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Why
Wisconsin?
Why
Wisconsin?
Why
Wisconsin?

The University of Wisconsin–Madison is the premier public research univer-
sity in the United States. Among all universities, public and private, Wiscon-

sin ranks in the top 5 in recent evaluations of research activity and expenditures
for research and development (almost $600 million in 2001–02). Among doc-
toral programs in the US, fifteen UW–Madison departments, including
chemistry, are ranked in the top 10. Five Nobel Prizes have been awarded to cur-
rent or former UW–Madison faculty. Twelve Nobel prizes have been awarded to
UW–Madison alumni. Seventeen Pulitzer Prizes have been awarded to Wiscon-
sin faculty and alumni. Fifty-eight of the UW–Madison faculty are members of
the National Academy of Science or the National Academy of Engineering.

For decades, Chemistry at Wisconsin has attracted outstanding graduate
students, faculty, postdoctoral associates and visiting scholars. The long and
continuing tradition of excellence in our Department has many direct and
indirect benefits for graduate students. In addition to having a broad choice
of high quality courses, seminars, and research projects, you will benefit from
informal interactions with exceptional research scientists at all levels of expe-
rience. The reputation for excellence in our department is recognized locally
and nationally by funding agencies and corporate research sponsors. This
facilitates the establishment and maintenance of first-rate instrumentation,
library, shops and laboratories.
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In 2001, Chemistry Department research
expenditures were in excess of $8 million.
Most of this research support comes from
federal agencies such as the National Sci-
ence Foundation, the National Institutes
of Health, and the Department of Energy,
among others.

The UW–Madison campus is continu-
ing an extensive capital improvement pro-
gram. Recent projects in support of scien-
tific research include the Biotech Center,
a new Biochemistry building, and a new
Chemistry building. The new Chemistry
wing completed in 2000 has increased
research space by 35%. The new Engi-
neering Centers Building was dedicated
Oct. 18, 2002, and renovations to the
Mechanical Engineering Building are
underway. The Biostar project will add
over $300 million in construction and
major renovations in Biotech, Biochem-
istry, Microbial Sciences, and Interdisci-
plinary Biology.

Whether you expect to pursue an aca-
demic, industrial or government career, a
Wisconsin Chemistry Ph.D. will be of
great value. Literally hundreds of gradu-
ates of our programs have distinguished
themselves as professors, research scien-

tists, and administrators. The reputation
of Wisconsin graduates in industry is evi-
denced by the fact that numerous compa-
nies send recruiters each year to conduct
placement interviews right in our Depart-
ment. This is a significant career advan-
tage for Wisconsin graduate students.

The research atmosphere at Wiscon-
sin, especially in Chemistry, is a distinc-
tive feature. Collegiality and interactive-
ness are the rule. Two or more research
groups typically combine for research and
literature seminars, broadening students’
exposure to a variety of viewpoints and
techniques. This free intellectual and
technical exchange, together with talent
and enthusiasm for science, affords a very
stimulating environment.

You will note that Chemistry, Bio-
chemistry, Pharmacy and Chemical Engi-
neering are separate departments at Wis-
consin. Each, on its own, enjoys national
top ten status among competing doctoral
programs. Interaction and collaboration
between students and faculty in these
departments are common, and you are
encouraged to take advantage of these
wider opportunities in your course work
and research.

Faculty Awards

The research and teaching accomplish-
ments of the faculty in our depart-

ment have been recognized with numer-
ous national and international awards.
Within the past ten years, current faculty
have won nine American Chemical Soci-
ety Awards, eight National Science Foun-
dation Presidential Young Investigator or
Faculty Fellow Awards, and six awards
from the Dreyfus Foundation. Election to
the National Academy of Sciences, the
American Association for the Advance-
ment of Science, or the American Physical
Society are notable distinctions earned by
eleven chemistry professors active at Wis-
consin now. Seventeen faculty have been
named Fellows of the Alfred P. Sloan
Foundation, nine have received Alexander
von Humboldt Senior Scientist Awards,
and five have been J. S. Guggenheim Fel-
lows. Twenty additional corporate, foun-
dation and international awards have
recently been given to Wisconsin chem-
istry faculty.

These, together with numerous
appointments to editorial advisory boards
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and federal funding review panels, under-
score the reputation and achievements of
our faculty. The scientific accomplish-
ments of our students are directly acknowl-
edged as the basis for this recognition.

Research
Opportunities
and Course
Opportunities

Graduate students at Wisconsin major
in one of the classical fields of chem-

istry: analytical, inorganic, materials,
organic, or physical. These broad designa-
tions do not convey, however, the richness
of research opportunities that exist. The
following subdisciplines, which often
overlap one or more of the classical fields,
are currently represented among the
research groups at Wisconsin.

Astrochemistry
Bioanalytical Chemistry
Bioinorganic Chemistry
Bioorganic Chemistry
Biophysical Chemistry
Biotechnology
Catalysis
Chemical Education
Computational Chemistry
Electrochemistry
Instrumentation
Laser Chemistry
Macromolecular Science
Molecular Dynamics
Molecular Self-Assembly
Natural Products
Organometallic Chemistry
Pharmaceutical Chemistry
Photochemistry
Physical Organic Chemistry
Quantum Chemistry
Reaction Mechanisms
Solid State Chemistry
Spectroscopy
Structural Chemistry
Surface Science
Synchrotron Radiation
Synthetic Chemistry
Theoretical Chemistry
X-Ray Crystallography

More information about these topics is
contained in the descriptions of the indi-

vidual faculty members’ research pro-
grams.

First-year graduate students select
from a nucleus of fundamental courses
given each year in areas such as thermo-
dynamics, organic reaction mechanisms,
quantum mechanics, spectroscopy, kinet-
ics, transition metal chemistry, instru-
mental analysis, MO theory of organic
systems, organic synthesis, and so on.
More specialized courses at the advanced
level are also given, and vary from year to
year. Depending on a student’s major
area, the actual program varies widely.
Students are required to take four courses
in areas outside their thesis specialization
(the “minor” requirement). Course work
in the major area is described in more

detail under seven categories (analytical,
inorganic, materials, organic, physical,
chemistry, theoretical chemistry, and the
chemistry-biology interface). However,
there is much variation even within these
categories, especially after the first year.
For example, the advanced courses taken
by physical chemists specializing in theo-
retical chemistry often will differ from
those taken by their colleagues in spec-
troscopy or macromolecular chemistry.
Similarly, organic chemists may choose to
place emphasis on synthesis or on physi-
cal methods of structural characteriza-
tion.

For students with research interests
that extend into other fields bordering
chemistry there are opportunities for
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course work, collaborative research, and
seminars presented by experts from
throughout the world in many other
departments. Upon approval by the thesis
adviser and any other faculty members
involved, collaboration is possible with
the Enzyme Institute, the Molecular Biol-
ogy program, the Biophysics program, the
School of Pharmacy, the Departments of
Bacteriology, Biochemistry, Genetics,
Mathematics, Physics, and Computer Sci-
ences, and the College of Engineering.

Facilities

The Chemistry Department occupies a
modern, air-conditioned building. All of

the graduate course activities are in the
same building, as is the extensive chemistry
library. Graduate students receive a key to
the library for access at all hours. Research
facilities are among the best in the country.
The machine shop can produce anything
from microware to a huge vacuum cham-
ber, and the glassblowing shop and the
electronics shop are equally impressive.
Many research instruments have been built
there, and students have a special area for
their own shop work and electronics pro-
jects. Access to shop service and specialized
equipment makes the most sophisticated
construction projects possible.

Chemistry Instrument
Center
The UW–Madison Chemistry Department
maintains a comprehensive research
instrumentation facility that is open and
accessible to students. The Paul Bender
Chemical Instrumentation Center (CIC)
provides Chemistry Department
researchers with state-of-the-art instru-
mentation in the areas of magnetic reso-
nance (NMR and ESR), mass spectrome-
try, and x-ray crystallography. Each area
is headed by a Facility Director. These
individuals, all Ph.D. chemists, advise and
work with students on the experiments
and on the science. Two highly skilled
electronics engineers attend to instrument
maintenance and upgrades. Interested
students will get hands-on access to most
departmental instrumentation, an experi-
ence that is intended to be an integral
part of a Wisconsin education. Practical
training in NMR is provided in formal

courses, taught by the NMR staff, while
individual instruction is provided for
more complex techniques. Qualified stu-
dent operators have key privileges and
around-the-clock access to instruments.

Nuclear Magnetic
Resonance Spectroscopy
Eight research spectrometers constitute
the state-of-the-art nuclear magnetic reso-
nance facility in our Department. Routine
proton, carbon, fluorine and phosphorus
spectra are obtained on two Bruker 300
MHz NMR instruments, and all common
nuclei and variable temperature are
accessible on a Bruker 250 MHz spec-
trometer. Much of the NMR research
investigating organometallic compounds
is performed on a new Bruker AVANCE
360 MHz instrument. A very wide range
of temperatures and multinuclear capabil-
ity is provided on this instrument, as well
as on our recently upgraded UNITY–500
MHz spectrometer. New Varian
INOVA–500 and 600 MHz spectrometers
provide the highest field strengths for the
most complex and demanding experi-
ments. High-resolution magic-angle spin-
ning capability is available on the
INOVA–500, allowing liquid-like spectra
to be obtained from combinatorial chem-

istry compounds synthesized on solid-
supports. All of this equipment is avail-
able for student use, and extensive train-
ing in the theoretical and experimental
aspects of modern NMR spectroscopy is
provided both through formal courses
(Chemistry 636 and 637) and when appro-
priate by individual tutorial. Dr. Charles
Fry, Director of the NMR Facility, is avail-
able to help in the interpretation of spec-
tra, and to assist in the design and imple-
mentation of more sophisticated
experiments such as those involving
pulsed-field gradients, selective excitation,
and multiple dimensional NMR.

Also available in the facility is a
Bruker ESP–300E ESR Spectrometer.
This equipment can be used for solution,
powder, and single crystal X-band studies.
The spectrometer is connected to the
department ethernet and includes a PC
based off-line data station for ESR data
reduction and plotting. Several irradiation
sources are available, as are variable tem-
perature capabilities to run spectra
between 4 K and 325 K.

Mass Spectrometry
Five mass spectrometers are located in
the Mass Spectrometry Laboratory in the
new wing of building. Three different ion-
ization techniques are available on the
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different instruments. Three of the instru-
ments are normally in electrospray ioniza-
tion mode, one in matrix-assisted laser
desorption/ionization mode (MALDI), and
one in electron impact mode. This allows
a wide range of samples to be character-
ized. The 2002 Nobel Prize in Chemistry
(Fenn and Tanaka) recognized the impor-
tance of having electrospray ionization
and laser desporption/ionization in a
modern laboratory. The prize also points
up the necessity of continuously upgrad-
ing analytical instrumentation to give
Wisconsin students opportunities to make
state-of-the-art measurements.

As of this writing, the mass spectrom-
eters in the lab are a Micromass LCT
(orthogonal electrospray ionization,
reflectron time-of-flight analyzer), a
Bruker Reflex II (MALDI, reflectron, time-
of-flight analyzer, delayed extraction, 337
nm nitrogen lazer), a Shimadzu
LCMS–2010 (electrospray ionization, sin-
gle quadrupole analyzer, autosampler,
photoarray detector, fraction collector), a
Micromass AutoSpec (electron impact

ionization, magnetic sector analyzer), and
a Finnegan TSQ700 (electrospray ioniza-
tion, triple quadrupole analyzer). Both the
Bruker Reflex II and the Shimadzu
LCMS–2010 are operated by graduate stu-
dents who have been trained by the Labo-
ratory Director, Dr. Martha M. Vestling.
To get experience in the operation of all
the instruments, graduate students are
urged to consider becoming a mass spec-
trometry TA.

Chemistry 638, Introduction to Mass
Spectrometry, is a one-credit course team
taught by Dr. Vestling and Dr. Amy
Harms, Biotechnology Center Mass Spec-
trometry Laboratory, to promote the
design of good experiments for our instru-
ments. It provides information on the var-
ious mass spectrometers, on how to pre-
pare samples, and how to analyze the
data. Dr. Vestling and assistants work
closely with individual students and fac-
ulty in the Department on specific
research projects.

A GCMS is available in the Advanced
Analytical Chemistry teaching laboratory.

X-Ray Crystallography
The Molecular Structure Laboratory,
located on the second floor of the new
building, is supervised by its Director, Dr.
Ilia Guzei. The lab has a full array of sin-
gle crystal diffraction equipment for struc-
tural characterization of crystalline mate-
rials. The results provided by an X-ray
single crystal experiment include coordi-
nates of atoms in the unit cell in the lat-
tice, atomic connectivity, and interatomic
distances and angles. Structural data
allow three-dimensional analysis of the
molecular geometry which can enable a
researcher to understand or explain prop-
erties of the compound. Data are collected
on two state-of-the-art Bruker diffrac-
tometers with CCD area detectors and a
Siemens P4 diffractometer with a point
detector, using either Mo or Cu sealed-
tube generators. The diffractometers are
independently controlled by PC computers
and fitted with nitrogen-streaming low
temperature devices. Data collections are
routinely conducted at 173(2) K which
allows handling of air- and moisture-sensi-
tive samples in addition to air-stable crys-
tals. The data are analyzed on one of seven
PC computers situated in the X-ray com-
puter laboratory. The Bruker SHELXTL
program package is most often used for
structure solution and refinement. The
Cambridge Structural Database contain-
ing the results of nearly all published
structures of organic and organometallic
compounds is also available and can be
searched with program ConQuest. Dr.
Guzei works closely with students and fac-
ulty in the preparation of manuscripts
reporting structural experiments.

Library
The Chemistry Library, located in the
Daniels wing of the Chemistry Building, is
available to you 24 hours per day. Two
librarians and several part-time employees
staff the library. The Chemistry Library’s
collection covers all major areas in chem-
istry and includes approximately 17,000
books, 26,000 bound serial volumes, 200
current print journal subscriptions, and
electronic access to a variety of full-text
journals and indexes to the chemical liter-
ature. Instruction in the use of any Library
resource is available. Drop-in workshops
are periodically scheduled in the library.
The Madison campus maintains 35 gen-
eral and research libraries with over 6 mil-
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lion volumes. Other campus libraries of
interest to chemists include Health Sci-
ences, Life Sciences, Physics, Pharmacy,
and Engineering Libraries.

Financial Support

Graduate students are supported by
teaching appointments, research

assistantships, traineeships and fellow-
ships. Generally, most first-year students
have teaching assistantships. This teach-
ing experience is valuable, as it strength-
ens the mastery of the subject matter
taught and develops poise and maturity in
working with individuals and groups. Stu-
dents with fellowships benefit by doing
some teaching, and can usually supple-
ment their stipend. However, there is no
required teaching at Wisconsin. In later
years, students in the Ph.D. program are
usually supported as research assistants
by their thesis adviser. Summer support
for Ph.D. candidates is routinely available.

Fellowship awards are made by the
Graduate School in mid February. Stu-
dents applying for graduate school in the
following year who are awarded fellow-
ships may activate their awards in June
or September. A limited number of sum-

mer teaching positions is also available
from the Department for exceptional
new students who have accepted the
Department’s offer for the following
year. Information on the fellowship pro-
grams can be obtained from the Gradu-
ate Admissions Office.

Opportunities for
Minority Graduate
Students
The Chemistry Department welcomes
applications for graduate study from
members of minority groups. Financial
assistance for minority students is avail-
able through the University of Wisconsin
Graduate School. Details can be obtained
from Dr. Matt Sanders, Department of
Chemistry.

Departmental Web
Access
Because of anticipated recruitment of new
faculty members and the sometimes
rapidly changing nature of the research
being performed in the Department, this
brochure is meant to serve as a guide only;
it will not have the most recent informa-
tion. The Chemistry Department maintains
an active web site at

http://www.chem.wisc.edu. Interested stu-
dents are encouraged to consult the website
for recent information about the Depart-
ment, and an on-line application process
designed by Mary Kay Sorenson in the
Graduate Admissions Office (http://www.
chem.wisc.edu/areas/admissions).

Teaching
Opportunities 
for Graduate
Students

Teaching is an important part of the
Wisconsin experience. Several of our

faculty have won University teaching
awards, eight graduate teaching assistants
have been recognized for outstanding
teaching by College and University
awards in recent years, and the Depart-
ment received the first Chancellor’s
Award for Teaching Excellence in 2000.
Graduate teaching assistants are responsi-
ble for supervision of undergraduate labo-
ratories, and also are in charge of recita-
tion sessions. Their duties vary depending
on whether they are involved with analyti-
cal, inorganic, organic, physical, or gen-
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eral chemistry courses. The general chem-
istry program is by far the largest.

Each year more than 5,000 students
enroll in general (first-year) chemistry
courses at Wisconsin. The course format
consists of weekly lectures, discussion ses-
sions, and laboratory periods. Typically,
each lecture section has about 300 stu-
dents while each discussion-laboratory
section has no more than 22 students.
Graduate teaching assistants (TAs) are
assigned to teach discussion-laboratory
sections under the guidance and supervi-
sion of a lecture professor.

Numerous efforts are made to
enhance the role of graduate students as
TAs and to make their participation in
teaching both effective and rewarding.
Early in the fall, chemistry TAs partici-
pate in an intensive training program
aimed at preparing them to successfully
fulfill the responsibilities of their teaching
assignments. Different sessions dealing
with how to lead discussion, how to pre-
pare and grade quizzes, how to be a labo-
ratory instructor, etc. are organized and
conducted by faculty and a group of expe-
rienced TAs. Safety rules and precautions
are discussed in a special session of this
TA training program.

During weekly staff meetings ample
opportunities are available for lecture
professors to discuss with their TAs both
course content and teaching strategies.

Pre-lab videotapes are normally pre-
viewed during staff meetings and all
aspects of the laboratory are discussed
with Dr. Gordon Bain, Director of General
Chemistry Laboratories. At the end of the
semester, a formal evaluation of TAs is
conducted which includes student opin-
ions as well as ratings by the lecture pro-
fessor. Outstanding performance is
rewarded by cash prizes.

Interested students may also partici-
pate in graduate seminars on teaching in
chemistry and participate in the activities
of the Institute for Chemical Education.

Orientation programs are also used
for analytical, organic, and physical
chemistry TAs. Since these courses are
considerably smaller and have fewer TA
recitation sessions, the orientation
emphasizes proper supervision of labora-
tory experiments and safety. Also, an
opportunity to become more familiar with
the specialized laboratory instrumenta-
tion is provided.

Wisconsin continues to strengthen its
commitment to excellence in undergradu-
ate instruction and graduate research by
ensuring that qualified graduate students
are properly guided and rewarded for their
performance as TAs. In many respects the
graduate student’s stint as a TA comple-
ments the challenging and rich experience
of doing basic research and completing
course work toward the Ph.D. degree.

Analytical
Sciences at
Wisconsin

The Analytical Sciences Ph.D. program
emphasizes the development and

application of state-of-the-art scientific
tools, techniques, and methodologies for
chemical and biological analysis. While
the fundamental core of the program lies
in the science of measurement, much of
the excitement of this field comes from
the fact that good, quantitative analytical
methods are the “enabling technologies”
for advances in rapidly-expanding fields
such as bioanalytical chemistry and nan-
otechnology. What you’ll find here is not
old-fashioned analytical chemistry, but a
group of researchers focused on new
types of measurement, such as:

• Development of new methods for
screening, imaging, analyzing, and
understanding the behavior of biolog-
ical molecules in vivo and in vitro,
often at the single-molecule level.

• DNA Computing: Using DNA mole-
cules for computing and problem-
solving

• Nonlinear optical spectroscopies for
dissecting complicated infrared spec-
tra and for probing intra- and inter-
molecular interactions.

• Linking biomolecules (DNA, pro-
teins) with nanoscale objects such as
dendrimers and carbon nanotubes to
develop new nanoscale architectures,
methods of nanoscale chemical
analysis, and single-molecule electri-
cal measurements and detection. 

• Tracking transport of specific pro-
teins in live cells in three dimensions
with 10 nm spatial resolution.

• Bioelectronics: Using electrical sig-
nals to directly detect and control
biological binding events.

• Creation of novel optical detection
systems, scanning probe micro-
scopies, and microfluidic delivery
systems for biomolecular sensors on
gold, silicon and diamond surfaces.

• Creation of high fidelity attachment
chemistries and fabrication strategies
for DNA and protein microarrays.

• Development of new chemical and
instrumental approaches to biological
mass spectrometry at the single cell
level.
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Robert M. Corn David Schwartz (also
Dept. of Genetics)

Thomas C. Farrar Lloyd M. Smith
Robert J. Hamers James Weisshaar
Lingjun Li (also Dept. of Pharmacy)
John L. Schrag John C. Wright

Inorganic
Chemistry at
Wisconsin

World class fundamental research
programs in a wide variety of sub-

ject areas are available to the graduate
student majoring in inorganic chemistry.
The internationally renowned faculty are
involved in cutting edge research that
involves virtually all areas of inorganic
chemistry and many related disciplines.

General research areas include syn-
thetic inorganic and organometallic
chemistry, physical inorganic and
organometallic chemistry, theoretical
inorganic and organometallic chemistry,
bioinorganic chemistry, metalloenzyme
chemistry, solid state chemistry, and
materials science. In these research areas
there are many different types of investi-

gations involving, among others, metal
ring and/or cluster molecules, homoge-
neous and heterogeneous catalysis, photo-
chemistry, inter- and intra-molecular
dynamics, computer modeling, and the
elucidation of reaction mechanisms.

Serving as inorganic division faculty are:
Thomas C. Brunold Judith N. Burstyn
Charles P. Casey Lawrence F. Dahl
Arthur B. Ellis Clark R. Landis
Robert J. McMahon Bassam Z.

Shakhashiri
Shannon Stahl Paul M. Treichel

In addition, Emeritus Professors Donald
Gaines and Robert C. West continue
research programs in the Department.

Current research interests of the indi-
vidual faculty are detailed in following
pages. Many graduate students devise
their own research projects, and may be
closely associated with several research
groups simultaneously. Interdisciplinary
research involving other groups within
and outside the department is an impor-
tant and expanding part of the inorganic
research program.

The major objective of the inorganic
faculty is to maintain the highest intellec-
tual atmosphere and to provide the best
physical facilities so that every graduate
student can achieve his or her greatest
creative research potential. To this end,
students are encouraged to play a very
active role in developing their graduate
programs, including the selection of the
thesis adviser, research projects, and
courses that will address their particular
educational needs.

We urge inorganic graduate students
to interview the divisional faculty and join a
research group during their first semester.
In this way new students are rapidly inte-
grated into the research community that is
the essential core of each research group.
Weekly departmental inorganic seminars
bring together all the inorganic students
and faculty. Seminar speakers include visit-
ing chemistry faculty from other universi-
ties, visiting industrial chemists and our
own advanced graduate students, faculty,
and post-doctoral research associates.

Graduate students in inorganic
chemistry take a core curriculum that
includes several courses in descriptive
inorganic chemistry and physical inor-
ganic chemistry. The courses are evolving
constantly to address the growth of the
various disciplines within inorganic
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• Enzymology and single-pair protein-

DNA interactions on surfaces.

Much of the research is interdisciplinary,
linking chemistry with biology/biotechnol-
ogy, nanotechnology, materials science,
and geological/environmental sciences.
One of Wisconsin’s greatest strengths is
the strong collaborative research environ-
ment. Many analytical research projects
involve multiple groups working together,
with each group providing its special
expertise in order to achieve a more far-
reaching goal. In addition to being recog-
nized authorities in analytical chemistry,
the faculty are also active in related fields
such as physical chemistry, chemical
physics, genetics, biochemistry and molec-
ular biology, materials science, and
macromolecular science. This environ-
ment gives students a unique opportunity
to work with multiple faculty members
and to craft individualized research pro-
jects, tailored to their interests and goals.

While students in the Analytical Sci-
ence Ph.D. program can do research
under the supervision of any chemistry
faculty member (or even faculty outside
of chemistry, with appropriate arrange-
ments), faculty in the chemistry depart-
ment who have a strong interest in analyt-
ical sciences include:



versities throughout the world.
Prospective inorganic chemistry grad-

uate students are urged to contact the
chemistry department or individual divi-
sional faculty members for additional
information about any aspect of our inor-
ganic program. If possible, you should visit
the department to see at first hand the sup-
port provided for our graduate program.

Organic
Chemistry at
Wisconsin

As a graduate student majoring in
organic chemistry, you can expect to

participate in one of the strongest organic
programs in the world. Our approach to
graduate education is to combine well-
organized academics (courses, seminars,
cumulative exams, proposal) with world-
class research. The goal of the organic
program is to give the Ph.D. student the
most modern of backgrounds in prepara-
tion for an independent career. Graduate
education involves learning the latest the-
oretical treatments of organic reactions,
the development of synthetic expertise,
the ability to analyze critically physical-

chemistry. At the present, incoming grad-
uate students take survey courses during
the first year in transition metal chem-
istry, inorganic structure and bonding,
and spectroscopic methods. In addition
there are a variety of more specialized
courses that may be elected. Among the
offered courses are bioinorganic chem-
istry, solid-state chemistry, organometal-
lic chemistry, photochemistry, structural
chemistry, and theoretical inorganic
chemistry. Typically a graduate student
takes courses that complement his or her
chosen research area. Many students
enroll in additional courses in areas
removed from their primary research
interests in order to develop a more com-
prehensive view of the chemical world. In
the interests of encouraging a broad per-
spective, all chemistry graduate students
must complete a minor that typically con-
sists of several courses outside the major
chemistry field. These may be in a specific
chemical area outside inorganic chem-
istry or in another department, or in a
combination of areas or departments.

The inorganic division provides a stim-
ulating environment in which graduate stu-
dents can develop truly creative research
capabilities. The success of our program is
amply illustrated by the placement of our
Ph.D. graduates in virtually every type of
chemical industry and in colleges and uni-

organic and reaction mechanism prob-
lems, and the art of structure elucidation.

We encourage students to join
research groups before the end of their
first semester. Early involvement in a
research group is a good idea because
experienced students in the group can be
the best source of information about the
department, coursework, and other
important matters. Early participation in
research group seminars is especially
valuable and helps provide a sense of
camaraderie and intellectual stimulation.

At Wisconsin you will have an unusu-
ally large number of top-flight research
groups to choose from for your disserta-
tion studies. All organic research areas of
current interest, including synthetic,
mechanistic, bioorganic, organometallic,
combinatorial, materials, catalytic, struc-
tural, and computational chemistry are
represented, usually by multiple research
groups. With such an extensive selection
available, you should be readily able to
match your interests and goals to an
appropriate research advisor. A distin-
guishing feature of the research environ-
ment at Wisconsin is the degree of inter-
action and collaboration between groups.
This will enhance your exposure to all of
the research areas, and broaden your
experience. The instrumental support for
your research at Wisconsin is unsur-
passed, with numerous NMR, mass spec,
x-ray, and computational facilities for
your use. Everyone is strongly encouraged
to acquire hands-on experience with these
state-of-the-art instruments which are so
crucial for first-class research.

New students with a strong back-
ground can finish all of the course require-
ments during the first academic year. As
few as six courses can satisfy all require-
ments, two of which are specified: CHEM
641 (a course in reaction mechanisms and
physical organic) and CHEM 841 (organic
synthesis and synthetic methods). Four
other courses can be chosen from a wide
selection to satisfy the minor requirement.
Most often, choices include CHEM 605
(Spectroscopic Methods; structure elucida-
tion by use of the most modern of organic
techniques) plus selections from such top-
ics as biochemistry, transition metal chem-
istry, MO theory, kinetics, pharmacology,
computer science, and so forth. An infor-
mal problem-solving course, CHEM 647, is
also taken by organic majors to refine their
“arrow pushing” ability on a variety of
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reactions and molecular rearrangements.
The details of a student’s program depend
on research area and career plans, and are
arranged through discussions with the the-
sis advisor.

