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Dasari Honored at I ndian
I nstitute of Technology, Kanpur

RamachandraDasari

On February 28, 2005 the Center for Laser
Technology/L aser Technology Program at
the Indian Institute of Technology (11T),
Kanpur created a distinguished lecture se-
riesin honor of Dr. RamachandraRao Dasari,
Associate Director of the Spectroscopy
Laboratory. The inaugural function was a
day long program of talks from professors
and senior scientists who were former 11T,
Kanpur graduates and aposter session from
the current students of 11T, Kanpur. Dr.
Dasari  spoke on “ Spectroscopy for diag-
nosis of disease”. In each subsequent year
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Spectroscopy Laboratory to
Get New Physical Plant

The Spectroscopy Laboratory will un-
dergo a complete renovation over the next
18 months and aquire anew physical plant.
The new laboratories and officeswill belo-
cated in Bldg. 6, adjacent to the present lo-
cationin Bldg. 6A. Thearchitectural design
of the 10,000 sq. ft. of new research space,
with atotal of 14 |aboratoriesand two small
service facilities for chemical preparation
and cell culture, reflectstheresearch direc-
tions set forth in the Laboratory’s 20 year
research plan. The Laboratory last under-
went renovation in 1980.

The current Spectroscopy Laboratory
building, Bldg. 6A, was designed in 1928
by Karl T. Compton, MIT’sninth president,
and George R. Harrison. As a centerpiece
of the newly reconstituted Physics Depart-
ment, President Compton wanted to create
amodern |aboratory dedicated to spectros-
copy and devoted much personal attention
tothe construction details. Inan article de-
scribing the construction of the Spectros-
copy Laboratory, Compton wrote that the
building “expresses a definite conviction
that the science of spectroscopy isdestined
inthefutureto play aroleof increasing im-
portance in bringing about an understand-
ing of the electrical structure of atoms and
mol ecul es and the interatomic and molecu-
lar forces which underlie the interpretation
of physical and chemical phenomena.” [1,2]
The 13 room Spectroscopy L aboratory was
completed in 1930, afull year ahead of the
Eastman Laboratories (Bldg. 6). A key fea-
turewasa 10 m by 10 mwalk-in spectrograph
for long optical path length studies of weak
spectral lineswith high resolution. (Figs. 1-
3). Thisbuilding isbelieved to be the first
building constructed exclusively for the
purposes of spectroscopy.

Building 6A has housed the Spectroscopy
Laboratory for 75 years. It isaremarkable

Rennovations, continues on page 6
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Robert Field to give Lord
Lecture on April 26

Robert Fied

Robert Field, aProfessor of Chemis-
try at MIT, has been selected as the
2005 Lord Lecturer. Hewill speak on
April 26 on the topic “Just Small
Enough”.

Dr. Field, a physical chemist, has a
long and distinguished research career
in studies of perturbationsin the spec-
tra of diatomic molecules, and he has
pioneered in the development of nu-
merous optical methods to probe the
structure and dynamics of molecules.
Heisalsotheinventor of thetechnique
of stimulated emission pumping, a
widely used method for studying the
electronic structure of molecules.

Now in its fourteenth year, the Lord
Lecture commemorates the achieve-
ments of Richard C. Lord, apioneerin
infra-red and biochemical spectros-
copy and director of the Spectroscopy
Laboratory for 30 years. Each year's
lecturer is selected by a committee of
chemists, physicists and engineers at
MIT who are activein variousfields of
spectroscopy. Past recipients include
Watt Webb, Charles Townes, Carl
Lineberger, Steven Chu, and Britton
Chance.

A biographic sketch of Dr. Field can be
found on page 2.




Per sonality
Robert Field

Robert Fidd

Robert Field grew up in Chicago. His
earliest memoriesinvolve 78 rpm records
(Leadbelly) and food (bacon), not chem-
istry, although his father Edmund was a
physical chemist (totally innocent of quan-
tum mechanics) at Standard Oil of Indi-
ana. He remembers dissolving in tears
when his mother Kay excitedly told him
that he had “ broken arecord” , unaware of
the distinction between black vinyl and
accomplishments.
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Themid 1950'swastoo late to obtain the
ingredientsfor explosivesfrom chemistry
sets, so Robin (that was his pre-Bob nick-
name) started a notebook describing the
colors he was able to generate with his
safety-minded chemicals. A budding spec-
troscopist! In sixth grade he made what
was probably the most important transi-
tion of his life, from the Chicago Public
Schoolsto the University of Chicago Labo-
ratory School, where the teachers seemed
to be genuinely interested in the ideas of
their students. There were many great
teachers at the Lab school, and of course
one of them was a chemist.

Bob majoredin chemistry at Amherst Col-
lege, working with an inorganic chemist,
Cooper Langford, who “set the hook” by
doing a group theoretical derivation of a
selection rule on a scrap of paper. But
Bob's interest in spectroscopy was born
during two summersin the inert gas fluo-
ride group at Argonne National Labora-
tory, where he recorded and attempted to
interpret proton and fluorine NMR spec-
traof SbF, inanhydrousHF. HisAmherst
Thesiswason UV and NMR spectraof Pd
complexesof aniline (which heremembers
distilling outside of a hood).

