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Executive Summary

Theenvironment for research at themolecular level is undegoing a paradigmatic shift tha
involves the blurring of traditiond boundaies between the basic and applied sciences and
engineering. This shift will have profoundconsequences for the nature and practice of
molecular-level science in the coming century. Molecular engineering conaernsthe
incorporation of synthetic molecular building blodks induding electronic, optical, mechanical,
chemical and biological componentsinto fundiond systems tha will impact technologies from
advanced medical therapiesto quantum computing. We have examined the question of whether
the University should explore and, if the resources can beraised, create anew research
component in Molecular Engineering. Wefind, after extengve conaultation with thefaculty, that
there are compdling reasonsfor the University to movein this direction. Moreover, we have
consdered the consequences of not taking this action. The University@ research enterprise and
eduction mission will undoubedly continueto flourish at the highest internaiond level, but the
consquence of inaction in this area of endeavor may well abdicate activity in some of the mos
promising new directionsof physcal, biological, and medical research. We acknowledgetha
the establishment of a Molecular Engineering unit represents alarge undetaking for Chicago,
but onewith tremendouspossibilities to postion the University as an intellectud leader in this
emerging engineering discipline Moreover, such actionwill undoubedly provide new
patnershipsand routes to discovery for our faculty in thebasic molecular sciences, enabling
them to continueto definethe horizon in ther respective fields of research.



Overview

Thead hocfaculty committee on molecular engineering was condituted to assess whether the
University should create a new unit in Molecular Engineering that would complement our
already vital andinternaiondly distinguished activitiesin thebasic physcal, biological, and
medical sciences. Themotivation for undetakingthis assessment at this time istha a paradigm
shift isundeway presently, where thebounday that once separated the basic sciences (the study
of naura phenomena and engineering (as the devel opment and study of man-made artifacts) is
blurring, especialy for research involving systems at the molecular level. This changing
research landscape chdlenges thetraditiond modds for Engineering departments and raises
profoundquestionsfor the optimal organization of theresearch enterprise at inditutionstha
aspire for world-leadership in this area of endeavor for the next century. Chicago mug carefully
congder the consequences of remaining different from virtudly all of its peer inditutionsin this
regard asthedecison whether to establish, or notto establish, such an entity in theapplied
sciences and engineering will have tangible consequences for the scopeand direction of research
at the University in the coming century.

The committee has conaulted broadly with the faculty and has hoged widdy-publicized town
hdl meetingswith thefaculties of the Biological and Physcal Sciences Divisons We have also
congdered therelevant strengthstha follow from our evolving research relationship with
ArgonneNationd Laboratory.

We find tha there exist compdlingintellectud arguments for thecreation of anew elementin
the University@® research portfolio, Molecular Engineering. Moreover, it can beargued tha not
taking this step at thistime will place the postion of world-leadership we presently hold in the
basic physcal and biological molecular sciences at risk dueto therapid evolutionthat is
occurring in these forefront areas of research. Systems engineering at the molecular level isin
itsinfancy. Thecreation, control, and hoped for sodetal impact of such systems will require a
strongand synergistic partnership between the basic and applied sciences with related
engineering disciplines.

Our enthugasm for this action is tempered by an important caveat: in order for thisinitiative to
succeed it will require a significant and long-term inditutiond commitment of human and
finandal resources - with success being clearly defined as the creation of a new group of
engineers and applied scientists on campuswho will rise to a postion of elite intellectud
leadership in partnership with the University® extant excellence in the basic and medical
sciences. We bdieve thegod to be attainable with commensurate and enduting commitment
fromtheUniversity.

The Need for Engineering

Research and teaching in the natural sciences and engineering disciplines have historically
shared little overlap. Thenaural sciences have excelled in revealing the prindples by which
physcal and biological systems opeaate and the engineering disciplines have broughtthis
knowledgeto therealization of methodsand devices tha solve real-world problems. This clean
separation between basic prinaples and applicationshas blurred, and in many areas, an
integration of basic science and engineering approaches is now common. Indeed, studiesin the
sciences routindy require sophisticated appaatustha are designed and built by engineers - for