A series of advanced courses is avail-
able with changing content. This CHEM
800 series consists of special topics courses
in areas such as bioorganic, synthetic,
organometallic, materials, structural, com-
putational, and mechanistic chemistry,
among others. All students sit in on some
of these courses for their own benefit and
attend the numerous special lectures by
distinguished visiting scientists.

The success of our approach to grad-
uate education is reflected in the fact that
Wisconsin ranks as one of the largest and
most respected sources of Ph.D. organic
chemists for academic and industrial
positions. Most major college chemistry
departments have organic faculty mem-
bers who have studied at Wisconsin, and
dozens of companies come to Madison
each fall to recruit our students. Many of
our graduates have reached the highest
levels of national and international dis-
tinction in their independent careers.

Members of the Chemistry Depart-
ment primarily involved in organic chem-
istry are:

P.J. Belshaw† S. Mecozzi*
H.E. Blackwell S.F. Nelsen
S.D. Burke R.T. Raines†
C.P. Casey H.J. Reich
S.H. Gellman D.H. Rich*
L.L. Kiessling† Ben Shen*
D. Lee S.S. Stahl

D. Lynn+ H.W. Whitlock
R.J. McMahon H.E. Zimmerman
*Joint appointments with the School of Pharmacy
†Joint appointments with the Department of 
Biochemistry
+Joint appointment with the Department of
Chemical Engineering

If you would like to know more about the
research groups at Wisconsin, please con-
tact members of our staff directly, or go
to the Organic Divisional Website at
http://www.chem.wisc.edu via the link,
Research.

Physical
Chemistry at
Wisconsin

Physical chemistry at Wisconsin offers
a graduate student the benefits of a

strong and diverse faculty, outstanding
facilities for research support, and a pro-
gram that emphasizes both depth in one’s
thesis topic and breadth of chemical
knowledge and experience. Faculty
research interests span the remarkable
range of topics addressed by modern
physical chemistry: theory, gas phase
spectroscopy and dynamics, condensed
phase structure and dynamics, macromol-
ecular and biophysical chemistry. The fac-
ulty in these broad categories are:

Theoretical Chemistry:
P. R. Certain J. L. Skinner
Q. Cui F. A. Weinhold
J. E. Harriman A. Yethiraj
E. L. Sibert

Spectroscopy, Structure 
and Dynamics:
S. Cavagnero G. Nathanson
F. F. Crim R. C. Woods
M. D. Ediger H. Yu
R. J. Hamers M. T. Zanni

Macromolecular and 
Materials:
R. M. Corn G. Nathanson
M. D. Ediger M. T. Record
R. J. Hamers H. Yu

Biophysical Chemistry:
T. Brunold M. T. Record
S. Cavagnero J. C. Weisshaar
R. M. Corn M. T. Zanni

We continue to benefit from the active
involvement of our Emeritus Professors
C. D. Cornwell, C. F. Curtiss, T. C. Farrar
and W. E. Vaughan.

Students specializing in physical
chemistry may also choose to do research
with faculty in other traditional divisions.
Other portions of this booklet describe the
research interests of these groups.

The Ph.D. in physical chemistry is a
research degree. The doctoral thesis
demonstrates the student’s ability to mas-
ter a specialized field in depth and con-
duct original research. We encourage stu-
dents to become acquainted with the
available research opportunities and to
select a research group as soon as possi-
ble, usually in the first semester. Early
involvement with a group permits rapid
progress in independent research and pro-
vides an academic base as well as a source
of ideas, advice, and encouragement.
Most entering physical chemistry students
take a course in thermodynamics/equilib-
rium statistical mechanics and a course in
quantum mechanics during the first
semester. Students choose additional
courses according to their individual
needs and interests.

Breadth of experience in our pro-
gram comes from coursework, from
research seminars, and from group meet-
ings, often held jointly with other
research groups. In the second year, two
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requirements encourage good early
progress on a well-defined thesis project.
They also provide experience in the
important skills of presenting scientific
ideas orally and of using the scientific lit-
erature. The first of these is a pair of Lit-
erature Topic Exams during the fall
semester of the second year. They consist
of a written examination on a paper from
the current physical chemistry literature.
Students receive the paper ten days prior
to the examination and, often, work
together to master the topic and the asso-
ciated background material. The second is
a Thesis Background Exam in February,
where the student presents a formal semi-
nar on research plans and answers ques-
tions from a faculty committee. With few
exceptions, students move smoothly
through these exams and begin to concen-
trate full time on research.

Research in theoretical chemistry is
described in the following section on the
Theoretical Chemistry Institute.

Gas phase physical chemistry at Wis-
consin has a strong chemical flavor. One
active research area in gas phase spec-
troscopy and dynamics is the study of
highly vibrationally excited molecules pre-
pared by tunable laser pulses. Nanosec-
ond and picosecond lasers probe vibra-
tional structure and dissociation
dynamics of polyatomic molecules. These
techniques have revealed bond-specific
photodissociation and bimolecular reac-
tion. Another area uses sophisticated
detection schemes to provide highly sensi-
tive and specific probes of reaction
species important in plasma processing.

Research in condensed phase struc-
ture and dynamics includes new molecu-
lar beam-liquid surface scattering experi-
ments. This research directly probes
fundamental gas-liquid interactions at the
molecular level. Very little is known about
the trapping and solvation of gas phase
molecules by a liquid surface, not to men-
tion chemical reaction mechanisms. One
can also explore molecular structures and
dynamics through vibrational motions
and couplings. To accomplish this,
sophisticated ultra-fast multi-dimensional
spectroscopies are being developed that
correlate vibrational modes and measure
frequency fluctuations. New ultra-fast
laser techniques are also being developed
with the goal to follow the flow of energy
within a molecule directly and study
vibrationally driven reactions in liquids.

The physical chemistry of polymers is
an area of great traditional strength at Wis-
consin. Experiments in our Department
probe the dynamics of polymer motions on
time scales ranging from picoseconds to
days! State-of-the-art techniques include
fast laser pulse pump-probe experiments,
neutron and light scattering, transient grat-
ing spectroscopy, and viscoelasticity and
flow birefringence measurements. The sys-
tems of interest are bulk polymers, poly-
mer solutions, and glasses.

Some of nature’s most fascinating
problems yield best to an interdisciplinary
approach grounded in the rigorous meth-
ods of physical chemistry. Modern bio-
physical research at Wisconsin combines
state-of-the-art measurements with the
powerful methods of molecular biology
and with sophisticated theoretical model-
ing to solve complex problems. This
multi-faceted approach can elucidate bio-
molecular energetics, mechanisms, and
dynamics at an unprecedented level of
detail. Biophysical studies range from
bulk to surfaces to single molecules. Par-
ticularly active areas of investigation at
Wisconsin include: DNA-protein interac-
tions; metalloenzyme spectroscopy and
dynamics; interactions of proteins,
nucleic acids, and carbohydrates with
model membranes and with chemically
tailored surfaces; secretory vesicle trans-
port phenomena in live cells; and protein
folding mechanisms, both in vitro and in
conditions approaching those of a live

cell. Experimental tools include novel
vibrational and electronic spectroscopies
using cw and femtosecond lasers; high-
field, multi-dimensional NMR; other mag-
netic spectroscopies, such as EPR and
MCD; scanning probe microscopies,
including AFM, STM and SEM; and opti-
cal microscopies, including surface plas-
mon resonance and ultra-sensitive fluo-
rescence methods.

Biophysical students typically aug-
ment physical chemistry coursework with
selections offered by departments around
the campus, consistent with the interdis-
ciplinary nature of this rapidly growing
field. Interested students should also con-
sult the following section of this brochure,
“Research at the Chemistry-Biology Inter-
face”, for related information.

The Chemistry Department research
support facilities are outstanding. In our
machine shop, electronics shop, and glass
shop a skilled staff construct highly
sophisticated specialized equipment and
provide design assistance. The well-
equipped student machine and electronics
shops allow graduate students to work on
their own projects with the guidance of
expert machinists and technicians.
Departmental facilities include state-of-
the-art NMR, ESR, X-ray, photoelectron
and mass spectrometers, as well as a net-
work of computers. The University of
Wisconsin Physical Sciences Laboratory
operates the Synchrotron Research Labo-
ratory, a national resource providing high
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intensity vacuum ultraviolet and soft X-
ray radiation for a wide variety of
research projects.

Prospective physical chemistry stu-
dents should inquire about further details
of the graduate program. Individual fac-
ulty members can provide additional
information about their research pro-
grams. We encourage prospective stu-
dents to visit Madison to gain a first-hand
impression of the city, the Chemistry
Department, our faculty, and our gradu-
ate students.

Theoretical
Chemistry
Institute

The Theoretical Chemistry Institute
(TCI) is part of the Physical Chemistry

Division and interacts with the Physics,
Mathematics, Computer Science, and var-
ious Engineering departments as well as
other divisions in Chemistry. Our stu-
dents ordinarily work toward Ph.D.
degrees in physical chemistry or physics,
in an environment that emphasizes inter-
actions among all theoretical research
groups and faculty. The shared facilities
include the TCI Library (with an out-
standing collection of theoretical mono-
graphs and principal research journals),
seminar and conference rooms, and com-
putational resources. Proximity and easy
access to the Departmental Computer
Center (state-of-the-art workstation clus-
ters and supercomputers, with many
installed software utilities for theoretical
work) and close interaction with groups
having primarily experimental interests
strongly enhance the environment for the-
oretical research.

Each year the Theoretical Chemistry
Institute awards the internationally recog-
nized Hirschfelder Prize in Theoretical
Chemistry. The prize winner spends a
week visiting the department and presents
three lectures during this stay. In addi-
tion, TCI has an active Visitor Program,
which funds visits by theorists from
around the world.

The members of TCI are:
Ludwig A. Bruch* Edwin L. Sibert
Phillip R. Certain James L. Skinner,
Qiang Cui Director

Charles F. Curtiss+ Frank A. Weinhold
John E. Harriman Arun Yethiraj
*Professor of Physics
+Emeritus Professor

Theoretical chemistry seeks to explain
quantitatively the physical and chemical
properties of condensed matter, to relate
these macroscopic properties to the proper-
ties of the individual molecules, and to pre-
dict the structure and properties of the
individual molecules. Since the discovery of
quantum mechanics, the required funda-
mental laws of nature appear to be suffi-
ciently well known to account for the phe-
nomena of molecular physics and
chemistry, at least at low energy. Theoreti-
cal chemistry uses computers and analytic
methods for applying the fundamental laws
to describe complex molecules, clusters,
and condensed phases. No longer restricted
to small idealized prototype systems, theo-
retical chemists are increasingly to be
found, in active collaboration with experi-
mentalists, at the forefront of contempo-
rary investigations of the structure and
dynamics of complex chemical systems.

Research at 
the Chemistry-
Biology Interface

Many exciting research problems in
science today lie at the interfaces

between disciplines. The interface
between chemistry and biology is particu-
larly rich, and research groups in all four
divisions in the Chemistry Department at
UW–Madison have substantial efforts that
interweave ideas from chemistry and biol-
ogy to solve important problems. Our fac-
ulty is helping to define this evolving
approach to science, and accordingly,
UW–Madison is one of the strongest cen-
ters for research at the chemistry-biology
interface in the world.

Chemistry-biology interfacial
research at UW–Madison is exceptionally
broad in scope, extending from the design
and synthesis of organic compounds that
bind and modulate the function of spe-
cific proteins, to the spectroscopic study
of metalloprotein structure, to the con-
struction and use of high density DNA
arrays for data storage and retrieval, to
the development of new polymeric vehi-

cles for drug delivery. In general, research
groups are either synthesizing compounds
and materials with novel biological activ-
ity, developing new experimental and
spectroscopic techniques to characterize
biomolecules and biological phenomena,
or combining both of these approaches in
their laboratories. As this type of research
is inherently collaborative, many faculty
have joint projects with other members of
the Chemistry Department and with
researchers in other departments on the
UW–Madison campus. In our interactive
environment, sharing specialized equip-
ment and facilities, and continually
exploring new research opportunities
across campus is standard practice for
both faculty and students.

Active research areas include:
• Combinatorial library synthesis and

screening
• Elucidation of protein-, nucleic acid-,

carbohydrate-, and small molecule-
protein interactions with biophysical
and chemical tools

• Design and synthesis of protein and
receptor mimics

• Natural product biosynthesis and
metabolic pathway engineering

• Spectroscopic study of biomolecular
structure, including but not limited
to NMR, IR, resonance Raman, EPR,
and mass spectrometry techniques

• Chemical approaches to signal trans-
duction

• Design of new polymers with well-
defined folding properties
(“foldamers”)

• Multi- and monolayer assembly of
biomolecules at surfaces

• Chemical glycobiology
• New polymeric materials for gene

and drug delivery
• Enzyme mechanism and synthesis of

enzyme inhibitors
• Single nucleotide polymorphism

(SNP) analyses
• Integration of biological molecules

with novel materials for nanoscale
chemical sensing and bio-electronic
integration

• Computational approaches to protein
structure and function

• Whole genome “shotgun” optical
mapping

• Spectroscopic analysis of in vitro and
in vivo protein folding by multidi-
mensional NMR

13



ganic chemistry, bioinorganic chemistry,
and biophysical chemistry are currently
offered and can be used to fulfill the minor
requirement. Qualified students can be
nominated prior to or during their first
year for prestigious graduate fellowships
supported by the NIH that include inter-
departmental training in the Chemistry-
Biology Interface, Biotechnology, Molecu-
lar Biophysics, and Bioinformatics. These
programs provide unparalleled interdisci-
plinary training opportunities for students
and encourage participation in seminar
courses and off-campus summer intern-
ships. There is a large biological commu-
nity at UW–Madison outside of the Chem-
istry Department that is actively involved
in these training grant programs, including
faculty from Biochemistry, Bacteriology,
and Chemical Engineering along with the
Medical School and School of Pharmacy.
Students who are accepted into the Chem-
istry graduate program can join any of
these laboratories but must be co-advised
by a faculty member with an appointment
in the Chemistry Department.

Further information on these train-
ing grant programs and the faculty cur-
rently involved can be found at the follow-
ing websites:

http://www.pharmacy.wisc.edu/CBIT
raining/

http://www.bact.wisc.edu/Biotech/
orientbook2/toc1.html

• Development of new chemical and
instrumental approaches to biologi-
cal mass spectrometry at the single
cell level

• In vivo fluorescence and single mole-
cule dynamics

The interdisciplinary research projects
listed above are supported by the out-
standing facilities at UW–Madison. High
field NMR spectrometers (600 and 500
MHz) equipped with sophisticated triple
resonance and magic angle spinning
probes are housed in the Chemistry
Department. Along with the other excel-
lent instrumentation located within the
Department, the recent addition of the
Keck Center for Chemical Genomics to
the UW campus provides additional state-
of-the-art instrumentation that will fuel
research at the chemistry-biology inter-
face for years to come. The Keck Center,
which has a facility located in the Chem-
istry Department, serves to integrate
chemical synthesis and surface science for
the investigation of biological systems.
The Center includes equipment for high
throughput screening (liquid handling
robotics, plate readers, etc), for the auto-
mated chemical synthesis of small mole-
cule libraries, and for the fabrication and
characterization of surfaces (atomic force
microscopy, surface plasmon resonance,
etc). Additionally, UW–Madison is home
to a National Magnetic Resonance Facil-
ity (NMRFAM), which houses 900, 800,
750, 600 (3), 500 (2), and 400 MHz NMR
spectrometers, along with the BioMag-
ResBank (BMRB), which is the world-
wide repository for data from NMR spec-
troscopy on proteins, peptides, and
nucleic acids. Finally, open access to
state-of-the-art facilities at the Biophysics
Instrumentation Facility (located nearby
in the Biochemistry Department), the
Biotechnology Center, and School of
Pharmacy, coupled with exceptional cam-
pus-wide bioinformatics and computa-
tional capabilities, creates a world class
environment to engage in research at the
chemistry-biology interface.

Graduate students pursuing research
at the chemistry-biology interface at
UW–Madison typically fulfill the require-
ments of one of the four traditional divi-
sions and use the distributed minor option
for more specialized coursework appropri-
ate to their own research. Weekly seminars
and semester-long graduate-level courses
in the areas of chemical biology, bioor-

http://virology.wisc.edu/biophysics/molec-
ularbiophysics/info.html

Chemistry Department faculty with bio-
logical interests are conducting research
in diverse areas, some of which are repre-
sented in the broad classifications below:

Chemical Biology
Peter J. Belshaw
Helen E. Blackwell
Samuel H. Gellman
Laura L. Kiessling
Daesung Lee
Ronald T. Raines
Daniel H. Rich
Ben Shen

Protein Structure & Function
Peter J. Belshaw
Helen E. Blackwell
Thomas C. Brunold
Judith N. Burstyn
Silvia Cavagnero
Qiang Cui
Samuel H. Gellman
Laura L. Kiessling
Lingjun Li
Ronald T. Raines
M. Thomas Record
Daniel H. Rich
Ben Shen
James C. Weisshaar
Martin T. Zanni
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Protein & Receptor Mimics
Helen E. Blackwell
Steven D. Burke
Judith N. Burstyn
Samuel H. Gellman
Sandro Mecozzi
Daniel H. Rich
Howard W. Whitlock

Biomaterials & Surface Science
Robert M. Corn
Robert Hamers
Laura L. Kiessling
David M. Lynn
Sandro Mecozzi
Lloyd M. Smith
Shannon S. Stahl
Hyuk Yu

Biophysical Chemistry 
Thomas C. Brunold
Silvia Cavagnero
Robert M. Corn
Qiang Cui
Samuel H. Gellman
Robert Hamers
Lingjun Li
Sandro Mecozzi
M. Thomas Record
Lloyd M. Smith
James C. Weisshaar
Hyuk Yu
Martin T. Zanni

Genomics, Proteomics &
Bioinformatics
Peter J. Belshaw
Lingjun Li
David C. Schwartz
Ben Shen
Lloyd M. Smith

Metalloenzymes &
Bioorganometallics
Thomas C. Brunold
Judith N. Burstyn
Qiang Cui
Shannon S. Stahl

If you would like to learn more about
research at the chemistry-biology inter-
face at Wisconsin, we encourage you to
contact the faculty directly, or go to their
individual and group web pages at the
UW–Madison Chemistry Department web
site: http://www.chem.wisc.edu

Materials
Chemistry at
Wisconsin

The Materials Chemistry Program is a
Ph.D. program within the department

of chemistry that is targeted toward stu-
dents whose interests span the traditional
divisions of chemistry, and who are inter-
ested in the chemistry of materials.

“Materials Chemistry” can be defined
as the branch of chemistry aimed at the
preparation, characterization, and under-
standing of substances/systems that have
some specific useful function (or poten-
tially useful function). It involves 4 pri-
mary components: preparation/synthesis
(“How are materials made?”), structure
(“How are they put together?”), character-
ization (“How do they behave?”) and
applications (“What are they good for?”).
It integrates elements from all four classi-
cal areas of chemistry, but puts an intel-
lectual focus on the fundamental scien-
tific issues that are unique to materials.
Materials Chemistry largely involves the
study of chemistry of condensed phases
(solids, liquids, polymers, nanomaterials)
and interfaces between different phases
(e.g., bio-materials interfaces). Because
many of these materials have direct tech-
nological applications, materials chem-
istry has a strong link between basic sci-
ence and many existing and newly-
emerging technologies. While chemistry-
focused, the Materials Chemistry Program
also serves as a bridge between chemistry
and the engineering and life sciences.

Some examples:
Here are just a few examples of some of
the many materials chemistry projects
that are ongoing in our department.

• Development of new surface-based
methods for detecting and manipu-
lating biological molecules (bio-
chips, bio-electronics)

• Surface/interface chemistry of micro-
electronic materials (silicon, dia-
mond, gold)

• DNA computing (using DNA mole-
cules as molecular computers or
memory devices)

• Molecular electronics (using individ-
ual molecules or ensembles of mole-
cules as wires, switches, diodes, and
transistors)

• Nanotubes and nanowires as single-
molecule chemical and biological
sensors.

• Structure and dynamics of polymers
(experiment and theory)

• Photonics
• Synthesis and characterization of

organic non-linear optical materials
• Quantum dots (nanometer-sized

assemblies of atoms)

The Materials Chemistry Ph.D. degree
program is a relatively new program that
is designed to provide a flexible way of
meeting the needs and interests of stu-
dents who are working in materials chem-
istry. While the program is chemistry-cen-
tered, much of the research is
interdisciplinary, and students with bach-
elor’s degrees in related fields such as
physics, biochemistry, chemical engineer-
ing, and materials science and who are
interested in moving into chemistry will
also find the materials chemistry program
quite attractive.

Students in the materials chemistry
program are free to do their research
with any faculty member in the depart-
ment as their Ph.D. adviser. It is also pos-
sible to arrange for a Ph.D. adviser in
another department. Chemistry faculty
with research interests in materials
chemistry include:

Robert M. Corn
Mark D. Ediger
Robert J. Hamers
Max Lagally (Dept. of Materials Science

and Engineering)
Robert J. McMahon
Gilbert M. Nathanson
John L. Schrag (emeritus)
James L. Skinner
Lloyd Smith
Robert West (emeritus)
R. Claude Woods
John C. Wright
Arun Yethiraj
Hyuk Yu
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discover the properties of LEDs and light;
and handbooks that tell how to carry out
ICE-like programs. SERAPHIM software
is now available via the World Wide Web,
as is more information about ICE.

ICE and SERAPHIM attract visiting
faculty Fellows from all over the country;
ICE Fellows helped develop our very popu-
lar solid-state model construction kit and
SERAPHIM Fellows have created software,
video, and multimedia materials that exem-
plify appropriate uses of new technology.

Journal of
Chemical
Education: Print,
Software, Online,
Books

The Journal of Chemical Education is
the premier journal in chemical edu-

cation in the world. In 1996 John Moore
was appointed its seventh editor, making
the Journal a part of the Chemistry
Department. The University has made
available an annex around the corner
known as Journal House, where most of

Institute for
Chemical
Education (ICE)
and Project
SERAPHIM

The Institute for Chemical Education is
one of several highly respected pro-

grams in chemical education research and
development at the University of Wiscon-
sin–Madison. ICE is national in scope and
has led the drive to help teachers revital-
ize science in schools throughout the
United States. Its efforts include:
research in chemical education; devel-
opment of new materials, demonstra-
tions, and hands-on activities; in-ser-
vice workshops for teachers;
laboratory programs for school chil-
dren and dissemination via a major
publications program.

More than 3000 teachers and students
have attended ICE workshops at the
UW–Madison headquarters and at Field
Centers across the country. ICE Affiliates
at other colleges and universities have been
trained to carry out similar workshops.

Project SERAPHIM began in 1982 as
a clearinghouse for technology-based
instructional materials in chemistry.
Since then, SERAPHIM has collected
more than 700 computer programs for
chemistry instruction from teachers
throughout the country, and it has dis-
seminated more than 100,000 floppy disks
of software. Its workshop leaders have
taught more than 5000 teachers how to
make effective use of computers,
videodiscs, and computer-interfaced
experiments in their classrooms.

The publications program includes
written materials and kits, developed to
provide what teachers and students need
and can afford. Examples include: Fun
with Chemistry: A Guidebook of K–12
Activities, which lists 53 hands-on science
activities; The Hole in the Ozone Layer, one
of a series called Topics in Chemistry that
provides teachers with important informa-
tion about everyday chemistry; Memory
Metal, which describes the properties of
shape-memory alloys and provides a sam-
ple for demonstration purposes; the Color
LED Strip Kit, which includes half a
dozen experiments that enable students to

the Journal’s staff of twelve work. All
facets of the Journal’s operation take
place in the department—from the receipt
of manuscripts through the production of
fully designed pages that are conveyed
digitally to the printing company. The
Journal appears monthly and is sent to
subscribers all around the world; all sub-
scribers receive both print and full online
access to JCE Online.

The Journal of Chemical Education is
a peer-reviewed journal founded in 1924
by Neil Gordon and published by the ACS
Division of Chemical Education, Inc. JCE
publishes papers on all aspects of chemical
education from elementary school through
graduate level. Competition for space in its
pages is very keen. The Journal’s section
headings provide an indication of its
breadth: Chemical Education Today; In the
Classroom; In the Laboratory; Chemistry
for Everyone; Information, Textbooks,
Media, Resources; and Research: Science
and Education. The Journal’s readership of
13,000 worldwide makes it one of the
largest chemistry journals.

JCE Software, founded in 1988, pub-
lishes computer programs for Windows
and Macintosh, digitized video and soft-
ware on CD-ROMs, and videotapes.
Descriptions of the many publications of
JCE Software can be found at
http://jchemed.chem.wisc.edu/JCESoft.
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Web-based JCE Online publishes not
only the complete content of the print
Journal but many additional items:
abstracts of all published papers, labora-
tory supplements, video supplements, and
spreadsheets. Of particular interest is
Only@JCE Online, which publishes articles
that require the dynamic online medium—
check the animation of a hydrogen atom
1s to 2s transition, for example.

The Journal continues to publish a
variety of other materials that are useful to
those who teach chemistry—including the
popular Handbook for Teaching Assistants
and monthly Classroom Activities for high
school teachers. Current information about
all of the Journal’s operations is available at
http://jchemed.chem.wisc.edu or by send-
ing an email to jce@chem.wisc.edu.

Journal of Chemical Educa-
tion Digital Library Project

The Journal of Chemical Education is a
major participant in an endeavor that

is likely to transform education in the U.S.
Called the National Science Digital
Library (NSDL), it is a collection on the
World Wide Web of exemplary teaching
materials in all areas of science, engineer-
ing, mathematics, and technology. Funded
by the National Science Foundation, the

NSDL involves more than 100 projects in
all science, engineering, and technology
disciplines as well as mathematics.

The NSDL is collecting high quality
multimedia and other digitized learning
materials, and it aims to make them easy
to find and convenient to use for a broad
audience that includes teachers, librari-
ans, students, and the general public. It is
a very ambitious undertaking whose goal
is to bring the services one would nor-
mally find in a library to the desktop com-
puters and homes of all U.S. citizens. We
are proud to be one of only four collection
projects in the NSDL that involve chem-
istry. We expect that our participation will
bring new opportunities in chemical edu-
cation to all students in the department.

Specific new NSDL collections that
involve JCE are
• DigiDemos, a digital library of chemi-

cal demonstrations that will include
JCE articles describing demos, images
showing setups and apparatus, and
videos showing how a demo is done,
as well as up-to-date information
about safety and waste disposal;

• Documents for Mathcad and other
computer algebra systems that enable
students to carry out complicated

mathematics easily, promoting explo-
ration and discovery;

• Web-deliverable questions for home-
work and student assessment that
can incorporate images, sound, and
digitized video; and

• JCE WebWare, an eclectic collection
of short but useful Java applets,
dynamic HTML (DHTML) pages, vir-
tual reality (VRML) documents,
QuickTime and Flash movies, ani-
mated gifs, and other interactive
items that will help students learn
chemistry.

These will be added to the rich collections
of laboratory experiments, instructional
software, and videos of chemical reac-
tions and laboratory techniques that JCE
has already created. Attached to each item
in the collection is what the NSDL calls
“metadata”—information that will enable
others to retrieve specific items of interest
from a vast digital collection.

Participating in the National Science
Digital Library project is an exciting
prospect for JCE and for our department.
We expect to be able to make major con-
tributions to the project and derive major
benefits from participating in it.

