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CDI-Type Il: Advanced Materials, Modern Optics,
Real Experimentation, Virtual Research Group
Keith A. Nelson
Department of Chemistry and Harrison Spectroscopy Laboratory, MIT
Primary CDI Theme: Virtual Organizations
Relevant CDI Theme: Understanding Complexity in Natural, Built, and Social Systems

An ambitious project is proposed to make cutting-edge research apparatus and analysis
tools directly available to remote users including domestic and foreign universities, four-year
colleges, high schools, and industrial partners. An existing outreach program run by the P.I.’s
research group in the MIT Department of Chemistry in a dedicated laboratory within the MIT
Harrison Spectroscopy Laboratory, presently set up for Boston area high school and four-year
college students, will be expanded and made remotely accessible to a “virtual research group”
that will enormously broaden and diversify access to the practice of modern optics,
spectroscopy, and metrology of advanced materials, with an emphasis on energy-related
research, and that will actively engage students in the research and the underlying fundamental
science. The initial members of the virtual research group will include students, faculty, and staff
members in the Departments of Chemistry and Mechanical Engineering at MIT, in the
Department of Chemistry at Wheaton College (a four-year college in Massachusetts), in physics
classes in a Boston area public high school (likely Somerville High School), in the Instituto de
Fisica and the Instituto de Quimica at Universidad Auténoma de México (UNAM), the premier
Physics and Chemistry Departments in Mexico, and at Advanced Metrology Systems (AMS), a
company that manufactures a photoacoustic metrology instrument based on technology
developed in the P.1.’s research group and used in the present outreach project. This far-reaching
exercise in computational thinking will enable transformative front-line research in advanced
materials with energy-related applications and will demonstrate a paradigm-shifting
diversification of access to and participation in such research and in related education of high
school through university students in its underlying fundamental principles. The project will
demonstrate that remote access to some of the most sophisticated experimental equipment used
in modern spectroscopy and metrology of advanced materials, mostly homebuilt one-of-a-kind
apparatus rather than just commercial pieces of equipment, is entirely feasible with proper
cyberinfrastructure and collaboration.

The main intellectual merit of the project will consist of the interdisciplinary research
conducted on complex materials including candidates for thermoelectric applications, in which
the transport of thermal energy (a property most often measured and calculated for Engineering
applications and studied in Mechanical Engineering, Materials Science and Engineering, and
Electrical Engineering Departments) and the microscopic contributions to it through short-
wavelength acoustic phonons and through optic phonon-polaritons (whose properties are most
often measured and calculated in Physics and Chemistry Departments) will be determined, and
in the demonstration and assessment of a new paradigm for remote access to modern scientific
experimentation by virtual communities including many who remain strongly underrepresented.

The broader impact of the project is inextricably intertwined with the intellectual merit,
both in the value to society of the energy-related measurements to be performed and in the
extraordinarily broad representation within the virtual research group that will be established,
which we hope will become a new paradigm for low-barrier-to-entry participation in scientific
research and education that helps surmount present barriers based on resources, gender,
ethnicity, and national origin. The initial group of virtual research group members is intended to
demonstrate the feasibility of outside use by individuals in a wide range of institutions. Once this
is established, we plan to broaden access to any similar institutions and to individuals who are
following their own interests.
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Project Description

List of Participants

Principle Investigator: Nelson, Keith A., Professor, Department of Chemistry and Harrison
Spectroscopy Laboratory, Massachusetts Institute of Technology

The P.I. has focused throughout his career on the development and use of modern time-resolved
spectroscopic methods for new understanding of and optical control over complex material
behavior. He has developed novel methods for optical generation, control, and measurement of
acoustic waves, lattice vibrations (optic phonons and phonon-polaritons), and collective
electronic excitations (excitons, biexcitons, etc.). The P.l. also has devoted his efforts to the
introduction of modern experimental methods into the undergraduate curriculum in the MIT
Department of Chemistry and into an outreach program for Boston area high school students.
The P.I. received the MIT Class of 1960 Award for Innovation in Education for integration of
research and teaching.

Other Senior Personnel

Chen, Gang, Warren and Towneley Rohsenow Professor, Department of Mechanical
Engineering, Massachusetts Institute of Technology

Professor Chen has conducted extensive research and education in the area of thermal transport
and the contributions of acoustic phonons and optic phonon-polaritons to it. Advanced material
candidates for thermoelectric applications including solar energy conversion are topics of current
interest. Professors Chen and Nelson currently collaborate in energy-related research on thermal
transport in thermoelectric materials.

Bailey, Philip H., Senior Project Manager, Center for Educational Computing Initiatives,
Massachusetts Institute of Technology

Philip Bailey has extensive experience in implementation, distribution, maintenance, and
assessment of software and cyberinfrastructure in the MIT iLab Project which enables remote
access to MIT educational materials including electronics apparatus. The iLab Project has served
thousands of students inside and outside of MIT. Although the proposed project will involve far
more sophisticated instrumentation, the cyberinfrastructure for remote access will be similar to
that presently used in the iLab Project.

Muller, Laura J., Chair, Department of Chemistry, Wheaton College

Professor Muller has led curriculum development in her department and has been active in
guiding undergraduate research. She conducted research in the P.l1.’s laboratory as part of her
University of Texas graduate thesis research on the acoustic properties of viscoelastic liquids
undergoing liquid-glass transitions.

