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The purpose of the visit to India is to attend the 23" International Conference on
Raman Spectroscopy (ICORS) and to visit Prof. Umapahy at Indian Institute of
Science, Bangalore, and Prof. Saha at Banaras Hindu University, Varanasi, in the
scope of gaining new insights into our research topics as well as of seeking new
research collaborations that may expand our research in new directions. To achieve
the above-mentioned purpose, | attended the ICORS meeting (Aug. 12 - 17) and gave
an oral presentation of our recent research progress. | had many intensive and
stimulative discussions on topics both general and related to our research with many
attendees who are experts in the field of Raman spectroscopy. After the conference, |
visited Laboratories of Prof. Umapahty (Aug. 18 - 20) and Prof. Saha (Aug. 21 — 23.)
I inspected the ultrafast time-resolved spectroscopic system developed there, and had
discussions with many researchers including, Professors, post doctoral fellows and
students. I discussed possible research collaboration with Prof. Saha and decided to
start working on a new project in which we investigate new materials that Prof. Saha
provides with our spectroscopic systems developed at NCTU.

ERHEHENERY H ARSI 23 @i & s B BPE &% (ICORS 2012)M: 7%
AL F0EE B Y R SR T B2y Umpahy Z0i DL AL FLALAATERY H =8
HTE[IEEZOREE (Banaras Hindu University ) (Y Saha 2% - PAEFFIRYBTZE T &
R R DR T vl RE R R MBS s T R T 77 [ R AL IR 9%« By T
ZFPLE HAY - Fo2 00 ICORS &3%(8 H 12 H-17 H)WiAE g Et ¥ maIitsemk
ST CIBH SR - BRI 25 DS L St s R IR SR A ST 3w T — Ay LA
FARIBAHFEET EAERAEY £ - TR & R4S 1% - FFFS 7 Umapahty #4%(8 H
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The first purpose of the visit to India is to attend the 23" International
Conference on Raman Spectroscopy (ICORS) to have discussions on our recent
research achievements with the world finest experts of Raman spectroscopy and to
gather information of the recent advancements and trends in the field. The main aim
of those activities is to gain new insights into our research topics so that we can
further promote our studies into the direction that has higher impact on the field. The
second purpose is to visit Prof. Umapathy and Dr. Venkatesh at Indian Institute of
Science, Bangalore and Prof. Saha at Banarasu Hindu University, Varanasi. The main
aims of those visits are to study one of the world most advanced research instrument,
femto-second time-resolved Raman loss spectroscopic system, and to seek future
collaborations that may expand our research in new directions.

R GRS —{E B B2 20056 23 el S0t 2 Bl & ICORS 2012) »
FEAREAIRL S eat B2 iy SRR R M s P M S B TR R » WU SR LIk
HORTHERRE R R B AE R & A - 2 B iE LTS B Ay 2 H A Ry PRI 22 1 R3S il
— LAY R > SRMHINT SR A B b AR S BRI - B E H AT
EFENAAEF NEE R Ay EN S TE2BErY Umapathy Zd2H Venkatesh 18 -f: » LA AL
17> FLAI4NPEHY Banarasu Hindu University /Y Saha 4% o WiZCHIRHY E2 HELE$t
FHE S ERSCERINT R 2 — » RGBT R SR SO GRE AR T 9E e
H o WK AT e Ry T 7 Ay I EINTFE -
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The following is the schedule of my trip:

Aug. 12 | 14:25 Depart from Taipei (Fk[=) (SQ877)
20:00 Transition at Singapore (SQ502)
IR
22:00 Arrive in Bangalore
TREEFINEE R

Aug. 13 |8:00-19:00 | ICORS 1* day

Aug. 14 |8:00-19:00 |ICORS 2" day

12:45-13:05 | Give oral presentation, “Solute-solvent
multipole interactions as the origin of
intermolecular vibronic intensity borrowing in
resonance hyper-Raman scattering,” in Novel
Raman instrumentation and techniques
session.

