nobel
Prize (1952) with Richard L. M.
Synge for their invention of partition
chromatography.
March 3
b. 1918 Arthur Kornberg, researcher
on the synthetic pathways by which
nucleic acids are produced; Nobel
Prize in Medicine (1959) with
Severo Ochoa for their discovery of
the mechanisms in the biological
synthesis of ribonucleic acid and
deoxyribonucleic acid.
March 8
b. 1879 Otto Hahn, discovered protactinium (Pa, 91) with L. Meitner;
researcher on nuclear fission with F.
Strassman (1938); Nobel Prize
(1944) the discovery of fission of
heavy nuclei.
b. 1886 Edward C. Kendall isolated
thyroxine, 1915; Nobel Prize in
Medicine (1950) with Philip Hench
& Tadeus Reichstein for their discoveries relating to the hormones of
the adrenal cortex, their structure and
biological effects.
March 9
b. 1923 Walter Kohn, developed
density-functional theory, which
makes it possible to study very large
molecules; Nobel Prize (1998) with
John A. Pople for his development of
the density-functional theory
March 14
b. 1854 Paul Ehrlich, researcher in
immunity & chemotherapy; discovered Salvarsan (No. 606) & neosalvarsan; improved laboratory staining
methods; Nobel Prize in Medicine
(1908) with Ilya Ilyich Mechnikov in
recognition of their work on immu-

nity.
Nobel Prize (1939), for his work on
sex hormones; declined on account of
b. 1879 Albert Einstein, researcher
Nazi decree against foreign awards.
on photochemical effect & theory of
relativity; Nobel Prize Physics
b. 1884 Peter Joseph William Debye,
(1921) for his services to Theoretical
researcher in dipole moments and
Physics, and especially for his dispowder method of x-ray diffraction;
covery of the law of the photoelecNobel Prize (1936) for his contributric effect.
tions to our knowl-edge of molecular
structure through his investigations
March 19
on dipole moments and on the difb. 1883 Walter N. Haworth, synthefraction of X-rays and electrons in
sized ascorbic acid (Vitamin C),
gases.
1933; researcher on sugars & dextran
b. 1917 John Kendrew, research on
as blood plasma substitute; Nobel
structure of hemoproteins with xPrize (1937) for vitamin synthesis,
rays; Nobel Prize (1962) with Max
with Paul Karrer.
Ferdinand Perutz for their studies of
b. 1900 Fré dé ric J. Joliot (Joliotthe structures of globular proteins
Curie), Nobel Prize, (1935) with
wife Irène Joliot-Curie, for produc- March 26
tion of artificial radioisotopes, in
b. 1911 Bernard Katz, Nobel Prize in
1934; proved experimentally that
Medicine or Physiology (1970) with
neutron emission occurs in nuclear
J. Axelrod and U. Von Euler for disfission with H. Halban & L. W.
coveries concerning humoral transKowarski.
mittors in the nerve terminals and the
mechanism for their storage, release
b. 1943 Mario Molino, researcher in
and inactivation.
air pollution, particularly formation
& destruction of ozone; Nobel Prize
b. 1916 Christian Anfinsen, received
(1995) with Paul Crutzen & F. Sherthe Nobel prize (1972) with Standwood Rowland for their work in
ford Moore and William Moore, for
atmospheric chemistry, particularly
studies on the relationship of strucconcerning the formation and
tural properties of proteins and biodecomposition of ozone.
logical functions, particularly
ribonuclease.
March 21
b. 1932 Walter Gilbert, researcher on March 27
the determin-ation of deoxyribonub. 1845 Wilhelm K. Röntgen discovcleic acid (DNA) base sequence;
ered X-rays, 1895; Nobel Prize in
Nobel Prize (1980) with Paul Berg &
Physics (1901) in recognition of the
Frederick Sanger for their contribuextra-ordinary services he has rentions concerning the determination
dered by the discovery of the remarkof base sequences in nucleic acids.
able rays subse-quently named after
him; researcher in specific heats &
March 22
heat conduction in crystals.
b. 1868 Robert A. Millikan measured
b. 1847 Otto Wallach, researcher on
the charge/mass ratio of the electron;
essential oils & terpenes; Nobel
Nobel Prize in Physics (1923) “for
Prize (1910) in recognition of his
his work on the elementary charge of
services to organic chemistry and the
electricity and on the photoelectric
chemical industry by his pioneer
effect”.
work in the field of alicyclic comMarch 23
pounds. 1847-1931
b. 1881 Hermann Staudinger, re searcher on the chemistry of macro- March 31
b. 1890 W. Lawrence Bragg,
molecular substances; Nobel Prize
researcher in X-ray & crystal struc(1953) for his discoveries in the field
ture; Nobel Prize in Physics (1915)
of macromolecular chemistry
with father, William H. Bragg for
March 24
their services in the analyses of crysb. 1903 Adolf F. J. Butenandt,
tal structures by means of X-ray. u
researcher on sex hormones; offered
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Chem Camp
Continued from page 4