Moore, Christopher J. L., President and CEO, Advanced Metrology Systems (AMS)

AMS manufactures a photoacoustic instrument based on technology developed in the P.1.’s lab
for optical generation and measurement of acoustic waves in bulk and thin film samples. The
instrument is used in the microelectronics fabrication industry for rapid noncontact measurement
of metal film thickness and uniformity. The same measurement method is used in the MIT
outreach lab, which includes donated AMS instrumentation as well as a homebuilt setup.
Romero-Rochin, Victor, Instituto de Fisica, Universidad Nacional Autonoma de México
Professo Romero is a theoretical chemical physicist who has worked extensively on modeling of
time-resolved spectroscopy of molecules and materials. He has collaborated with the P.l. on
optical generation and measurement of phonon-polaritons in ferroelectric crystals. He has
introduced modern experimental methods into the undergraduate curriculum in his department.
Peon, Jorge, Instituto de Quimica, Universidad Nacional Auténoma de México (UNAM)
Professor Peon is an experimental physical chemist who directs an ultrafast spectroscopy
laboratory at UNAM, the only lab of its kind in Mexico. He has integrated research and teaching,
using the research lab instrumentation for experiments in the undergraduate curriculum.




Description
Backgound: Outreach program in experimental modern optics and advanced materials

It’s often said that being at MIT is like drinking from a firehose, and in some respects the
outreach program, The Lambda Project, run out of my physical chemistry group fits that
description [1]. It is a fairly intense program involving several afternoons at MIT in which high
school students first are walked through the outreach lab and given a rather detailed description
of the experimental measurement, its fundamental underpinnings, and the apparatus with which
it is conducted; next they come in and conduct experiments, which involves some alignment of
laser beams at the sample, looking for optical interference patterns and other key features, and
then making measurements in which the crossed “excitation” laser pulses that generate those
interference patterns are absorbed at the surface of a metal film on a silicon or glass substrate,
giving rise to spatially periodic heating of the film and thereby launching surface acoustic waves
whose wavelength and orientation match those of the interference pattern. “Probe” laser light is
diffracted by the spatially periodic surface acoustic ripples, and the diffracted signal intensity
shows time-dependent oscillations that directly reveal the acoustic frequency, the speed of
sound, and the acoustic damping rate [2]. See Figure 1. The diffracted signal also reveals thermal
diffusion in the sample as the heat deposited at the grating peaks gradually moves toward the
unheated grating nulls. From their data the students can determine the film thickness, on the
order of 10-100 nanometers, and other parameters including the thermal diffusion rate in some
samples. Usually the students come to MIT once more to present their results, and in most cases
they also present their results in their high school classes, in science fairs, or in other venues.
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Why do high school students like coming in and figuring out what’s going on in a
“transient grating” “photoacoustic” measurement for characterization of thin metal films? At
their stage, what they can learn well is limited to basic information about length and time scales -
micron and nanometer thick films used in microelectronics and other applications, picosecond
optical pulse durations, submicron light wavelengths, micron interference pattern fringe



spacings, speed of light, speed of sound, and so on. Some students come away with a reasonable
understanding of wave mechanics, in particular interference and diffraction which are key
elements of the measurement. And there is a useful introduction to “advanced materials,” some
fabrication methods, and some applications. Students get the idea qualitatively that sound speeds
are higher in stiffer materials, so a relatively soft metal film on a relatively stiff substrate makes
the sound travel more slowly than if there were no film at all, and the thicker the film, the slower
the speed. But the first-principles quantitative relationship between film thickness and sound
speed is complicated (involving analysis of thin film acoustic waveguide modes [3]) and we
don’t try to lead them through it.

What excites these students is real experimentation. They figure out how the experiment
works: the crossed pulses heat up the sample surface very suddenly in a spatially periodic
pattern; the heated regions expand, and just like if you suddenly depress a comb into the surface
of a liquid, the response is a spatially periodic sound wave; the probe light comes to the sample
and is diffracted, just like it would be from any grating except that this grating pattern is time-
dependent, with the ripple amplitude oscillating at the acoustic frequency. The students can try
the experiment with different interference fringe spacings, yielding different acoustic
wavelengths and therefore different acoustic frequencies, revealing the inverse relationship
between those quantities just like in the familiar cases of piano and guitar strings. The students
love aligning the optics and seeing the interference patterns form when the alignment is good.
They enjoy depositing their own thin film samples, using apparatus in the MIT Center for
Materials Science and Engineering (CMSE). They get a kick out of bringing in CDs or other
“samples” and making measurements on them. They like seeing that our research is done using
the same methods they have learned (producing results like those shown in Fig. 1b). The
students are mostly from Boston public high schools, without any special background in science,
and most of them are good but not extraordinary performers in school. Yet they voluntarily give
up a few days of their time to come in and drink from the MIT firehose, and they seem to
genuinely enjoy it and get something out of it. And they interact with MIT graduate students
who they see as smart but not scary, and some of the students recognize that they could do this
sort of thing if they decide they want to.

Why computational thinking for experimental science and outreach?

The experience of running the outreach lab led me to several questions. First, I always
was frustrated that so few students, and only those from the local area, could participate in the
program. All the experimental apparatus is or could be run by computer, just like the same
measurements that are made in my research group. Why couldn’t they be run remotely so
anyone, anywhere, could do them? And even the students who come to the outreach lab only
conduct a very limited subset of the experiments that are done in my research lab. The students
have no experience with lasers and it’s not practical to go through laser safety training which
would use most or all of their time at MIT. The “real” research experiments that my graduate
students and postdocs run are all under some degree of computer control. Why couldn’t anyone
do those experiments remotely? And if they could, what about doing not just pedagogical
measurements but real research, open to real researchers including students at various stages in
their educations anywhere in the world? Why not industrial applications? The measurement
conducted in the outreach lab has been fully commercialized for quality control in
microelectronics fabrication. In fact there is a donated commercial instrument in the outreach
lab, even though most or all of the project is done on a homebuilt breadboard version of the
apparatus which is completely open to view and to hands-on adjustment of everything. But the
industrial instrument with the usual bells and whistles costs over $1M, so only major
microelectronics manufacturers can buy it. Plenty of small companies care about thin film
properties including thickness, elastic modulus, thermal diffusivity, uniformity,



delamination...all properties that can be determined through the measurement method [2].