Bob'’s application to graduate school
specified theoretical inorganic chemistry
as his area of interest. By accident (or
extraordinary good luck!) Bob ended up
in Bill Klemperer’s research group at
Harvard University, where his interest in
spectroscopy grew into apassion for small
molecules, multiple resonance spectros-
copy, spectroscopic perturbations, and
other arcanae. Histhesisproject, measure-
ment of the electric dipole moment of the
CO AT state by radiofrequency-optical
(pre-laser!) double resonance (RFODR),
wasafailure. However, hisfitsof all extant
spectroscopic data on the excited valence
states of CO, intended as a basis for pre-
dicting the A-doublet transition frequen-
ciesheneeded for hisRFODR-Stark effect
experiment, became the foundation of his
scientific career. This takes the familiar
story of awarm-up project becoming the
Thesis project to anew level! His book,
“Perturbations in the Spectra of Diatomic
Molecules’ and its sequel, “The Spectra
and Dynamicsof Diatomic Molecules’, his
interest in semi-empirical modelsbuilt on
matrix element quantum number scaling
rules (both atomic-ion-in-moleculeligand
field theory and multichannel quantum
defect theory for e<—>MX"* scattering),
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and his optimism that an elegant simplicity
is hidden behind the apparent complexity
of aspectrum, all grew naturally out of his
pre-thesiswarm-up project.

Bob's first project as a postdoc at the
University of California at Santa Barbara
with Herb Broidaand David Harriswasto
record microwave optical double reso-
nance spectraof BaO. Thislaser counter-
part of his RFODR Thesis project worked
within two weeks of his arrival at UCSB,
providing wonderful compensation for 6
yearsof failureat Harvard. BaO and all of
the alkaline earth monoxide and
monohalide molecules quickly joined CO
as Bob's favorite molecul es because they
gave him anew use for his beloved spec-
troscopic perturbations. The chemilumi-
nescent Ba + N,O reaction had a >30%
guantum yield for BaO in the metastable
&1 electronic state. The perturbed levels
act as a funnel through which population
must flow en route to levels of the A'x*
state that can fluoresce to the X'=* ground
state. The (short-lived) excitement over
the possibility of building an electronic
transition chemical laser based on the BaO
a[1~A'xZ* perturbations contributed to
Bob'sinvitationto jointhe MIT faculty as
Assistant Professor of Chemistry in 1974.

Bob’sfavorite description of hisMIT re-
search is “spectroscopy beyond molecu-
lar constants.” Spectra encode dynamics
and the greatest challengeisnot tofill jour-
nals with archival data but to uncover a
larger picture in which coupling mecha-
nisms between intramolecular modes are
characterized. How doesenergy flow from
one bond to another, from an electron to
nuclear vibrations and rotations? Simple
moleculesat high levelsof internal excita-
tion exhibit complex dynamics. The usual
small-displacements-from-equilibrium
modelsfail utterly because modes usually
considered as separable are recoupled in
unforeseen ways and fundamental con-
cepts like chemical bonds and oxidation
states can no longer berelied upon. When
isaspectrumintrinsically unassignable (er-
godic) and when isit merely inconvenient
to use traditional assignment and spectro-
scopic modeling methods? Arethere non-
traditional methodsto trick moleculesinto
revealing their dynamical secrets?

Two molecules, acetylene and CaF, have
been the subject of extraordinary experi-
mental effort in Bob’s research group.
Morethan 100 person-years have beenin-

Personality,continues on page 7



Personality,continued from page 7

vested in the spectrum of acetylene. Bob
did hisfirst experimentson CaF at UCSB in
1973! These molecules are just simple
enough to contain hints of fundamental dy-
namical processesin their spectra.

Acetylene (and its molecularly impover-
ished cousins HCN and HCP) can undergo

bond-breaking isomerization to c:C<: Vi-

nylidene and, becausevinylideneisthetran-
sition state for H, C, C, H <—>H, C, C,H_
identical atom permutations, permutation
splittingsin the symmetric double minimum
acetylene potential energy surface selec-
tively label the highly excited vibrational
levels that sample the minimum energy
isomerization path. Thisisanovel way to
recognize the isomerization-relevant fea-
tures in a spectrum without attempting to
make secure vibrational assignments of ev-
ery observed transition. Thisis an uncon-
ventional, and still not achieved, spectro-
scopic (rather than chemical kinetic) way to
characterize a“transition state”.

CaF isthe sodium atom of diatomic mol-
ecules. It contains one electron outside the
Ca?" and F~ closed-shell atoms. The details
of the CaF Rydberg spectrum reveal the
mechanisms of alight electron undergoing
inel astic scattering off of two heavy nuclei,
just asthe Rydberg spectra of Nareveal the
beyond-hydrogen mechanisms of an elec-
tron scattering off of a round but space-
filling Na* nucleus. Of coursetheeXCa*'F
scattering is much more complicated and the
dynamics much richer than the e Na" scat-
tering. The goal, says Bob, which seems
within grasp, is to obtain a complete dy-
namical picture, including dissociation and
ionization processes, expressed in theform
of aninternuclear distance dependent quan-
tum defect matrix, W(R).