17



Wisconsin
Initiative for
Science Literacy

Developing a science literate and sci-
ence friendly citizenry is essential to

Wisconsin’s and the nation’s success in
this technological age. Increasingly, scien-
tific issues are also political and social
issues. For the sake of our democratic
institutions, it’s important that all citizens
develop an appreciation of science and
technology, be able to judge their poten-
tial risks and benefits, and make informed
decisions.

The Wisconsin Initiative for Science
Literacy (WISL) at the University of Wis-
consin–Madison aims to promote literacy
in science, mathematics, and technology
among the general public; and to attract
future generations to careers as the
researchers, entrepreneurs, and teachers
on whom the nation’ s continuing eco-
nomic health and security will depend.

WISL aims specifically to improve
science teaching; to put more under-rep-
resented groups on a track to becoming
tomorrow’s scientists and science teach-
ers; and to explore and establish new links
between science, the arts ,and humanities.
The Wisconsin Initiative for Science Liter-
acy also wants to locate and promote
pockets of excellence in educational or
other community settings, where parents
and teachers, along with business, profes-
sional and civic leaders, come together to
successfully cultivate science literacy.

Among WISL’s programs is a popular
series of discussions called Conversations
in Science that enable local middle and
high school teachers to interact with
UW–Madison’s cutting edge scientists and
engineers and take new ideas back to the
classroom. Another is a series of special
Saturday morning science sessions for
middle school and high school students in
Madison and Milwaukee as part of our Sci-
ence in the City program. These stimulat-
ing programs require that parents attend
and participate in the hands-on experi-
ments too, furthering WISL’s goal of culti-
vating and involving the family and com-

munity in supporting science education,
particularly in inner cities. The Women in
Science program targets girls and women,
encouraging their participation in science
through a variety of activities.

WISL is uncovering rich new terrain
in the Science, the Arts and Humanities
program in which faculty–scientists,
artists and humanists–explore areas
where their disciplines overlap and then
share their discoveries and new perspec-
tives through public outreach activities.
For example, WISL organized a sympo-
sium in 2003 on the element oxygen. This
free program of discussions, lectures, and
impressive demonstrations, aimed at the
general public, accompanied the staging
of the play Oxygen, a drama that explores
the culture of science and asks who really
discovered oxygen.

Besides these new programs, WISL
director–chemistry professor Bassam Z.
Shakhashiri–and staff continue to take
the popular Science is Fun programs of
spectacular chemical demonstrations out
into the community to communicate the
wonders of science and the basic princi-
ples of chemistry. WISL also reaches a
statewide audience through Science on
the Radio, a Wisconsin Public Radio fea-
ture in which Prof. Shakhashiri responds
directly to listeners’ questions about
chemicals in everyday life; and through
the WISL website, popular for its infor-
mative feature, “Chemical of the Week.”
WISL also has helped chemistry teachers
for many years with a popular four-vol-
ume series of workbooks describing
how to present effective chemical experi-
ments and demonstrations. Called Chemi-
cal Demonstrations, a Handbook for
Teachers of Chemistry, the texts are now
translated into several languages.

WISL programs always promote the
teaching of chemistry and science in ways
that capture the audience’s imagination,
regardless of their academic background,
and make them think and wonder and
question. The participation of graduate
students, post-doctoral fellows and faculty
in WISL is welcomed. It not only enriches
the quality of the programs, but is an
opportunity for individuals to enhance
their own professional development.
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Housing

More than a thousand apartments in an attractive location next to Lake
Mendota are operated by the University for graduate students and their

families. An unusually large selection of more expensive modern apartments
can be found within five miles of the campus, and excellent Madison bus
service is available to the university. Many students combine to rent apart-
ments or houses within walking distance, but these are harder to find. May
is a good time to look. There is also a graduate dormitory three blocks from
the Chemistry Building. For campus housing information, please contact the
University Housing Office, Slichter Hall, University of Wisconsin–Madison,
Madison, WI 53706.

Publication of this brochure is made possible . . .
. . . by numerous individual, foundation and company donations to the
Department. The annual Badger Chemist newsletter contains a complete
listing of Department funds and donors. The Chemistry Department is
grateful to all of its friends and  donors for the support we receive.

The Campus and
Its Environs

The University stretches about 1.5 miles
along one of Madison’s three lakes

and its campus is certainly one of the
country’s prettiest. At one end is the
Memorial Union, a popular place for
lunch, sailing, concerts, and other leisure
activities. At the other end is Picnic Point,
with its wooded pathways, which
stretches a quarter mile into the lake
between the campus and the married stu-
dent housing area.

Madison itself has been selected as
one of the ideal cities for living. Although
large enough to have excellent shopping
and cultural opportunities, Madison has
few of the problems of large cities. There
is little industry here, and rolling country-
side and lakes are never far away. With
excellent air connections to a number of
major cities, Madison combines the conve-
nience of urban living with the advantages
of a manageable, progressive community.
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Peter J. Belshaw
Assistant Professor of Chemistry and Biochemistry
B.Sc. 1990, University of Waterloo, Ontario, Canada
Ph.D. 1996, Harvard University

Our research interests lie at the interface of
Chemistry and Biology with the broad goals

of investigating and manipulating biological sys-
tems with both chemical and genetic
approaches.

1. Chemical synthesis of combinatorial
libraries of natural product variants and the
screening of these libraries to identify com-
pounds with novel biological activities. Such
compounds will be useful as pharmacological
probes of the proteins (or other cellular mole-
cules) whose cellular function is modified upon
binding to the compound, thus providing tools
for cell biology investigations. We are particu-
larly interested in identifying compounds which
disrupt protein-protein interactions. If any of
these compounds ultimately prove useful as
medicinal agents, it should be possible to geneti-
cally program a microorganism to biosynthesize
them directly using methods developed in 2.

2. Mechanism of natural product biosynthe-
sis. Many natural products fall into two classes:
polyketides and nonribosomal peptides. Exam-
ples of polyketides include erythromycin,
rapamycin, FK506 and avermectin. Nonriboso-
mal peptides include penicillin, cyclosporin and
vancomycin. In recent years it has been discov-
ered that these compounds are biosynthesized
in microorganisms in a template directed fash-
ion by enormous enzymes (up to 1,500,000 Da).
These enzymes are composed of repeating mod-
ules, where each module effects the incorpora-
tion of a single building block into the growing
structure of the natural product. For polyke-
tides, the building blocks are acetate, propionate
and butyrate. For nonribosomal peptides the
building blocks are amino acids. There are also
hybrid polyketide/nonribosomal peptide syn-
thetases which incorporate both types of
monomers into the natural product. We are
interested in developing methods to genetically
reprogram nonribosomal peptide synthetases to
biosynthesize new variants of natural products.

Organic Chemistry
Natural Product Biosynthesis; Combinator-
ial Chemistry; Protein Evolution

(608) 262–2996. belshaw@chem.wisc.edu.

http://belshaw.chem.wisc.edu/

1. Aminoacyl-CoAs as Probes of Condensa-
tion Domain Selectivity in Nonribosomal
Peptide Synthesis. P. J. Belshaw, C. T.
Walsh, and T. Stachelhaus, Science
284(5413), 486–489 (1999).

2. Thiazole and oxazolepeptides: biosynthe-
sis and molecular machinery. R. Sinha Roy,
A. M. Gehring, J. C. Milne, P. J. Belshaw,
and C. T. Walsh, Natural Product Reports
16(2), 249–263 (1999).

3. Regioselectivity and chemoselectivity
analysis of oxazole and thiazole ring forma-
tion by the peptide-heterocyclizingmicrocin
B17 synthetase using high-resolution
MS/MS. N. K. Kelleher, P. J. Belshaw, and
C. T. Walsh, J. Am. Chem. Soc. 120,
9716–9717 (1998).

4. Kinetics and Regioselectivity of Peptide to
Heterocycle Conversions by Microcin B17
Synthetase. P. J. Belshaw, R. Sinha Roy, N.
L. Kelleher, and C. T. Walsh, Chemistry and
Biology 5, 373–384 (1998).

5. Cell-specific calcineurin inhibition by a
modified cyclosporin. P. J. Belshaw, S. L.
Schreiber, J. Am. Chem. Soc. 119,
1805–1806 (1997).

6. Oligomerization activates c-raf–1 through
a ras-dependent mechanism. Z. J. Luo, G.
Tzivion, P. J. Belshaw, D. Vavvas, M. Mar-
shall, and J. Avruch, Nature 383, 181–185
(1996).

7. Functional analysis of Fas signaling in
vivo using synthetic dimerizers. D. M.
Spencer, P. J. Belshaw, L. Chen, S. N. Ho, F.
Randazzo, G. R. Crabtree, and S. L.
Schreiber, Current Biology 6, 839–847
(1996).

8. Controlling programmed cell death with a
cyclophilin-cyclosporin-based chemical
inducer of dimerization. P. J. Belshaw, D. M.
Spencer, G. R. Crabtree, and S. L. Schreiber,
Chemistry & Biology 3, 731–738 (1996).

9. Controlling protein association and sub-
cellular localization with a synthetic ligand
that induces heterodimerization of proteins.
P. J. Belshaw, S. N. Ho, G. R. Crabtree, and
S.L. Schreiber, Proc. Natl. Acad. Sci. USA.
93, 4604–7 (1996).

10. Rational Design of Orthogonal Receptor-
Ligand Combinations. P. J. Belshaw, J. G.
Schoepfer, K.-Q. Liu, K. L. Morrison, and S.
L. Schreiber, Angew. Chem. Int. Ed. Engl. 34,
2129–32 (1995).



We are developing an integrated chemical
biology research program that uses com-

plex molecules derived from organic synthesis to
probe important problems in biology, particu-
larly in the areas of cancer and photobiology. In
the process, we seek to advance new chemical
platforms for high-throughput, yet environmen-
tally responsible synthesis. The realization of
our research program requires an interdiscipli-
nary team of researchers with a diverse skill set,
including organic synthesis, combinatorial
library design, structure elucidation techniques,
molecular biology, and assay and technology
development. Below are summaries of three
ongoing research projects:

Microwave-Enhanced Synthesis on Planar
Solid Supports. There remains a need for the
development of efficient, inexpensive, and low
tech approaches to the synthesis and biological
screening of small molecule libraries. We believe
that spatially segregated SPOT-synthesis on pla-
nar cellulose supports, coupled with dramatic
reaction rate enhancement using microwave
irradiation, will permit straightforward com-
pound isolation, the outgrowth of environmen-
tally benign synthetic methodology, and
extremely rapid library synthesis (~1–2 h total).
We are currently developing efficient methods
to both functionalize planar cellulose surfaces
and to quantitate these surface functionalization
reactions. As SPOT synthesis requires markedly
reduced quantities of reagents and solvents,
pairing this technique with the reduced energy
demands of microwave enhanced chemistry pro-
duces a synthesis platform in tune with today’s
needs for “greener” chemistry. This platform is
the present foundation for new methodology
development, library construction and biological
screening efforts in our lab.

Directed Synthesis and Identification of Pep-
toid p53/Hdm2 Antagonists. Protein-protein
interactions are pivotal to intra- and intercellu-
lar communication. One highly relevant protein-
protein interaction is the binding of the p53
tumor suppressor protein to Hdm2 as it is impli-
cated in numerous human cancer pathways.
Thus, the synthesis and screening of small mole-
cules that can disrupt this interaction could
uncover compounds useful as both biological
probes and potential frameworks for therapeu-
tics. This project involves the design and synthe-
sis of helical, non-peptide (peptoid) ligands that
mimic the conformation and functional display
of the Hdm2 binding domain of p53. Function-
alized cellulose membranes and microwave-
enhanced synthetic methodology developed in-
house is being used for the efficient
SPOT-synthesis of complex peptoid libraries

with α-chiral, aromatic side chains. Our ability
to conduct ELISA assays directly on the solid
support bound peptoid arrays facilitates the
rapid preliminary screening for those that abro-
gate of the p53/Hdm2 protein-protein interac-
tion. Solution phase NMR experiments coupled
with molecular modeling are our primary tools
for elucidation of peptoid secondary structure,
both alone and in peptoid/protein complexes.

Exploration of Plant Photomorphogenesis
with Small Molecule Developmental Screens.
How plants grow and respond to their light envi-
ronment during early development is a complex
and poorly understood process. This project
involves the systematic use of small molecule
screens to explore light-dependent development,
or photomorphogenesis, in plants. Targeted
libraries of small molecules synthesized using
in-house SPOT technology are being screened
for their effects on photomorphogenesis in the
model plant Arabidopsis thaliana and in the
algal flagellates Euglena gracilis and Chlamy-
domonas reinhardtii. The vibrant plant biology
community here at UW–Madison provides an
unparalleled environment for us to pursue this
highly interdisciplinary project. Straightforward
spectrophotometric assays for small molecules
that affect chlorophyll biosynthesis and chloro-
plast biogenesis are being developed, in con-
junction with solid phase protein-binding assays
targeted at certain photoreceptor kinases (i.e.
the phytochromes, the red/far-red light recep-
tors in plants). Simultaneously, we are also
interested in examining the effects of naturally
occurring plant growth regulators (e.g., auxin,
ethylene, abscisic acid, and gibberellic acid) on
light-dependent development in Arabidopsis
using small molecule suppressor and enhancer
phenotypic screens.
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Helen E. Blackwell
Assistant Professor of Chemistry
B.A. 1994, Oberlin College
Ph.D. 1999, California Institute of Technology

Organic Chemistry
Organic synthesis; Combinatorial chemistry;
Green chemistry; Chemical biology.

(608) 262–1503. blackwell@chem.wisc.edu.

1. “A One-Bead, One-Stock Solution
Approach to Chemical Genetics: Part 1” H.
E. Blackwell, L. Pérez, R. A. Stavenger, J. A.
Tallarico, E. C. Eatough, M. A. Foley, and S.
L. Schreiber. Chemistry & Biology 2001, 8,
1167–1182.

2. “Identification of a Class of Small Mole-
cule Inhibitors of the Sirtuin Family of
NAD-dependent Deacetylases by Phenotypic
Screening” C. M. Grozinger, E. D. Chao, H.
E. Blackwell, D. Moazed, and S. L.
Schreiber. J. Biol. Chem. 2001, 276,
38837–38843.

3. “Exploiting Site-Site Interactions on
Solid-Support to Generate Dimeric Mole-
cules” H. E. Blackwell, P. A. Clemons, and S.
L. Schreiber. Organic Letters 2001, 3,
1185–1188.

4. “Decoding Products of Diversity Pathways
from Stock Solutions Derived from Single
Polymeric Macrobeads” H. E. Blackwell, L.
Pérez, and S. L. Schreiber. Angew. Chem.
Int. Ed. 2001, 40, 3421–3425.

5. “Ring-Closing Metathesis of Olefinic Pep-
tides: Design, Synthesis, and Structural
Characterization of Macrocyclic Helical Pep-
tides” H. E. Blackwell, J. D. Sadowsky, R. J.
Howard, J. N. Sampson, J. A. Chao, W. E.
Steinmetz, D. J. O’Leary, and R. H. Grubbs.
J. Org. Chem. 2001, 66, 5291–5302.

6. “New Approaches to Olefin Cross-
Metathesis” H. E. Blackwell, D. J. O’Leary,
A. K. Chatterjee, R. A. Washenfelder, D. A.
Bussman, and R. H. Grubbs. J. Am. Chem.
Soc. 2000, 122, 58–71.



Our research is aimed at unraveling metal-
loenzyme and cofactor structure/function

relationships through combined experimental
and computational studies of key enzymatic
states and synthetic inorganic model complexes.
Experimental techniques used in our studies
include electronic absorption, circular dichro-
ism, magnetic circular dichroism, resonance
Raman, and electron paramagnetic resonance.
Spectroscopic data are complemented by den-
sity functional theory, semi-empirical INDO/S-
CI, and combined quantum mechanics/molecu-
lar mechanics electronic structure calculations
to develop experimentally-calibrated bonding
descriptions. This approach permits us to selec-
tively probe the geometric and electronic struc-
tures of catalytically active metal centers and
allows us to explore structures and reactivities
of catalytic intermediates that are not accessible
by X-ray crystallography.

One area of our research is devoted to the
study of enzymes and cofactors that form reac-
tive metal–carbon bonds in their catalytic cycles.
Despite the fact that these bio-organometallic
species catalyze a wide range of biological reac-
tions and transformations, they employ only
three different catalytically active metal ions: Fe,
Co, and Ni. This observation indicates that while
the metal center defines the range of possible
reactions, the ligands determine the chemistry
that actually occurs. Thus, bio-organometallic
species constitute excellent systems through
which to explore basic structure/function rela-
tionships in metalloenzymes and cofactors. Cur-
rent studies focus on CO dehydrogenase (oxida-
tion of CO to CO2), acetyl-CoA synthase
(synthesis of acetyl-CoA from CO, CoA, and a
methyl group), Ni-F430 dependent methyl-CoM
reductase (methane formation from methyl-CoA

and CoBSH), and the biochemistry of the Co-B12
cofactor adenosylcobalamin. Knowledge gained
in these studies should significantly sharpen our
understanding of the principles by which these
bio-organometallic species achieve their high
reaction rates, exquisite selectivity, and chemi-
cally challenging transformations under ambi-
ent conditions.

Another project aims at exploring the
effects of the second coordination sphere on
metalloprotein function. Significantly, families
of enzymes are known with virtually identical
active site structures but strikingly different
metal specificities, indicating that the second
coordination sphere (comprising amino acids
that are not directly bound to the metal ion) can
also have a crucial effect on catalytic activity.
These effects are poorly understood, however,
because they are difficult to evaluate by crystal-
lography and typically too challenging to be
addressed by model studies. We address this
problem using our combined
spectroscopic/computational approach to study
families of related enzymes with identical active
site ligands but distinct metal specificities. Cur-
rent studies focus on the strictly Fe- and Mn-
specific superoxide dismutases (SODs) that cat-
alyze the dismutation of the superoxide radical
anion, a major cytotoxic agent that has been
implicated in a wide variety of human diseases
(e.g., Parkinson’s disease, amyotrophic lateral
sclerosis (ALS), and AIDS). By studying the
native and metal-substituted SODs we aim at
exploring essential geometric and electronic fac-
tors for SOD activity and their relation to the
strict metal specificities of these enzymes.
Knowledge gained in these studies may also pro-
vide the insight necessary for the rational design
of SOD mimics for pharmaceutical applications.
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Assistant Professor, Born 1969
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Inorganic Chemistry.
Bioinorganic and physical inorganic chem-
istry; application of spectroscopic and com-
putational methods to study metalloenzyme
structure and function.

(608) 265–9056. brunold@chem.wisc.edu.

1. Craft, J. L.; Ludden, P. W.; Brunold, T. C.
“Spectroscopic Studies of Nickel-Deficient
Carbon Monoxide Dehydrogenase from Rho-
dospirillum rubrum: Nature of the FeS Clus-
ters”, Biochemistry 2002, 41, 1681–1688.

2. Yikilmaz, E.; Xie, J.; Brunold, T. C.;
Miller, A.-F. “Hydrogen-Bond-Mediated Tun-
ing of the Redox Potential of the Non-Heme
Fe Site of Superoxide Dismutase”, J. Am.
Chem. Soc. 2002, 124, 3482–3483.

3. Xie, J.; Yikilmaz, E.; Miller, A.-F.;
Brunold, T. C. “Second-Sphere Contribu-
tions to Substrate-Analog Binding in
Iron(III) Superoxide Dismutase”, J. Am.
Chem. Soc. 2002, 124, 3769–3774.

4. Jackson, T. A.; Xie, J.; Yikilmaz, E.; Miller,
A.-F.; Brunold, T. C. “Spectroscopic and
Computational Studies on Iron and Man-
ganese Superoxide Dismutases: Nature of
the Chemical Events Associated with Active
Site pKs”, J. Am. Chem. Soc. 2002, 124,
10833–10845.

5. Schenker, R.; Mandimutsira, B. S.; Rior-
dan, C. G.; Brunold, T. C. “Spectroscopic and
Computational Studies on [(PhTttBu)

2Ni2(m-
O)2]: Nature of the Bis-m-oxo (Ni3+)2 “Dia-
mond” Core”, J. Am. Chem. Soc. 2002, 124,
13842–13855.

6. Maliekal, J.; Karapetian, A.; Vance, C.;
Yikilmaz, E.; Wu, Q.; Jackson, T. A.;
Brunold, T. C.; Spiro, T. G.; Miller, A.-F.
“Comparison and Contrasts between the
Active Site pKs of Mn-Superoxide Dismutase
and Those of Fe-Superoxide Dismutase”, J.
Am. Chem. Soc., in press.

7. Craft, J. L.; Mandimutsira, B. S.; Fujita,
K.; Riordan, C. G.; Brunold, T. C. “Spectro-
scopic Studies of a Ni1+–CO Model Complex:
Implications for the CO Dehydrogenase and
Acetyl-CoA Synthase Catalytic Mechanisms”,
Inorg. Chem., in press.
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Brunold, T. C. “Spectroscopic and Computa-
tional Study of a Non-Heme Iron {Fe-NO}7
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tronic Structures of the Nitrosyl Adduct of
Iron Superoxide Dismutase”, submitted to J.
Am. Chem. Soc.

9. Stich, T. A.; Brooks, A. J.; Brunold, T. C.
“Spectroscopic and Computational Studies
of Co3+-Corrinoids: Spectral and Electronic
Properties of the B12 Cofactors and Biologi-
cally Relevant Precursors”, submitted to J.
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Our research encompasses a broad range of
synthetic and bioorganic projects. Natural

products total synthesis and synthetic methods
development continue to be areas of pursuit for
us. Increasingly, we have become involved in the
design, construction and study of novel, unnat-
ural molecules to function as artificial receptors
or conduits for molecular and ionic substrates.

Molecules that exhibit important biological
activity, challenging structural features, and low
natural abundance are attractive synthetic tar-
gets. Discovery, development and application of
new reactivities, strategies and methods are
important aspects of these efforts.

Halichondrin B (1) is a structurally com-
plex substance isolated from a Pacific sponge.
Potent cytotoxicity in vivo against leukemias
and solid tumors in mice combines with
extreme scarcity to encourage laboratory syn-
thesis of this and analogous structures for devel-
opment as clinical anticancer agents. Recent
efforts from our labs toward the halichondrins
are described in references 2, 4 and 9.

Very short and efficient synthetic routes to sim-
pler biologically-active molecules are also being
developed. For example, the sialic acids KDN (2)
and N-acetylneuraminic acid [Neu5Ac, (3)] have
been synthesized using Ru-catalyzed ring-clos-
ing metathesis (RCM) in key steps, as described
in references 1, 6, and 8. Application of the gen-
eral strategy of converging subunits with simple
ketalization reactions and establishing rings via
catalytic RCM has also led to the development
of a conceptually new route to spiroketals (refer-
ence 5), which are important structural ele-
ments of numerous anticancer and antibiotic
agents. Further application of this strategy is

underway for the synthesis of kendomycin (4), a
recently characterized ansa macrocyclic
quinone methide with antibacterial and anti-
cancer activities, and other biologically impor-
tant natural products.

We have been involved in the design, synthe-
sis and study of a new class of macrocyclic lig-
ands and scaffolds that are symmetric
cyclooligomers of hydropyran subunits (refer-
ences 3, 10, and 12). These molecules have rigidi-
fied structures with open cavities and appendages
oriented perpendicular to the plane of the macro-
cycle (e.g. 5). These trivalent templates are being
used to display biological recognition elements
for probing protein-carbohydrate and protein-
protein interactions. They are also being devel-
oped for the study of protein structure (collagen)
and for the inhibition of viral infectivity via poly-
valent inhibitor displays. The trithiol derived
from compound 5 is being studied as a transacy-
lation catalyst for cyclodepsipeptide synthesis,
with the goal of mimicking the functional activity

of megasynthetase enzymes.
Central to all of our pro-

jects is the ability to build, purify
and characterize exotic organic
structures. Diverse exposure to
mechanistic, analytical, compu-
tational, spectroscopic and chro-
matographic techniques will be
part of your training.
Organometallic and biological
chemistry are also pertinent to
these studies. If you are inter-
ested in a career in pharmaceuti-
cal drug discovery and develop-
ment, the research background
available through these projects
is considered to be ideal.
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Organic and 
Bioorganic Chemistry
Synthesis of biologically active natural prod-
ucts; design, synthesis, and study of bio-
mimectic, unnatural ion transport systems;
supramolecular self-assembly; molecular
recognition in solution and in the solid state;
computational molecular modeling; cat-
alytic asymmetric synthetic methods; syn-
thesis and study of templated biological
recognition elements.

(608) 262–4941. burke@chem.wisc.edu.
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E.; Burke, S. D. Organic Lett. 2002, 4,
2273–2275.
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tinelli, J. R.; Streiter, E. R.; Burke, S. D.
Organic Lett. 2002, 4, 467–470.
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1953–1955.

8. “Formal Synthesis of (+)–3-Deoxy-D-glyc-
ero-D-galacto–2-nonulosonic Acid (KDN) via
Desymmetrization by Ring-Closing Metathe-
sis,” Burke, S. D.; Voight, E. A. Organic Lett.
2001, 3, 237–240.
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My research group studies bioinorganic
chemistry, the role of the inorganic ele-

ments in biological systems. In our laboratory
we explore the function of metalloproteins in
gas sensing, studying how the interaction of a
gas molecule with a metal center alters the
structure and function of the protein. We use
our understanding of the proteins we study as
guides in the design and synthesis of inorganic
molecules that act as gas sensors or hydrolysis
catalysts.

Metalloproteins serve as sensors and signal
transducers in a number of important biological
processes. For example, NO regulates blood
pressure by interacting with the heme protein
soluble guanylyl cyclase. Bacteria use heme pro-
teins to sense gases such as O2, CO, and NO in
their environment, and plants use copper metal-
loproteins to detect ethylene, a hormone that
regulates plant development. One focus of our
research involves understanding how gas sens-
ing occurs at a metal center, and how changes
in the coordination chemistry at the metal cen-
ter are coupled to allosteric conformational
changes in the protein. Through our studies of
the mammalian NO-sensor soluble guanylyl
cyclase and the bacterial CO-sensor CooA, we
have learned that interactions of the gas mole-
cules with the heme centers induce changes in
the coordination geometry, and these changes
correlate with functional changes in the pro-
teins. Our current work aims to elucidate the
mechanisms by which the coordination changes
are communicated throughout the proteins. In
addition to studying the gas-sensing capabilities

of soluble guanylyl cyclase, we study the mecha-
nism by which the enzyme catalyzes its metal-
dependent transesterification reaction. Recently,
we have applied our knowledge of heme pro-
teins to the enzyme cystathionine—β−synthase,
a protein implicated in a variety of neurological
disorders. The discovery of the heme cofactor in
this enzyme has led to our investigation of its
possible function as an allosteric regulator. We
utilize a variety of biochemical and biophysical
tools to probe the structure-function relation-
ships in these proteins. Techniques include
enzyme kinetics, protein modification or muta-
genesis, and electronic absorption, EPR, reso-
nance Raman, CD, MCD and fluorescence spec-
troscopies.

Another area of interest is the development
of metal-based gas sensors and hydrolysis cata-
lysts. We have investigated the mechanisms of
copper(II) triazacyclononane-mediated hydroly-
sis of phosphodiesters and amides and we have
generated molecules capable of hydrolyzing the
stable backbones of DNA, RNA, and protein.
New and exciting research is aimed at modeling
the copper center in the plant ethylene receptor
and developing both small molecule and poly-
mer-based sensors for ethylene. In sensing
applications, we take advantage of the high sen-
sitivity of luminescence and the high affinity of
metal centers for gas molecules to create novel
molecules and materials that respond to gas
binding. We make use of inert atmosphere syn-
thetic techniques to prepare complexes and we
detect gas binding by laser-induced emission.
We study the interaction of ethylene with our

newly prepared materi-
als using Raman and IR
spectroscopies.