> TR S a i S ) AR TR

5" Solute-solvent multipole interactions as

the origin of intermolecular vibronic intensity
borrowing in resonance hyper-Raman
scattering”fy C15EZE 72

Aug. 15 ICORS 3" day (Indian national holiday; no
academic events)

ICORS 55 = R (EIEEIE R H)

11:00 — 12:00 | Preparation of ppt slides for the seminar in
Varanasi.

RGN ELRI e ey & ik EE RS
Aug. 16 | 8:00 - 15:00 ICORS 4" day

TR AETE 4K

Aug. 17 | 8:00-18:00 ICORS 5" day

TR AETE O K

Aug. 18 | 11:00 - 13:00 | Visit l11Sc and discussion with Dr. Venkatesh
at Indian Institute of Science.
FRENENE R T2 A Dr. Venkatesh
AETTE W

Aug. 19 | 17:00-18:00 | Inspection of ns-time resolved system and
discussion with Prof. Umapathy’s student
BURI ns-IF AT 240101 Umapathy %
A P Ta o
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Aug. 20 | 13:00-17:00 | Visit 11Sc and inspection of their ultrafast
laser facilities. Discussion with Dr. Venkatesh
and Dr. Roy

FEE 1ISc AR E2 At MY AR TR ES ekl - A
Venkatesh i+ k2 Roy {8 L3 i G
Aug. 21 | 8:45 Depart from Bangalore (SG-224)
TRBEFINEE R

13:40 Transition at Delhi (SG-114)

A1 B

15:00 Arrive in Varanasi

R ELALANPY

Aug. 22 | 11:00-12:00 | Inspection of Prof. Saha’s laboratory
2 Saha BN E =

13:00 — 15:00 | Discussion with Prof. Saha’s student

1 Saha Y B4 175 B

15:00 — 17:00 | Discussion with Prof. Saha

1 Saha ZFZHE  TE o

Aug. 23 | 11:00-13:30 | Discussion with Prof. Saha

1 Saha ZFZHE TE o

16:00 — 18:00 | Department seminar “Raman and
Hyper-Raman Spectroscopy: Basics and

Applications”
Aug. 24 | 12:40 Depart from Varanasi (SG-221)
TREHE LA 4PS
23:30 Transition at Delhi (TG-316)
AR B
Aug. 25 | 7:10 Transition at Bangkok (TG-634)
11:50 Aurrive in Taipei (Taoyuan)
REGE

8 H12 H - ZHIH * &t EENEFIINZER -

Aug. 13" Mon: I mainly attended “Raman application to biological cells and tissues”
and “Femtosecond Stimulated Raman Spectroscopy” sessions.

The lecture “Femtosecond Stimulated Raman spectroscopy” given by R. A. Mathis
nicely reviewed recent developments of femto-second stimulated Raman
Spectroscopy (FSRS) technique, which is now expanding its field from proof of the
principle experiments to a valuable tool in studying dynamic behavior of molecules in
ultrafast time regime. He showed the capability of FSRS with several examples, such
as excited state proton transfer in the green fluorescent protein (GFP), excited state
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charge transfer reactions that form contact ion pairs in non-covalent donor-acceptor
pi-complexes, and the mixed inversion-rotation isomerization mechanism of the
isomerization of an azobenzene analog.

Several other lectures in the “Femtosecond Stimulated Raman Spectroscopy”
provided us some new experimental techniques that may be useful in our research
project with hyper-Raman spectroscopy. Those include, high throughput conversion
of the excitation femto-second laser pulse into pico-second pulse by “spectral
compression” with long second-harmonic generation (SHG) crystal. It is noteworthy
that the technique is capable in the ultraviolet wavelength region.