Frequency-domain spectroscopists are
collectors of eigenstates. Eigenstates are
stationary, i.e. a molecule in an eigenstate
does not move, but eigenstates encode dy-
namics. The facilitators of the most inter-
esting intramolecular dynamics are off-di-
agonal matrix elements of the molecular
Hamiltonian between Born-Oppenheimer
basis states. Bob was amused to discover
that, from his very first experimentsin the
Klemperer group, he was studying dynam-
ics. Throughout his career, he has attempted
to discover new ways that dynamics are
encoded in spectra and new ways to record
spectra that are uniquely selective to spe-
cific classes of intramolecular dynamics.
Thegameisstill afoot.

Dasari, continued frompage 1

aday long programwill beheldinwhicha
distinguished scientist is honored. Febru-
ary 28isNational ScienceDay in India, as
well asC.V. Raman’shirthday.

Dr. Dasari was born and raised in India.
He was educated at Benaras Hindu Uni-
versity and Alighar Muslim University and
is one of the first faculty membersto join
I1T, Kanpur at its inception. His connec-
tion to MIT dates back to 1966 when he
spent two years working in the research
group headed by Professor Ali Javan. His
experience in lasers gained at that time
helped him to set up one of the largest la-
ser laboratories at |1 T, Kanpur where la-
sers and laser instrumentation was fabri-
cated and graduate studentstrained. Dur-
ing that period, asamember of the Univer-
sity Grants Commission, he helped improve
undergraduate science programsin degree-
granting colleges. Hewas a so instrumen-
tal in the transfer of laser technology to
industry. Heleft 11 T, Kanpur in 1978, mov-
ing to the National Research Center in Ot-
tawafor ayear and the University of Brit-
ish Columbiafor another year, beforejoin-
ing the MIT Spectroscopy Laboratory in
1980.

Dr. Dasari has played amajor rolein the
Spectroscopy Laboratory over the past 25
years, coordinating research programs and
facility development associated with the
NIH supported Laser Biomedical Research
Center supported by NIH and the NSF sup-
ported Laser Research facility. Hisresearch
activitiescover awiderangeof disciplines:
atomic and molecular physics(cavity-QED,
singleatom laser, atomic and molecular col-
lisions, laser-nuclear studies); chemical
physics (vibrational-rotational relaxation,
Dickenarrowingininfrared transitions, la-
ser spectroscopy of rare-earthions); clas-
sical spectroscopy (high resolution spec-
troscopy of simple molecules); surface
enhanced Raman scattering (single mol-
ecule detection); and his relatively large
effortsin the last ten yearsrelated to laser
biomedical studies, leading to spectral di-
agnosisof disease using techniquesinclud-
ing scattering, reflectance, fluorescence,
and Raman spectroscopy. His most recent
research relatesto low coherenceinterfer-
ometry for detecting nanometer motionsin
cellsand nerve bundles. Hisresearch pub-
licationsin referred journals number more
than 200 and cover most of the major jour-
nals in physics and chemistry.
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Spectral Lines

Archimedes Solar Weapon
by Sephen R. Wilk
e ats W

Sephen Wilk

The Discovery Channel’'s series
Mythbusters, on cable TV features a group
of Hollywood special effectsexpertsrunning
tests and demonstrations to verify or dis-
prove “urban legends’ and odd reports. An
episode of their second season, first broad-
cast in September 2004, they examined the
case of Archimedes Mirror.

Archimedes is the third century B.C.E.
mathematician and engineer from Syracuse
in Sicily. Only afew of hisworkshave come
down to us, but those seem remarkably ahead
of their time. In The Sand Reckoner
Archimedes outlines a system for writing
very large numbers, much like our system of
exponentials, and then goes on to calculate
how many grains of sand it would requireto
fill the universe. Hiswork On Floating Bod-
ies gave us Archimedes' Principle, that the
weight of abody placed in water islessened
by the weight of water displaced. From his
work on the circle he obtained avalue of pi
between 310/71and 3 1/7.

Archimedes was also supposed to have
created exotic weaponsfor Hiero 1, theruler
of Syracuse, for use against the Romans
during the Second Punic War. Of dl theweap-
ons used — catapults, siege towers, giant
cranes—the most interesting is a giant mir-
ror or collection of mirrors said to have been
used to burn enemy ships. Lucian of
Samosota and Galen both mention this, as
doesthe sixth century architect of HeHagia
Sophia (usually called Saint Sophia),
Anthemius of Tralles, who wrote that
Archimedesemployed many mirrors. Proclus,
anoted mathematician, was said to have also
used burning mirrorsagainst Vitelliusin 514
CE

Can the story be true? The Mythbusters
team investigated, going so far asto build a
section of an ancient boat and manufactur-
ing asort of giant Fresnel mirror out of indi-

Archimedes, continues on page 4
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vidual mirrors measuring about a foot
square, placed on a large plywood back-
ing. A depth gauge was used to adjust the
tilt of each mirror segment. The resulting
giant mirror focused sunlight onto an area
about 2-3 feet in diameter on the section of
a ship, located perhaps 100 feet away. Al-
though the illuminated spot got warmer, it
didn’t get hot enough to burn, and they
concluded that, in the words of the show,
“The myth was busted!” | addition to their
failure, they cited the unlikely conditions—
you'd need a sunny day to use the solar
death ray, and an enemy willing to attack
then[1,2].

But wasthetest fair? The use of the crude
focusing mechanism meant that the beam
was not optimally focused. If some optical
means had been used rather than mechani-
cal means, would they have been able to
kindleafire?