One further question also bothered me. Quite a few years ago, | had the charming
experience of having my computer infected by a malicious virus. | wanted to catch the person
responsible and string him up, but to my surprise, my brilliant graduate student from Bulgaria
had sympathy for whomever it was. He explained that as likely as not it was a very smart, bored-
to-death Bulgarian 15-year-old. It may be wishful thinking, but | wonder whether the availability
of real state-of-the-art lasers and challenging modern optics and spectroscopy measurements on
advanced materials just might draw someone like that somewhere in the world out of ennui and
into enthusiasm. In a small way, a project like the one I’m proposing is a remote call for
engagement in a common human enterprise. Mine will be only one project, but | believe it
should become a paradigm for broad public access to real science and technology. Some people,
including a very smart, bored 15-year-old somewhere, will hear an irresistible call.

Expanded range of measurements for teaching, outreach, and research

The apparatus in our existing outreach lab is based on subnanosecond laser pulses that
are short enough in duration to generate and monitor MHz-frequency acoustic waves. That is, the
pulse duration is shorter than a single acoustic oscillation period, and individual oscillation
cycles can be observed in the measurement. But a lot of important material behavior depends on
other collective modes of higher frequency, including acoustic waves in the GHz frequency
range (with nanometer rather than micron wavelengths) and including THz-frequency lattice
vibrations, i.e. optic phonons and their admixtures with electromagnetic waves called optic
phonon-polaritons All of these modes are particularly relevant to the movement of thermal
energy through materials, since thermal energy is carried by material excitations that can move,
and in most materials that means acoustic waves and phonon-polariton waves. This is an
extremely important issue currently in the context of candidate materials for energy-related
applications, especially thermoelectrics in which solar irradiation can give rise to a thermal
gradient that leads to current flow through which solar energy can be captured and stored [4].
For this to work effectively, thermal conductivity has to be low so that the thermal gradient is
maintained, even while electrical conductivity is fairly high. There is a great deal of current
research aimed at design and fabrication of materials with this combination of properties.
Success depends on poor phonon transport, and this can be achieved by introducing disorder
which scatters acoustic waves whose wavelengths are comparable to the (nanometer) length
scale of the disorder. But measurements of nanometer-wavelength acoustic waves, whose
frequencies are in the roughly 50-500 GHz range, have been elusive. We recently developed a
method in which timed sequences of femtosecond pulses are used to drive multiple-cycle
acoustic waves, with each pulse launching a single cycle of the wave [5]. Figure 2 illustrates the
approach. My research group and that of Professor Gang Chen in the MIT Mechanical
Engineering Department are studying these materials collaboratively through the MIT Energy
Initiative, and we are preparing a family of related samples (partially disordered crystalline
solids such as PbTe/PbSe and Si/Ge based superlattices) for measurements of the sort depicted
in Fig. 1 (through which thermal diffusivity and MHz-frequency acoustic properties will be
determined) and Fig. 2 (through which GHz-frequency acoustic properties will be determind).
The objective is direct determination of which acoustic modes contribute most effectively to
thermal diffusion. Improved materials then can be fabricated in which disorder is introduced on
length scales comparable to the acoustic wavelengths to optimally scatter the acoustic waves,
reducing their propagation lengths and thus reducing their contributions to thermal transport.
(Note that GHz-frequency acoustic propagation lengths in these materials will be far longer than
the submicron propagation lengths in highly disordered silica glass, illustrated in Fig. 2.)
Through this program of iterative sample design, fabrication, and measurement, improved
thermoelectric materials for solar energy conversion will be produced.
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The measurements illustrated in Fig. 2 are conducted with subpicosecond duration laser
pulses, far shorter than the subnanosecond duration pulses currently available. The outreach lab
and an adjacent research lab were recently renovated, and there is a femtosecond laser system in
the research lab on a laser table next to the wall between the two labs. A hole in the wall will
permit entry of the femtosecond laser pulse into the outreach lab where a new laser table will
house the experimental apparatus for GHz-frequency acoustic measurements. This will make
these measurements possible for students coming to the outreach lab, since only a small fraction
of the femtosecond laser power is needed. More importantly for present purposes, remote users
will be able to conduct measurements on the new system as well as the existing system, greatly
broadening the range of possible measurements.

With the femtosecond laser system, it will be possible to measure properties of optic
phonons and phonon-polaritons [6] as well as acoustic phonons. Figure 3 illustrates optic
phonon-polariton measurements conducted in the same manner as shown in Fig. la, using
crossed excitation pulses to generate the polariton waves and using probe and reference pulses to
measure the time-dependent oscillations. In this case phonon-polariton propagation (at light-like
rather than acoustic speeds) has been monitored by moving the probing region away from the
excitation region, and also by recording real-space images of the polariton waves (Fig. 3c).

LiTaO3 Phonon-polariton Figure 3. (a,b) Measurements of THz-frequency
optic phonon-polariton waves in lithium tantalate
crystal. The signal measured at the excitation

region decays and at a nearby region grows in due
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um. (d) Image of acoustic waves in India ink,
recorded 30 ns after excitation by a 150-um
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What we will do and how it will work

The present outreach lab will be outfitted with apparatus for the full range of
measurements illustrated in Figs. 1-3, including direct real-space imaging of acoustic waves
(Fig. 3d) and phonon-polariton waves (Fig. 3c). The images can be recorded at various times
after wave generation and played back to show illustrative “movies” of wave propagation [7].