example, multielectrodearrays tha are used to study neural tissues and electronic device
technology to package displays and electrical circuits prepared from organic polymers.
Moreover, advancesin engineering often lead to observationstha motivate studies in the
sciences. examplesindudestudies of surface forcesin MEMS devices (the Casimir Effect),
modulation doping and the quantum Hall effect in semicondudor devices which garnered two
Nobd Prizesin physcs, formation of ultra-cold matter on microchipswith applicationsin
guantum computing, and massively parallel approaches to drug discovery and probing cellular
fundion, and myriad applications of molecular level imaging and manipulation derived from
engineering advances in electron, confocal, and specialized scanning probemicroscopes (the
direct observation of molecular conformationd changes and theforces assodated with such
trandormations). Thisincreased collaboration between the sciences and engineering disciplines
is correlated to a shift in project funding fromthetraditiond single investigator modd to co-
investigator efforts. A significant and still growing fraction of theresearch portfolio at the NSF,
NIH and other agendesis targeted towards multi-investigaor efforts that emphasize both
problem-solving and basic science. We bdieve that thistrend will continueand will make it
increasingly difficult for universities with outstanding science departments, but an absence of
engineering, to remain leadersin thetraditiond sciences.

Why ChicagoWhy Now?

We find tha thefield of molecular engineering, at this early stage of inception, is well matched
to the culture and strengths of the University of Chicago. Thelast two decades have undegone
an explosonin theknowledgeof molecular systems Btheroutine and mundane collection of that
information was largdy notafocusof ouringitution, butwas rather |eft to service-oriented
facilities. Meanwhile, ingitutionsthat invested in large-scale engineering efforts have focused
onmoving ever closer to themolecular scale. Today many cutting-edgeachievementsin
engineering no longe require capital investmentsin large-scale prototypes for indugrial
processes. Conequently, thereis ample oppotunity for an innovdive organization such asthe
University of Chicago to tap accumulated molecular knowedgeand, in a cog-effective manne,
design small-scale solutionsthat will be at the forefront of engineering advances. Doing so
requires animble inditution that can draw onthe expertise of thephyscal and biological
sciences and mergetha talent toward practical solutions

Thereisacritical time when key, empowering discoveries and technical developments lead to
revolutionay rather than evolutionay advances. The high-tech world of electronics madesuch a
leap when vacuumtubes were globdly replaced by thar solid-state counterparts, driven by the
advent of thetrangstor, integrated circuit, and solid-state memory. Onetheme common to this
and arguably many branches of engineering has been miniaturization: electrical engineers seek
to reduce the size of thetrangstor; mechanical engineers build mechanical devices at smaller
scales; and aeronautical engineers are building micro aircraft and studying fluid flow in
nanochannds. As each of these disciplines approaches the molecular length scale, thetop-down
approaches used to fabricate devices and the coninuummaodd s used to undestand the devices
break down, with a clear undestanding tha new strategies in fabrication (bottom-up strategies
tha employ synthesis and self-assembly) and in molecular modding are needed. It is significant
tha these approaches have been developed and are widdy practiced in the sciences (chemistry,
physcs, and biology). Indeed, today's engineering departments increasingly seek junior faculty
with backgroundsin the sciences.



Realizing thisvisionis going to require the kind of innovaion that is central to the culture of the
University of Chicago. Faculty members of the University are problem solvers Bthey recognize
deficiendes and think Gut of the boxQ often combining solutionsfrom different disciplines. It
has been said tha mog innovdion arises from the application of the prindples of onediscipline
to the problems of another. Theclose-knit naure of the campusand faculty at the University of
Chicago catalyzes these kindsof breakthroughsb compared to many other inditutions wherea
longcommute is required from biology to chemistry to physcsto medicinebthe University of
Chicago® compact campusfacilitates serendipitouscollisionsof ideas. There are numerous
examples of cross-disciplinary collaboration as aresult. Consquently, our campusis often the
birthplace of ideas tha changeentirefields

Rapid cycling fromthelaboratory to therea world and back to thelaboratory is tremendousy
bendicial, and often the key to devel oping technology to a paint of practical utility. While many
campuses have invested in this activity, they have traditiondly separated innovaion and
execution into basic sciences and schools of engineering Bthese separate efforts evolved thar
own traditionsand distinct cultures such that they find communication chdlenging. At the
University of Chicago, we have an oppatunity for a better approach by harnessing the
ingpiration of our innovadive faculty, and by adding a groupof individuds who are willing to
engagethose innovators, we can blend culture, disciplines and approaches toward the
innovdionstha will reshgpe our future.