Twenty two years ago Albert C. Claus of
Loyola University suggested that
Archimedes could have performed hisfeat
if he had ateam of soldiersarmed with mir-
rors, each of which could beindependently
pointed[3]. He even proposed a method of
pointing each mirror in the array[4]. O. N.
Stavroudiswrote back to note that theidea
of using burning mirrors against one's en-
emies predates Archimedes, and can be
found in Aristophanes’ comedy The
Clouds (produced in 423 B.C.E.). Further-
more, al the sources for Archimedes' feat
date from centuries after histime. If there
was no credible account of the event, why
should we believe that it happened[5]?

AsK.D. Mielenz pointed out, it appears
that the experiment had been done before
—George LouisleClerc, Comte Buffon, fa-
mous for his “dropping needles’ statisti-
cal method for determining the value of pi,
had performed a very similar experiment[6].
Buffon assembled 168 mirrors 8 inches by
10 inches in dimension, adjusted to pro-
duce the smallest possible image 150 feet
away. The array turned out to be a formi-
dable weapon. At a distance of 66 feet, 40
mirrorsignited acreosoted plank and at 150
feet, 128 mirrors ignited a pine plank in-
stantly. In another experiment, 45 mirrors
melted six pounds of tin at 20 feet. Further-
more, in 1973 a Greek scientist, lonannis
Sakkas, got ateam of 60 soldierstogether,
gave each amirror, and had them direct the
sun'srays at aboat 160 feet away. They
succeeded in setting the boat afire. Thein-
cident was reported around the world, in

the London Times, Time magazine, and the
New Scientist[7].

D.L. Simmswrote critiques of theissue,
concluding that it was not reasonable to
believethat thiswas possible. Simms notes
the work of Sakkas and Buffon, yet con-
cludesrather surprisingly that itisirrelevant,
sinceit representsa“ static situation”, and
that it is difficult to adjust the focus prop-
erly under “battlefield” conditiong[8]. Yet
the focusing method suggested by Claus
inthat first Applied Opticsreport would give
precisely the means to maintain afocus on
amoving object —it'snot necessary to know
what focal length is required, as long as
each independent element is capable of
tracking the target.

Archimedes Mirror

Archimedes’ mirror has shown up in text-
books on adaptive optics as the earliest re-
corded case of a“rubber mirror”[9]. Michael
Lahanas website[ 7] citesa 2002 experiment
in Germany in which 500 volunteers used
45cmx 45 cmmirrorstoignitethesail of a
ship at a distance of 50 meters. The test
conditions seem very similar to those used
on the Mythbusters show, except perhaps
in using the sail rather than the hull of the
ship as atarget. The only other difference
seemsto be the use of volunteersfor active
focusing.

It's not clear whether or not Archimedes
(or Proclus, or anyone else) ever actually
used solar mirrors asaweapon of war, but it
seemsvery likely that they could have been
used succesfully [10]
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Research Report

Interaction between Elec-
tronic and Rotational Mo-
tions in Calcium
Monofluoride

Jeffrey J. Kay, Serhan N. Altunta, StephenL.
Coy, and Robert W. Field

Department of Chemistry and G.R. Harrison
Spectroscopy Laboratory, MIT

Molecular Rydberg states areinteresting
from afundamental point of view because
they allow us to understand, in aball and
spring sense, how energy and angular mo-
mentum are exchanged between light el ec-
trons and heavy nuclei. By their very na-
ture, Rydberg series sample el ectronic mo-
tion over awiderange of timescales: along
a Rydberg series, the frequency of elec-
tron orbital motion varies from just a few
femtoseconds (timescale of molecular vi-
bration) at low principal quantum number
to tens of picoseconds (timescale of mo-
lecular rotation) near the series limit. By
understanding how Rydberg series evolve
from low to high energy, and how different
seriesinteract with each other, we can un-
derstand how electronic, vibrational, and
rotational motionsinfluence each other on
a variety of timescales and identify the
mechanisms that facilitate intramolecular
energy transfer.

The interaction between electronic and
rotational motion, with which we are con-
cerned here, isnot anew topic. It hasbeen
studied sincethe early 20" century and be-
gan with thework of Friedrich Hund, who
categorized molecular el ectronic states ac-
cording to various angular momentum cou-
pling schemes, which are now known (and
dreaded) as“Hund’scases’. Hund’s cases
have been used for nearly 80 yearsto clas-
sify electronic states and to define basis
sets by which complicated dynamical prob-
lems may be described. Two of Hund's
casesare especially relevant to the descrip-
tion of molecular Rydberg states and offer
pictorial views of two limiting cases of ro-
tation-electron coupling. Energetically
low-lying Rydberg statestypically conform
to Hund's case (b), in which the angular
momentum of the Rydberg electron pre-
cesses about the internuclear axis of the
molecule under the influence of the cylin-
drically-symmetric electric field of the nu-
clei. Consequently, neither the orbital an-
gular momentum | of the Rydberg electron
nor therotational angular momentum N* of