while relaxing, were still chewing
away on a tricky problem—and sometimes this would erupt without warning
into a full discussion. I think these
unplanned moments—with the line
completely blurred between chemistry
and hanging out—were the highlight
of the camp. Where else but Chem
Camp, after all, could this line be so
blurred? For me, at least, this permanently blurry line between chemistry
and camaraderie is the defining aspect
of Chem Camp.
Lights out marked the end of a
jam-packed day for the students. But
for the mentors and me, lights out was
a new beginning. With lectures to prepare, laboratory write-ups to finalize,
practice problems to find, and exams
to write and grade, all of us had more
than enough work to keep us burning
the midnight oil long past midnight.
With exams ranging from thirty to fifty
pages, and involving some of the hardest and most creative chemistry problems, perhaps the only thing harder
than taking the exams is writing them.
Even with generous help from the Air
Force Academy faculty in their areas
of expertise, I think it would be fair to
say that the mentors all felt a sense of
pride (and exhaustion!) after each
exam—only to start all over again the
next day. The first thing I did when I
returned home after Chem Camp was
to go to sleep—uninterrupted—for a
long time.
The last few days of the camp
rushed by in a sleepless haze: an outing
to the beautiful Garden of the Gods
park, an elaborate closing banquet at
which the top six students are
announced, emotional good-byes
(though many of the students will be
reunited in a few short months at university), a few more days spent training and testing the top six students, and
ultimately the selection of the final
four students on the traveling team.
But the work of the students and
mentors did not end with the camp.
After returning home and sleeping off
all of the end-of-camp excitement, the
four students worked together for a
16
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Chemistry and camaraderie all blurred into one.

month before the international competition to make sure they were all well
prepared. As Peer Mentor, I helped the
students by preparing a repository of
practice problems. Just like during the
camp, I was amazed by how endless
was their desire for more problems.
We also created a Facebook group
where the students could share
resources and advice. What impressed
me most was how dedicated our four
students were at stamping out their
weaknesses—not just individually but
collectively. With some students
experts on synthetic chemistry, and
others experts on mathematical chemistry, I was blown away by the vigor
with which each side helped the other
achieve mastery. I merely helped to
answer questions and make sure their
efforts were well-directed.
Given this wonderful synergy
which developed among our students, I
am pleased—but not surprised—to
report that our team put in an outstanding performance in Moscow at the
international competition, with David
Liang and Runpeng Liu receiving gold
medals, and Stephen Ting and Saaket
Agrawal receiving silver medals.
As for me, I am already counting
down the days until Chem Camp 2014!
u
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Martin Karplus
Continued from page 6

and work with him. Martin was the
only one who chose that path. It was
certainly a wise choice for Martin’s
development as a theoretical chemist.
Martin was only 23 when he
received his PhD and was headed for a
two-year postdoc sponsored by the
National Science Foundation (NSF) at
Oxford. He was there to find “areas
where theory could make a contribution of general utility to chemistry.” He
did not want to do research that was
just of interest to theoretical chemists.
By listening to lectures, talking to scientists, he realized that nuclear magnetic resonance (NMR) was a vital
new area that was in its infancy, and
that it was a field where theory could
make a significant contribution.
4. Academic Career
He wanted to work at a University
that had an active experimental program in NMR. The University of Illinois was the obvious choice. He was
offered an instructorship in 1955 and
spent the next 5 years there. His
research focused on theoretical methods for relating nuclear and electron
spin magnetic resonance parameters to
the electronic structure of molecules.
In 1960, he moved to Columbia
where his focus changed to reaction
kinetics. He worked in the Watson Scientific Lab at Columbia. He also had
an adjunct associate professorship in
the Chemistry Department at Columbia. A fast computer is one of the needs
of a theoretical chemist and the Watson
lab had an IBM 650 computer, which
Martin put to good use.
He continued to work on NMR
and ESR, and with that computer, studied the reaction of H +H2 = H2 + H,
which involves exchange of hydrogen
atom with H2, by calculating classical
trajectories. His paper on H + H2 was
cited by George Schatz as one of the
key papers in theoretical chemistry of
the 20th Century.
In 1966, Karplus moved to Harvard as a Professor and in 1979, he
became the Theodore Richards Professor of Chemistry. Theodore Richards
was the first American to receive the

Nobel Prize in Chemistry in 1914.
After a short time at Harvard,
Martin decided to return to his longstanding interest in biology. Arieh
Warshel (co-Nobel Laureate) joined
his group at Harvard for a short time,
and they worked on the retinal chromophore. Subsequently, he applied
molecular dynamics methods to hemoglobin and protein folding.
Over a number of years, the software designated Chemistry at HARvardMacromolecularMechanics
(CHARMM) was developed. In 1977
it was first applied to a biomolecule
(Figure 1) in {J.A. McCammon, B.R.
Gelin, and M. Karplus, ”Dynamics of
Folded Proteins”, Nature 267, 585-590
(1977)}. “This study has served to
open a new field that is now the focus
of the research of an ever growing
number of scientists.”
The molecular dynamics simulation method, which continues to be
developed in the CHARMM program
by the Karplus group and many of his
former students, as well as the large
number of researchers effectively
using it for biomolecules provided the
basis for the 2013 Nobel prize. It is
amazing that it took so long to award
the Nobel prize for such an outstanding
achievement.
Martin received grants from a
number of government agencies,

including NSF, NIH, AEC, and DOE,
to fund his research. He only received
a small amount of funding from one
drug company, because he did relatively little applied research.
Martin describes himself as a Theoretical Chemist. He goes to work
every day with his wife Marci, his laboratory manager, and still enjoys working with his students at age 83. The
photo shows Martin enjoying tea with
his students. I enjoyed the interview
with Prof. Karplus. I thought he was
very insightful, friendly, and generous
with his time.