Stated clearly, Chicago has a clean date with respect to thetraditiond engineering disciplines
and theinfrastructure of thelast century. We do not need to paticipae in theongong
refinement of fifty meter tall catalytic crackersin thechemical indugry or follow the Edisonian
paradigm of materials discovery. We can forego these efforts, and leapfroginto the21¥ century
by focussing on the creation of new knowledgeand moverapidly into the next forefront area of
molecular systems based uponexpertise in complex systems, bottom-up methods self-
organization, biomimetics, aongwith ther naural complements in theory and numerical
simulation. We have the prope intellectud foundationin the physca and biological sciencesto
patner with anew engineering element in molecular engineering to bring Chicagointo a
postion of intellectud leadership in this still-bang-forged engineering paradigm of the coming
century.

I ntellectual Opportunities

Molecular engineering represents a tremendousopportunity for the University@ entrZe into
enginering. Molecular engineering concernstheincorporation of synthetic molecular building
blodks such as electronic, optical, mechanical, chemica and biologica componentsinto
mesoscopic and/or macroscopic fundiond systems. Intellectud oppotunities are abundant and
diverse. Moreover, traditiond categories of field compartmentalization readily breakdown when
consdeing molecular-level systems. Profoundlessonsfrom theworking of biological systems
will undoubedly inform advancesin the physcal sciences, with the convease bang equivaently
true Many scientific and technological advanceswill in fact involve hybrid systemsinvolving
organic, inorganic, and biological components. With thisin mind, we herein suggest afew
broadly-conceived themes that are ripefor exploration and development, and tha can beused as
illudrative examples of where a molecular engineering effort may focusits efforts. These topics



have been cho%en as worthy chdlengesin the Chicago tradition as they offer the promise of
intellectud importance, broad and lasting impact, and, with lots of hard work and some goad
fortung broad-ranging oppotunities for sodetal impact in the physcal, biological, and medical
sciences.

Suggested initial themesindude

Systems engineering at the molecular level

Energy convasion, trangoort, and storage at the molecular level

Undestanding and controlling complexity and self-organization at the molecular level
Imaging, senors, and trangpondes for probing and controlling molecular level systems
Molecular-level electronics and device fabrication

Advanced polymeric and hybrid materials

Assembly of nanoscale systems for physcal, biological, and medical applications
Information storage, pasistence, and retrieval in physcal and biological molecular systems
Biomimetic Systems and Materials
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We of course acknowledgetha thisis only one(but very well-conaeived!) list of thecoming
high-groundin the area of molecular engineering Bthelead hiresin this engineeringinitiative
will, in addition to exploring some of these themes, undoubeédly moveinto unanticipaed and
worthy new directions precisely theintent of bringing to the University a new cohott of
investigaors with fresh ideas, new tools, and a complementary perspective to our aready world-
class effortsin the basic sciences. If donepropealy, thiswill undoubgdly bringimmense ben€fit
to our effortsin thebasic physcal, biological, and medical sciences.

Synergies with the Badc Sciences at Chicago

Assisting this laundh will benatural and very powerful research elements tha are already in the
University@ research portfolio. Our strengthsin physcal, materials and synthetic chemistry;
biochemistry; condensed matter physcs,; neurobiology; molecular genetics and cell biology;
large-scale computation; and medicine are a subset of thedisciplines tha providethe enabling
environment for nudeating anew engineering effort, and, in turn, stand to directly benefit from
the establishment of aresearch arm in molecular engineering. We find pronouned synergies
with many of our traditiond departmentsin the Physical Sciences and Biological Sciences
Divisions especially thos tha have as thar foundition the molecular sciences. Moreover, we
also have a powerful cohat of interdisciplinay Research Inditutes, Committees, and innovdive
multi-investigator federal grants tha will play akey role in welcoming Molecular Engineering to
campusandin hdping to weave it into our highly-interactive and cross-disciplinary research
milieu.