the nuclei (“ion core”) are strictly con-
served; only the total angular momentum
of the molecule N is a constant of the mo-
tion. The two particles interact strongly
through the electric field of the ion core
and the molecule “rotates as a whole”
When the electrostatic interactions be-
tween the Rydberg el ectron and theion core
become sufficiently weak, Rydberg states
conform to Hund's case (d), in which both
particles move more or lessindependently
of one another. Asaresult, these Rydberg
states can be described in terms of the
guantum numbers of the separate particles;
under these circumstances both the orbital
angular momentum | and rotational angu-
lar momentum N* remain well-defined.
Despite amost eight decades of research
on thetopic, asimple picture of how elec-
tronic and rotational motion interact on all
timescalesremainselusive. In particular, it

isnot clear how electronic andion-corero-
tational motionsinfluence each other when
theinteractionsinvolved arestrong. Inthe
low-lying Rydberg states of calcium
monofluoride, a molecule with along his-
tory in our research group, the el ectrostatic
interactions between the electron and ion
are so strong that these states are very well
described in terms of Hund's case (b) cou-
pling. Sincethelow energy Rydberg states
cannot be described in terms of the sepa-
rate angular momenta of the separate par-
ticles, it is not obvious how these Rydberg
serieswill evolvewith increasing principal
quantum number, especially when the
bound Rydberg states merge into their re-
spective ionization continua. One might
imaginethat, asthe principa quantum num-
ber increases and thetime scale of electronic
motion becomeslonger and the averagedis-
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Figurel. Composition of the pb series of CaF asafunction of principal quantum number
n. (a) Electron orbital decomposition. (b) Rotational decomposition. Stroboscopic

resonances are indicated.
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tance of the electron from the ion-core be-
comeslarger, the coupling between the el ec-
tron and ion should become considerably
weaker. However, asthe dipole moment of
the CaF* coreison the order of 9 Debye, it
would seem as though electronic and rota-
tional motion would be hopelessly en-
tangled on all time scales.

To generate a ball-and-spring mechanis-
tic picture of how electronic and rotational
motions interact in calcium monofluoride,
we have used multichannel quantum defect
theory (MQDT) to calculate molecular
wavefunctions for each of the Rydberg
stateswith principa quantum number n be-
tween 5and 100. To determinethe strength
of interactions between electronic and ro-
tational motions, we decompose the
wavefunctions into their respective angu-
lar momenta. This allows us to assess the
extent to which the motions of the electron
and ion-core influence each other: when
thewavefunctions can bedescribed interms
of the | and N* quantum numbers, the in-
teraction is weak; where they cannot, the
interaction is strong. Representative re-
sults of the calculations are shown in Fig.
1. The figure shows the compositions of
successive members of one of the six
Rydberg series of CaF as afunction of the
principal quantum number. The decompo-
sition in terms of orbital angular momen-
tum is shown in (&) and in terms of rota-
tional angular momentumin (b). Asisevi-
dentinthefigure, at low principal quantum
number, wherethe electron orbitsfast rela-
tiveto therotational motion of theion-core,
both | and N* poorly describe the molecu-
lar wave functions; the eigenstate wave
functions have amplitude in several elec-
tronic and rotational channels. Astheprin-
cipal quantum number increases, | and N*
become reasonably good labels: the wave
functions have amplitude primarily in one
electronic and one rotational channel. We
thus infer that as electronic motion slows,
the electron and ion begin to move inde-
pendently. The large features located at n
=45, 55, etc. are examples of “ stroboscopic”
resonances and occur when the period of
electron orbital motion is an integer mul-
tiple of the period of ion-core rotation.
Under such circumstances, the electron
sees the ion-core in the same orientation
each time it approaches; the ion-core ap-
pears stationary from the point of view of
the electron. Consequently, at such spe-
cial resonances, the angular momentaof the
two particles become strongly coupled just
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Figure 2. Artist’s conception of dynamic
regimes in the high Rydberg states of CaF.
Relative timescal es of electronic (rKepla) and
rotational (z,,) motion areindicated below
eachillustration.

asthey are at low n. Thisallows usto de-
velop anintuitive mechanistic picture of ro-
tationa-electronic dynamicsvalidondl time
scales: when electronic and rotational mo-
tion are in a stroboscopic relationship to
each other (i.e. “resonant”) the particlesin-
teract strongly through the ani sotropic (axi-
ally symmetric) field of the nuclei. When
the condition for the stroboscopic reso-
nance is not satisfied, the interactions be-
tween electron and ion-core “ average out”:
as shown in Fig. 2, each time the electron
approachestheion (once per orbit) itisina
different orientation. Consequently, the cu-
mul ative effects of successive electron-ion
collisions cancel one another.

In addition to our study of theinteraction
between electronic and rotational motion
described here, we are also working both
theoretically and experimentally on other
electron<—>nuclear energy exchange pro-
cesses, especially those that lead to chemi-
cal transformations such as dissociation
and ionization.
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Rennovations, continued from page 1

structure that employed the most advanced
engineering design and construction tech-
niquesthen available. Great carewastaken
to reduce mechanical and thermal noise. The
basic design called for an inner building,
which housed the research |aboratories, and
outer building, with an entirely independent
foundation separated by asix inch air gap.
The inner research building was designed
to float relative to the outer shell, with no
connection between the two. Theisolated
floors of the inner building had an elabo-
rate construction, with floors composed of
threefeet of reinforced concrete built upon
the concrete piles. A special isolated floor
covered the concrete base of the outer shell.
Thisfloor was mechanically damped using
specia vibration-absorbing structures built
upinlayersof finesand, roofing felt transit
board, vibration-absorbing cork, and con-
crete, and finished with an eight inch rein-
forced concrete floor with asmooth cement
upper surface. Seismograph tests of the
completed structure showed that | ateral vi-
brationswere almost completely absent and
that vertical vibrations were very greatly
reduced.