Students with a
wide variety of interests
participate in these pro-
jects. Some students
focus on biophysical
characterizations of
proteins; others create
new variant proteins
using molecular biologi-
cal techniques and carry
out biochemical studies.
Students with interests
in more chemical pro-
jects synthesize and
characterize small mol-
ecules or materials and
evaluate their function
as catalysts or gas sen-
sors.
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Inorganic Chemistry.
Bioinorganic chemistry, gas-sensing metallo-
proteins, biochemistry of NO, CO and ethyl-
ene, inorganic sensor design, metal-medi-
ated hydrolysis in chemical and biological
systems.
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clononane: A robust material for the efficient
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ena DeBeer, Edward I. Solomon, Britt Hed-
man, Keith O. Hodgson and Judith N.
Burstyn Inorg. Chem., 2001, 40, 2439–2441c.

6. “Calcium Ion Downregulates Soluble
Guanylyl Cyclase Activity: Evidence for a
Two-metal Ion Catalytic Mechanism” Lucile
Serfass, Heather S. Carr, Laura M. Aschen-
brenner, Judith N. Burstyn Archives of Bio-
chemistry and Biophysics, 2001, 387, 47–56.

7. “Photoluminescent Properties of Cad-
mium Selenide in Contact with Solutions
and Films of Metalloporphyrins: Nitric
Oxide Sensing and Evidence for the Aversion
of an Analyte to a Buried Semiconductor-
Film Interface” Albena Ivanisevic, Mark F.
Reynolds, Judith N. Burstyn and Arthur B.
Ellis, J. Amer. Chem. Soc., 2000, 122,
3731–3738.

8. “Electronic Absorption, EPR and Reso-
nance Raman Spectroscopies of CooA, a CO-
Sensing Transcription Activator from R.
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Judith N. Burstyn, Daniel Shelver, Marc V.
Thorsteinsson, Robert L. Kerby, Gary P.
Roberts, Kathleen M. Vogel, Thomas G.
Spiro Biochemistry, 2000, 39, 388–396.

9. “Static Versus Dynamic Jahn-Teller Dis-
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Oxa–4,7-Diazacyclononane: Implications for
Hydrolytic Reactivity” Michael Kavana, Dou-
glas R. Powell, Judith N. Burstyn, Inorg.
Chim. Acta, 2000, 297, 351–361.
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My research group is interested in studying
the mechanisms of organometallic reac-

tions and in developing an understanding of
homogeneous catalysis. In addition, we are try-
ing to design organometallic reagents for syn-
thesis and new catalysts.

d0 Transition Metal-Alkyl-Alkene Complexes:
Models for a Key Intermediate in Metal-
locene Catalyzed Alkene Polymerization
The key intermediate in the generally accepted
mechanism for Ziegler-Natta alkene polymeriza-
tion is a d0-metal-alkyl-alkene complex but
because of its high reactivity, this intermediate
has never been detected in a catalytic system
and no model compounds were seen until we
prepared the first in this class. We first prepared
neutral chelated d0 yttrium-alkyl-alkene com-
plexes and determined the kinetics of alkene dis-
sociation (∆G‡ = 7 kcal mol–1) and the thermody-
namics of alkenes binding to d0 metals (∆H° = 4
kcal mol–1). Next, we observed a non-chelated
yttrium alkyl-alkene complex and succeeded in
measuring the rate of alkyl migration to the
coordinated alkene. This is the first measure of

the rate of the key carbon-carbon bond forming
process in alkene polymerization. We are
extending our studies to cationic zirconium-
alkyl-alkene complexes which are more closely
related to industrially important metallocene
catalysts.

Reductions Catalyzed by Metal Complexes
with Both Hydridic and Acidic Hydrogens.
We are studying catalysts that simultaneously
deliver a hydride and a proton to polar mole-
cules. (C5Ph4OH)Ru(CO)2H has an electronically
coupled acidic OH unit and a hydridic RuH unit
and we have shown that it reduces aldehydes by
simultaneous transfer of H+ from OH and H-

from RuH; this occurs outside the coordination
sphere of the metal. We are now studying the
mechanism of regeneration of the active reduc-
ing agent with H2 and are devising improved
catalysts based on our mechanistic insight.

Alkynyl Carbene Complexes
Fundamental studies of alkynyl carbene com-
plexes such as Cp(CO)2Re=C(Ph)C≡CTol led to
the unexpected dimerization that involves cou-
pling at the terminal alkyne carbons and a
[1,1.5] migration of the metal to form ene-diyne
complexes. We are extending this discovery to
more economical manganese systems that offer
a novel route to enediynes.

Organic and Inorganic
Chemistry.
Mechanisms of organometallic reactions;
homogeneous hydrogenation and hydro-
formylation catalysis; carbene complexes;
metallocene polymerization catalysts; new
synthetic methods using organometallic
compounds.
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121, 9483.
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ment of the Rate of Alkyl Migration to a
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Chem. Soc. 2001, 123, 10762–10763.

4. Structural Dependence of Thermodynam-
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plexes and of Kinetics of Alkyl Migration to
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Imines from a Hydroxycyclopentadienyl
Ruthenium Hydride: Evidence for Concerted
Hydride and Proton Transfer Casey, C. P.
Singer, S. W. Powell, D. R., Hayashi, R. K.,
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1090–1100.

6. Protonated Aminocyclopentadienyl
Ruthenium Hydride Reduces Benzaldehyde
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H2 Casey, C. P.; Vos, T. E.; Singer, S. W.;
Guzei, I. A. Organometallics, 2002, 21,
5038–5046.

7. Dimerization of Rhenium Alkynyl Car-
bene Complexes by a Process Involving Two
[1,1.5] Rhenium Shifts and Coupling of the
Remote Alkynyl Carbons Casey, C. P.; Kraft,
S.; Powell, D. R. J. Am. Chem. Soc., 2000,
122, 3771–3772.

8. Formation of cis-Enediyne Complexes
from Rhenium Alkynylcarbene Complexes
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Chem. Soc. 2002, 124, 2584–2594.

9. Diphosphines with Natural Bite Angles
Near 120° Increase Selectivity for n-Alde-
hyde Formation in Rhodium-Catalyzed
Hydroformylation Casey, C. P.; Whiteker, G.
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J. A., Jr.; Powell, D. R. J. Am. Chem. Soc.
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An important prerequisite for the cor-
rect functioning of all living cells is the

biosynthesis of their protein and nucleic
acid components. However, the mere for-
mation of the proper number of covalent
bonds is not sufficient to produce func-
tional biomolecules. These are only cre-
ated when formation of the correct array
of intramolecular interactions, i.e., a
proper three-dimensional folding, takes
place. How exactly is this process taking
place and what is driving it? The answer to
this is one of the most fascinating and
unsolved questions in modern biology.

Our group focuses on exploring the
fundamental principles that govern the fold-
ing and misfolding of proteins and RNA. We
specifically address both mechanistic and
structural aspects and employ a variety of
biophysical methods ranging from ultrara-
pid mixing to nuclear magnetic resonance
(2D and 3D experiments, selective label-
ing), mass spectrometry and computa-
tional techniques. The ability of these tools
to follow time-resolved events is exploited
and further developed in our lab.

This interdisciplinary research uses the
tools of modern physical chemistry to solve
problems at the chemistry-biology interface. Our
studies provide an ideal benchmark for students
interested to address and solve intellectually-
challenging scientific questions while, at the
same time, testing theoretical principles and
acquiring valuable practical experience in state-
of-the-art biophysical spectroscopy. Our research
program focuses on the following two areas:

I. The Chain Length Dependence of Protein
Folding: Mechanisms of Cotranslational
Folding and Misfolding in the Cell. The time
required for the in vivo biosynthesis of proteins
typically ranges from a few seconds to minutes.
On the other hand, formation of high propensity
secondary structure in isolated peptides is
known to occur on submillisecond timescales. It
is therefore not surprising that some degree of
folding and(or) misfolding can occur cotransla-
tionally in proteins. This makes the study of
biosynthetic protein folding extremely interest-
ing from both the theoretical and practical per-
spective. The goal of this project is to systemati-
cally dissect the physical principles that govern
the chain length dependence of folding, as it
pertains to achieving a better understanding of
in vivo protein folding and misfolding. Our
approach is based on employing minimalist
model systems suitable to model and follow, at
the amino acid-specific level, the timecourse of
cotranslational folding of simple cytoplasmic
proteins bearing simple secondary and tertiary

structure motifs. Comparison between our
working mechanistic hypotheses, experimental
results and theoretical models developed in our
lab play and essential role in this research. The
function of ribosomal RNA and chaperones
within the cotranslational machinery is also sep-
arately being investigated.

II. Kinetic Traps and Chaperones in RNA
Folding. One of the most intriguing properties
of RNA is its tendency to populate misfolded
species on its way to the bioactive conformation.
As a consequence, mechanistic steps corre-
sponding to escape from kinetically trapped
conformations are often rate-determining in
RNA folding. We are particularly interested in
the implications that this bears on protein trans-
lation, ribosomal assembly and retrovirus matu-
ration. Understanding the kinetic and structural
role of RNA chaperones in these processes is an
important step in working out the rules that
govern RNA folding. Additionally, it may prove
an invaluable tool in directing future efforts
aimed at the development of therapeutic agents
able to control key-steps of the above processes.
The Cavagnero group focuses on using a combi-
nation of biophysical techniques, particularly
Nuclear Magnetic Resonance, to achieve a
detailed understanding of the molecular mecha-
nisms that enable certain proteins and polypep-
tides to serve as RNA chaperones. Systems of
particular interest are those that assist RNA to
achieve its bioactive conformation in the context
of viral and ribosomal folding/assembly events.

Biophysical and Physi-
cal Chemistry.
Biomolecular NMR Spectroscopy; Isotope-
Filtered Multidimensional NMR; NMR Pulse
Sequence Development; Ultrafast Mixing;
Mechanisms of Cotranslational Protein Fold-
ing and Misfolding; Kinetic Channeling in
RNA Folding.
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The chemistry of interfaces impacts a wide
variety of important scientific and techno-

logical areas such as heterogeneous catalysis,
electrochemistry, energy conversion and stor-
age, tribology, chemical sensors, and biological
membranes. In each of these systems, a very
small number of molecules at the surface can
often control the macroscopic properties and
direct the overall reactivity of the entire device
or structure. For this reason, chemists are
acutely interested in creating well defined chem-
ical and physical structures for the control of
biopolymer adsorption. Our research efforts
have been dedicated to the development and
application of the chemical systems and spectro-
scopic tools necessary to study biomolecular
interactions at condensed phase interfaces.

1. Biopolymer Adsorption onto Self-Assem-
bled Monolayers and Multilayers at Metal
Surfaces.

We are interested in developing chemical
modification strategies for controlling the spe-
cific and non-specific adsorption of biopolymers
(e.g., synthetic polypeptides, proteins, DNA and
RNA) onto metal surfaces. The formation of bio-
logically active biopolymer monolayers at metal
surfaces is an essential step in the fabrication of
a number of important bioanalytical devices.
The surface-sensitive spectroscopic method of
polarization-modulation FTIR reflection absorp-
tion spectroscopy (PM-FTIRRAS) is used as the
primary spectroscopic method the study of the

chemical structure of self-assembled monolay-
ers and multilayers.

2. Surface Plasmon Resonance (SPR) 
Methods for the Detection of Biopolymer
Adsorption.

A second area of biopolymer adsorption
that we are exploring is the creation of high den-
sity DNA and polypeptide microarrays on metal
surfaces. We use the technique of Surface Plas-
mon Resonance (SPR) imaging to detect the
adsorption of DNA, RNA and proteins of specific
DNA onto the chemically modified metal sur-
face. The multi-element SPR adsorption biosen-
sor arrays are a novel, label-free detection
method that can be used for antibody screening
assays, DNA diagnostics, and rapid protein char-
acterization measurements.

3. Liquid/Liquid Interfaces and Ultrathin
Biopolymer Films

The formation of adsorbed monolayers at
liquid/liquid interfaces frequently plays a central
role in many natural and synthetic chemical sys-
tems. One particular type of liquid/liquid inter-
face which we have studied is the interface
between two immiscible electrolyte solutions
(ITIES). Recently we have extended our spectro-
scopic studies to ultrathin liquid/liquid systems
composed of ultrathin biopolymer films at metal
surfaces.

4. DNA Computing at Surfaces
This research project

is aimed at the develop-
ment and characterization
of complex mixtures of
DNA molecules attached
to surfaces. The attach-
ment chemistry,
hybridization chemistry
and enzymatic activity of
the adsorbed DNA mole-
cules will be characterized
by a variety of spectro-
scopic and biochemical
methods, and subse-
quently optimized for use
in (i) the manipulation of
DNA sequences in molecu-
lar computing strategies
and (ii) the high density
storage and retrieval of
information by DNA
hybridization chemistry.
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Our group is studying the molecular dynam-
ics of reactions and photodissociation with

the goal of understanding the essential features
of chemistry in both gases and liquids. The key
to all of our experiments is preparing molecules
in vibrationally excited states and spectroscopi-
cally monitoring their subsequent behavior.
Because laser excitation is a particularly attrac-
tive means of preparing molecules in specific
internal states, our strategy is to excite mole-
cules with a laser pulse and use time-resolved
spectroscopy to follow their subsequent behav-
ior. We are able to remove the averaging that is
usually present in chemical reactions by prepar-
ing molecules with particular vibrations and
monitoring the reaction or photodissociation
products. We use high resolution lasers in some
experiments and lasers producing ultrashort
pulses of about 100 fs duration in others. The
two approaches often provide complementary
information and allow us to explore a host of
processes.

We use a variety of excitation and detection
techniques, such as laser induced fluorescence
or resonant multiphoton ionization in molecular
beams and time-resolved transient absorption or
non-linear spectroscopy in liquids. The molecu-
lar beam experiments provide an extremely
detailed view of the chemical dynamics of iso-
lated, well-characterized molecules. We have
recently exploited our understanding of the
behavior of vibrationally excited molecules to
control the course of a chemical reaction, using
laser excitation to cleave a particular bond selec-
tively in both photodissociation and bimolecular
reaction. New ultrafast laser techniques now
allow us to follow the flow of energy within a
molecule directly and study vibrationally driven
reactions in liquids. Discovering the controlling
aspects of chemical reactions at a fundamental
level is the central focus of our research. The
attached list gives a few representative publica-
tions. There is a current list of all publications at
our group website.

Physical Chemistry.
Molecular Dynamics. State-to-state chemical
reactions, photodissociation, and molecular
energy transfer.
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Understanding complex molecular systems
using experiments alone is difficult. Com-

puter simulations based on physical and chemi-
cal principles can complement experiments and
provide novel insights into the behavior of these
systems at an atomic level. Our research targets
the development and applications of state-of-
the-art computational tools that explore the
underlying mechanisms of complex molecular
systems. Enzymes and other biological macro-
molecules, along with bio-inorganic ligands, are
of primary interest.

Simulation of complex molecular machines
in bio-energy transduction
Biological systems involve many fascinating
“molecular machines” that transform energy
from one form to the other. Important examples
are F1-ATP synthase and calcium pump; the for-
mer utilizes the proton motive force to synthe-
size ATP, while the latter employs the free
energy of ATP binding and hydrolysis to trans-
port calcium ions across the membrane. With
the recent developments in crystallography,
cyro-EM and single molecule spectroscopy, the
working mechanisms of these nano-machines
are being discovered. In order to understand the
energy transduction process at an atomic level,
our group is developing and applying state-of-
the-art computational techniques to analyze the
detailed mechanisms of several large molecular
complexes including: myosin, RNA polymerase
and the calcium pump. Questions of major
interest include: (i). What are the functionally
relevant conformational flexibilities of these
complexes? (ii). How are the chemical events
(e.g., ATP binding and hydrolysis) coupled to
the mechanical (e.g., conformational transition)
process? (iii). How is the efficiency for energy
transduction regulated?

Understanding the catalytic mechanism of
enzymes
Enzymes overshadow most chemical catalysts
because they are extremely efficient and highly
reaction-specific. Our group is developing and
applying novel computational methods to
explore the physical and chemical mechanisms
behind the catalytic efficiency and specificity of
several fascinating enzymatic systems. These
include enzymes that exploit transition metal
ions (copper chaperones), electronically excited
states (aequorin), and radical intermediates
(cholesterol oxidase). In addition to their impor-
tant biological implications, an underlying
theme for these systems is catalysis modulated
by protein motion. Our studies will not only pro-
vide insights into the fundamental working
mechanisms of enzymes, but may also lead to
the rational design of enzymes (methyl glyoxal
synthase, polyketide synthase) with improved or
even altered functions.

Developing computational techniques and
theoretical models for complex systems
A substantial amount of research activity in our
group is geared toward developing novel compu-
tational techniques to make the simulation of
complex biomolecular systems possible. One
major area involves improving the efficiency
and accuracy of combined quantum mechanical
and classical mechanical methods, such that
bond-breaking and bond-formation (chemistry!)
can be studied in detail for realistic biological
environments. Another area is related to the
development of coarse-grained normal mode
and molecular dynamics approaches, such that
insights into the thermodynamics and kinetics
of long time-scale processes (e.g., large-scale
conformational transitions) can be obtained
computationally. Finally, phenomenological
models will also be developed to make connec-
tions between microscopic MD simulations (e.g.,
potential of mean force) and macroscopic
observables (e.g., calcium flux across the mem-
brane).

Interfacing biology and material science
The last decade has seen the thrilling develop-
ments in the science of materials at the nanome-
ter scale. Nano-materials with tailored electrical,
optical or mechanical properties have been syn-
thesized. An exciting direction that has been
recently recognized is that biomolecules can be
used to provide control in organizing technolog-
ically important (non-biological) objects into
functional nano-materials. The interaction
between biomolecules and inorganic materials
is fundamental to these applications, and we are
using computational techniques to investigate
this aspect. These studies are expected to play a
guiding role in the design of novel hybrid mate-
rials and new sensors for biological molecules.

Computational/
Theoretical Chemistry.
Computational biophysics; electronic struc-
ture; computational statistical mechanics;
quantum nuclear dynamics (enzyme cataly-
sis; bioenergetics; electronically excited
states; computational structural biology and
neurochemistry; biomimetics).

(608) 262–9801. cui@chem.wisc.edu.
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oxal Synthase (MGS) and Triosephosphate
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analysis, X. Zhang, D. H. T. Harrison, Q.
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2. A coarse-grained block normal mode
approach for macromolecules: an efficient
implementation and application to Ca2+-
ATPase, G. Li, Q. Cui, Biophys. J. 83, 2457
(2002).

3. An implicit solvation model in the com-
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Phys. 117, 4720 (2002).

4. Calculating accurate redox potentials in
enzymes with a combined QM/MM free
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neck, G. Li, X. Zhang, Q. Cui, J. Theo. Com-
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117, 5617 (2002).
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(2002).
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isomerase (TIM) Catalyzed Reactions: The
effect of geometry and tunneling on proton
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J. Am. Chem. Soc. 124, 3093–3124 (2002).

8. Triosephosphate isomerase (TIM): A theo-
retical comparison of alternative pathways,
Q. Cui, M. Karplus, J. Am. Chem. Soc. 122,
2284–2290 (2001).

9. Molecular Properties from combined
QM/MM methods. I. Analytical second deriv-
ative and vibrational calculations, Q. Cui, M.
Karplus, J. Chem. Phys. 112, 1133–1149
(2000).

10. The spin-forbidden reaction
CH(2Π)+N2→HCN+N(4S) revisited. II. Non-
adiabatic transition state theory and appli-
cation, Q. Cui, K. Morokuma, J. M. Bow-
man, S. J. Klippenstein, J. Chem. Phys. 110,
9469–9482 (1999).



The phenomena of diffu-
sion, viscosity, and ther-

mal conductivity are associ-
ated with the transport of
mass, momentum, and
energy, respectively, through
a material, and hence are
referred to, collectively, as
transport phenomena. In the
gas phase, the transport is
due primarily to the ten-
dency of the random Brown-
ian motion of the molecules
to mix the molecules of one
region with those of another.
The effect of collisions is to
slow down this process by
limiting the distance
through which a molecule
may move without encoun-
tering another. That is, the
larger the molecule the
shorter the mean distance
between collisions and
hence the less easily the
three properties may be
transported through the gas.
Elementary ideas of kinetic
theory lead directly to sim-
ple expressions for the trans-
port coefficients of a gas of
rigid spheres.

Of course, real mole-
cules interact according to a
soft potential. They attract
each other at large separa-
tion distances and the mole-
cular cores lead to repulsion
at shorter distances. It is often assumed that the
intermolecular potential depends only on the
distance between the molecules, i.e., that the
molecules are spherically symmetric. This is
true, of course, for the rare gas atoms but for
few, if any, real molecules.

The study of transport phenomena in sys-
tems involving nonspherical molecules is devel-
oping rapidly. The theoretical study of molecu-
lar scattering cross sections has developed to a
point that it is now possible to predict transport
coefficients of gases of nonspherical molecules.

The theory of transport phenomena in the
liquid phase is more complex in that each mole-
cule is always interacting with several others
and isolated two body collisions do not occur.

Polymeric systems, both solutions and pure
polymers are particularly interesting. The visco-
elastic, or rheological, properties of such sys-
tems are non-linear at easily attained condi-
tions. This is in strong contrast to the behavior
of gaseous systems in which the behavior
becomes non-linear only at extreme conditions,
such as those occurring in shock waves.

The theory of the rheological behavior of
polymeric systems is based on the same underly-
ing concepts as that of gaseous systems.
Although the development of the theory differs
significantly, in detail, many of the mathemati-
cal techniques of the gaseous theory have been
generalized and used in the study of polymeric
systems.
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Research in our group continues to focus
mainly on high-nuclearity homometallic

and heterometallic carbonyl clusters: namely,
those with at least 10 metal-core atoms contain-
ing primarily Group 10 (Ni, Pd, Pt) and Group
11 (Cu, Ag, Au) metals that form direct metal-
metal bonds. It combines the art of synthesis
(involving Schlenkware, preparative vac-line,
and drybox techniques) with structural/bonding
analyses and physical/chemical charaterization
studies. Modern physical methods utilized
include CCD X-ray diffraction, spectroscopic
(IR, UV-Vis-near IR, multinuclear NMR, ESR),
mass spectrometric, magnetic susceptibility, and
electrochemical measurements.

Because most of these giant-sized metal
clusters possess well-defined stoichiometries and
precise geometries, detailed investigations of
their physical behaviors should produce insight
into the onset of metallic-like character with
increasing metal-core size (especially for clusters
with interior atoms within their metal cores). It
will be important to correlate their physical
properties (e.g., variable-temperature magnetic
moments and specific heats) with those of naked
and ligand-stabilized nanoparticles with non-
uniform size distributions. These clusters are
possible precursors of new materials with useful
catalytic, electronic, magnetic, optical and/or
photochemical/electrochemical properties.

Recent work has given rise to a consider-
able number of remarkable new nanosized clus-
ters such as: 1) isostructural 38-atom trimetallic
Au-M-Ni (M=Pd, Pt) and bimetallic Au-Ni car-
bonyl clusters of pseudo-D3d symmetry with sub-
stitutional M/Ni (M=Pd, Pt) crystal-disorder
occurring at only six equivalent metal sties (col-
oring problem); 2) two crystallographically
superimposed Au-Ni carbonyl clusters of
pseudo-D4d symmetry containing the same 26-
atom gold cage (with either one or two interior
Au prisoners) surrounded by 40 Ni atoms that
are ligated by 56 COs; and 3) a three-shell palla-
dium carbonyl phosphine cluster of pseudo-
icosahedral symmetry containing 55 interior Pd
atoms in the first two shells encapsulated by a
60-vertex 3rd shell polyhedron ( a geometrical
metalloisomer of C60 buckyball) with 30 addi-
tional capping Pd atoms.

The diversity of research, in which cowork-
ers are encouraged to develop and broaden their
own research projects and to carry out “opera-
tional tests” of their hypotheses in the labora-
tory, generates a highly stimulating environment
with extensive cross-fertilization of ideas and
much give-and-take interactions occurring
between group members. The publications illus-
trate some of our research.
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(Pd6-xNix)Ni20 and Stoichiometric Au6Ni32
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121, 5945–5952.

2. Tran, N.T.; Kawano, M.; Powell, D.R.;
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Geometry”, J. Chem. Soc., Dalton Trans.,
2000, 4138–4144.

3. Mlynek, P.D.; Kawano, M.; Kozee, M.A.;
Dahl, L.F., “First-Known High-Nuclearity
Copper-Nickel Carbonyl Cluster: [CuxNi35-

x(CO)40]
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4. Tran, N.T.; Powell, D.R.; Dahl, L.F.,
“Nanosized Pd145(CO)x(PET3)30 Containing a
Capped Three-Shell 145-Atom Metal-Core
Geometry of Pseudo Icosahedral Symme-
try”, Angew. Chem., Int. Ed., 2000, 39,
4121–4125. Chin G., “Pd145 Reveals Its
Secrets” (Editors’ Choice of the Chemistry
Highlight of Recent Literature) Science,
2000, 290, 1261.

5. Kawano, M.; Bacon, J.W.; Campana, C.F.;
Winger, B.E.; Dudeck, J.D.; Sirchio, S.A.;
Scruggs, S.L.; Geiser, U.; Dahl, L.F., “High-
Nuclearity Close-Packed Palladium-Nickel
Carbonyl Phosphine Clusters: Heteropalla-
dium [Pd16Ni4(CO)22(PPh3)4]
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[Pd33Ni9(CO)41(PPh3)6]
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Cores”, Inorg. Chem., 2001, 40, 2554–2569.
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tries”, J. Chem. Soc., Dalton Trans., 2001,
2731–2748.

7. Zhang, J.; Dahl, L. F., “First-Known High-
Nuclearity Silver-Nickel Carbonyl Cluster:
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New 40-Atom Cubic Td Closed-Packed
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Dalton Trans., 2002, 4105–4115.
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Analogue”, J. Chem. Soc., Dalton Trans.,
2002, 4116–4127.



The properties of materials
depend to a considerable extent

upon the dynamics of the atoms
and molecules that comprise them.
Our research attempts to develop a
molecular-level understanding of
dynamics in polymeric materials
and low molecular weight glass for-
mers. What is it about the structure
of the material and the potentials
which govern the interaction of the
atoms which makes dynamics fast
or slow in a given system? How
does the presence of a nearby inter-
face alter the dynamics? As devices
move closer to the nanometer
length scale, the knowledge
obtained from our molecular level
experiments will become more and
more essential to the correct func-
tioning of these devices.

Polymer dynamics in multicompo-
nent systems. Almost all applica-
tions of polymers utilize polymer
blends or composites. Miscible
polymer blends are a good starting
point for understanding the proper-
ties of these composite systems; they are also
technologically important and have flow proper-
ties that cannot currently be predicted. In poly-
mer blends, the segmental dynamics of each
component are modified from the values that
they have as pure components and in general
are not equal to each other. Statistical composi-
tion fluctuations thus lead to spatial variations
in the mobility of the blend. NMR measure-
ments have a special role to play in the study of
polymer blends, since isotopic labeling allows
each component to be selectively interrogated.
An essential feature of our approach is the com-
parison with large scale molecular dynamics
computer simulations.

Supercooled liquids/diffusion in thin films. If
crystallization is avoided upon cooling, a liquid
will become more viscous and eventually trans-
form into a glass. Part of the interest in this
process is that a new type of matter results by a
purely kinetic process, i.e., the glass transition
does not result from changes in structure.
Glasses of many types (polymeric, low molecu-
lar weight organic, inorganic, saccharide,...)
play important roles in technologies.