Illudrative scientific themes (nat an exhaudive list!) tha are already pat of our research
portfolio and tha have obvioussynergies with molecular engineering indude

¥ Assembly of molecular and hybrid organic-inorganic fundiond materials
¥ Biomimetic design of fundiond materials

¥ Molecular electronics

¥ Polymer synthesis, design, and device engineering

¥ Nanogructures and self-organization



¥ Protein engineering

¥ Complex, integrative systems of cell signding
¥ Synthetic chgperones

¥ Nanomedicine

¥ Molecular imaging and sensors

¥ Synthdic biology

Clearly, investigaors in each of these areas would bendfit fromthe presence of expertsin
engineering at the molecular scale. But more importantly, having such experts on campuswould
likely prompt the blossoming of interests among BSD and PSD investigators whose current work
would benefit from extenson toward molecular engineering but who have not attempted such
forays previoudy because of inaufficient oppotunity.

Consequences of Inaction for the Basc Sciences

Given the strongand growing interconnectionsbetween the basic and applied sciences and
enginezring at themolecular level there is also a strategically important downsdetha mudg be
acknowedged should the University choos not to establish the proposed unit in molecular
engineering. Inthenear future, the University may lose access to some of the mog innovaive
youngscholars in the basic and applied molecular sciences. This matter of faculty recruitment
and retention can be summarized into four categories: (i) currently, we miss oppotunitiesto hire
excellent researchers whomwe do interview because thar research programslook too different
from the core missionsof extant departments, (ii) we do notinterview those with aclear
engineering vision who would empower our basic sciences with needed technology and further
enrich themilieu for discovery at Chicago, (iii) some recruits with programs in the molecular
sciences whomwe do want accept postionsat peer inditutionswith engineering elements as we
do not have therightenvironment to grow thar programs, and (iv) scienceis changing b
Chicago faculty who work at theboundaies of thebasic molecular sciences may depart to peer
ingitutionsthat do offer the engineering elements necessary to take ther aready successful
programsto thenext level.

With respect to medical research it seems clear tha Chicago could fall behind its peers were it
notto develop novd engineering science. For themog part, medical disease hgppensat the
molecular level, and our interventionsto reverse it (treatments) are aimed at themolecular level
(e.g., small molecule drugstarget protein domains etc.). To fail to adoptor perform research to
advance new technologies toward these godsiis certain to disadvantagethe BSD.

Synergies with Argonne National Laboratory (ANL)

Therecently enhanced relationship between the University and ArgonneNationd Laboratory
will provide severa key bendfitsto Molecular Engneering. Solving the big problemsin
molecular engineering will inevitably require the formation of diverse teams and access to
uniquelarge-scale capabilities available at Argonre such as the molecular-scale imaging
capabilities at the Center for Nanoscale Materials (CNM), the Consortium for Nanostience
Research (CNR) Bajoint UC-ANL initiative in nanosience, the Advanced Photon Source and
the Electron Microscopy Center, the synthesis and nanofabrication capabilities at the CNM, and
the computing resources that are poised to exceed 100 Teraflops Relevant programsin the
Material Sciences, Chemistry, and Biological Sciences Divisonsat ANL will offer other routes



to produdive research. Mutudly advantageous(and occasiond) joint appointments with
Argonnemay also arise with this new initiative, further augmenting its engineering impact and
scope However, thedesire for such joint appointments should not be allowed to mitigae the
advantages we perceive that come with the University® Qlean slateOin engineering, i.e.,
Molecular Engineering mug be allowed to laund and evolve its program in optmal fashion,
forming aliances with Argonnewhen warranted by its own programmatic needs

Molecular Engineering Education

Engineering Education: Establishing degree granting programs in Molecular Engneeringis
important for the University® growth. Engineering is the science of solving complex problems.
Thetools of engineering are important in trandating basic discoveriesin other fieldsinto useful
technologies. Therefore, strengthening engineering research and establishing engineering
education would strengthen the University@ ability to serve sodiety.

Because of the breadth and strength of existing research in molecular engineering, the graduae
educationd programs leading to MS and PhD degrees would be developdl first. Thedidactic
curriculum could be organized within oneyear. Students entering this graduae program would
need a quantitative science background. This backgroundwould be augmented by graduae
courses in applied math and physcs, synthetic and physcal chemistry, materials science,
imaging, computationd methods statistics, anongother topicsto be planned and tailored to
individud needs Theoppatunitiesin molecular engineering that exist on campusand at
ArgonneNationd Laboratories are robug and would readily suppot excellent oppotunities for
dodor thesis research. Within three years an undegraduae program could be developed tha
would draw from existing courses and require newly developed courses. Modds for this
curriculumexist a severa othe prominent universities tha have established applied science and
engineering schools.