In order to minimize the effect of outside
changes in laboratory temperatures in the
building, theentire outsidewall of the build-
ing was lined with an eight inch layer of
cork embedded between twelve inch ma-
sonry walls. Furthermore, thelargegrating
roomson thefirst floor, where constancy of
temperature was most important, were sur-
rounded by an additional twelve inch con-
cretewall withasix inch air gap.

The Spectroscopy Laboratory has a dis-
tinguished 75 year history of advancesin
atomic physics, optics, lasers and spectros-
copy. Initsearly years, the Laboratory be-
came famous under Harrison's leadership
for its contributions to atomic spectroscopy,
including the analysis of complex spectra
and qualitative and quantitative analysis of
materials. Thisresearch eventually resulted
inthe MIT Wavelength Tables[3]. During
the period from 1940 to 1946, many of the
Laboratory’s scientists became occupied
with national defense and war work, and
their spectroscopic research projects were
gradually reduced. During much of thistime,
the Laboratory’s facilities were used for
spectrochemical analysis for the Manhat-
tan Project, and many thousands of uranium
samples collected from the first atomic re-
actor at the University of Chicagowereana

Rennovations,continues on page 7



Rennovations, continued from page 6

lyzed with the hel p of the 10 meter grating
spectrograph.

In 1946, Richard C. Lord assumed di-
rectorship of the Laboratory. Lord, an ex-
pert in infrared and Raman spectroscopy,
established both of these areasin the L abo-
ratory. Among the scientific achievements
during this period were discovery and ex-
ploitation of the anomalous far-infrared
spectra of ring molecules, the first vibra-
tional analyses of the laser Raman spectra
of proteins, and the important demonstra-
tion by Raman spectroscopy that the con-
formation of transfer RNA as determined
by X-ray diffraction from a crystalline
sample is the same as that in the aqueous
medium existinginliving cells.

Also during this period, the interests of
Dr. Harrison, now Dean of the School of
Scienceat MIT, turned to the devel opment
of spectroscopic instrumentation. In 1949,
he invented the echelle spectrograph,
which combinesvery high resolution with
broad spectral range. He devel oped engines
for the ruling of diffraction gratings under
interferometric control, by which gratings
of unprecedented size (as large as 400 x
600 mm) and optical performancewerepro-
duced. Several of thelaboratorieswere out-
fitted for stable operation of ruling engines,
one provided by the Nobel Prize winning
physicist A. A. Michelson.

Withthearriva of CharlesH. Townesand
Ali Javan in the Laboratory in 1962, the
possihilities of using the recently invented
laser in spectroscopic research began to
be explored. Townes, awarded the Nobel
Prize in Physicsin 1964 for his contribu-
tions in the 1950s to the development of
the maser and the laser, and Javan, inven-
tor the gas laser in 1960, made numerous
achievementsin the Laboratory, including
the development of a version of the
Michelson-Morley experiment using infra-
red lasers, which gave an improved upper
limit on the anisotropy of space, or the ef-
fect of “ether drift,” and pioneering stud-
ies by Townes and his colleagues of the
stimulated Raman and Brillouin effects.
Another important achievement wasthe ob-
servation by Javan of the first Lamb dip
and its applicationsto measurement of the
1.15 micron Ne?**-Ne? isotope shift. This
experiment marked the beginning of thefield

Rennovations, continues on page 8
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Figure 3. Ten meter walk-in spectrograph. The instrument was in the form of a Rowland
circle, a spectrograph that uses a concave grating arrangement to limit light loss due to
diffraction.
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Figure 4. Harrison with the MIT B ruling
engine. Using interferometric control, grat-
ings of unprecedented size and optical per-
formance were produced. The biggest, 400
mm x 600 mm, are believed to be among the
largest ruled diffraction gratings ever pro-
duced. TheMIT B ruling engineisstill in
use.

Rennovations, continued from page 7

of high-resolution laser saturation spectros-
copy.

These and other studies made apparent
the importance of lasers to spectroscopy
and the study of dynamical processes in
atoms and molecul es. With the sel ection of
Professor Michael S. Feld as Lord's suc-
cessor in 1976, lasers have become a cen-
tral research tool of the Laboratory.
Achievements during this period include
the first observation of superradiance, the
discovery of aleft-handed form of the DNA
doublehelix, and the devel opment of stimu-
|ated emission pumping as a powerful mo-
lecular probe.

Within this historic framework, the Spec-
troscopy Laboratory today continues to
pursue fundamental and applied research
inavariety of fields. Under Feld'sdirection
two instrumentation resource centers have
been established to support laser spectro-
scopic research in the physical and biomedi-
cal sciences. The MIT Laser Research Fa-
cility (LRF) isan NSF-supported resource
for physical science research. The Laser
Biomedical Research Center (LBRC), isan

NIH- supported resourcefor researchin bio-
medical applications of lasers, light and
spectroscopy. The new physical plant will
provide high quality spacefor the novel re-
search directionsthat it faculty membersare
pursuing.