The measurements will be used for high school and four-year college outreach, for
university-level teaching in Science and Engineering departments at MIT and elsewhere, for
industrial metrology, and for fundamental and applied research. Knowledgeable partners are
already in place for the establishment of a “virtual research group” of remote users. In addition
to those listed on the first page of this section, we expect to work with one of the Boston area
high schools whose students have participated in our present outreach program. A physics
teacher at Somerville High School has been the Laboratory Manager for the outreach program
for the past several years, and this school is a likely candidate for initial partnership.

There is extensive precedent at MIT for enabling of remote access to educational
materials, including the Open CourseWare (OCW) program [8] and the Center for Educational
Computing Initiatives (CEDI) “iLabs” program for remote access to laboratory apparatus [9].
The CECI experience, although based on far simpler experimental apparatus than ours, is
directly relevant to our objectives, and the CECI staff will play a central role in establishing the
cyberinfrastructure for the project. The MIT iLabs project has developed open source
middleware based on web services to support the deployment of online lab experiments. This
middleware provides flexible authentication, authorization, storage and scheduling services. It
also provides administrative services that separate the responsibility for administering users and
their experiments’ results from the job of administering a lab server. In broad terms, the iLab
Shared Architecture (ISA) divides an online lab into three distinct parts: the lab client, the
Service Broker and the lab server. The lab client is the user’s interface to the iLab while the lab
server connects to the lab hardware and manages the execution of user submitted experiments.
The ISA specifies that lab clients and lab servers contain only lab-specific functionality. Unlike
more limited internet-accessible lab efforts [10] with ad hoc systems that are closely tailored to
particular instrumentation, the ISA infrastructure provides a unifying software framework that
can support access to a wide variety of online labs. The proposed project will represent a
paradigm shift demonstrating that state-of-the-art, unique experimental apparatus, not just
standard instruments, can be accessed and used remotely. Although that will present new
technical challenges, most of the supporting cyberinfrastructure developed for iLabs will be
applicable directly or with minor modifications. The CECI staff also has extensive experience in
assessment of remote user productivity and satisfaction, and this too will be essential for iterative
refinement of the online environment.

In addition to a CECI staff member, a Laboratory Manager will be hired to set up and
manage the experimental apparatus and the collaborations with outside users. Since samples and
various experimental details will be changed for different users, and since a wide range of users
with different backgrounds and objectives will be served, it will be essential to have a skilled
scientist with a strong interest in teaching, outreach, and research as a full-time participant.

The virtual research group that we will establish will be expanded broadly once
successful operation by the initial set of collaborators is under way. The proposed project will
demonstrate that advanced research with specialized, homebuilt instrumentation can be made
accessible to an extremely broad remote user base, resulting in greatly increased public
participation in the scientific enterprise. Just as public access to scientific and technical
information has expanded dramatically over the last 10-20 years, public participation in science
and technology will expand similarly during the next 10-20 years. We hope to play a leading role
in that transformative change.
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Synergistic Activities

1. The P.1. conceived, planned, initiated, and has led for three years a pre-college outreach program that
integrates his research with guided experimental work that inexperienced but interested young students
undertake. He negotiated laboratory space, arranged for staff and experimental equipment, made contact
with educators who bring students into the program, and engaged participation of Philips Advanced
Metrology Systems for an industrial lab/career component and for donation of equipment whose
commercial value totals over $0.3M. Students spend several afternoons at MIT and are introduced to
academic and industrial research and career tracks. A strong effort is made to bring underrepresented
minority students into the program. See http://nelson.mit.edu/outreach/outreach.html. A write-up of the
program in Physics Education is indicated in publication #4 above.

2. The P.l. integrated modern spectroscopy research methods developed in his lab into the MIT
undergraduate teaching laboratory. A pulsed laser spectroscopy system including heterodyned transient
grating experiments for bulk and thin film study was incorporated as a regular, required component of the
course. Many students consider it a high point of their undergraduate laboratory experience. The P.l. was
recognized for this effort by the MIT Class of 1960 Innovation in Education Award.




3. The P.I. has developed several methods used widely in the time-resolved spectroscopy community and
beyond, some of which have been commercialized through licensing or start-up company development.
These include the discovery of impulsive stimulated Brillouin and Raman scattering, the latter a ubiquitous
feature of ultrafast measurements of molecules and materials; methods for optical generation and
measurement of acoustic wave generation that are tunable throughout nearly all frequencies (MHz-THz)
that can be supported in condensed matter; the development of a method for thin film characterization
based on optically excited surface acoustic waves, commercialized through a start-up company that was
wholly acquired by Philips Analytical (the commercial instrument is used for metal film thickness
measurement in the microelectronics fabrication industry); the initial use of femtosecond pulse shaping for
ultrafast coherent spectroscopy and coherent control, and ongoing refinements; the design of an apparatus
for programmable femtosecond pulse shaping, including both phase and amplitude profiles, that is used by
most experimentalists conducting femtosecond coherent control, commercialized by Cambridge Research
Instrumentation, Inc. (CRI); the development of terahertz “polaritonics,” a platform for THz wave
generation, control and guidance, readout and visualization; the development of spatioremporal
femtosecond pulse shaping and its uses for THz control and fully phase-coherent nonlinear spectroscopy;
the development of single-shot femtosecond spectroscopy, in which entire ultrafast time-dependent
responses are recorded in just one laser shot, enabling measurements of irreversible solid-state processes.
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Dr. Thomas Pezeril, CNRS, France
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National Center for Accessible Media ( 2003)

2. Harward, Judson, M. Meehan, et al., The AthenaMuse® 2.1 Documentation, AthenaMuse
Software Consortium, Technical Report, Center for Educational Computing Initiatives,
M.L.T. (1995); updated to version 2.2 (1996).