With afocuson molecular engineering, baccalaureate and masters degrees in Engineering
Science or Applied Physcs would notfall unde the augices of ABET (Accreditation Board in
Engineering and Technology) certification because it isunlikely tha many students entering
these programs would pursue careersin traditiond engineering disciplines such as civil,
electrical, mechanical or other traditiond engineering fieldsthat often require state boad
certification for indgpendent engineering contractors and conaultants. Rather, matriculates will
become research scientists, busness leaders, paent attorneys, etc.

Impad on other Prograns. Theintrodudion of engineering education at Chicago would have
broad impact onthe University@ programs across all divisions Asrepestedly stressed in this
report, forefrontresearch in thebasic physcal, biological, and medical sciencesis presently
undegoing revolutionay change with respect to critical linkages to theapplied sciences and
enginering. We mug strive to educate our students with thecritical skills they will need to
become tomorrow@ leaders. To dothis, they must be exposed to an appropriate and broad
pdette of basic science andtechnical engineering skills, especialy for research at themolecular,
nanoxae, and cellular levels. If donepropealy, we can beassured tha future breakthroughsin
thebasic biological sciences and medicinein critical fieldssuch as drug discovery, genomics,
proteomics, and cellular dynamics will continueto flow from our researchers. Similar impeact in



thephyscal sciences will also occur, with trainingin molecular engineering enabling our studies
on such diverse topics as nanometerials, molecular € ectronics, complex systems, and energy.

Examples of Successful Initiatives Elsewhere

Onequestion tha can be asked is whether, in today@ hypa-competitive environment for
physcal, biological and engineering research, ingitutionscan successfully grow new broad-
reaching programs tha achieve postionsof leadership onthe naiond and world stage
Examplesdoexist. Theserecently created entities share common characteristics. aclear and
absolute commitment of theinditution, avisionay leader who executes theingitutiong)
aspirationsfor excellence in thechosen area of endeavor; alead scientist of elite internaiond
reputation fromingde or from elsewhere who may or may not have been thevisionay cited
previoudy; thefinandal resources to execute the programmatic laundh; and in many ingances
lead senior hires, asindividuds or groupsof researchers, from other ingitutionsaroundwhom
other recruits would nudeate as they decided to join the building effort. Examples come from
many directions

Therecent explogon of activity in Nanostience gives three powerful creations the Snalley
Inditute for Nanosale Saence and Technology at Rice University, the California NanoSystems
Inditute, and the LondonCentre for Nanotechnology (ajoint venture between University
CollegeLondonand Imperial CollegeLondon) JILA (formerly known as the Joint Inditute for
Laboratory Astrophyscs) is another unquestionad example of such asuccess. Itisarguably the
lead research ingitute in theworld in thearea of atomic, molecular and optical (AMO) physcs.
The success of these inditutes can beclearly linked to two key ingredients: avisionay, world-
renowned leader and subdantial ingitutiond investment. Other successful laundes can be cited
fromthebiological sciences. Two excellent ones are The ScrippsResearch Inditutein La Jolla
and the new Jandia Farm campusfor the Howard Hughes Medical Inditute. Findly, we note the
Max Planck Sodety runsan extensve network of research inditutes which are created around
forefrontissuesin science and technology. Thetwo brief case studies given bdow, oneeach
chosen from the phydca and biological sciences, illudrate the preeminence tha can be achieved
in ageneration with awell-concelved vision of excellence and direction.

JLA was launched some time ago (1962) and has become oneof theworld@ elite centersfor
research. In partnership with NIST, and with afaculty of 33, it is home to three Nobd Laureates
and two MacArthur Fellows. Itslaundh adso had itsvisonay, Lewis M. Branscomb, who
steadily accumulated a remarkable ensemble of researchers with complementary interestsin the
chemistry, physcs, and astrophyscs. Recent achievements indudebreakthroughdiscoveriesin
ultra-cold matter (Bose-Eingein and Fermi condensates) and precision laser spectroscopy. The
ScrippsResearch Ingitute focusses on basic biomedical science, and has grown to become one
of thecounty's largest, private, non-profit research organizations Injud three decadesit has
established alengthy track record of major contributionsto the betterment of health and the
human condtion. Particularly significant is thelnstitute's study of the basic structure and design
of biological molecules; in thisarenaTSRI is among a handful of theworld'sleading centers.