In the new architectural design, the foun-
dation of Bldg. 6A will be the site of afour
story structure to house the Green Center
for Physics. During the period of construc-
tion, the Spectroscopy L aboratory has been
relocated to temporary space in Building
NW-14, thesite of theMIT Magnet L abora-
tory. .
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A Fond Farewell to Recent Graduates

Thefollowing studentswho have been associated with the Spectroscopy L aboratory have recently obtained their Ph.D. degrees. Wewish
them the best of luck in their future endeavors.

Jaime Dawn Choi

Chemistry, 2005

Generation of Ultrahigh Frequency Acous-
tic Waves for the Characterization of Com-
plex Materials

Inhee Chung

Chemistry, 2004

Understanding and Engineering the
Photophysics of Sngle CdSe Nanocrystals

Joel Eaves

Chemistry, 2004

Vibrational Dynamics in Water From the
molecule’s Per spective

Christopher Fecko

Chemistry, 2004

Soectroscopic Investigations of Hydrogen
Bond Dynamics in Liquid Water

Abigail Haka

Chemistry and Medical Physics, 2005
Development of In Vivo Raman Spectros-
copy for the Diagnosis of Breast Cancer and
Intra-Oper ative Margin Assessment

MuniraKhalil

Chemistry, 2004

A Tale of Coupled Vibrations in Solution
Told by Coherent Two-Dimensional Infra-
red Spectroscopy

Peter R. Poulin

Chemistry, 2005

Coherant Lattice and Molecular Dynam-
ics in Ultrafast Single-Shot Spectroscopy

Nathan Stott

Chemistry, 2004

Novel Synthetic Routes to high-Quality 11-
VI Colloidal Nanocrystals: Controlled
Growth using mild Precursorsin the Pres-
ence of Selected Ligands
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Joshua C. Vaughan

Chemistry, 2005

Two-Dimensional Ultrafast Pulse Shaping
and its Application to Coherant Control
and Spectroscopy

MirnaJarosz Vitasovic

Chemistry, 2004

The Physicsand Chemistry of Transportin
CdSe Quantum Dot Solids

David W. Ward

Chemistry, 2005

Polaritonics: An Intermediate Regime Be-
tween Electronics and Photonics

Sungho Yoon
Chemistry, 2004
Model Complexesfor Active Stesof Diiron

Metalloproteins. Dioxygen Reactivity and
Water Effects



Seminar on

Modern Opticsand Spectroscopy

Spring Semester 2005

March 8 Mark Johnson, Yale University
Water at work: Using clustersto understand fundamental aspects of
agueous chemistry
March 15 Kevin Lehmann, Princeton University
Cavity ring-down spectroscopy: From gasesto cells
March 29 Timothy Zwier, Purdue University
Single confor mation vibrational spectroscopy and isomerization dynamics
April 5 Alexander van Oudenaarden, MIT
How does a single cell remember
April 12 Elizabeth Nolan, MIT
Small moleculefluorescent sensor sfor imaging zinc in biology
April 19 JngKong, MIT
Orbital spectroscopy and Kondo effect car bon nanotubes
April 26 14" Annual Richard C. Lord Lecture
Robert Field, MIT
Just small enough
May 3 Hrvoje Petek, University of Pittsburgh
Ultrafast imaging and control of plasma wavesin Fer mi seas
May 10 AliceTing, MIT

Fluorescent reportersof protein trafficking and function

Tuesday, 12:00 - 1:00 p.m., Grier Room (34-401)
Refreshments served following the seminar.

Sponsored by the George R. Harrison Spectroscopy L aboratory,

Department of Electrical Engineering and Computer Science, and School of Science, MIT



L ester WolfeWorkshop in Laser Biomedicine

Optical Imaging of Pre-Cancer in the Esophagus

Tuesday, April 12, 2005, 4:00-6:00 PM
M assachusetts General Hospital
Wellman 1 Conference Room
50 Blossom Street, Boston

The incidence of cancer of the esophagus is increasing rapidly in the Western world. Chronic gastroesoph-
ageal reflux disease leads to a premalignant change in the esophageal epithelium, known as Barrett’s esopha-
gus, and this can progressto dysplasia and adenocarcinoma. The traditional method of detecting these changes
employs endoscopy and taking of multiple biopsies. This workshop will discuss non-invasive optical meth-
ods of detecting and monitoring esophageal precancer, including optical coherence tomography, tri-modal
spectroscopy and endoscopic confocal microscopy.

Screening and Sur veillance of Barrett’ sEsophagus. The Challenge, Current Satusand Opportunities
Norman Nishioka, Massachusetts General Hospital and Harvard Medical School

Upper Gastrointestinal Optical Coherence Tomogr aphy

Brett Bouma, Massachusetts General Hospital and Harvard Medical School

Real-Time Spectral Diagnosisof Dysplasiain Barrett’sEsophagus

James Tunnell, MIT Spectroscopy Laboratory

Endoscopic Confocal Microscopy for Sructureand Function

Gordon Kino, Sanford University

Refreshments served at 3:30 PM

Sponsored by the GR. Harrison Spectroscopy Laboratory, MIT, MGH Wellman Laboratories, theHarvard-MIT
Divison of Hed th Sciencesand Technol ogy, and the Center for the Integration of Medicineand I nnovative Technology