In the last few years, we have shown that,
as the glass transition is approached, dynamics
become increasingly spatially heterogeneous,
i.e., the dynamics in one region of the sample
may be orders of magnitude faster than the
dynamics a few nanometers away. Our current

work involves vapor deposition of thin films of
deuterated and hydrogenous glass formers onto
a cold substrate, followed by subsequent ther-
mal cycling leading to interdiffusion. These
experiments have extended the range of mea-
sured diffusion coefficients by 6 orders of mag-
nitude and shown that diffusion near the glass
transition is qualitatively different than in “nor-
mal” liquids. Our current work, in combination
with theory by other groups, aims to quantita-
tively predict transport at low temperatures.

Dynamics near polymer interfaces. In many situa-
tions dynamics near a glassy polymer surface
are important. For example, polymer structures
with dimensions less than 100 nm are projected
to be routinely prepared by lithography within 6
years. These small structures are weaker than
would be expected based on the properties of
larger polymer samples; this weakness will inter-
fere with many possible applications. Our cur-
rent hypothesis is that this weakness results
from dynamics near free surfaces being orders
of magnitude faster than those away from the
interface. We use confocal microscopy to mea-
sure the dynamics of dye molecules covalently
linked to surfactants that localize the dyes near
an interface. The rotational and translational
motion of the dyes can be quantitatively related
to the polymer dynamics near the surface. In
collaboration with groups in Engineering, we
are investigating schemes to strengthen small
polymer structures.
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ence: Movies of the Glass Transition, Science
287, 604–5 (2000).

6. M.D. Ediger, Molecular Motion in Super-
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4466 (2001).
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J. Chem. Phys. 114, 7299–7302 (2001).

9. M.D. Ediger and J.L. Skinner, Single Mol-
ecules Rock and Roll Near the Glass Transi-
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tions for Chemical Sensing,” F. Seker, K.
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Rev. 100, 2505 (2000). (A.B. Ellis and D.R.
Walt, Guest Co-Editors, Thematic Issue on
Chemical Sensors.)

2. “LEDs: New Lamps for Old and a Para-
digm for Ongoing Curriculum Moderniza-
tion,” S.M. Condren, G.C. Lisensky, A.B.
Ellis, K.J. Nordell, T.F. Kuech, and S. Stock-
man, J. Chem. Ed., 78, 1033 (2001).

3. “Chemistry ConcepTests: A Pathway to
Interactive Classrooms,” C.R. Landis, A.B.
Ellis, G.C. Lisensky, J.K. Lorenz, K. Meeker,
and C.C. Wamser, Prentice-Hall Publishers,
2001.

4. “Light Emitting Diodes as Chemical Sen-
sors,” A. Ivanisevic, J-Y. Yeh, L. Mawst, T.F.
Kuech and A.B. Ellis, Nature, 409, 476
(2001).

5. “LEDs are Diodes,” G.C. Lisensky, S.M.
Condren, C.G. Widstrand, J. Breitzer, A.B.
Ellis, J. Chem. Ed. 78, 1664A (2001).

6. “Mercury-Mediated Synthesis of
Nanoscale Metal Oxide Materials,” M.
Khoudiakov, A.B. Ellis, and K.D. Kepler, J.
Alloys and Compounds, 338, 32 (2002).

7. “Near-Field Scanning Optical Microscopy
Investigation of Immiscibility Effects in
In(1-x)Ga(x)P Films Grown by Liquid Phase
Epitaxy,” C.A. Paulson, A.B. Ellis, P.D.
Moran, and T.F. Kuech, J. Appl. Phys. 91,
2785 (2002).

8. “n-GaN Surface Treatments for Metal
Contacts Studied via X-Ray Photoemission
Spectroscopy,” K.A. Rickert, J. Sun, A.B.
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Phys. Lett. 80 204 (2002).

9. “Real-Time Chemistry and Chemical Edu-
cation,” A.B. Ellis, J. Chem. Ed., 79, 1034
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Our research program focuses on nanoscale
materials and devices. In collaboration with

colleagues in the College of Engineering, we are
investigating the preparation and characteriza-
tion of nanoscale shape memory alloys. Bulk
samples of these materials undergo solid-state
phase changes that allow them to be mechani-
cally deformed, yet recover their original shape
when heated through the phase transition tem-
perature. They can thus be used as switches and
actuators. Production of nanoscale versions of
these alloys is being pursued through chemical
and electrochemical synthetic routes. Character-

ization methods include X-ray diffraction, scan-
ning probe microscopy, electron microscopy,
and surface analytical methods.

We are actively involved in the creation of
nanotechnology instructional materials through
the UW–Madison Materials Research Science
and Engineering Center on Nanostructured
Materials and Interfaces,
http://www.mrsec.wisc.edu/edetc.

Ellis is on detail through June, 2004 at the
National Science Foundation, where he is serv-
ing as Director of the Division of Chemistry.



35
Thomas C. Farrar
Emeritus Professor, Born 1933
B.Sc. 1954, Wichita State University
Ph.D. 1959, University of Illinois

Our research group is interested in the molec-
ular structure and dynamics of liquids. We

are especially interested in hydrogen bonded liq-
uids and the forces that drive molecular self-
assembly of such liquids. It is now quite clear
that simple alcohols and alcohol-water binary
solutions form supramolecular structures. There
are still questions, however, about the size,
shape, dynamics and the lifetimes of these
supramolecular structures.

To study these systems we use a variety of
experimental and theoretical methods. High res-
olution nuclear magnetic resonance (NMR)and
NMR relaxation time studies provide a wealth of
information about molecular size, molecular
shape and molecular dynamics. Infrared studies
complement the information available from the
NMR studies. We have recently developed new
experimental/theoretical methods for the accu-
rate measurement of nuclear quadrupole cou-
pling constants (qcc) in the liquid state. This
makes it now possible to obtain accurate values
for rotational correlation times of nuclei such as
deuterium, nitrogen and oxygen. This experi-
mental data for the rotational correlation times
of several molecular vectors in a molecule pro-
vides important information about the molecu-

lar dynamics. It also provides important bench
mark information that is important for the test-
ing of the validity of the force fields used in mol-
ecular dynamics (MD) simulations.

The combination of the Gaussian 98 suite
of theoretical programs, molecular dynamics
simulations, experimental NMR and infrared
experiments is providing new insights about the
structure and dynamics of liquids. For example,
experimental data and theoretical calculations
provide powerful evidence that liquid ethanol
consists primarily of cyclic hexamers with an
average lifetime at room temperature of about
10 picoseconds. At low temperatures the popula-
tion of the cyclic hexamers increases signifi-
cantly and the lifetimes increase by several
orders of magnitude. The azeotropic mixture of
ethanol and water (80 mole percent ethanol and
20 mole percent water) consists of cyclic pen-
tamers composed of four ethanol molecules and
one water molecule. This structure seems to be
especially stable and long lived. Work under way
includes further work on neat alcohols and
ethanol-water binary mixtures. Studies of water,
urea and formamide along with binary mixtures
of these molecules are also in progress.

Analytical and Physical
Chemistry.
(608) 262–6158. tfarrar@chem.wisc.edu.
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1. Design of new oligomers and polymers
with well-defined folding properties
(“foldamers”). We are trying to design new
repetitive backbones that adopt highly ordered
conformations, like those of proteins. Once we
have identified backbones that display long-range
conformational order in solution, it should be
possible to generate recognition and/or catalytic
functions via combinatorial synthesis and screen-
ing methods.

Our efforts to date have focused on
oligomers of b-amino acids (“�-peptides”).
�-Peptide secondary structures appear to be
very stable. We have shown, for example, that
�-peptides containing just six residues (e.g., 1)

adopt very stable helical conformations in aque-
ous solution. Current goals include creation of
�-peptide tertiary structure and identification of
�-peptides with useful biological activities. Our
first success in the latter area has involved
development of �-peptides with potent and
selective antibacterial properties (e.g., 2). We

are also trying to use foldamers to disrupt spe-
cific protein-protein interactions.

Foldamer research requires mastery of a
number of different skills. Asymmetric synthesis
is critical, because foldamer building blocks
must be available in enantiomerically pure form
via short routes (e.g., the synthesis of protected
�-amino acid 3). Individual �-peptides are syn-
thesized via solid-phase methods, and we are
currently trying to identify the most efficient
strategies for preparing �-peptide libraries.
Structural analysis is also critical in foldamer
research. We rely heavily on two-dimensional
NMR techniques. We are increasingly turning to
biological methods to evaluate foldamer activity.

2. Protein design: minimal increments of
secondary and tertiary structure. At the level
of secondary structure, proteins are dominated
by just a couple of motifs, e.g., �-helix and �-
sheet. The factors that control �-helix stability
are well understood because appropriate model
systems have long been available. In contrast,
�-sheet model systems that fold in water have
appeared only recently. We have developed a
powerful strategy for design of small �-sheets,
and we are using these molecules to probe the
network of forces that control �-sheet confor-

mational stability.
We are beginning to extend our

design efforts to the tertiary level,
which requires the development of
new strategies for identifying minimal
increments of tertiary folding. These
strategies should allow us to create
heterogeneous tertiary structures, in

which conventional secondary structural ele-
ments pack against unnatural units (e.g., �-pep-
tide segments).
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Our research is focused on understanding and
manipulating chemistry to control, with

atomic precision, the chemistry at solid surfaces
and interfaces. We refer to this area as “interfa-
cial architecture” because we are interested in
understanding the physical properties of molec-
ular building-blocks and using this information
to design, build, and understand more complex
structures with precisely-tailored functional
properties. We are especially interested in inter-
faces that link organic/biological molecules with
inorganic materials that have good electrical
properties, such as silicon, diamond, and carbon
nanotubes. These hybrid organic/inorganic sys-
tems are of increasing importance in emerging
areas such as organic and molecular electronics,
bio-electronics, biosensing, and nanotechnology.
We are also interested in complex interfaces
found in the environment and how reactions at
these interfaces affect the environment.

Our group studies interfaces under a range
of conditions, from ultrahigh vacuum to solid-
liquid interfaces, and from very fundamental
studies of small molecules all the way to fabri-
cating structures and devices with direct practi-
cal application.

Some of our ongoing projects include:
1) Organic-inorganic interface chemistry:

Organic molecules have great potential as
active elements in microelectronic devices
and even as “single-molecule” devices, but lit-
tle is known about how to control the inter-
faces between organic molecules and other
materials. We are investigating mechanistic
aspects of surface chemical reactions of
organic molecules and the use of well-defined
surface chemistry to enable fabrication of
organic electronic devices on micro- and
nano- length scales.

2) Bioelectronic interfaces: Linking biological
molecules with microelectronic materials has
the potential for new types of chemical sen-
sors and actuators providing real-time, label-
free detection of biological molecules. We
have develop new chemical modification
schemes on silicon and diamond that lead to
very stable interfaces, and are developing new
electronic detection methods for sensing bio-
logical molecules using entirely electronic
means.

3) Nanotechnology and Interface Architecture:
We are developing new methods for chemi-
cally modifying carbon nanotubes and
nanowires, and using these to develop new
types of surface architectures and as tiny
chemical/biological sensors. By linking nan-
otubes with biological molecules such as DNA
we are using biochemical interactions to con-
trol how nanotubes assemble into more com-

plex structures and are working toward nan-
otubes/nanowires as chemical/biological sen-
sors down to the single-molecule level.

4) Environmental Interfaces: Interfaces between
minerals and aqueous phase play crucial roles
in human health and the environment. We
are studying geochemical transformations
and binding of molecules to mineral surfaces,
and how these processes are affected by bio-
logical systems.

To carry out these studies, our laboratories are
equipped with a wide variety of state-of-the-art
instruments for characterizing the chemical,
electrical, and optical properties of interfaces.
These include dedicated instruments for scan-
ning tunneling microscopy, atomic force
microscopy, sub-monolayer infrared spec-
troscopy, core-level and valence-band photoe-
mission spectroscopy, and optical spectroscopy.
These instruments provide a comprehensive pic-
ture of the physical and chemical structure of
surfaces and interfaces. For more complex inter-
faces (such as those involving various biological
molecules), these methods are further aug-
mented by techniques such as fluorescence
microscopy, electrochemical impedance spec-
troscopy, and novel microwave-frequency elec-
trical measurements.

Some of these projects involve collabora-
tions with other researchers at UW, at other
institutions, and at national and/or industrial
laboratories. Students in the group come from a
variety of backgrounds, including analytical
chemistry, materials chemistry, physical chem-
istry, inorganic chemistry, the cross-campus
“Materials Science Program,” and the Depart-
ment of Physics. The interdisciplinary nature of
the research is especially well-suited for stu-
dents whose interests extend beyond the individ-
ual sub-disciplines of chemistry.

Analytical, Materials,
and Physical Chemistry
Chemistry at solid surfaces and interfaces.
Hybrid interfaces of inorganic materials (sil-
icon, diamond, nanotubes/nanowires) with
organic and biological materials for electron-
ics, sensing, and actuation. Nanotechnology
and molecular assembly. Bioelectronics and
electronic/electrical characterization of bio-
logical interfaces. Chemistry at environmen-
tally-relevant surfaces and interfaces.

(608) 262–6371. rjhamers@facstaff.wisc.edu.
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The goal of research in this group is to gain a
better understanding of the electronic struc-

ture of molecules by use of reduced density
matrices. Methods include formal extensions of
the theory, calculations of good quality for spe-
cific systems and the graphical presentation of
results, and investigations of simple models.

State-of-the-art electronic wave functions
may involve millions of coefficients, which
never get out of the computer. Fortunately, such
a wave function contains much more informa-
tion than is needed. Reduced density matrices
and densities in coordinates, momenta, or both
provide a way of concentrating our attention on
the relevant information. Densities provide less
information than density matrices, and the rela-
tionships among these quantities is of interest.
Not only is the formal theory of these objects of
interest itself, but an analysis in terms of them
can aid us in the calculation and understanding
of properties such as correlation of various
types, spin density distributions, etc.

In a formal sense, densities and density
matrices are elements of vector spaces; we can
investigate their geometric properties. Some of
the relationships among these spaces depend on

the basis set used. Others are determined by
symmetry. One of our goals is to learn as much
as we can of the properties of reduced density
matrices and densities that are determined by
symmetry, basis set, and general requirements
of quantum mechanics, so that when we look at
results for a particular system we can concen-
trate on those aspects specific to it, and thus
providing information about it.

It has long been a goal of density matrix
theory to calculate the simpler reduced density
matrix directly, without involving the more
complicated wave function. This has been diffi-
cult because of the need to impose appropriate
boundary conditions: the “n-representability
problem.” Recent methods involving contracted
Schrodinger equations or constraints seem
promising and we are interested in justification
of or problems with these methods.

In addition, many of the formal results of
density matrix theory with a basis set are
directly applicable to magnetic resonance theory
and to formally similar problems arising in laser
experiments. We are interested in applying what
we have learned to these problems.

Theoretical Chemistry.
(608) 262–0264. harriman@chem.wisc.edu.
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Cell Surface Binding Interactions; Carbo-
hydrate – Protein Complexation; Organic

Synthesis of Natural and Non-Natural Bioac-
tive Compounds Cells require the ability to
sense ligands, such as hormones, nutrients, and
toxins, in their environments so that they can
respond appropriately to those signals. The
complexation of ligands to cell surface receptors
is a crucial step in regulating the responses of
cells to external stimuli. The Kiessling research
group is focused on the synthesis and identifica-
tion of compounds that regulate cellular
responses through their interactions with cell
surface receptors. The underpinning of our stud-
ies is the use of synthetic organic chemistry to
generate the ligands necessary to elucidate the
biological recognition events of interest.

Protein – Carbohydrate Interactions. The cell sur-
face oligosaccharides are a class of ligands that
has been a focus of Kiessling group research.
Oligosaccharides play important roles in devel-
opment, immune system function, inflammation
and host – pathogen interactions; yet, com-
pounds that can modulate – carbohydrate inter-
actions are rare. The Kiessling group is using
parallel synthesis to generate libraries of mole-
cules from which active compounds can be
identified. They are mining compounds that
either interact with carbohydrate-binding pro-
teins or that interfere with saccharide biosyn-
thesis. Protein targets under investigation
include the selectins, receptors that play critical
roles in inflammation and are implicated in can-
cer metastasis, and UDP-galactofuranose
mutase, which is an essential enzyme in cell
wall biosynthesis in mycobacteria (e.g., those
that cause tuberculosis) and parasites (e.g.,
those that cause sleeping sickness). It is this
interest in devising molecules that modulate
protein – carbohydrate interactions that has led
the Kiessling group to investigate multivalent
ligands in cell surface recognition.

Multivalent Ligand Inhibitors. Most research on
receptor – ligand interactions focuses on the
interaction of molecules with single receptor
binding sites. Ligands that can occupy multiple
protein binding sites simultaneously because
they display multiple copies of recognition ele-
ments are termed multivalent. The Kiessling
group is investigating multivalent as well as
monovalent ligands as modulators of biological
activities. For example, the Kiessling group has
shown that multivalent carbohydrate displays
are highly effective (105–6-fold more potent) at
blocking cell agglutination mediated by carbo-
hydrate-binding proteins. The potencies of these
ligands rest in their abilities to interact with the
target receptors through molecular recognition

processes not available to monovalent ligands.
Specifically, many multivalent ligands function
by clustering receptors in solution or on the sur-
face of a cell. Molecules with this activity can
serve not only as inhibitors but also as effectors.

Multivalent Ligand Effectors. As with inhibitor
design, strategies to design effector ligands (i.e.,
ligands that promote rather than inhibit a bio-
logical response) have focused primarily on
identifying molecules that could occupy a single
receptor binding site (agonists). The finding that
ligand-promoted receptor clustering can trigger
signaling pathways has led to the generation of
synthetic multivalent ligands that promote pro-
tein dimerization or oligomerization and, there-
fore, signal transduction. For example, we found
that multivalent ligands can lead to the loss L-
selectin, an important mediator of the inflam-
matory response, from the cell. Moreover, we
have found that multivalent ligands can be used
to tune a cellular response. Specifically, ligands
of different valencies have different potencies as
chemoattractants for bacteria. By varying ligand
valency, we can systematically vary the chemo-
tactic responses of bacteria. These changes may
arise from differences in receptor clustering at
the membrane. Our data indicate that the most
potent chemoattractants are ligands that can
cluster the chemoreceptors through non-cova-
lent interactions. These strategies may prove
useful in controlling signal transduction events
in the immune system and in stem cell biology.

Organic Chemistry.
(608)262–0541. kiessling@chem.wisc.edu.
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Our research centers on catalysis involving
transition metal complexes. The approach is

multidisciplinary: synthesis, kinetics, develop-
ment of novel instrumentation, sophisticated
NMR spectroscopy, theory, and computations
all are brought to bear on contemporary issues
in homogeneous catalysis. Themes in our cur-
rent research include the creation of highly
selective and active catalysts, the exploration of
large scale screening methods for catalyst dis-
covery, developing fundamental mechanistic
understanding of commercial catalytic
processes, and the interplay of experiment and
computation in understanding catalytic
processes and designing new catalysts.

Mechanisms of Catalytic Reactions
One of the largest commercial applications of
homogeneous catalysts is the metallocene-cat-
alyzed polymerization of simple alkenes to make
polyethene, polypropene, polystyrene, etc. New
homogeneous metallocenes catalysts based on Ti
and Zr have revolutionized this industry, making
possible new polymeric materials through exquis-
ite control of polymer molecular weights and
microstructure. Surprisingly, characterization of
rate laws for the fundamental steps (initiation,
propagation, and termination) of metallocene-cat-
alyzed polymerization and a fundamental under-
standing of how various activators and co-catalysts
affect the rates, stereospecificity, and molecular
weights of catalytic polymerizations are underde-
veloped. Our research encompasses the develop-

ment of new methods for determining the number
of catalyst sites that are producing polymers (i. e.,
active site counting), new instrumentation for
measuring very fast reaction rates, and new
approaches to probing the influence of ion-pairing
dynamics on the polymerization activity. We are
using rapid kinetics instrumentation developed in
our laboratory to achieve complete characteriza-
tion of rate laws for initiation, propagation, and
termination for the catalytic polymerization of 1-
hexene in the presence of, [(rac-C2H4(1-
Ind)2)ZrMe]+[MeB(C6F5)3]

-. We are in the process
of extending these studies to other novel polymer-
ization catalysts of commercial importance.

Ligands for Large Scale Catalyst Screening
The key attribute of homogeneous catalysts is
selectivity. The potential of harnessing such
selectivity for cost effective, “greener” manufac-
turing of pharmaceuticals and fine chemicals
drives modern research in homogeneous cataly-
sis. Chiral phosphine ligands attached to catalyti-
cally active metal centers result in enzyme-like
rates and enantioselectivities for the hydrogena-
tion of some substrates. The scope of highly
selective catalytic transformations can increase
as a result of coupling rapid catalyst screening
methods with the synthesis of diverse arrays of
ligands, especially chiral phosphine ligands. Our
current research focuses on the creation of
diverse arrays of chiral phosphine ligands. We
have developed new synthetic methods for the
rapid construction of chiral diazaphospholanes.
Large arrays of this new class of chiral phos-
phine ligand are being synthesized and employed
in screening studies aimed at creating new,
highly enantioselective catalytic transformations.

Computation and Theory in Catalysis
Computations are a valuable complement to
both catalyst design and mechanistic studies.
Our use of computational methods spans the ab
initio through the empirical (such as molecular
mechanics). Our goals are to (1) develop a
“Valence Bond” perspective of bonding in transi-
tion metal complexes (2) create new molecular
mechanics software based on this perspective
and (3) apply high level, hybrid quantum
mechanics/molecular mechanics methods to
explore the origin of selectivity control in homo-
geneous catalysis. A recent example involves the
use of hybrid methods as implemented on paral-
lel supercomputers to elucidate the origin of
enantioselectivity in asymmetric hydrogenation

of dehydroamino acids,
a process which has
been commercialized
for the production of
the anti-Parkinson’s
drug, L-DOPA.
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The main focus of our
research lies in the develop-

ment of new synthetic methods
and their application to the
synthesis of biologically active
natural compounds. Specific
research goals are the develop-
ment of (a) strategies for the
construction of carbocycles
containing quaternary carbon
centers and its application to
the synthesis of guanacaste-
pene A; (b) a new approach for
the stereoselective construction
of cyclic terpene structures and
its application to the synthesis
of tumor promoter-related
compounds, such as phorbol
and prostratin; (c) new general
method for the construction of
tetrahydropyrans and its appli-
cation to the synthesis of
lasonolide A and zampanolide.

Guanacastepene synthesis: We are engaged in
the total synthesis of the newly isolated diter-
pene antibiotic guanacastepene A, which has
shown antibiotic activity against two of the most
drug-resistant pathogens of concern, Staphylo-
coccus aureus and Enterococcus faecalis. In this
effort, we are developing a novel and general
strategy to build the two critical ring-junction
quaternary methyl groups via alkylidene car-
bene insertion chemistry and a diastereoselec-
tive reductive coupling between enal and enone.

Prostratin synthesis: We want to develop a new
concept for the synthesis of polyoxygenated
multi-ring containing terpene structures such as
phorbol and prostratin from polyketide-like lin-
ear molecules. This non-traditional retrosyn-
thetic analysis is possible due to the advance-
ment of acyclic stereocontrol via the
development of stereoselective C–C bond-form-
ing methods.

New methods for pyran synthesis and its
application to lasonolide A and zampanolide:
The tetrahydropyran is a ubiquitous functional-
ity found in many macrolide natural products
possessing antitumor activity. For the purpose
of synthesizing these compounds, we are devel-
oping an efficient synthetic methodology for the
construction of tetrahydropyran moieties. Our
strategy is particularly attractive because the
starting building blocks are readily available in
both enantiomeric forms and the stereochem-
istry of the starting material is stereospecifically
translated into that of tetrahydropyran prod-
ucts. Therefore, not only the thermodynamically
more favorable 2,6-cis-disubstituted tetrahy-
dropyrans but also 2,6-trans-disubstituted
pyrans are available with equal efficiency. We
are planning to use this synthetic method for the
synthesis of lasonolide A and zampanolide.
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Our research program lies at the interface
between analytical chemistry and cellular

neurobiology and involves two interlinked
aspects. First, we plan to develop and imple-
ment an array of enabling mass spectrometric
tools coupled with front-end microseparation
strategies that are capable of global analysis of
peptides and proteins in complex biological
matrices in a high throughput and high sensitiv-
ity manner. Second, using several well-defined
crustacean neuronal networks as model sys-
tems, we aim to obtain a complete catalog of the
diverse assortment of peptides contained within
these neuronal networks and expand our funda-
mental understanding of cotransmission and
neuromodulation at the molecular level.

The crustacean stomatogastric nervous system
is an excellent model system for studying the
neural basis of rhythmic behavior and it is also
an ideal system to investigate neuromodulation
in a well-defined neural network. These central
pattern-generating networks found in crabs and
lobsters are responsible for controlling the
rhythmic movement of food through the
foregut. This is an attractive preparation
because of the limited number of neurons
whose electrophysiological properties can be
readily assessed and yet an amazingly large
number of peptide neuromodulators are
involved in this small neural network. However,
we are far from having a complete description
of “full cast of modulatory players” and their
pattern of colocalization in inputs to the stom-
atogastric ganglion, which is crucial for under-
standing the mechanisms by which this hard-
wired, pattern-generating circuitry is
functionally modulated. Because the electro-
physiology and rhythmic patterns of the circuit
are well-characterized, the neuromodulatory
effect of any newly-discovered peptides on the
network can be readily probed, thus directly
connecting the biochemical nature of peptide
modulators to their functional roles.

Given the previous knowledge of several peptide
families suggested by immuno-reactivities and
the high chemical complexity of the crustacean
stomatogastric nervous system, we will develop
proteomics-based strategies that couple front-
end immunoaffinity isolation and capillary sepa-
ration with various mass spectrometric instru-
mentation, including a 7 Tesla Fourier
transform mass spectrometer, an ESI ion trap
mass spectrometer and a MALDI time-of-flight
mass spectrometer. Furthermore, to address the
challenge of discovering novel peptides and

characterizing full complement of neuropep-
tides in the absence of genomic sequence of
these model systems, we will develop a new
hybrid strategy to use the partial sequence infor-
mation obtained by de novo MS/MS sequencing
in combination with database search via homol-
ogy of genomes from other related species.
Finally, nanoscale-sampling techniques will be
developed to allow peptide detection at the sin-
gle cell and even subcellular level under differ-
ent physiological conditions.

In summary, our research will (a) develop
improved MS-based methods of neuropeptide
and protein analysis both at large-scale and
micro-scale and (b) provide essential informa-
tion on understanding the mechanisms of neu-
romodulation of behaviorally relevant neural
circuits and peptide evolution and peptide regu-
lation. The research program can be generally
described as bioanalytical, but combining
aspects of analytical mass spectrometry, protein
chemistry, microseparations, neurobiology,
immunochemistry, and bioinformatics. We
expect that by developing new tools that com-
bine greatly improved sensitivity and chemical
selectivity, significant gains can be made to
advance our knowledge of how networks of neu-
rons interact in both healthy and diseased sys-
tems.

Analytical Chemistry.
Bioanalytical chemistry; biological mass
spectrometry; neuroproteomics; bioinfor-
matics.
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Our group uses the principles of chemistry,
engineering, and biology to design materials-

based approaches to important problems in the
biomedical, pharmaceutical, and health-related
fields. Our research is conducted in a highly
interdisciplinary and collaborative environment
that provides opportunities for students with
backgrounds and/or interests in chemistry, engi-
neering, biology, materials science, medicine,
and the pharmaceutical sciences.