Svynergistic Activities

Responsible for the implementation and distribution of the iLab Project software. As part of this
initiative | have presented at conferences and workshops in Australia, China, England,
Nigeria, Uganda and the United States.

Software architect of TEALsim, a toolkit for the creation of 3D simulations. Partially funded by
NSF grant DUE #0618558. TEALsim was originally designed to visualize electro-magnetic
simulations, additional modules have been created for Newtonian physics and an interactive
viewer for Protein Database (PDB) models. TEALsim has been modified to visualize real-
time data generated by an iLab experiment.

Software architect for the Physics Interactive Video Tutor (PIVoT), PIVoT provides a unique 24-
hour-a-day opportunity for students to conduct "virtual office hours™ with renowned MIT
Physics Professor Walter Lewin, using streaming digital video and the Internet. PIVOT also
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features include a search engine and a "Personal Tutor,"” an intelligent agent that provides
individualized help based on each user's clicks through the web site. Worked with the
National Center for Accessible Media on NSF grant HRD-9906159, using PIVoT as the base
project for the research into guidelines for creating accessible science and math web sites, see
publication above.

. Project Manager for Networked Multimedia Information Services (NMIS), grant: NRC-9307548
and Dual-Use Education and Funding (DUET ), grant NSF #9528439 ( 1995-1997). The
NMIS & DUET projects were designed as a collection of experiments and research studies
that explored the new frontier of Internet delivered multimedia.
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Synergistic Activities

1. The PI has been involved in major curricular changes in her department. She and a colleague re-
envisioned the Analytical Chemistry sequence at Wheaton College. She is currently working on a similar
re-design of the Physical Chemistry sequence. As department chair, she is spear-heading development of a
new course sequence, including new and revamped courses, for all Chemistry majors. One major
component of this new curriculum is a research requirement for all chemistry majors. In addition, she has
been involved with the integration of writing instruction into all chemistry courses. Writing in her courses
often focuses on the importance of science to society.

2. The PI has mentored eight undergraduate theses in chemistry. Seven of these students are in graduate
school or have received a graduate degree in chemistry (six have earned a Ph.D. or are currently ABD).
She has taken all of her research students to give posters or oral presentations at regional and national
meetings. Last year, her undergraduate students gave oral presentations on their work at both the




Pittsburgh Conference on Analytical Chemistry and the American Chemical Society Annual Meeting in
Boston.

3. The PI has developed a new course, Art, Color and Chemistry, for students who do not consider
themselves scientists. An interesting component of this course is a laboratory research project for all
students. She has spoken on this course (invited and submitted talks) at several conferences. She has also
taken activities she developed for this course to workshops for high school teachers and to elementary
school students through public schools and through Girl Scouting.

4. The Pl has mentored both undergraduate students and advisors unfamiliar to working with
undergraduate students while working with The Summer Student Program at The Jackson Laboratory. She
worked with the Education Department at TJL to encourage collaboration between summer students
outside the laboratory.

5. The Pl is involved in several College-wide initiatives stemming from the AAC&U Project LEAP. Her
efforts focus on putting an international context into science education. She has collaborated with the
chemistry department at the University of Wollongong to advise Wheaton students studying there into
appropriate courses, as well as to help them prepare for research opportunities while abroad. This spring,
she will visit Ewha Univeristy in Seoul, the Alliance China Program in Shanghai, and the Chinese
University of Hong Kong to set up similar programs.

Collaborators and Other Affiliations in Past 48 Months
a. Collaborators and co-Editors
Renate Woudhuysen Keller, Hamilton Kerr Institute, University of Cambridge
Jilleen Nadolny, University of Oslo
Unn Plahter, Kulturhistorisk Museum Oslo
Phoebe Dent Weil, Northern Lights Conservation
Sarah Belchetz-Swensen, Northern Lights Conservation
Diane Jolley, University of Wollongong

b. Ph.D. Advisor Prof. Keith Nelson, Massachusetts Institute of Technology
Prof. Mark Berg, University of South Carolina (now)

c. Thesis Students Mentored and Postdoctoral Scholars Sponsored in Past 5 Years
Undergraduate Thesis Students
Past:  Miles Sweet *01 (Ph.D. (Organic Chemistry) University of Oxford (UK))
Shaelah Reidy ’03 (Ph.D. (Analytical Chemistry) University of Michigan)
AnGayle Vasiliou "05 (Ph.D. student (Physical Chemistry) University of Colorado)
Sarah Stefan ’05 (Ph.D. student (Analytical Chemistry) University of Florida)
Sarah Stollar ’07 (MS student (Nursing) Emory University)

Present: Julia Dekermendjian ‘09
Caitlin Glover ‘09



Christopher J. L. Moore

Advanced metrology Systems LLC Tel: +1 508 647 8445
12 Michigan Drive Email: chris.moore@advanced metrologysystems.com
Natick, Massachusetts 01760

Professional Preparation

University of Waterloo BSc. Physics 1977
University of Waterloo MSc Physics 1979
University of Waterloo PhD Physics 1983
Positions Held

President and CEO Advanced Metrology Systems 2006 - present
Frontline/Marketing Manager Philips Analytical 2000-2006
Marketing/Technology Manager Waterloo Scientific 1985-2000
Adjunct Professor (Physics) University of Waterloo 1983-1985

Publications/Patents Relevant to Present Proposal

1.