Organization and Scale
The committee has given condderable thoughtto the organization and scale of proposd
activitiesin molecular engineering. For Chicago@ new effort to have significant impact we



bdieve tha atarget faculty size of 24isan appropriate god. This size would be sufficient to
hog abroad rangeof activitiesin thephyscal and biological aspects of molecular engineering
(and certainly many of these activitieswill by thar very naure bridgeinterdisciplinary
boundaies). These researchers could, in our consdered opinion, beinitially organized into four
to six theme areas, with thelead senior hires, perhgostwo per theme, hdping to identify those
who would follow. Thiswould bethescenario for thelaund. If we hire theright people, they
will take the enterprise into the mog promising new areas, many likely unanticipated at this time
by this committee.

A crudal aspect will beautonony for Molecular Engineering. 1t will need to set, after partnering
with extant faculty for theinitial laund, its own engineering research agenda Thiswill ensure
tha it can develop propealy, and not be subject to hiring condraints imposed by the traditiond
basic science disciplines. For this purpose, we envision a department-sized effort, perhgosbeang
administered as a School. A School has the advantages of independence of budge, hiring, and
gpace with respect to extant elements of the University.

What factors hdp to set the scale of such an endeavor beyondits programmatic themes?

Realism dictates that the prope finandal founddion mug bein place for thisto succeed. This
will bediscussed in thefollowing section onresources and infrastructure. Another consderation
isthetime theUniversity will alow for thelaundch. Thegod of makingthe necessary hiresto
propely laund four or six theme areas could berealistically achieved in adecadeor less
induding the condruction of key infrastructure. If successful, further growth could then be
added onin fractionsor multiples of theinitial ensemble.

We note tha many world-leading research entities are of the proposd scale. As example we cite
theactivitiesin atomic physcsat JLA (onthecampusof the University of Colorado a Boulder
andjoint with NIST). Itsfaculty currently numbers 33. We aso note tha the University of
Chicago Law School, arguably oneof themog distinguished elementsin the University®
research portfolio, has 26 full-time faculty members.

Resources and Infradructure

Molecular Engineering will require subgantial resourcesif it isto bepropaly launched and
achieve success. Our congervative estimate is that a minimum of $250Mwill berequired for its
launch and growth. This figure obvioudy dependsontheinitial scale. Thisfigureindudes
endowment to suppot faculty and staff ($100M), anew building to hold research labsand
common facilities ($75M), common facilities for biological and physcal research ($25Mfor
clean rooms, microscopes, lithography, tissueand cell culture, computationd resources, etc.) and
$50M for faculty recruitment. Space allocationsmay average 2,500 g ft pe investigator, with
lead faculty requiring subgantially more than theaverage alocation. Depending onfocusand
ambition, the size of thebuilding may need to be expanded beyondthe present estimate.
Leveraging of assets already present on campusand at ArgonneNationd Labaoratory should hdp
moderate cods, afactor already taken into accountin our guiddine Proximal accessto unique
ingruments such as the Advanced Photon Source may aso be expected to play arolein faculty
recruitment for researchers who value and need its specialized capabilities.



Our committee wishes to add an important caveat to this section of thereport: Thisinitiative,
regardless of itsfind scale, will beexpengve. It should not belaunched withoutthe prope
finanda founddion and endunng University commitment that will be needed to make it
internaiondly compditive at the highest level of aspiration. To do so will risk failure.
Moreover, given theimportance thisinitiative will potentially have ontheintellectud evolution
of extant Departments, a poolly executed laund would likely lead to commensurate problemsin
presently world-class Departments and Inditutes. On the other hand, prope execution of this
initiative has atremendousupsdefor the University, induding the creation of an engineering
component tha independently, and in concert with traditiond effortsin thebasic sciences, will
reshape Chicago®@ research landscape for the coming century. 1t may well ensure that Chicago
has the complement of intellectud resources tha will be needed to continueto hold its postion
of leadership in many fieldstha depend on excellence in the basic molecular and biological
sciences.

Respectfully submitted for the Ad Hoc Faculty Committee on Molecular Engineering,

Seven J. Sbane (Sgned dedranicly)

Steven J. Sibener, Committee Char
Carl William Eisendrath Professor and
Director, The James Franck I ngitute
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