We use new concepts in chemical synthesis
and polymer science to design new materials for
biomedical applications such as gene delivery,
controlled release, and tissue engineering. Tradi-
tionally, biomaterials research has relied heavily
on materials developed for non-biomedical
applications. More recently, the design of mate-
rials that are specifically tailored to meet the
needs of individual applications has helped to
fuel the enormous growth seen in the health
care industry. As one example, the sales of con-
trolled-release pharmaceutical formulations
alone (which have depended heavily on the
development of new functional, biocompatible
materials) now exceed $20 billion a year.

Within the context of a particular problem,
we seek to understand: 1) how control over
structure at the molecular level influences mate-
rial properties, and 2) how subtle changes in
material properties affect interactions with bio-
logical systems. The first goal takes advantage of

advances in the chemical sciences, particularly
in the areas of organic chemistry, polymer syn-
thesis, and materials characterization. Toward
the second goal, we are actively engaged in the
in vitro and in vivo evaluation of our materials
in our own laboratory and work closely with
other groups and members of the biotech indus-
try to identify new strategies and opportunities.

How do subtle changes in polymer struc-
ture affect the efficiency or mechanism through
which cells internalize and process nanoparti-
cles for gene delivery? How does the structure of
a material affect the release rates of encapsu-
lated drugs, or influence the attachment, prolif-
eration, and differentiation of different cell
types? A fundamental understanding of materi-
als properties and the structure/activity relation-
ships that characterize new biomaterials is
essential to the design, engineering, and applica-
tion of new therapeutic systems. We use a mix-
ture of hypothesis-driven and discovery-oriented
techniques to synthesize new classes of poly-
mers and develop approaches that could acceler-
ate the rate at which new materials are discov-
ered for clinical applications.

While our interests lie broadly at the inter-
face of materials with biological systems, the
techniques, materials, concepts, and approaches
we use frequently spill over into projects in adja-
cent areas of chemistry, engineering, and mate-
rials science.

Organic Chemistry.
Polymer synthesis; Biomaterials; Functional
materials; Gene and drug delivery; Con-
trolled release; Parallel synthesis and screen-
ing.
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Our research program focuses on bringing
insights from mechanistic chemistry to bear

on diverse scientific problems. Our interests
range from mechanistic organic and
organometallic chemistry to the fundamental
chemistry underlying important problems in
materials science.

Mechanistic Organic Chemistry
The organic chemistry of interstellar space rep-
resents one of the research frontiers in mecha-
nistic organic chemistry. Our recent research
efforts focus on elucidating the structure, photo-
chemistry, and spectroscopy of organic species
that play a role in the chemistry of the interstel-
lar medium. Understanding the chemistry inter-
stellar clouds represents a significant challenge
in mechanistic organic chemistry-both in terms
of identifying new organic species in the clouds
and in terms of investigating the chemical
processes that govern the formation and
destruction of these organic species. Recent
investigations from our laboratory illustrate the
role that physical-organic chemistry plays in
addressing important chemical problems in
astronomy and molecular spectroscopy.

Mechanistic Organometallic Chemistry
The most fundamentally important rearrange-
ment pathway of many coordinatively-unsatu-
rated organometallic intermediates involves
intramolecular hydrogen migration. Because the
rates of these rearrangements are so rapid, and
because the intermediates are so elusive, almost
no quantitative rate data or detailed structure-
reactivity correlations exist at the present time.
Using sophisticated low-temperature NMR
methods and matrix-isolation techniques, we
became the first to 1) directly observe an
intramolecular oxidative-addition reaction, and
2) characterize an allyl hydride complex of a
first-row transition metal.

A deeper understanding of these exception-
ally reactive species may lead to new insights con-
cerning C-H bond activation catalysts and mecha-
nisms of metal-catalyzed alkene isomerization.

Nonlinear Optical Materials
Strange optical processes (frequency doubling,
holographic effects) occur when intense laser
light interacts with certain organic and inor-
ganic compounds; these effects are generically
referred to as nonlinear optical phenomena.
Many of these unusual phenomena are tremen-
dously important in emerging high-technology
areas such as erasable optical information stor-
age, optical computing, and optical communica-
tion. By synthesizing and studying new com-
pounds, we seek to 1) understand the molecular
and bulk properties that govern nonlinear opti-
cal response, and 2) develop more efficient non-
linear optical materials. Research in this area
involves elements of molecular design, synthe-
sis, molecular orbital calculations, laser spec-
troscopy, and materials chemistry.
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Organic, Inorganic and
Materials Chemistry
Organic and organometallic photochem-
istry; generation and characterization of
reactive intermediates; thermal and photo-
chemical rearrangement mechanisms of
organic and organometallic compounds;
mechanisms of intramolecular C-H bond
activation in organometallic complexes;
design, synthesis, and evaluation of new
materials with nonlinear optical properties.
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Our research efforts focus on fundamental
studies of non-covalent interactions and the

application of the resulting findings to biochem-
ical and biomedical problems. We use the pre-
dictive value of advanced computational tech-
niques in conjunction with the power of
chemical synthesis to generate molecules that
are able to recognize each other through inter-
molecular forces. The study of these complexes
allows us to explore a variety of different chemi-
cal and biological phenomena. These include
the nature of specific intermolecular forces in
condensed phase, the origin of the peculiar fluo-
rous phase behavior in highly fluorinated mate-
rials and the interaction between short RNAs
and small molecules.

The Fluorous Phase.
The introduction of fluorine substituents into an
organic molecule can radically change the
physico-chemical properties of that molecule.
High performance materials and polymers, vec-
tors for drug delivery, anesthetics, fluorine-con-
taining drugs, perfluorinated solvents for
organic reactions are only a few examples of the
practical uses of fluorinated molecules. Exten-
sive perfluorination of organic molecules gener-
ates a new phase of liquid matter known as the
fluorous phase. This phase does not mix with
either polar or non-polar hydrogenated phases.
The formation of a fluorous phase is at the basis
of the unusual behavior of heavily fluorinated
molecules and polymers. While the applications
and the uses of fluorinated compounds are con-

stantly increasing, the origin of their unusual
properties is currently not completely under-
stood. It is not known what exactly drives the
formation of a fluorous phase.

We are currently investigating the nature of
the fluorous phase by synthesizing and analyzing
some self-assembling fluorinated amphiphilic
molecules bearing water solubilizing groups and
variously fluorinated functionalities.

We are also performing molecular dynam-
ics simulations on mixtures involving water,
hydrocarbons, and a variety of fluorinated mole-
cules. The purpose of these simulations is to
establish first what kind of intermolecular
forces can explain the formation of three phases
and then identify the minimum number of fluo-
rine atoms that are necessary for generating a
fluorous phase.

The Nature of Intermolecular Interactions
We focus our studies on understanding the basic
principles behind weak, yet biologically and
energetically significant non-covalent forces.
Our most recent studies have focused on using
the recognition events between enzymes and
their inhibitors to study the energetics of spe-
cific intermolecular interactions. We have
recently designed and synthesized new
inhibitors of HIV–1 protease where we have
replaced groups known to hydrogen bond to the
protein backbone by groups that bear non-clas-
sical hydrogen-bonding functionalities. The gen-
eral purpose of this work is to measure the ener-
getic contributions by these new hydrogen
bonds. This approach can be fruitfully used to
study a variety of different intermolecular inter-
actions and, at the same time, to achieve a
deeper understanding of the enzymes’ inner
machinery. These experimental studies are com-
plemented by high level ab initio calculations on
simple complexes. Natural Bond Orbital theory
is also used to chemically understand the origin
of the interactions.

Short RNA-Small Molecules Complexes
Our research in this field focuses on finding the
minimal RNA sequences able to bind small
organic molecules with high selectivity and
affinity. Our own approach starts from the
analysis of the crystal structure of RNA
aptamer–small molecule complexes. We then
computationally model these complexes to study
the effect of nucleotide deletion and spatial
rearrangement on the overall energetics. This
approach allows us to computationally design
short RNAs that are able to specifically bind
small molecules. The complexation thermody-
namics is then studied by microdialysis. We are
also currently pursuing a dynamic combinator-
ial approach to this problem.
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Organic Chemistry
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Current research aims at improving teaching
and learning of chemistry by expanding the

use of interactive, student-oriented means of
instruction. We are exploring the potential of a
variety of media through which students can
obtain chemical knowledge and intuition, and
examining each medium to determine how it
can make the greatest contribution to the chem-
istry curriculum. Unique opportunities are avail-
able for students who are seriously interested in
teaching of chemistry to broaden that interest
by working on a project in chemical education.

Instructional technology, both current and
future, can provide richer, more diverse environ-
ments within which students can learn chem-
istry than have ever before been available. Many
technologies permit, even encourage, an induc-
tive, experimental approach to the subject—stu-
dents are led to try things, develop hypotheses,
and proceed on the basis of their observations,
ideas, and conclusions. That is, they are encour-
aged to act as scientists would act.

Opportunities are available for work on
new computer software, interactive multimedia
materials, computer-based laboratories, chemi-
cal demonstrations, and hands-on chemistry
activities aimed at both college and pre-college
students. Examples of recent work are

• “Periodic Table Live,” a multimedia hyper-
text about the elements and their proper-
ties that includes video images of the reac-
tion of each with air, water, acids, and
base; and includes fifty chemical and phys-
ical properties of 103 elements;

• “ChemPages Laboratory,” a multimedia
encyclopedia of laboratory procedures and
techniques that students can access via the
World Wide Web;

• Web-based multimedia quizzes and home-
work assignments that allow students to be
examined using digitized video, sound, and
computer animations;

• “Chemistry Comes Alive!” a series of CD-
ROMs that provide nearly instant random
access to still pictures, action video
sequences, and animations showing a large
number of chemical demonstrations and
laboratory techniques close up so that the
chemistry is the center of attention; and

• “ChemPages Netorials,” a set of Web-based
tutorials on all aspects of introductory
chemistry and biochemistry.

The Journal of Chemical Education (JCE),
the Institute for Chemical Education (ICE), and
Project SERAPHIM provide for interaction with
a wide variety of persons who are interested in
problems associated with education in chem-
istry. Each year we host visiting faculty and
postdoctoral Fellows who provide many new
perspectives on chemical education and good
contacts for students. ICE is a national center
that works to revitalize the teaching of chem-
istry at all educational levels by forming part-
nerships among academic, government, and
industrial chemists. Project SERAPHIM devel-
ops new kinds of software and new applications
of technology in teaching.

The editorial offices of the Journal of Chemi-
cal Education moved to Madison in 1996. This

provides additional
opportunities for
interactions with a
wide variety of
people interested
in chemical educa-
tion. Journal of
Chemical Educa-
tion Software, a
branch of the Jour-
nal of Chemical
Education, is the
first scientific jour-
nal to publish com-
puter software in
electronic form—
on floppy disks,
videodiscs, CD-
ROMS, and the
Internet. It too con-
tributes to the very
strong chemical
education compo-
nent of UW–Madi-
son.

Chemical Education.
Editor, Journal of Chemical Education.

Director, Institute for Chemical Education.

Director, Project SERAPHIM.

(608) 262–5154. jwmoore@chem.wisc.edu.
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Molecular beam scattering experiments have
blossomed into a universal technique for

understanding and controlling reactions in the
gas phase and on solid surfaces. Our research
confronts a third frontier: the microscopic
structure and reactivity of liquid surfaces. We
use molecular beam techniques to explore colli-
sions and reactions of gas molecules with liq-
uids ranging from crude oils, fluorinated lubri-
cants, and liquid metals to glycerol, sulfuric
acid, and molten sodium hydroxide. These liq-
uids are important industrially and in the
atmosphere, where sulfuric acid aerosols play a
role in ozone destruction.

The questions we ask are simple: what
does the surface of a liquid “look like” atom by
atom and “feel like” during the short time scale
of a gas-liquid collision? How does an acidic
molecule such as HCl dissolve and dissociate in
the neutral liquid glycerol or in supercooled sul-
furic acid? What are the interfacial analogs of
bulk solvation, hydrogen bonding, the “like dis-
solves like” rule, proton exchange, and acid-
base reactions?

Molecular beam scattering experiments can
answer these questions. We direct a highly colli-
mated and nearly monoenergetic beam of mole-

cules at the surface of a continuously renewed,
low vapor pressure liquid inside a vacuum
chamber. These gases range from inert atoms to
alcohols, carboxylic acids, and hydrogen
halides. After striking the liquid, the molecules
either scatter from the liquid or stick and dis-
solve, perhaps reacting with solvent molecules
in the interfacial or bulk regions of the liquid. A
fraction of the reaction products may then des-
orb into the vacuum. The identity of the recoil-
ing and desorbing molecules and their direction
and velocity are monitored by a mass spectrom-
eter. In many cases, we also measure interfacial
and bulk reaction probabilities and the resi-
dence times of the gas molecules in the liquid.
The data allow us to develop a “blow-by-blow”
description of the ways in which these gas mole-
cules bounce off, dissolve in, and react with
each liquid.

Our studies bring together the most recent
advances in chemical kinetics and theories of
liquid structure and dynamics. By carrying out
controlled collisions between a gaseous solute
molecule and a liquid solvent, we are helping to
construct an intimate picture of the chemistry of
gas-liquid interfaces.

Physical Chemistry.
Molecular beam studies of gas-liquid colli-
sions and reactions; atmospheric heteroge-
neous chemistry; structure and reactivity of
the surfaces of pure liquids, acidic and basic
solutions, and soluble and insoluble mono-
layers.

(608) 262–8098. nathanson@chem.wisc.edu
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Much of our research involves the design of
the proper molecules to study, through

modeling of the effects of structural changes on
molecular properties and electronics. We are
especially interested right now in the design and
study of “intervalence compounds” of the gen-
eral structure M-B-M+, that have identical but
separated sites for the “hole” that results from
loss of an electron [M is a charge-bearing unit
and B a bridge between the Ms]. These are the
simplest electron transfer systems, and their
study provides the most stringent tests for the
validity of the assumptions used in theories of
electron transfer. The intervalence concept was
developed for transition metal centered com-
pounds, and virtually all the compounds that
had been studied before our work had either
coordination compounds or aromatic com-
pounds as the M. Our principal contribution has
been to design compounds for which the elec-
tron transfer rate constant can be measured by
employing specially designed M units that slow
electron transfer enough to measure its rate
using ESR.1 The role of the bridge in facilitating
electron transfer is being studied in both sys-
tems with saturated bridges, such 1, and unsatu-
rated ones such as 2. The simplest Marcus-Hush

“two parabola” theory that uses only a vertical
reorganization energy (λ) and an electronic cou-
pling through the bridge (Hab), both obtained
from the charge transfer band in the optical
spectrum of an intervalence compound, predicts
the thermal electron transfer rate constants for
several of these compounds much better than I
think anyone predicted. We improved the pre-
diction by actually fitting the optical charge-
transfer band instead of pretending that the dia-
batic surfaces are perfect parabolas (they are
not).1 These studies showed that although sim-
plest theory fits many compounds well,4 the way
that solvent contributions to λ are being esti-
mated fails badly.8 Just changing the bridge
from the naphthalene of 2 to anthracene makes
the simple model fail badly,2 and we are design-
ing both experimental systems and theoretical
analysis that properly test how to handle these
situations, which we suggest will prove to be
common. There is great current interest in
“almost delocalized” intervalence compounds
that have only a tiny electron transfer barrier,2,5

and we hope to provide experimental answers as
well as theoretical predictions by the prepara-
tion and study of properly designed systems. We
have shown that inserting a single oxygen in the

bridge in going from 3, which is strongly delo-
calized, to 4 results in charge localization

because of the big difference in twist at the oxi-
dized and reduced M groups, but electron transfer
in 4 remains very fast because twisting at the O-
aryl bond increases electronic coupling.7 Recent
improvements in computation should allow much
better treatments of optical absorption spectra
and electron transfer dynamics than the semiem-
pirical calculations we have been using to save
computational time,2,6,7 and we hope be able to
use ab initio calculations for such questions in the
future. We have recently shown that DFT calcula-
tions, which offer great time-savings over ab initio
methods for many purposes, do not work for
intervalence compounds because they incorrectly
fail to get significant geometry differences
between oxidized and reduced M units.

We are also actively studying intermolecular
ET reactions.9 Modern electron transfer theory
predicts that the simple analysis of such reac-
tions we use should not work because Hab should
be very sensitive to structure. But experimentally
it is not, and we now have a consistent picture
for both intra-8 and intermolecular9 electron
transfers. There is a small (about 0.01 kcal/mol)
and quite constant Hab for intermolecular elec-
tron transfers for all but the least sterically hin-
dered systems. In the near future we hope to
extend our studies to determining what factors
are important in achieving coupled electron and
proton transfer. Such processes are very impor-
tant in biochemistry: ATP formation is based
upon it. No simple model systems that will allow
probing coupled e-,H+ ET are currently available.
We expect the high reorganization energies of
hydrazines to allow such studies.

Organic Chemistry.
Preparation of theoretically significant mol-
ecules; electron transfer reactions and radi-
cal ion/radical chemistry; lone pair and _,�
interactions; organic electrochemistry;
application of physical methods to the study
of molecular geometry and electronic inter-
actions.

(608) 262–3426. nelsen@chem.wisc.edu.
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The amino acid sequence of a protein encodes
its three-dimensional structure, and this

structure manifests itself in biological function.
Using techniques that range from synthetic
chemistry to cell biology, we are illuminating in
atomic detail both the chemical basis and the
biological purpose for protein structure and pro-
tein function. Our efforts are leading to insights
into the relationship between amino acid
sequence and protein function (or dysfunction),
as well as to the creation of novel molecules
with desirable properties. Our work is now
focused on the following problems.

Protein Chemistry—The complete sequence of
the human genome is now known. This infor-
mation is a powerful raw material for develop-
ing new cures for disease. The human genome
encodes nearly 100,000 proteins, including
5,000 or so new drug targets. Mining this raw
material for new therapies requires producing
the encoded proteins. We have developed new
methodology for assembling proteins from their
component amino acids. Our method can be
automated to enable the production of any pro-

tein. Other advantages include great speed,
facile purification, and the ease of incorporating
modified, unusual, or even nonnatural amino
acid residues. Automated protein assembly can
be used to produce either large quantities of a
single protein (for detailed analyses) or small
amounts of many proteins (for drug discovery
using combinatorial chemistry).

Protein Folding—The formation of disulfide
bonds is a critical step during the folding of many
proteins. We are creating new proteins and small-
molecules that are efficient catalysts of disulfide
bond formation both in vitro and in vivo.

Protein Stability—Collagen is the most abun-
dant protein in animals. We have discovered a
simple collagen derivative that is much more
stable than normal collagen. This discovery is
spawning new biomaterials for a variety of med-
ical procedures.

Protein Function—We are revealing the molec-
ular basis for the special biological activities of
two ribonucleases: onconase (which is toxic to
tumor cells) and angiogenin (which promotes

neovascularization).

These research projects are
designed to reveal how biological
phenomena can be explained and
manipulated by using chemical
principles. Our hypotheses are far-
reaching, and testing them
requires the use of techniques and
ideas from diverse disciplines. For
example, members of the group
learn (1) to synthesize simple
organic molecules as well as pep-
tides, nucleic acids, and their
derivatives; (2) to create well-
defined mutant proteins and
mutant microorganisms; (3) to
evaluate structure-function rela-
tionships in atomic detail by using
modern biophysical methods; and
(4) to acquire pertinent data in
vivo. This broad/deep training is
appropriate for scientists who
want to perform innovative and
meaningful research at the widen-
ing chemistry – biology interface.

Organic Chemistry
Chemical biology. Bioorganic chemistry.
Biophysical chemistry.
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Site specific interactions between DNA bind-
ing proteins and their target sequences gov-

ern the expression and replication of genetic
information. To understand these central nonco-
valent binding processes, our effort is focused
on quantifying the thermodynamics (energetics)
and kinetics of interaction between DNA and
three bacterial proteins: RNA polymerase, lac
repressor, and “integration host factor” (IHF).
All these systems are unified by a common
theme: large conformational changes and other
coupled processes in the proteins and/or their
target DNA sites occur in binding. To initiate
transcription from promoter DNA sites, RNA
polymerase opens more than 10 base pairs of
the DNA helix in the vicinity of the transcription
start site, and in the process creates the catalytic
site for NTP binding and synthesis of the RNA
transcript. Lac repressor folds alpha helices in
the minor groove of its target DNA sequence and
wraps or loops flanking DNA regions to act as
an on-off switch for transcription of genes for
growth on the sugar lactose. To wrap and pack-
age DNA, IHF induces a large bend (>160°) in its
specific binding site.

We use a wide range of biophysical and bio-
chemical measurements to characterize these
conformational changes and to quantify the
amount of biopolymer surface they expose to or
remove from solvent and solutes. From thermo-
dynamic and kinetic studies, we determine the
balance between driving forces and free energy
costs for these conformational changes, and char-
acterize the sequence of mechanistic steps by
which they occur. We also study the DNA binding

behavior of oligocations and model proteins to
dissect contributions from individual compo-
nents of the overall protein-DNA binding surface,
and do computational and analytic theory to
describe the behavior of these simpler systems.

The series of conformational changes
orchestrated by RNA polymerase to form the
open promoter complex and the transcription
bubble occur in a minimal three step mecha-
nism.  From our kinetic studies and low resolu-
tion structural data for the intermediates (from
chemical and enzymatic footprinting) we pro-
pose large scale changes in each step including
DNA wrapping, kinking, unpairing and unstack-
ing as well as protein folding and hinge bending
(jaw closing).  In particular, we deduce that the
first kinetically-significant intermediate (I1) has
a sharp bend upstream of the transcription start
site which puts the downstream DNA in the jaws
of polymerase prior to opening, as drawn below
into Prof. S. Darst’s structure of free RNA poly-
merase:

Current work in our lab is characterizing these
conformational changes and coupled processes
(including coupling of disruption of protein sur-
face salt bridges to DNA wrapping) by thermo-
dynamic, kinetic and footprinting methods,
using selected protein structural variants and
DNA sequence variants and analyses based on
the recent crystal structures of eucaryotic,
prokaryotic and phage RNA polymerases.

Other projects in the laboratory include the
characterization of the bacterium E. coli as a
chemical and osmotic system, and the thermo-
dynamic and molecular characterization of
interactions of cytoplasmic solutes (e.g. potas-
sium glutamate, glycine betaine) and common
biochemical solutes (e.g. urea, glycerol) with
biopolymers and of effects of these solutes on
biopolymer processes.

Graduate students from Chemistry, Bio-
chemistry and Biophysics are conducting this
research. The broad range of backgrounds and
interests of these students has been a key factor
in our research successes and contributes to a
stimulating research environment. Many of my
students have gone on to academic positions in
chemistry and biochemistry departments; many
others are engaged in research at chemical,
pharmaceutical and biotechnology companies.
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Biophysical Chemistry.
Specificity, stability and mechanisms of for-
mation of protein-nucleic acid complexes;
biophysical studies of the E. coli cytoplasm;
polyelectrolyte properties of nucleic acids
and their complexes.

(608) 262–5332. record@chem.wisc.edu.
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Our research effort is directed towards the
study of organometallic and organometal-

loid compounds. The goal of the work is to
deepen our understanding of these compounds
and thus improve and extend their chemistry, as
well as to discover new reactions of value for
synthetic chemistry.

Most carbon-carbon bond forming processes
involve the interaction of carbanionic centers
with carbon electrophiles like carbonyl com-
pounds, epoxides, aziridines, alkyl halides, acti-
vated alkenes and many others. Organolithium
reagents are probably the single most important
source of carbanionic species, and they have long
played an important role in synthetic organic
chemistry. A vast literature provides many com-
plex recipes for preparing and utilizing them.
However, the basis for much of what we do in the
laboratory when we prepare and use lithium
reagents is empirical rather than based on firm
mechanistic and structural insights. We are try-
ing to replace the “art” in the chemistry of these
organometallic reagents with science.

The first step in unraveling these complexi-
ties lies in understanding the organolithium
reagents themselves: What are their structures in
solution and how do these change with solvent?
What is the configurational stability of organo-
lithium reagents and can we make optically
active ones? How do they invert configuration,
and can we control the process? How do chelat-
ing appendages affect structure and reactivity?
We have developed multinuclear NMR spectro-
scopic tools for gaining detailed insights into the
structures of lithium reagents in solution to pro-
vide answers to these and other questions.

Some of the reactivity issues we are inter-
ested in are the following: What determines
whether a 1-substituted allyl or allenyl metal
reacts at the �- or �-position? What determines
whether an organometallic reagent adds 1,2 or
1,4 to an �,�-unsaturated carbonyl compound?

Why do lithium halides sometimes have such
dramatic effects on organolithium reactions?
What role does catalysis by lithium cation play
in reactions? What species are formed when
organolithium species are transmetalated to
organocerium, manganese, titanium and other
organometallics?

Coordinating solvents and co-solvents such
as THF, TMEDA, HMPA, crown ethers and oth-
ers play important roles in fine tuning the chem-
istry of organolithium reagents. Rates of reac-
tions as well as stereochemical and
regiochemical selectivity are profoundly affected
by such additives, but we do not understand the
origin of these changes. We are developing a
rapid-injection NMR apparatus for studying fast
reactions at very low temperatures which we
anticipate will provide insights into such effects
at the molecular level.

Organic Chemistry.
Main group organometallic chemistry: struc-
ture, stereochemistry, mechanism and syn-
thetic applications of organic compounds
containing lithium, tin, silicon, sulfur, sele-
nium, tellurium and other metals and metal-
loids; NMR spectroscopy.

(608) 262–5794. reich@chem.wisc.edu.
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My group is interested in
the chemistry and bio-

organic chemistry of natural
products derived from pep-
tides. All target molecules are
biologically active; many are
protease inhibitors and the
rest bind to well-character-
ized receptor molecules. Each
inhibitor contains at least one
novel structural feature, usu-
ally a unique, highly function-
alized amino acid, that is
essential for the biological
activities of the inhibitor. Our
goals are to understand how
this component stabilizes
binding to the receptor mole-
cule, characterize the cat-
alytic mechanisms of the
affected enzymes, and devise selective inhibitors
of related, therapeutically important enzymes.

We select natural products because many
of them possess novel structural features that
are essential for efficient inhibition of the target
enzyme and which appear to function as transi-
tion-state analog inhibitors but whose mecha-
nisms are not well understood. For example, our
synthesis of analogs of pepstatin and the charac-
terization of their mode of binding to pepsins by
various methods provided a general strategy for
designing inhibitors of this class of enzyme that
has been used to develop several therapeutic
agents, including inhibitors of renin, HIV pro-
tease, and most recently, �-secretase.

Today, the conformations of ligands bound
to target proteins can be determined by X-ray
and NMR methods, but what is needed are ways
to identify possible lead structures based only
on the knowledge of the enzyme's ligand bind-
ing site, and to select from the many potential
inhibitors those that are likely to exhibit the
pharmacodynamic properties needed to obtain
drugs. My group is testing various approaches
for designing or creating novel inhibitors of
therapeutically important enzymes, e.g. �-secre-
tase and botulinum toxin metallo protease. The
long-term goal is to discover ways to exploit the
precise structural information contained in high

resolution structures of enzyme-inhibitor com-
plexes in order to develop non-peptide struc-
tures that mimic the parent peptide. By use of
computerized structure-generating programs,
thousands of potential mimics of the inhibitor
are grown in the active site of the enzyme, one
atom at a time. Some of these are synthesized
by my students and tested to see how well they
inhibit the target enzyme. We have actually
"taught" the computer to "discover" known
pepsin inhibitors, and now are embarked on a
program to synthesize novel inhibitors. This
strategy is being applied to a variety of enzymes
that have therapeutic potential.