(Map availableonlineat http://www.cimit.org/imagesMGH_Map011305.pdf)




Research Article

Real-Time Spectral Diagnosis
using Tri-Modal Spectroscopy

James W. Tunnell, Luis Galindo, Sasha
McGee, JelenaMirkovic, Jonathon Nazemi,
RamachandraR. Dasari, Michael S. Feld
George R. Harrison Spectroscopy Laboratory,
MIT

Michael B. Wallace

Mayo Clinic, Ft. Lauderldale, FL

Chrigtian Jost, David Lewin, Stephan Wildi
Medical University of South Carolina

Kamran Badizadegan
Massachusetts General Hospital and G. R.
Harrison Spectroscopy Laboratory, MIT

The Spectroscopy Laboratory has been
devel oping real-time spectral diagnosis, a
non-invasive method for disease detec-
tion. In particular, the Laboratory has re-
cently developed a novel spectroscopic
technique, tri-modal spectroscopy or
TMS, for the detection of pre-cancersin
the uterine cervix,[1] esophagus,[2] and
oral cavity.[3] These feasibility studies
demonstrate that TMS provides a highly
accurate diagnosis without the need for
tissueremoval. Current clinical practicein
precancer detection requires guided inva-
sive biopsy, where current guidance pro-
cedures are insufficient and biopsies are
time consuming, expensive, and painful.
Therefore, TM S offers an exciting oppor-
tunity to greatly improve current clinical
practice by both enhancing biopsy guid-
ance and avoiding unnecessary biopsy.

In order to leverage the advantages of
spectral diagnosis, instruments and data
analysismust operateinrea-time(i.e. pro-
vide a diagnosis within a few seconds).
We have recently reported the develop-
ment of instrumentation capable of acquir-
ing tissue reflectance and fluorescence
within 1 — 3 seconds.[3, 4] Here, we de-
scribe our recent development of “real-
time” TMS(< 1) spectroscopic agorithms
capable of immediateinterpretation of dys-
plasia and guided biopsy in patients with
Barrett’s esophagus (BE).

TM S combines three spectroscopi ¢ tech-
niques (diffusereflectance: DRS; intrinsic
fluorescence: IFS; and light scattering:
L SS) to provide complementary tissue mor-
phological and biochemical parameters.
DRSanalyzes properties of thestromal tis-
sue and provides the wavelength depen-
dent reduced scattering coefficient, hemo-

globin concentration and oxygen satura-
tion.[5] |IFS measures the endogenous la-
ser induced tissue fluorescence and, using
aphoton migration model, correctsthefluo-
rescence lineshape for distortions induced
by tissue scattering and absorption prop-
erties.[6] Subsequently, the relative con-
centrations of NADH and Collagen are ex-
tracted. LSS analyzes the small portion of
light (3-5%) which issingly scattering pri-
marily fromthe epithelial nuclei. Analysis
of this singly scattering light provides the
size distribution of epithelial nuclei,[7] a
known hallmark of epithelia dysplasia, a
conditioninwhichthelikelihood of thetis-
sue undergoing malignant changeisgreatly
increased.

Eighty patients with Barrett’s esophagus
underwent random 4-quadrant biopsies
and optical classification. A consensus di-
agnosis of at least 2 expert Gl pathol ogist

classified each site as non-dysplastic
Barrett's (NDB), low-grade dysplasia
(LGD), or high-gradedysplasia(HGD). The
consensus histological diagnosis was low
gradedysplasiain 23, high grade dysplasia
in 15 and non-dysplasiain all other biop-
sies. Immediadely prior to biopsy, an opti-
cal fiber probe was brought in gentle con-
tact with the siteand sampled in lessthan 3
sfor TM S parameters.

Figure 1illustrates sel ected tissue param-
etersfrom each spectral modality. There-
duced scattering coefficient decreases for
HGD lesions. IFS demonstratesthat thera-
tio of NADH to collagen increases system-
atically with the progression of dysplasia.
Finaly, LSS showsanincreasein thenuclear
enlargement (i.e. percent of nuclei above
10um) for HGD lesions. A diagnostic algo-
rithm (using logistic regression) incorpo-

TMS continues on page 14
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Figure 1. TM Stissue parameters extracted from (a) DRS, (b) IFS, and (¢) LSS. Error bars
represent 95% confidence intervals. Bracketsindicate significant correlations.
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TMS, continued from page 13

rating each of these parameters demon-
strates the high accuracy of this technique
for distinguishing HGD from all other sites
(sensitivity and specifity >85%). All of
these algorithmswere implemented in cus-
tom software (Fig. 2), developed using Na-
tional Instruments LabView and Mathworks
Matlab. Analysis of the entire data set was
automated and required an average of 0.8 +
0.3 sper patient.

Real time spectral diagnosis of disease
offers exciting new opportunitiesto aid in
the management of disease detection. We
have demonstrated for the first time a sys-

tem capable of real time detection/analysis
of HGD dysplasiain patientswith BE. Real
time optical detection/analysis of HGD in
Barrett's esophagus using trimodal spec-
troscopy has the potential to guide biopsy
and avoid unnecessary biopsy. Future stud-
ies aim to show that real-time guide to bi-
opsy can enhance the detection of precancer
beyond current clinical practice. “
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