Non-Contact Metal Film Metrology Using Impulsive Stimulated Thermal
Scattering. M. Gostein, M. Joffe, A.A. Maznev, M. Banet, C.J.L. Moore. Philips
Analytical, 12 Michigan Drive, Natick, MA 01760, (508) 647-1100.

AEC-APC 2000. Non-contact Optical Measurement of Post-CMP Dishing and
Erosion of High-Feature-Density Damascene Structures. M. Joffe, R. Surana, D.
Bennett, M. Gostein, S. Mishra, A.A. Maznev, M. Banet, C. J. Moore, R. Lum, R.
Bajaj Philips Analytical, 12 Michigan Drive, Natick, MA 01760. Applied
Materials, 3111 Coronado Drive, Santa Clara, CA 95054. AEC/APC Symposium
XI1 September 23-28, 2000.

“Anisotropic Elastic Properties of Low-k Dielectric Materials”, A.A. Maznev, A.
Mazurenko, G. Alper, C.J.L. Moore, M. Gostein,M.T. Schulberg, R. Humayun,
A. Sengupta, and J.-N. Sun, MRS Symposium Proceedings Vol. 812 (Materials
Research Society, 2004), p. F.5.9.1-6.

Optical testing techniques for new semiconductor processes and materials. A.
reader, C. Moore, R. Brinker, J. Hennessy, Surface and Interface Analysis, Vol
31, Issue 10, pp 1000-1011

Other Significant Publications

1.

Spatially resolved composition measurements of ternary epitaxial layers C J L
Moore, J Hennessy Semicond. Sci. Technol. 7 A69-A72 1992

High Resolution Spatially Resolved And Spectrally Resolved Photoluminescence
Mapping C.J.L Moore, Pages: 611-614

A New Approach to Composition Metrology. G.T. Merklin, J. Hoglund, H.C.
Chang. A. Bonanno, CJL Moore, Future Fab International, Issue 24, Jan 2008.



4. Properties of Gallium Arsenide, C.J. Miner, C.J.L. Moore: 3rd edn., ed . by
M.R. Brozel, G.E. Stillman. (INSPEC, London 1996) pp.320-332

5. Correlation Of Epitaxial Layer Measurements With Device Performance :
Practicalities
Hennessy, J.; Moore, C.J.Integrated Optoelectronics, 1994., Proceedings of
IEE/LEOS Summer Topical Meetings: Volume , Issue , 6-13 Jul 1994
Page(s):4 57 -4 58

Synergistic Activities

Advanced Metrology Systems has donated two systems to universities in the past few
years to be sued a test beds for research and student training. In addition we have ongoing
research programs with both Sematech and IMEC for collaborative research in cutting
edge semiconductor metrology.

We have co-operated with MIT in the past on measurement technology, sample
measurements and data analysis.

Although opto-acoustic technology is becoming more important as a technique for on-
line material property measurements it is still in its infancy as a technology. We see this
proposal as a way to provides wider exposure of the technology and techniques for the
next generation of scientists and engineers which will be important to our companies
future success.



VICTOR ROMERO-ROCHIN
Instituto de Fisica. Tel: +52 (55) 5622 5096
Universidad Nacional Autonoma de Mexico Email: romero@fisica.unam.mx
C.P. 01000, Mexico, D.F., Mexico

Professional Preparation

Universidad Autonoma Metropolitana (Mexico), B.S. Physics June 1982

Massachusetts Institute of Technology, Ph.D. Physics August 1988

University of Chicago, Postdoctoral Associate October 1988 - April 1990
Appointments Held

Investigador Titular “C” (Professor), Instituto de Fisica, UNAM 2002 - present

Investigador Titular “B” (Associate Professor), Instituto de Fisica, UNAM 1994 - 2002

Investigador Titular “A” (Assistant Professor), Instituto de Fisica, UNAM 1990 - 1994

Five Publications/Patents Relevant to Present Proposal

1. R. Martinez-Galicia and V. Romero-Rochin. “Molecular wavepacket interferometry and quantum
entanglement,” Journal of Chemical Physics 122, 094101 (2005).

2. S. Ramos-Sanchez and V. Romero-Rochin , “Preparation and resolution of molecular states by coherent
sequences of phase-locked ultrashort laser pulses,” Journal of Chemical Physics 121, 2117 (2004).

3. V. Romero-Rochin, R. Koehl, C.J. Brennan, and K.A. Nelson. “Anharmonic phonon-polariton excitation
through impulsive stimulated Raman scattering and detection through wavevector overtone spectroscopy:
Theory and comparison to experiments on lithium tantalite,” Journal of Chemical Physics 111, 3559 (1999)
4. V. Romero-Rochin and J.A. Cina, “Aspects of impulsive stimulated scattering

from molecular systems,” Physical Review A 50, 763 (1994).

5. N. Scherer, R. Carlson, A. Matro, M. Du, A. Ruggiero, V. Romero-Rochin, J. Cina, G. Fleming, and S.
Rice, “Fluorescence-detected wave packet interferometry: Time resolved molecular spectroscopy with
sequences of femtosecond phase-locked pulses,” Journal of Chemical Physics 95, 1487 (1991).

Five Other Significant Publications

6. E.A.L. Henn, G.B. Seco, J.A. Seman, K.M.F. Magalhaes, Romero-Rochin, and V.S. Bagnato, “Global
thermodynamic variables description for a confined gas undergoing Bose-Einstein condensation,” Nuclear
Physics A 790, 800 (2007).

7. Victor Romero-Rochin, “Thermodynamics and phase transitions in a fluid confined in a harmonic trap,”
Journal of Physical Chemistry B 109, 21364 (2005).