Figure 3. Professor Karplus enjoying tea with
his students

It is interesting to note that none
of the 2013 Nobel Laureates in chemistry were born in the U.S. Martin
Karplus was born in Austria, Arieh
Warshiel was born in Israel, and
Michael Levitt was born in South
Africa. u

Figure 2. 1st Simulation of a Biomolecule using CHARMM (from Nobel Lecture)
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Calendar
Check the NESACS home page
for late Calendar additions:
http://www.NESACS.org
Note also the Chemistry Department web
pages for travel directions and updates.

Hosted by:
Northeastern Section Younger Chemist Committee (NSYCC)
Boston University Younger Chemist Committee (BUYCC

Mar 5

Prof. William Tolman (University of Minnesota)
Boston University, Metcalf Science Center
Building, Rm 113 4:00 pm

Mar 6

Prof. Karl Gademann (University of Basel) and
Dr. Chris Senanayake, Boehringer_Ingelheim
MIT, 6-120 4:00 pm

These include:
http://www.bc.edu/schools/cas/chemistry/semina
rs.html
http://www.bu.edu/chemistry/seminars/
http://www.brandeis.edu/departments/chemistry/
events/index.html
http://www.chem.harvard.edu/courses/seminars.
php
http://chemcalendar.mit.edu/index.php
http://chem.tufts.edu/seminars.html
http://engineering.tufts.edu/chbe/newsEvents/se
minarSeries/index.asp
http://www.chem.umb.edu
http://www.umassd.edu/cas/chemistry/
http://www.uml.edu/Sciences/chemistry/Seminar
s-and-Colloquia.aspx
http://www.unh.edu/chemistry/events

Mar 10

Mar 3

Prof. William D. Jones (University of Rochester)
“Why Do Weaker Metal-Carbon Bonds Lead to
More Stable Complexes? What's Going On?”
Boston College, Merkert 130
4:00 PM

Prof. Bill Tolman (University of Minnesota)
“Copper Oxygen Intermediates Relevant to
Metalloenzymes and Other Oxidation Catalysts”
Brandeis University, Gerstenzang 121
4:00 pm

Mar 4

Prof. William B. Tolman (University of
Minnesota)
“Copper Oxygen Intermediates Relevant to
Metalloenzymes and Other Oxidation Catalysts”
Boston College, Merkert 130 4:00 pm
Prof. Peter Seeberger, (Max Planck Institute)
Tufts University, Pearson P-106
4:30 pm

Prof. Ming Hammond (University of California,
Berkeley)
“Privileged RNA scaffolds for the in vivo
sensing functions”
Brandeis University, Gerstenzang 121
4:00 pm

Mar 11

Prof. Ming Hammond (University of California,
Berkeley)
Boston College, Merkert 130 4:00 pm
Prof. Geert-Jan Boons (University of Georgia)
Tufts University, Pearson P-106
4:30 pm

Mar 12

Mar 13

Prof. Martin Burke (University of Illinois)
MIT, 6-120
4:00 pm

Mar 18

Prof. Amy E. Keirstead (Univ. of New England)
Univ. of New Hampshire, Room N104
11:10 am

Mar 20

Prof. Jeff Johnson (U. of North Carolina) & Dr.
David Kronenthal, Bristol-Myers Squibb
MIT, 6-120 4:00 pm

Mar 21

Prof. Connie Lu (University of Minnesota)
“Harnessing Metal-Metal Bonds: Bonding,
Electronic Properties and Small-Molecule
Reactivity”
Brandeis University, Gerstenzang 121
4:00 pm

Mar 24

Prof. Wenbin Lin (University of Chicago)
Brandeis University, Gerstenzang 121
4:00 pm

Mar 25

Prof. Michael Krische (University of Texas)
Boston College, Merkert 130 4:00 pm

Mar 25

Prof. Samir Z. Zard (École Polytechnique,
France)
MIT, 6-120
4:00 pm
Dr. Grace Wong (Actokine Therapeutics)
“Career Decisions: Academia vs Industry, and
Getting a Foot in the Door”
Univ. of New Hampshire, Room N104
11:10 am

Mar 27

Prof. Viresh Rawal (University of Chicago)
MIT, 6-120
4:00 PM
Professeur Samir Z. Zard, (École Polytechnique,
France)
Brandeis University, Gerstenzang 121
4:00 PM

Mar 31

Prof. Istvan Z. Kiss (Saint Louis University)
Brandeis University, Gerstenzang 121
4:00 PM

Notices for The Nucleus
Calendar of Seminars
should be sent to:
Xavier Herault,
email: xherault(at)netzero.net u