Botulinum toxin metallo protease is one of
the most selective peptidases known and needs
to recognize at least 35 amino acids in a protein
in order to cleave the substrate sequence. This
class of peptidase represents a particularly chal-
lenging target for which to attempt rational drug
design. There are no known natural inhibitors of
these enzymes and traditional approaches
employed to inhibit related enzymes fail with
this one. Recently we obtained the first non-pep-
tide, low molecular weight inhibitor of BoNT/B
peptidase. We are actively trying to modify this
lead using structure-based design and combina-
torial chemistry in hopes of obtaining clinically
useful lead structures.

Organic Chemistry.
Design and synthesis of inhibitors of thera-
peutically important enzymes; Synthesis and
conformational analysis of cyclic peptides;
New methods for peptide synthesis.
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Our research activities have had two major
goals: first, to determine experimentally the

influence of specific chemical structure, as well
as polymer-solvent and polymer-polymer inter-
actions, on the conformational dynamics of
macromolecules; second, to explore the utility of
such dynamics information for polymer analysis
and characterization. The first aspect of our
work has been an attempt to explore the ranges
of applicability to motional dynamics of various
simple mechanical models of macromolecules to
provide experimental guidance for the develop-
ment of more complete motional modeling for
such systems.

The second has been an attempt to apply
dynamics methods to obtain characterization
information (degree of long chain branching, for
example) that is difficult to obtain by other less
direct methods. The instrumental techniques
employed have measured oscillatory flow bire-
fringence or viscoelastic properties of polymer
solutions and have made possible studies over
the entire motional scale of importance in chain
dynamics in high viscosity solvents. It has also
been possible to extrapolate to infinite dilution
to obtain isolated molecule properties.

Additional experiments—such as oscillatory
flow dichroism and time-resolved light scatter-
ing and Raman spectroscopy of solutions under-
going time-varying flows—have been explored,
and several new birefringence and viscoelastic-
ity instruments capable of operation to higher
frequencies—as well as over much wider fre-

quency ranges than commercially available sys-
tems—have been developed that enable studies
of macromolecules in low viscosity solvents so
that more polymer-solvent systems could be
examined, especially ones of biological impor-
tance for which water-based solvents generally
must be employed.

Recent studies have addressed the follow-
ing questions: what roles do side groups play in
chain dynamics; do weak but significant intra-
and intermolecular association forces exist in
polymer solutions; what causes the apparent
modification of moderately long range forces in
chlorinated biphenyl solvents when small
amounts of polyisoprene or polybutadiene are
present; does the presence of polymer signifi-
cantly modify solvent properties for polymer/sol-
vent systems; what is the concentration depen-
dence of oscillatory flow birefringence,
viscoelastic properties, and chain relaxation
times; what is the influence of induced internal
electric fields on birefrigence measurements;
what influence do the number and length of
arms have on the observed conformational
dynamics behavior of branched polymers; what
dilute solution birefringence and viscoelastic
properties are shown by block copolymer solu-
tions; how can the combination of oscillatory
flow birefringence and viscoelastic studies be
used to examine aggregation in rigid molecule
systems; and can detailed helix coil transition
information be obtained by oscillatory flow bire-
fringence studies?

Analytical and Physical
Chemistry.
(608) 262–3145/(608) 262–5898.
schrag@chem.wisc.edu.
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Reduction of experimental scale terminates at
the single molecule level. Single molecules

are the ultimate analyte, since they represent the
pinnacle of minaturization, and when sytemati-
cally analyzed as ensembles, offer the greatest
advantages for the generation large-scale data
sets. Such large and often complex datasets have
become the currency of modern biological
analysis. In this regard, our laboratory has pio-
neered the first single molecule system for large-
scale genome analysis—Optical Mapping. This
system uses automated fluorescence microscopy
to image thousands of individual of “biochemi-
cally marked” DNA molecules. Generally speak-
ing our research centers on the development of
new genome analysis systems, which exploit
novel macromolecular phenomena, with clear
goals set to answer important biological prob-
lems. In this regard, Optical Mapping was used
to construct whole genome maps of many
microrganisms, which included Yersinia pestis
(black plague ) and Plasmodium falciparum (the
major causative agent of malarial disease) with-

out the use of PCR, electrophoresis, or clones.
Curently, the system is being used for compara-
tive genome studies in microbes and human
populations. Such studies are forming the basis
for rational approaches to solving difficult prob-
lems in pharmacogenomics.

Our systems are a complex mix of princi-
ples derived from nano/microfluidics, surface
science, biochemistry, optics, genetics, polymer
science and bioinformatics. The generality of
our approaches to effectively analyze single mol-
ecules has spawned several other related sys-
tems. Optical Sequencing is based on the imag-
ing of DNA polymerase action on individual
DNA Molecules absorbed to Optical Mapping
surfaces. Transchip is an in vitro transcription
message display system designed to elucidate
the biochemistry of transcriptional action over
entire genomes, using ensembles of single DNA
molecules. Future work in this direction will
incorporate our advancements in nanofluidics
and surface science to enable the development
of “cell on a chip” systems.

Single molecule technologies
underlie the basis of many cyto-
genetic techniques, yet access to
these individual molecules is hin-
dered by nucleoprotein com-
plexes. These complexes serve to
package DNA yet reduce the
usable information available to
cytogeneticists. Using newly
developed high-throughput Opti-
cal Mapping systems, we are
characterizing, at high resolu-
tion, genome alterations linked to
human malignancies, on a whole
genome basis. Special interest is
given to heterochromatic regions,
which compose centromeric and
telomeric regions on most chro-
mosomes. Current approaches
cannot readily analyze such chro-
mosomal regions for basic struc-
tural details and putative coding
regions. The ultimate plan is to
further this analysis to cover
large populations, and to discern
mutations which are representa-
tive of different tumor types.

Analytical Chemistry.
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Communicating science, especially to non-sci-
entists, is an important responsibility. Those

who are scientifically literate must devote
proper efforts to enhance the level of science lit-
eracy among non-scientists. This is true more so
now than ever as the level of science literacy in
the United States and elsewhere around the
world continues to drop and the gap between
scientists and the general population is widen-
ing at an alarming rate. My efforts to improve
science literacy are in five major areas:

1. Pursuit of the understanding of chemical phe-
nomena and development of lecture demonstra-
tions/experiments for communicating chemistry
in the classroom and to the general public (e.g.,
the television program, ONCE UPON A
CHRISTMAS CHEERY IN THE LAB OF
SHAKHASHIRI and the Science is Fun Out-
reach programs for students, teachers and the
public at large).

2. Other scholarly work resulting in publication
of laboratory manuals, topical booklets, audio-
tutorial lessons, computer-based instructional
management and laboratory videotapes.

3. Investigation of creative ways to enhance the
quality of teaching chemistry by faculty and by
teaching assistants and to increase the effective-
ness of the teaching and learning environment.

4. Creation of structures, such as the Institute
for Chemical Education (which I founded in
1983 and in which I served as first director
through June of 1984), to carry out extensive
research and development in chemistry educa-
tion at the Kindergarten through graduate
school levels and to promote wide-spread dis-
semination through workshops, short courses,
publications, etc.

5. Development of national policies and imple-
mentation of strategies at the federal and state
levels to revitalize and restructure science,
mathematics, and engineering education at all
levels (from 1984 to 1990 I served in Washing-
ton, D.C. as Assistant Director of the National
Science Foundation for Science and Engineer-
ing Education).

Presently my major focus is on expanding the
programs of the Wisconsin Initiative for Science
Literacy (WISL) which I launched in the Fall of
2002. The programs aim to promote literacy in
science, mathematics, and technology among
the general public; and to attract future genera-
tions to careers as researchers, entrepreneurs,

and teachers. WISL’s current thrusts are to
improve the quality of science teaching; to put
more under-represented groups on a track to
becoming tomorrow’s scientists and science
teachers; and to explore and establish new links
between science, the arts, and humanities.

Among WISL’s programs is a popular series
called Conversations in Science that enable local
middle and high school teachers to interact with
UW–Madison’s cutting edge faculty and to take
new ideas back to the classroom. Another is a
series of Saturday morning science sessions for
middle school and high school students and
their parents in Madison and Milwaukee. This is
part of WISL’s Science in the City program
which focuses on science education in urban
settings. The Women in Science program targets
girls and women to encourage their participa-
tion in science by making them aware of role
models and offering them chances to “try out”
science in fun and supportive science sessions.
WISL is uncovering rich new terrain in the Sci-
ence, the Arts and Humanities program in
which faculty–scientists, artists and human-
ists–explore areas where their disciplines over-
lap with science; they then share their discover-
ies and new perspectives through public
outreach activities.
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Microorganisms produce a large variety of
biologically active substances represent-

ing a vast diversity of fascinating molecular
architecture not available in any other sys-
tems. Our research centers on the chemistry,
biochemistry and genetics of the biosynthesis
of these secondary metabolites. Blending
organic chemistry, biochemistry, and molecu-
lar biology, we take a multidisciplinary
approach to study the secondary metabolism
by asking the following questions: what reac-
tions are available in nature, what are the
enzymatic mechanisms of these reactions, how
are these reactions linked to produce complex
structures, what are the regulatory mecha-
nisms of these pathways, and, ultimately, how
can we manipulate nature’s biosynthetic
machinery for the discovery and development

of new drugs. The followings are brief sum-
maries of current projects.

Engineered biosynthesis of polyketide and
peptide hybrid antibiotics: We study the
biosynthesis of bleomycin, phleomycin, oxa-
zolomycin, and leinamycin as model systems for
hybrid peptide-polyketide metabolites to deci-
pher the mechanism of how nonribosomal pep-
tide synthetase (NRPS) and polyketide synthase
(PKS) can be hybridized into a functional sys-
tem to make novel anticancer drugs from amino
acids and short fatty acids.

Cloning and genetic engineering of
enediyne biosynthesis in Streptomyces: We
study the biosynthesis of C–1027 and neocarzi-
nostatin to develop a biological approach to the
synthesis of the enediyne family of antibi-
otics—the most potent, highly active antitumor
agents ever discovered.

Novel polyketide synthases: We study the
biosynthesis of macrotetrolides,
dorrigocin/migrastatin, and lactimidomycin to
search for PKSs with novel structure and mech-
anism—the macrotetralide PKS functions inde-
pendent of acyl carrier protein and catalyzes
both C-C and C-O bond formation, and the dor-
rigocin/migrastatin and lactimidomycin PKSs
exhibit modular structure but lack the cognate
acyltransferase domain.

Biosynthesis of aromatic polyketides: We
study the biosynthesis of tetracenomycin and
fredericamycin as model systems to elucidate
how type II PKSs determine the chain length
during the biosynthesis of an aromatic polyke-
tide from the malony CoA precursors.

Members of our group gain broad training span-
ning organic chemistry, biochemistry, microbiol-
ogy and molecular biology, a qualification that is
becoming essential for the modern bioorganic
chemists who seek career opportunity in both
academia and pharmaceutical and biotechnology
industry.

Organic Chemistry.
Bioorganic chemistry, chemical biology,
metabolic biochemistry, natural product
chemistry
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The long term goal of our research is to
develop predictive theories for the vibra-

tional dynamics of small molecules in order that
we may determine both the products and rates
of laser initiated chemical events. Working
towards this goal our current research focuses
on theoretically describing the dynamics and
spectroscopy of polyatomic molecules in both
the gas and condensed phases. In the gas phase,
we are primarily interested in understanding
and elucidating the mechanisms and pathways
of intramolecular energy flow over wide ranges
of energy. In the liquid phase we are investigat-
ing vibrational relaxation of CH and OH
stretches due to the interplay of solvent-solute
interactions and intramolecular couplings.

At low energies the dynamics in the gas
phase is well understood. The rotational and
vibrational motions are separable, and the vibra-
tions consist of independent normal mode har-
monic oscillators. At higher energies, that are
relevant to chemical dynamics, the coupling
between these motions becomes appreciable;
mixing occurs as Fermi and Coriolis resonance
interactions become prevalent. The resultant
energy flow between the normal modes can be
both rapid and complex. At yet higher energies,
descriptions of the dynamics once again can be
simplified, and statistical descriptions such as
random matrix theory can be used.

The exact quantum mechanical solutions
to the dynamics over a wide range of energies,

using standard basis set methodologies, are
intractable for systems with more than three
degrees-of-freedom; hence alternative routes to
their solutions must be explored and developed.
One approach, that we have successfully pur-
sued, is the implementation of perturbation the-
ory to reduce the complexity of the problem.
This approach not only allows us to describe
many experimental spectra, but it also enables
us to understand the spectra in terms of fea-
tures in the classical phase space structures.
With these methods we have begun to under-
stand the dynamics of molecules whose ener-
gies span from the normal mode regime to the
statistical region.

Vibrational relaxation in the condensed
phase is relevant to many aspects of chemistry,
physics, and biology. It is involved in thermal
chemistry, shock-induced chemistry, electron
transfer, photochemistry, and biological
processes such as vision and photosynthesis.
Moreover, vibrationally excited solute molecules
relax due to solvent-solute interactions; hence
the rate of energy transfer can be used as a
probe of these interactions. At present we are
investigating the role of the CH stretch relax-
ation in neat chloroform in order to unravel the
multiple relaxation pathways that are available
to this molecule and to develop the theoretical
tools that will enable us to combine quantum
descriptions of the solvent with classical
descriptions of the solute.

Physical and Theoreti-
cal Chemistry.
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Theoretical Chemistry.
Nonequilibrium statistical mechanics; con-
densed phase spectroscopy; relaxation
processes; crystals, glases, interfaces, liq-
uids, supercritical fluids, proteins.
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My group is interested in the structure and
dynamics of condensed phase systems, and

in particular, in the theory of time-dependent
phenomena in liquids, supercritical fluids, crys-
talline and amorphous solids, on surfaces, and
in proteins. We typically use the methods of
classical and quantum nonequilibrium statisti-
cal mechanics to investigate these phenomena.

Experimentally, one important avenue for
determining the structure and dynamics of con-
densed matter involves the spectroscopy of
dilute probe molecules. Typically, vibrational or
optical spectroscopy contains information about
the probe’s local environment, whose extraction,
however, usually requires theoretical models
and their solutions. For some time we have been
developing and solving theoretical models for
the spectroscopy of probe molecules in crystals,
amorphous solids, liquids, and in proteins, and

have applied our research to a number of differ-
ent types of experiments. Examples include: sin-
gle-molecule spectroscopy in crystals, glasses
and biopolymers, hole-burning spectroscopy in
proteins, and ultrafast optical and vibrational
spectroscopy in liquids, supercritical fluids, and
proteins.

Relaxation processes are important for the
understanding of chemical reaction dynamics,
electron transfer reactions, NMR spectroscopy,
solid-state laser design, and many other fields.
We have been involved with developing theories
of relaxation processes in condensed phases.
Our interests range from fundamental issues in
nonequilibrium quantum statistical mechanics,
to calculations of multi-phonon relaxation in
crystals, and to theories of vibrational energy
relaxation in liquids.
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Two of the most dynamic research areas in
analytical biotechnology today are mass

spectrometry and DNA arrays. The Smith group
makes fundamental contributions to these tech-
niques using an interdisciplinary and collabora-
tive approach. Three current projects are
described below.

Mass Spectrometry. The recent completion of
the Human Genome Sequence, archived in
widely accessible databases, has permitted the
identities of proteins in complex mixtures to be
rapidly and automatically determined by mass
spectrometric analysis. Nanobore liquid chro-
matography coupled to a new generation of
mass spectrometers have made it possible to
analyze extremely complex mixtures of proteins,
even entire proteomes of model organisms. This
revolution in mass spectrometry of very large
biomolecules such as nucleic acids and proteins
is attributable to the twin techniques of Matrix-
Assisted Laser Desorption/Ionization (MALDI)
and Electrospray Ionization (ESI) Mass Spec-
trometry (MS), which were developed in the late
1980s. Nonetheless, as powerful as this technol-
ogy has become, we believe that the field of bio-
logical mass spectrometry is still in its infancy.

Mass spectrometry as it currently exists is a
relatively inefficient process, in which typically
only one out of 107 to 1010 molecules in a sample
being analyzed actually gives rise to a detection
event. This is because of ion losses that occur
throughout a mass spectrometry system; in the
ion source, the mass analyzer, and at the detec-
tor. Although the resolution for low m/z species
can be extremely high, at larger m/z values cor-
responding to low charge states of large biomol-
ecules and biomolecular complexes, both resolu-
tion and detection efficiency are extremely poor.
The major focus of our mass spectrometry
group is the development of a new generation of
mass spectrometers that will address these
issues, extending the useful mass range of bio-
logical mass spectrometry well out into the
megadalton range and beyond. This work
requires the study and understanding of funda-
mental mechanisms in mass spectrometry, as
well as the design and construction of novel
instrumentation. These advances will comprise
a next generation of mass spectrometers of
unparalleled power for dissecting biological and
chemical complexity in the post-genomic era.

DNA Computing. To perform a computation
one must have the ability to store information,
and then manipulate that stored information.
Nature provides us with an elegant medium for
information storage and manipulation namely,
DNA and enzymes. The complex arrangement of
the four basic nucleotides into a DNA molecule
yields a large storage capacity that can be manip-
ulated with naturally occurring enzymes and

probed (read) by hybridization. Our group is col-
laborating with the groups of Professor Robert
Corn, also in the Chemistry Department, and
Professor Anne Condon, of the University of
British Columbia, Department of Computer Sci-
ence, to develop a scalable implementation of
DNA-based computing. By immobilizing the
information-encoding DNA molecules to a solid
support, it becomes a simple matter to purify
them between the various steps of the DNA com-
putation. We have demonstrated the feasibility
of this approach in solving a small example of
the SATISFIABILITY problem, in which the val-
ues of Boolean variables satisfying a series of
clauses are determined, and in present efforts we
are extending this approach to larger problems.

Surface Invader. In the aftermath of the
Human Genome Project, attention has turned
back to the difficult question of understanding
the functions and interactions of the protein
products. A powerful tool for analyzing this area
is, as it has always been, Genetics. Mendel was
the first to show that phenotypes (observable
changes in the characteristics of an organism)
were governed by changes in molecules, and
today that approach remains the most powerful
tool available to biologists. The most common
type of variation in the genome is the single
nucleotide polymorphism, or SNP. We are devel-
oping a new technology in which hundreds of
thousands of such genetic variations can be
determined rapidly and easily in a single step.
The approach is to use a highly specific nucleic
acid cleavage technology in conjunction with
high complexity photolithographically manufac-
tured DNA arrays. The development and charac-
terization of new surface attachment chemistries
and surface enzymatic reactions are important
aspects of the work.

Analytical Chemistry.
Development and application of novel bioan-
alytical tools.
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We are broadly interested in the develop-
ment and study of catalytic reactivity,

ranging from new synthetic methodology for
organic chemistry to fundamental inorganic and
organometallic transformations. Our efforts
divide into two main areas: (1) development and
investigation of new catalysts for the selective
oxidation of organic substrates by molecular
oxygen and (2) investigation of new catalytic
methods for the manipulation of carboxamide-
based molecules.

Selective Oxidation Catalysis
There is a dramatic need for environmentally
benign oxidation chemistry in the pharmaceuti-
cal and chemical industries. Dioxygen repre-
sents an ideal alternative to stoichiometric tran-
sition metal oxidants such as CrO4

2- and MnO4
-

that are used extensively in industry; however,
the scope of dioxygen-coupled oxidation reac-
tions is presently quite limited.

We are currently investigating a series of
new transition-metal-catalyzed reactions for the
selective oxidation of organic substrates by
dioxygen. Reactions of interest encompass a
wide range of transformations, including desat-
uration (e.g., alcohol oxidation), oxygenation
(e.g., arene hydroxylation), and oxidative amina-
tion. Formally, these reactions proceed by a two
stage catalytic cycle: (1) oxidation of the sub-
strate by an oxidized transition metal catalyst
and (2) regeneration of the oxidized catalyst by
dioxygen (Scheme I).

Our interests in this area range from the
development of useful synthetic methodologies
for organic chemistry (synthetic organic chem-
istry) to the elucidation of mechanistic princi-
ples that underlie dioxygen-coupled catalysis
(physical organic, inorganic and organometallic
chemistry). Mechanistic studies often include
the preparation of key catalytic intermediates
(synthetic inorganic and organometallic chem-

istry) and investigation of their fundamental
reactivity through kinetics, isotope effects, and
other mechanistic tools.

Catalytic Amide Metathesis
Polyamides are ubiquitous in chemistry and
biology, ranging from synthetic materials based
on relatively simple monomers, e.g., nylon 6 and
Kevlar, to biological enzymes. We are develop-
ing and investigating new catalytic methods to
manipulate amide-based molecules. The
methodology that we are developing will provide
new opportunities to prepare functional het-
eropolymers with a new material and chemical
properties. Numerous applications may be envi-
sioned for such molecules, and in collaboration
with the group of Professor Samuel Gellman the
biocompatibility and bioactivity of such mole-
cules are being investigated.
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Our current research centers on the develop-
ment of synthetic methodology for small

(electron precise) metal clusters and the synthe-
sis of new and interesting compounds. Our
major recent activities have been focused on rhe-
nium (III) compounds. Two papers describing
syntheses, on rhenium chalcogenide clusters
([Re3Cl9A]2- A = S, Se, Te) and on clusters con-
taining acetamidate ligands (such as
[Re3Cl10(HNCOCH3)]

2-) and [Re3Cl8(HNCOCH3)2]
-

), are cited in the publication list on the margin
of this page. The former species are remarkable
in their simplicity, with a core of three metals
and a chalcogenide atom. The acetamidate lig-
and in the latter species forms by hydrolysis of a
coordinate acetonitrile ligand.

An interesting development in our research
efforts has been the use of MALDI and ESI mass
spectrometry. For the kind of compounds that
we have targeted, traditional instrumental tech-

niques of IR and NMR are of little value. We
have found these two modern mass spectromet-
ric methods allow us to monitor chemical reac-
tions and to characterize new products. The
acetamidate project began with our obtaining
ESI MS spectra of Cs3Re3Cl12 in acetonitrile.

Our background and experience in mass
spectroscopy has led to a collaboration with
food scientists, from which several papers have
now appeared.

A synergy has developed between my
research and teaching that I have been able to
share with my students. Arising out of our inter-
ests in mass spectrometry was the cited paper in
J. Chem. Ed. analyzing masses and relative
abundances in the envelope of parent mass
peaks for large molecules. In addition, over the
past decade, I have been involved in the teach-
ing of scientific ethics, an interest that extends
over both undergraduate and graduate teaching.

61

Inorganic Chemistry.
Current research: Synthesis and characteri-
zation of small metal cluster species; Use of
mass spectrometry, especially MALDI, LDI,
and ESI, in inorganic synthesis. Recent stud-
ies have concentrated on rhenium chemistry.
Other research interests: Organometallic
chemistry, including synthesis of new com-
pounds and studies on chemical reactivity.
Research on metal carbonyls, phosphine and
isonitrile complexes, species with sulfur con-
taining ligands, and hydrocarbon complexes.
Teaching interests: Scientific Ethics, General
Chemistry, Inorganic Chemistry.

(608) 262–8828. treichel@chem.wisc.edu.

1. Guzei, I. A., Dougan, J. S., and Treichel, P.
M., Hydrogen bonding in bis(triphenylphos-
phine-P)iminium hydrogensulfate chloro-
form solvate, Acta Cryst., C57, 1060 – 1061
(2001).

2. Reed, J. D., Gebre–Mariam, G., Robinson,
C. J., Hanson, J.,Odenyo, A., and Treichel, P.
M., Acetyldiaminobutanoic acid, a Potential
Lathyrogenic Amino Acid in Leaves of Aca-
cia angustissima, J. Sci. Food Agric., 81,
1481–6 (2001).

3. Dopke, N. C., Treichel, P. M., Vestling, M.
M., Significant Figures, the Periodic Table,
and Mass Spectrometry:The Challenge of
Large Biomolecules, J. Chem. Ed., 77, 1065 -
1069 (2000).

4. C. G. Krueger, N. C. Dopke, P. M. Treichel,
J. Folts, J. Reed, Matrix-Assisted Laser Des-
orption /Ionization of Polygalloyl Polyfla-
van–3-ols in Grape Seed Extract, J. Ag. Food
Chem., 48, 1663 - 1667 (2000).

5. Treichel, P. M., “Ethical Conduct in Sci-
ence: The Joys of Teaching and the Joys of
Learning”, J. Chem. Ed., 76, 1327 - 1329
(1999).

6. Dopke, N. C., Treichel, P. M., Vestling, M.
M. “MALDI-TOF MS of Rhenium (III)
Halides: A Characterization Tool for Metal
Atom Clusters”, Inorg. Chem., 37, 1272–1277
(1998).

7. McGaff, R. M., Hayashi, R. K., Powell, D.
R., Treichel, P. M.,”Synthesis and X-ray
Crystal Structures of New Trirhenium
Nonachloride Chalcogenide Clusters”, Poly-
hedron, 17, 4425–4431 (1998).

Paul M. Treichel
Professor, Born 1936
B.S. 1958, University of Wisconsin–Madison
A.M. 1960, Harvard University
Ph.D. 1962, Harvard University



Our research interests are in
the area of the response of

condensed matter to time
varying electric fields. Micro-
scopic models of the dynamics
including intermolecular
forces are analyzed via statisti-
cal mechanics to provide pre-
dictions for the measured
macroscopic response (espe-
cially the dielectric behavior).
We have characterized the
influence of the long range
dipole-dipole forces on the
reorientational motion of mol-
ecules in liquids and the role
of barriers to internal rotation
on the dynamics of conforma-
tional change. Automated
apparatus has been con-
structed to measure the dielec-
tric response. We are currently
using our apparatus and for-
malism to study counterion
dynamics on and near the sur-
face of DNA restriction frag-
ments. The results will help
elucidate the dynamics of pro-
tein binding to DNA and con-
tribute to an understanding of
the role of DNA in gene
expression.
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Our work focuses on development and appli-
cation of ab initio molecular quantum

mechanics to advance understanding of chemi-
cal structure and reactivity. We study a broad
range of phenomena (including organic, inor-
ganic, and biophysical systems [1]), employing
techniques applicable to molecules, supramolec-
ular clusters, and condensed phases. The ulti-
mate goal is development of unifying chemical
concepts that build on powerful modern tech-
nology for solving Schrödinger’s equation to
improve the scope, accuracy, and usefulness of
chemical theory.

A foundation of our research program is
Natural Bond Orbital (NBO) analysis [2]. NBO-
based methods were developed in our group,
providing a general bridge to describe complex
numerical wavefunctions in the familiar lan-
guage of chemical bonding theory. These meth-
ods lead to a mathematically rigorous “Lewis
structure” representation of the wavefunction,
with associated bonds, hybrids, and other

valence descriptors determined in optimal fash-
ion. The NBOs thereby provide a “chemist’s
basis set” that can be used to compare, contrast,
and comprehend many levels of ab initio and
density functional theory in a rigorous and con-
sistent manner. The current NBO 5.0 program
[3] is widely incorporated in modern electronic
structure packages (including Gaussian, Jaguar,
ADF, GAMESS, Columbus, Q-Chem, NWChem,
PQS) and used by computational chemistry
researchers throughout the world.

NBO-based techniques have demonstrated
particular effectiveness in elucidating reso-
nance-type stereoelectronic and steric factors in
covalent and noncovalent phenomena, including
the torsional and H-bonding interactions that
underlie protein folding processes [4–6].
Recently, new NBO-based analysis methods
have been developed for NMR properties,
including J-coupling and chemical shielding,
providing important new insights into structure
and function of complex biomolecules [7–9]. In
collaboration with the Landis group, NBO-based
methods are also being employed to extend
localized bonding and hybridization concepts in
transition metal species, leading to a coherent
and comprehensive pedagogical picture of
Lewis-like bonding patterns in main-group and
transition group chemistry [10]. NBO-based
methods are also being extended to analysis of
photoexcited and radical species [11]. A particu-
lar focus of current research involves the
remarkable class of “pi-star” charge-transfer
complexes, exemplified by nitrosyl cation (NO+)
complexation with aromatics.