8. Victor Romero-Rochin, “Equation of state of an interacting Bose gas confined by a harmonic trap: the
role of the “harmonic” pressure,” Physical Review Letters 94, 130601 1- 4 (2005).

9. S. Nilsen-Hofseth and V. Romero-Rochin, “Dispersion relation of guided-mode resonances and Bragg
peaks in dielectric diffraction gratings,” Physical Review E 64, 036614 (2001).

10. R. Duarte-Zamorano and V. Romero-Rochin, “Analysis on the Cina-Harris proposal for the preparation
and detection of chiral superposition states,” Journal of Chemical Physics 114, 9276 (2001).

Synergistic Activities

1. A serious problem in underdeveloped countries is the fact that physical sciences are taught much more as
a theoretical endeavor rather than an experimental one. From the personal point of view of the P.I. this
should be corrected. Besides their inherent value to understand Nature, physical sciences must have an
impact in the development of the countries. Therefore, physical sciences must be taught in a hands-on
experimental way. This should not be confused with the usual lab classes; these are already part of the
curriculum, but they tend to be divorced from the usual classroom lectures. As part of this effort, the P.I.
has devoted part of his teaching and research time to develop lecture classes that make use of illustrative
experiments in the classroom; the enthusiasm and response of the students has shown the validity of this
approach. The goal is to develop full semester classes for teaching science in this fashion. The perspective
of being part of the project led by Prof. Nelson at MIT, in which students can have access to laboratory
facilities at the forefront of science fits perfectly with our own efforts along these lines.




2. The P.I. was involved in a grant proposal that led to the establishment of a laboratory for ultrafast
spectroscopy at UNAM. This lab is now a reality and research is currently performed with several graduate
students involved. The director of this lab is Prof. Jorge Peon, who is also interested in Prof. Nelson
initiative.

Collaborators and Other Affiliations in Past 48 Months

a. Collaborators and co-Editors

Prof. Vanderlei S. Bangato, University of Sao Prof. Rosario Paredes, UNAM, Mexico
Paulo, Brazil.

Prof. Fernando del Rio, UAM, Mexico

b. Ph.D. Advisor Prof. Irwin Oppenheim, MIT
Postdoctoral Advisor  Prof. Jeffrey A. Cina, University of Oregon

c. Other Affiliations
Sabbatical Stay, Professor at Universidad Autonoma Metropolitana (Mexico) 2006

d. Thesis Students Mentored and Postdoctoral Scholars Sponsored in Past 5 Years

Postdoctoral Associates (1)
Present: Dr. Luis Olivares

Thesis Students (9)

Past: Roberto P. Duarte, 2002 Present: Nadia Sandoval
Jose G. Segovia, 2002 Luis M. Melendez
Sara Nilsen, 2003 Alejandro Bautista

Luisi E. Diaz, 2005
Ricardo Martinez, 2005
Ernesto Gonzalez, 2006



JORGE PEON

Institute of Chemistry Tel: +52 55/56224508
Universidad Nacional Auténoma de México (UNAM) Email: jpeon@unam.mx

Distrito Federal, México

Professional Preparation

Universidad Nacional Auténoma de México, B.S. Chemistry June 1995
The Ohio State University, Ph.D. Chemistry January 2001
Caltech, Postdoctoral Scholar Feb0 2001-Oct 2003

Appointments Held
Professor of Chemistry, Universidad Nacional Autdnoma de México 2003-present

Five Publications/Patents Relevant to Present Proposal

1.“Ultrafast Intersystem Crossing in 1-Nitronaphthalene. An Experimental and Computational Study”.
Jimena S. Zugazagoitia, Cesar Xavier Almora-Diaz, Jorge Peon. Journal of Physical Chemistry A 2008,
112, 358-365.

2. “Excited State Intramolecular Proton Transfer in Schiff Bases. Decay of the Locally Excited Enol State
Observed by Femtosecond Resolved Fluorescence.” William Rodriguez-Cérdoba, Jimena Saucedo-
Zugazagoitia, Elisa Collado-Fregoso and Jorge Peon. Journal of Physical Chemistry A, 2007, 111, 6241-
6247,

3.“Singlet excited state dynamics of nitro-polycyclic aromatic hydrocarbons: Direct measurements by
femtosecond fluorescence up-conversion.” Rodrigo Morales-Cueto, Mariana Esquivelzeta-Rabell, Jimena
Saucedo-Zugazagoitia and Jorge Peon. Journal of Physical Chemistry A. 2007, 111, 552-557.

4. “Femtosecond electron ejection in liquid acetonitrile: Evidence for cavity electrons and solvent anions”
C. Xia, J. Peon and B. Kohler. Journal of Chemical Physics 2002, 117, 8855-8866.

5. “Biological water: Femtosecond Dynamics of Macromolecular Hydration” S. K. Pal, J. Peon, B. Bagchi,
and A. H. Zewail. Journal of Physical Chemistry B. 2002, 106, 12376-12395.

Five Other Significant Publications

6. “Ultrafast decay and hydration dynamics of DNA bases and mimics. S. K. Pal, J. Peon and A. H. Zewail.
Chemical Physics Letters, 2002, 363, 57-63.

7. “Solvent reorganization controls the rate of proton transfer from neat alcohol solvents to singlet
diphenylcarbene”. J. Peon, D. Polshakov, and B. Kohler. Journal of the American Chemical Society. 2002,
124, 6428-6438.

8. “DNA/RNA nucleotides and nucleosides: direct measurement of excited-state lifetimes by femtosecond
fluorescence up-conversion”. J. Peon and A. H. Zewail. Chemical Physics Letters, 2001, 348, 255-262.

9. “DNA excited-state dynamics: Ultrafast internal conversion and vibrational cooling in a series of
nucleosides. J.-M. L. Pecourt, J. Peon and B. Kohler. Journal of the American Chemical Society, 2001, 123,
10370-10378.

10. “Ultrafast internal conversion of electronically excited RNA and DNA nucleosides in water”. J.-M. L.
Pecourt, J. Peon and B. Kohler. Journal of the American Chemical Society, 2000, 122, 9348-9349.

Synergistic Activities

1. Recently established the first experimental ultrafast spectroscopy research group in Mexico. Currently
the group incorporates six graduate students pursuing Masters and Ph. D. degrees. This lab, although
mainly intended for scientific research, also integrates some teaching activities for the Chemical Kinetics
course at UNAM. Here, undergraduate students can get involved in simple pump-probe experiments as
well as the respective data analysis. Directly tutored several Chemistry undergraduate students in research
stays at the Institute of Chemistry-UNAM (total 8 since 2003). Most of these students have continued in
graduate programs in the U.S. and in Europe. Developed course material for the Chemistry B. S curricula.
at UNAM, which included numeric simulations of the kinetics of complex networks of reactions.
Coordinated the first meeting in Optical Spectroscopy in México.




Collaborators and Other Affiliations in Past 48 Months
a. Collaborators and co-Editors

Prof. Hiram Beltran, Univ. Aut. Metropolitana

Prof. Ernesto Rivera, UNAM

Prof. Natalie Solladie, CRNS, France

Prof. Gabriel Cuevas, UNAM

b. Ph.D. Advisor Prof. Bern E. Kohler, The Ohio State University
Postdoctoral Advisor  Prof. Ahmed H. Zewail. California Institute of Technology.
c. Thesis Students Mentored and Postdoctoral Scholars Sponsored in Past 5 Years
Thesis Students
Past:  Rodrigo Morales Cueto, 2008 Present: Jimena S. Zugazagoitia
Elisa Collado-Fregoso, 2008 William Rodriguez-Cordoba
Julio C. Armas-Perez 2007 Eddy Francis Plaza-Medina

Elizabeth Gutierrez-Meza
Pedro Navarro-Perez
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Budget Justification

Most of the budget will go toward personnel. A personnel-intensive effort will be needed
to establish, assess, refine, and maintain the cyberinfrastructure that will support multiple outside
users of the experimental apparatus and to work with outside users to coordinate their
experimentation. A Senior Project Manager and a second staff member (“other professional” in
the budget) from the MIT Center for Educational Computing Initiatives (CECI) will establish
and oversee the cyberinfrastructure. We estimate that this will require 35% time and 30% for the
Senior Project Manager and the second staff member, respectively, during two of the project
years, when new cyberinfrastructure will be established (first for the existing experimental
system and then for the femtosecond system), and 10% and 15% time respectively during the
other two project years when cyberinfrastructure maintenance, assessment, and refinement will
be the primary needs. An MIT undergraduate will be supported to test the cyberinfrastructure
that is created. A Senior Laboratory Manager will be hired to work with the CECI staff members
and to work collaboratively with outside users. This will be essential since even though the
experimental apparatus will be controlled and data will be received remotely, many important
details (e.g. what samples are put into place for measurement, whether or not a sample is housed
in a cryostat, which measurement geometry is needed, etc.) will need the assistance of someone
in the lab. The Lab Manager also will encourage outside use, advise and help educate outside
student (and other) users, prepare instructional and pedagogical materials, collaborate in novel
research and teaching efforts, and maximize system use and balance among different user groups
and different objectives. An MIT graduate student will be supported (including tuition under
“other” budget line G6) to work with the Lab Manager and the CECI Project Manager on setting
up the femtosecond measurements with appropriate computer control over the apparatus and the
data that are generated. Faculty summer salary and student participation at the collaborating 4-
year college will be supported to set up online access (“subcontract” budget line G3), and the
high school teacher summer salary will be provided (“consultant services” budget line G5).

Additional funds will go toward the experimental apparatus needed to complete the
outreach lab for online access. The outreach lab already includes apparatus valued at more than
$1/3 million for optical excitation and measurement of MHz-frequency acoustic waves.
Immediately adjacent to the outreach lab is a Nelson Group research lab with additional
equipment, including an amplified femtosecond laser system, that is valued at least another $1/3
million. A hole in the wall between the two rooms will allow entry of the femtosecond beam into
the outreach lab. A new laser table will house apparatus for femtosecond laser excitation of
GHz-frequency acoustic phonons, optic phonons, phonon-polaritons, and THz electromagnetic
waves. It also will house a femtosecond laser machining setup. Approximately $168K of
equipment and $143 K of materials and supplies (mostly optics including reflectors and lenses,
polarizers and waveplates, nonlinear crystals, phase masks, and their mounts; electronics;
software; maintenance) will be needed during the four-year grant period for initial establishment
and ongoing refinements of the new experimental systems. The equipment items are as follows.

Computers(2) 6,000

Cryostat and temperature controller 35,000
Detection electronics: lock-in amplifier, photodetectors, diagnostic scope 20,000
Imaging CCD’s (2) for acoustic and polariton waves 50,000
Laser table 15,000
Motorized delay stages (4, one extra long for temporal delay line) 30,000

Video cameras (4) for remote observation of apparatus, interference patterns, etc. 12,000

Funds will be needed for reporting of results in publications and at conferences
(estimated 2 participants in 2 domestic conferences per year).

MIT’s standard EB and F&A rates will apply and will be detailed in a full proposal.