We are also engaged in ongoing theoreti-
cal and experimental investigations of the
nature of hydrogen bonding and related types of
supramolecular association. The key theoretical
tool is Quantum Cluster Equilibrium (QCE) the-
ory, a method developed in our group to deter-
mine equilibrium cluster distributions and
phase properties of strongly associated liquids
and solids [12,13]. QCE theory combines the rig-
orous methods of ab initio quantum chemistry
for the cluster partition functions with the stan-
dard machinery of quantum statistical thermo-
dynamics for the equilibrium cluster popula-
tions at chosen temperature and pressure. A
fully ab initio treatment of cluster energetics
allows QCE to incorporate the important non-
pairwise-additive “cooperative” effects of donor-
acceptor interactions that are commonly
neglected or misrepresented in empirical simu-
lation potentials.

63
Frank A. Weinhold
Professor, Born 1941
B.A. 1962, University of Colorado, Boulder
A.M. 1964, Harvard University
Ph.D. 1967, Harvard University

Physical and 
Theoretical Chemistry.
(608) 262–0263. weinhold@chem.wisc.edu.

1. F. Weinhold and C. R. Landis, Valency and
Bonding: A Natural Bond Orbital Donor-
Acceptor Perspective (Cambridge U. Press,
2003).

2. F. Weinhold, “Natural Bond Orbital Meth-
ods,” in Encyclopedia of Computational
Chemistry. P. v.R. Schleyer et al. (Eds.),
(John Wiley & Sons, Chichester, UK, 1998),
Vol. 3, pp. 1792–1811.

3. NBO 5.0 website:
http://www.chem.wisc.edu/~nbo5

4. F. Weinhold, “News & Views: A New Twist
on Molecular Shape,” Nature 411, 539–541
(2001).

5. L. Goodman, V. Pophristic, and F. Wein-
hold, “Origin of Methyl Internal Rotation
Barriers,” Acc. Chem. Res. 32, 983–993
(1999).

6. M. L. DeRider, S. J. Wilkens, M. J. Wad-
dell, L. E. Bretscher, F. Weinhold, R. T.
Raines, and J. L. Markley, “Collagen Stabil-
ity: Insights from NMR Spectroscopic and
Hybrid Density Functional Computational
Investigations of the Effect of Electronega-
tive Substituents on Prolyl Ring Conforma-
tions,” J. Am. Chem. Soc. 124, 2497–2505
(2002).

7. S. J. Wilkens, W. M. Westler, J. L.
Markley, and F. Weinhold, “Natural J-Cou-
pling Analysis,” J. Am. Chem.Soc. 123,
12026–12036 (2001).

8. S. J. Wilkens, W. M. Westler, F. Weinhold,
and J. L. Markley, “Trans-Hydrogen-Bond
h2JNN and h1JNH Couplings in the DNA A-T
Base Pair: Natural Bond Orbital Analysis”
(Communication), J. Am. Chem. Soc. 124,
1190–1191 (2002).

9. W. M. Westler, F. Weinhold, and J. L.
Markley, “Quantum Chemical Calculations
on Structural Models of the Catalytic Site of
Chymotrypsin: Comparison of Calculated
Results with Experimental Data from NMR
Spectroscopy,” J. Am. Chem. Soc. 124,
14373–14381 (2002).

10. F. Weinhold and C. R. Landis, “Natural
Bond Orbitals and Extensions of Localized
Bonding Concepts,” Chem. Educ. Res. Pract.
Eur. 2, 91–104 (2001).

11. F. Weinhold, “Natural Bond Orbital
Analysis of Photochemical Excitation, With
Illustrative Applications to Vinoxy Radical,”
in A. Kutateladze, Ed., Computational Meth-
ods in Organic Photochemistry: Molecular
and Supramolecular Photochemistry, (Marcel
Dekker, in press).

12. R. Ludwig and F. Weinhold, “Quantum
Cluster Equilibrium Theory of Liquids: Iso-
topically Substituted QCE/3–21G Model
Water,” Z. Phys. Chem. 216, 659–674 (2002).

13. R. Ludwig. J. Behler, B. Klink, and F.
Weinhold, “Molecular Composition of Liq-
uid Sulfur,” Angew. Chem. 114, 3331–3335
(2002); Angew. Chem. Int. Ed. Engl. 41,
3199–3202 (2002).



64
James C. Weisshaar
Professor, Born 1952
B.S. 1974, Michigan State University
Ph.D. 1979, University of California-Berkeley

The work of the cell is carried out in large part
by assemblies of specific proteins with

highly coordinated moving parts that operate in
precise sequence—protein machines! While x-
ray crystallography and NMR provide critically
important “snapshots” of stable structures, new
techniques in fluorescence microscopy allow us
to watch single and multiple protein molecules in
motion in real time. The Weisshaar group stud-
ies the motions and interactions of proteins and
DNA in live cells, in lipid bilayers, and tethered
to surfaces. The experimental method uses
widefield imaging in an inverted microscope
with laser illumination of the sample by total
internal reflectance (TIR). A fast ccd camera
records particle motion in all three dimensions.
Fluorescence resonance energy transfer (FRET)
monitors changes in the distance between two
dye molecules based on the color of emission,
allowing us to observe specific changes in pro-
tein or DNA conformation with time.

Protein-DNA interactions. In solution DNA is a
stiff, negatively charged biopolymer, yet it
adopts bent, compact conformations in many
real biological systems such as chromatin. Inte-
grated host factor (IHF) is an architectural pro-
tein that bends double-stranded DNA by 160° at
a specific recognition sequence! Our goal is to
observe the dynamics of non-specific binding
and specific binding (and bending) in real time
using FRET. RNA polymerase (RNAP) is a com-
plex, multi-sub-unit machine that transcribes
DNA into messenger RNA, which in turn
instructs protein synthesis. We are designing
experiments that will monitor specific
sequences of events in the early stages of tran-
scription initiation using fluorescence labels to
report on conformational motion both within
the protein and within DNA itself.

Membrane Proteins. A substantial fraction of the
surface of a cell comprises membrane proteins
responsible for transport of small molecules and
ions across the membrane and for signaling or
triggering of biochemical events. Membrane
protein machines are typically homo- or hetero-
aggregates. Single-molecule methods can study
the assembly of a working machine from its
constituent parts in real time by literally count-
ing the fluorescence intensity. In these experi-
ments, we form lipid bilayers on a clean glass
substrate by depositing vesicles from a buffer
solution or using Langmuir-Blodgett methods.
We are studying aggregation of the protein
synaptotagmin (Syt) in the presence of Ca2+ and
of negatively charged phosphatidylserine (PS)
lipid head groups. Syt may be the protein that
triggers exocytosis of neuropeptide-containing
secretory vesicles that spill their contents across
the synapse when nerve cells fire. Many soluble

transmembrane proteins and peptides must
insert themselves across the lipid bilayer prior
to aggregation and function. We plan to study
insertion of monomers and assembly of working
ion channels, such as the heptameric �-
hemolysin, in real time.

Nanoscale Protein Trafficking in Live Cells. The
new family of fluorescent proteins such as green
and yellow fluorescent protein (GFP and YFP)
can be attached to a natural protein by inserting
the appropriate piece of DNA into the cell’s tran-
scription machinery. This makes it possible to
use fluorescence to track a specific membrane
protein in a live cell from its synthesis in the
endoplasmic reticulum, through its packaging in
a vesicle and transport to the plasma mem-
brane, to its functioning in a signaling complex.
This is the analytical chemistry of a live cell!

We are monitoring the motion of secretory
vesicles in PC12 cells with unprecedented spatial
and time resolution. Trajectories reveal directed
motion, oscillatory motion, and trapping in 100
nm diameter sites. Remarkably, we are able to
locate the center of bright vesicles to a spatial
resolution of 5–10 nm on a 30 ms timescale,
revealing a new regime of vesicle dynamics. The
goal is to understand how the vesicles are trans-
ported through the dense filaments of the actin
cortex to the plasma membrane for docking and
exocytosis. The mechanism appears to be a
combination of passive (diffusive) transport
among obstacles and active transport driven by
motor proteins.

This interdisciplinary work combines the
traditional strengths of physical and analytical
chemistry—innovative experimental methods,
careful quantitative analysis of data, detailed
comparison with specific physical models—with
the methods of modern molecular biology.
Many important biological problems are
amenable to this approach.

Physical and Analytical
Research at the Chem-
istry-Biology Interface.
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Research in our group is devoted to organosil-
icon chemistry. Although silicon is the sec-

ond most abundant element (after oxygen),
making up 27% of the earth’s crust, its chem-
istry has not been carefully explored. The first
compound containing a silicon-silicon double
bond, tetramesityldisilene, synthesized in our
group in 1981, has led to a broad new area of
organosilicon chemistry. However, triply-
bonded compounds of silicon (-SiSi-, -SiC-, SiN)
are all still unknown, and we are now trying to
synthesize them.

Under active investigation here is the chem-
istry of stable divalent silicon compounds,
silylenes. Structures of the first two examples of
this type, 1 and 2, are shown below:

The silylenes, like the analogous carbenes of
organic chemistry, have a rich reaction chem-
istry. They are isolobal with phosphines, and so
can form transition metal complexes, some of
which have catalytic properties. Some examples
are shown below:

Organosilicon polymers are also under active
investigation, including both polysiloxanes (sili-
cones, 3) and polysilanes (4). The “designer
polysiloxanes” made here bind lithium ions, and
have the highest conductivity yet reported for
polymer electrolytes. They are now being tested
in lithium batteries.

The polysilanes, with long linear chains of
silicon atoms, behave as one-dimensional mole-
cular wires. They are promising materials as
organic semiconductors and as organic light-
emitting diodes. We are studying their synthesis,
and the effect of substituents and conformation
on the electron delocalization.

Silicon derivatives of C60, buckminster-
fullerene, are also being studied in our group.
We find that Si-H bonds add readily to C=C
bonds in C60 to give silicon-containing mole-
cules. These silylated fullerenes can be con-
verted to polymers in which the C60 units are
part of the polymer framework.

Our research is now mainly under the
Organosilicon Research Center, with corporate
and federal support. The mission of OSiRC is to
carry out fundamental research, providing the
groundwork for the organosilicon industry 10 to
15 years in the future.
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tives of buckminsterfullerene, C60.
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We are currently engaged in the synthesis and study of doughnut-shaped molecules
possessing hydrophobic cavities. A particular example recently synthesized is

shown in the structures. The interest in these molecules lies in the observation that
they form hydrophobic complexes of appreciable stability (Kassoc 104N–1) with aromatic
guest molecules. Exploitation of this cavity binding property as a basis of artificial
enzyme construction is under active investigation.

Organic Chemistry.
Synthesis and chemistry of interesting mole-
cules; artificial intelligence and its applica-
tion or organic chemistry; computers; stack-
ing complexes; artificial enzymes.

(608) 262–3180.
hwwhitlo@facstaff.wisc.edu.

http://organic.chem.wisc.edu/
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and Whitlock, H.W. “Pi Hydrogen Bonds as
a Design Principal in Molecular Recogni-
tion,” J. Am. Chem. Soc., 114, 2269 (1992)
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Professor, Born 1936
B.S. 1957, University of Maryland
Ph.D. 1960, University of Wisconsin



Microwave spectroscopy is a technique in
which the absorption of radiation in rota-

tional transitions of small molecular species is
detected and the resonant frequencies are mea-
sured to great accuracy (8 to 9 significant dig-
its). Using quantum mechanics the frequency
data can be fit to a model Hamiltonian, and the
molecular structure and other molecular proper-
ties can be determined with great precision.
Intensities and widths of microwave lines pro-
vide concentrations and dynamical information.
We have applied this technique in laboratory
discharge plasmas to transient species like the
CN radical, the HNC unstable molecule, the a3P
metastable electronic state of CO, and especially
to molecular ions like CO+, HCO+, HOC+, HNN+,
HCS+, KrD+, XeH+, SO+, H2D

+, SiF+, or PO+.
Many of these species are of great importance in
the chemistry of the interstellar medium and
have been detected by radioastronomy (actually
microwave astronomy), in some cases with our
active participation. A great deal of information
on the chemistry and dynamics of the interstel-
lar medium has been obtained by radioastro-
nomical study of species like these. The chem-
istry and dynamics of the laboratory discharges
themselves is also of great interest and only par-
tially understood. We are trying to improve this
understanding using microwave spectroscopy

and other techniques at our disposal. The latter
include quadrupole mass spectrometry, a high
resolution ultraviolet-visible emission spec-
troscopy, and computer controlled Langmuir
probes. We are also carrying out large scale
quantum chemical calculations of the structures
and other properties of small ions and mole-
cules. Many species have been treated with large
basis sets (80–100 contracted orbitals) and cor-
related ab initio methods like CI-SD, MP4-SDQ,
CEPA–1, and CASSCF. Results are used to facili-
tate spectroscopic searches for new ions and
also to compare against our experimentally
determined spectroscopic constants. Another
part of our research involves active participation
in the Engineering Research Center for Plasma
Aided Manufacturing. Plasma etching and depo-
sition are crucial steps in the manufacture of
almost all semiconductor devices, and we are
working to understand the details of the chem-
istry and physics of the plasmas used. Diagnos-
tics like ultra-high resolution infrared diode
laser spectroscopy and laster induced fluores-
cence spectroscopy, laser induced fluorescence
spectroscopy, and microwave spectroscopy are
being used to probe plasmas in RF (13 MHz)
discharge and microwave (2450 MHz) electron
cyclotron resonance (ECR) plasma reactors.
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Physical Chemistry.
Microwave spectroscopy of ions and other
transient species; plasma chemistry in dis-
charge plasmas; optical emission spec-
troscopy, quadrupole mass spectrometry; ab
initio calculations on small molecules,
plasma etching; infrared diode laser spec-
troscopy; laser induced fluorescence; micro-
electronics processing.

(608) 262–2892. woods@chem.wisc.edu.
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Our group has pioneered the
development of a new family

of highly selective analytical spec-
troscopies that use nonlinear opti-
cal processes to provide unique
capabilities for measuring the
intra- and intermolecular interac-
tions in chemical systems. In par-
ticular, we have created laser
techniques where multiple coher-
ent beams excite different molec-
ular resonances. The excitation of
a particular resonance perturbs
all the molecular resonances that
are coupled to it by intra- or inter-
molecular interactions. This cou-
pling gives rise to cross-peaks
between resonances that form the
basis for multidimensional vibra-
tional and electronic spectra.

The methods have a close
relationship to multidimensional
NMR methods. Instead of generat-
ing higher order spin coherences
by carefully controlled �/2 and �
pulses, higher order vibrational
and optical coherences are gener-
ated by intense, ultrafast laser
excitation. The coherences radiate
new beams in directions and fre-
quencies that are fingerprints of
all the different possible �/2 and �
pulses. One spatially and spec-
trally selects the particular coher-
ence sequence of interest.

The multidimensional non-
linear family includes a rich and
diverse set of members that differ
in the number of pulses, the pulse delay
sequences, the polarizations, and the relative
phases. The family includes high order and cas-
caded lower order processes, homodyne and
heterodyne detection, and frequency and time
domain methods as well as “noisy spec-
troscopy”, a hybrid of both. Methods based on
an even number of excitation pulses are inher-
ently surface selective and those based on an
odd number are universally applicable. These
methods are closely related to photonic devices
and quantum computing which use the same
coherences for information processing. They are
also closely related to coherent control methods
where the judicious choice of frequency and

phase of the strong electric fields of light can
control the motion and reactivity of molecules.

Our group’s mission is to both continue
developing this exciting new family of spectro-
scopies and applying the methods to chemical
measurement and coherent control of hydrogen
bonding, electron transfer dynamics, chemical
analysis, surface spectroscopy, protein-protein,
protein-DNA, and DNA-DNA interactions, and
environmentally important problems. We
expect coherent multidimensional nonlinear
methods will take their place beside multidi-
mensional NMR as one of our most powerful
structural tools for studying chemical and bio-
chemical systems.

Analytical Science and
Physical Chemistry.
(608) 262–0351. wright@chem.wisc.edu.

http://www.chem.wisc.edu/~wright/
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Our research focuses on theoretical studies of
condensed matter, especially macromole-

cules. Traditionally, polymeric fluids have been
treated using coarse grained (e.g. lattice) mod-
els, motivated by the reasoning that most of the
properties of interest depend largely on the long-
range structure, allowing one to neglect chemi-
cal details on short length scales. In recent years
it has become increasingly clear that the short-
range structure plays an important role in many
cases such as, for example, the phase behavior
of mixtures and the behavior of polymers at sur-
faces. These systems can be best understood,
therefore, if one incorporates molecular features
on all length scales. We are interested in
employing theory and computer simulation to
study a variety of problems with the final aim of
predicting the properties of real polymers using
chemically realistic models. Our research has
two components: the development of methods
and the application of these methods to under-
stand the structure and dynamics of condensed
phases. Some areas of current interest are:

Polyelectrolyte solutions. In order to make
polymers dissolve in water, something that is of
considerable technological interest, it is neces-
sary to add charged groups along the hydropho-
bic backbone. These charged macromolecules
display a rich variety of properties not found in
neutral polymers and are therefore of consider-
able interest from a basic scientific standpoint.
Our understanding of polyelectrolyte solutions
is in its infancy, and there are many issues that
are far from resolved. These include the confor-
mational properties, self-diffusion, viscosity,
and adsorption behavior. We are using com-
puter simulation and liquid state theory to
establish the importance of solvent effects,
counterion correlations, and polymer architec-
ture on the behavior of polyelectrolytes in solu-
tion. The methods we develop and the knowl-
edge we obtain should be useful in the study of
other complex fluids including surfactants, bio-
logical macromolecules, and gels.

Confined Liquids. The behavior of fluids at sur-
faces and in confinement can be qualitatively
different from that of bulk fluids. This is partic-
ularly true of polymers because a modest sur-
face-fluid interaction per segment translates to a
large surface-fluid interaction per molecule.
There is considerable interest in obtaining an
understanding of the adsorption behavior of flu-
ids and the segregation to the surface of one
component from a mixture of polymers, because
of the importance of these phenomena in poly-
mer processing. The dynamic properties of con-
fined liquids are also of interest and signifi-
cance. For example, the surface can induce
dynamics reminiscent of entangled polymers,

and the
transport
properties
can be vastly
different
from bulk
fluids. We
are studying
the behavior
of confined
polymers
using theory
and simula-
tion. Using
density func-
tional the-

ory, we are investigating the adsorption behav-
ior and the segregation of polymers. We have
recently developed an algorithm for the simula-
tion of liquids in planar oscillatory flow, and
devised a technique for the extraction of viscos-
ity via analysis of the simulation results using
continuum mechanics. We are in the process of
performing extensive non-equilibrium molecu-
lar dynamics simulations of confined liquids.

Fluids in disordered media. The behavior of
macromolecules in disordered materials is of
importance in a number of practical applica-
tions including adsorption in porous media, sep-
aration processes, drug delivery, electrophoresis,
and crowding behavior in cells. Fascinating
transport processes arise in many of these areas
of nano-scale research. In living cells, for exam-
ple, transport plays an important role in neuro-
transmission and protein secretion. Advances in
experimental techniques have allowed the imag-
ing of trajectories of vesicles inside the cell as
they move from the Golgi apparatus to the cell
membrane. We are interested in understanding
the mechanism of this transport while at the
same time developing methods for the analysis
of the dynamical trajectories of complex mole-
cules in complex environments. We are doing
this via molecular dynamics simulations of
model liquids and macromolecules in random
disordered materials. The system consists of
fluid particles and (fixed) media particles and
we are generating trajectories of the fluid parti-
cles and analyzing these using a variety of corre-
lation functions. The goal is to obtain an under-
standing of the mechanism of molecular motion
in complex environments. For example, how
does the distribution of the media particles and
their interaction with the fluid affect the diffu-
sion of the fluid particles? It is hoped that we
will obtain an understanding of these dynamic
phenomena that will provide us with a theoreti-
cal standard against which experimental data
may be compared.
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Theoretical Chemistry.
Liquid state theory and computer simula-
tion; Physical Chemistry of polymers; poly-
mer alloys; colloidal dispersions; polyelec-
trolytes; liquid crystals; polymer/solid
interfaces.
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Our research is concerned with macromole-
cules of synthetic and biological origins.

What distinguishes macromolecules most strik-
ingly from small molecules is the multiplicity of
internal degrees of freedom by virtue of a large
number of atoms linked together in macromole-
cules, giving rise to many different chain config-
urations which are in turn mainfested in a whole
host of physical properties not found in small
molecule systems in condensed state. Most
notable among them is the viscoelasticity in bulk
state and concentrated solutions. This also
appears in thin films and monolayers. The focus
of this group is to understand this distinct fea-
ture of macromolecules by examining their chain
transport properties since the multiplicity of
chain configuration is exhibited through the
molecular transport properties to the viscoelas-
ticity. Conversely, we probe many different com-
plex media including physical and chemical gels
by the chain transport properties of test macro-
molecules dispersed in the media. Depending on
the size of the test chain, we can probe the media
in various length scales from 0.1 nm to 100 nm.

On the interfacial properties of amphiphiles
and polymers, we make use of thermally gener-
ated or externally stimulated surface capillary
waves to probe the interfaces of vapor/liquid and
liquid/liquid by means of the propagation and
damping characteristics of these waves. Main
purpose is to understand the viscoelasticity of
monolayers and thin films of amphiphilic mole-
cules and surface active macromolecules on the
air/water and oil/water interfaces, and the interfa-
cial properties of polymer/polymer either in solu-
tions or in bulk state. In addition, we examine the
lateral transport properties at the interfaces.

Our experimental techniques are those of
scattering and diffraction of electromagnetic
radiations, mostly in visible range. These
include elastic and quasi-elastic light scattering,
a transient optical grating technique called
forced Rayleigh scattering, and surface fluores-
cence photobleaching and recovery method.
Aside from these optical techniques. we synthe-

size our own polymer samples by anionic initia-
tion methods with the breakseal technique, and
label polymer samples with appropriate dyes for
the transient optical grating experiments. In
dealing with biological macromolecules, we
extract DNA from various sources and fraction-
ate them by ourselves.

Although the group is broadly partitioned
into the two areas, each student’s research pro-
ject is related to those of others in parallel.
Thus, the individual project neither requires nor
is isolated from others, so that sufficient room is
allowed for the individual style and progress in
performing research while the active interac-
tions among the members are maximized. Dur-
ing the graduate study, development of interac-
tion skills and creative input to the thesis
research are insisted upon.

Physical Chemistry.
Interfacial dynamics and viscoelasticity of
amphiphiles and polymers; surface modifi-
cation of polymers for biocompatibility; bio-
membrane mimetic surfaces and their func-
tions; enzyme kinetics on phospholipid
monolayers and their modulation by com-
patible polymers.
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Research in the Zanni group is aimed at
exploring molecular structures and dynam-

ics through vibrational motions and couplings.
To accomplish this, sophisticated ultrafast
multi-dimensional spectroscopies are being
developed that correlate vibrational modes and
measure frequency fluctuations. Emphasis is
placed on understanding the molecular vibra-
tions of complex biomolecules with regards to
structure and function.

Two-color 2D IR spectroscopy - 2D IR spec-
troscopy is a newly emerging technique that is
similar in ways to 2D NMR spectroscopy. In 2D
IR spectroscopy, multiple femtosecond infrared
pulses drive coherences between vibrators that
then emit a free induction decay whose time-
dependence depends on the structures and
dynamics of the system. The resulting 2D IR
spectrum has a diagonal peak for each vibra-
tional mode and cross peaks between coupled
modes. The cross peak splittings are related to
the distances and orientations between the cou-
pled vibrators and hence the relative molecular
structures.

Structure and dynamics of protein solvents -
Hydrophobic forces are one of the most impor-
tant interactions responsible for protein folding
and stability and are often studied using chemi-
cal denaturants. In conjunction with isotope
labeling and de novo peptide design, the vibra-
tional coupling between specific amino acid

groups and nearby solvent molecules are being
measured and models are being developed to
relate the coupling to the solvent angles, dis-
tances and dynamics. Because 2D IR spec-
troscopy has femtosecond time resolution, new
insights into protein hydration and chemical
denaturation are expected.

DNA vibrational couplings and structure - Linear
infrared spectroscopy has been used for decades
to monitor the structures of DNA and has
revealed evidence that the double bond vibra-
tions amongst DNA bases are strongly coupled,
but is insufficient to understand the structural
origins of the spectra. The approach in the
Zanni group is to use modern DNA sequencing
methods, synthetic bases, and 2D IR spec-
troscopy to measure the inter- and intra-strand
couplings between DNA strands. The results are
providing information on the molecular vibra-
tions of DNA, assisting in interpretation of FTIR
studies, and laying the groundwork for DNA
structural studies using 2D IR spectroscopy.

Physics of molecular vibrations - Many funda-
mental physical chemistry problems are being
investigated to advance our understanding of
the basic physics behind molecular vibrations
such as condensed phase vibrational relaxation,
coupling, rotational motion, frequency fluctua-
tions, inhomogeneous broadening, and correla-
tion between fluctuations. Sophisticated polar-
ization, phase control, and phase-matching

geometries are being incorporated into
the experiment that will advance state-
of-the-art laser technology. The results
are testing theoretical models and
encouraging further development of
spectroscopically accurate potentials.
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Physical Chemistry.
Ultrafast multi-dimensional infrared spec-
troscopy; biomolecular structures and
dynamics; vibrational relaxation, coupling
and dephasing; peptide and oligonucleotide
synthesis; isotope labeling.
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The research of my students and
myself ranges from the synthesis of

unusual organic molecules at one
extreme to theoretical organic chem-
istry at the other. In between are reac-
tion mechanisms, the study of unusual
organic species, organic photochem-
istry, and the application of quantum
mechanics and MO theory to organic
chemistry. One rewarding research
topic for us these days is solid-state
photochemistry, where reactivity is
determined by the shape of molecular
cavities in which a molecule reacts.
Some students become an expert in all
areas while some prefer to concentrate
at one end of the spectrum. An advan-
tage of having a stimulating research
group interested in a wide range of
scientific topics is keeping all mem-
bers of the group in contact with a
variety of hot areas of chemistry.

One particularly exciting area we
enjoy is mechanistic and exploratory
organic photochemistry. We seem to
encounter an endless number of
intriguing and new photochemical
rearrangements. Many are syntheti-
cally useful; many are superb chal-
lenges for detailed molecular study.

Some of the tools we are
presently using are single photon counting,
computation of x-ray structures, energy surfaces
for reaction mechanisms, and more.

Our photochemical calculations generally
provide an understanding of the observed reac-
tivity. The reactions are often simply predicted
by an MO expert and an organic “electron
pusher.” Our approach is to design molecules
chosen to test some mechanistic hypothesis.
Our tools and techniques are both organic and
physical.

The emphasis of my research students has
been towards an academic career. I think what I

particularly like about the bright and energetic
students working with me is that they keep me
concentrating on the next challenging problem.
We have a lot of “give and take” in our group
with continual debate about chemistry. I tend to
spend a lot of time working with my students.

I’m pleased that 81 of my former students
have gone into academic life and most have
earned tenure. Additionally some very fine stu-
dents have gone into good industrial jobs. I can
always send out a complete bibliography, but
I’m selecting the following papers as typifying
my research interests.

Organic Chemistry.
Physical-organic, synthesis, theoretical
organic and organic photochemistry.

(608) 262–1502.
zimmerman@chem.wisc.edu.

http://www.chem.wisc.edu/~zimmerman/
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