8 H 13 H,2#l— @ IREZERFRIFAHERSE Ry " HL SR YA S 4R FEAT |
(Raman application to biological cells and tissues) Kz " Fefbiegagin S EaLE |
(Femtosecond Stimulated Raman Spectroscopy) 24 o

i R.A. Mathis F2RAEEE ORIV EEH 2 ¢ EEEE ) Femtosecond Stimulated
Raman Spectroscopy”[]igd 1 PV S i S s EE(FSRS) Rt FARY 2¢ fe2 - iEPATL
o ER AT ELRIEAE I B B By =5 S TR 1) & bt 72 oo T BRI Rl B A TR S
7777 By (dynamic behavior of molefules in ultrafast time regime)/y¥2 & T. B - {24
{517 FSRS HYMAERE » (Buesk s )t.88 H (green fluorescent protein, GEP)AYS 3¢
TREE'E TiEF% - 4t {E§H donor-acceptor pi-complex 4H 45 B T- Y a3 IR AE
ER TS SO - DL S E SRR A B ME R & SO et 14 (inversion-rotation)
SR LR

TREV I ES T S RG22 2 h Ay B s s i 7 —Eh st a] DAERFIREEHL
SRSt E T AR E SRR - 5.t T spectral compression ; fIT%
ar K (second-harmonic generation , SHG) 7K i 5 3 TRAD B S AT HE A Btstird
(pico-second) ik fEr Yy i E A - IR{EG— 2RV E AR ol LU AR SRS MR
TR -
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Aug. 14" Tue: | gave an oral presentation, “Solute-solvent multipole interactions as
the origin of intermolecular vibronic intensity borrowing in resonance hyper-Raman
scattering,” in Novel Raman instrumentation and techniques session. (Fig. 1) After the
presentation, | had discussion on my research subject with many researchers including,
Prof. Bin Ren of Xiamen Unicversity, Prof. Mizutani of Osaka University, Prof.
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Umapahty of Indian Institute of Science and Prof. Furukawa of Waseda University.
The discussed matters include possibility of generalizing the observed intermolecular
intensity borrowing through multipole interaction to other spectroscopies such as
conventional linear Raman scattering, common nature of the molecular species that
exhibit intermolecular intensity borrowing phenomenon, possible modification to the
experimental setup for higher signal detection sensitivity, and possibiliy of
involvement of molecular polarizability.

8 H 14 H » 2 @ IefriE KT 7 LIBHSE SR » @ H & ' Solute-solvent multipole
interactions as the origin of intermolecular vibronic intensity borrowing in resonance
hyper-Raman scattering | » {iz> " #r7Ef =55 F 3%l , (Novel Raman
instrumentation and techniques):f2 4 - (55 FE—) S#FR&EH % - TIPS
FalamPIBFEHRE > BUfE Xiamen KE2H Bin Ren 4% ~ ABAEEH Mizutani
P~ BRI T2y Umapahty 08 LUK SRS R ERHY Furukawa 4% -
& am Y s Bl S B A B AR T S BN B At RS BRI R0y 737 [y
SRS B O B R REE ~ TiE oy TS R T RIH SR SR R FE

Solute-solvent multipole interactions
as the origin of intermolecular vibronic intensity

borrowing in resonance hyper-Raman scalterin

Fig. 1. Presentation at ICORS-2012
E—. > ICORS 2012 &3

Aug. 15" Wed: Since there were no academic events scheduled for the day, | spend
some time to review the abstracts of presentations on 4™ and 5™ days of ICORS. I also
made preparation of ppt slides for the seminar in Varanasi.

8 H 15 H . BIH=(FIERERH) : HRAREER LA ZHHEMAVEMTEE) > 3
(EFE T RS B B S S VU K R 58 1L R Y S kam SO » (Rl R P 2 18 A FLEIL
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Aug. 16" Thu: I mainly attended “Biomedical application of Raman spectroscopy”
and “Ultrafast Raman spectroscopy — I1” sessions.

It seems that the current trend of Raman application in the biomedical field is
shifting from imaging of cellular/tissue samples towards mass processing of hundreds
of spectra to extract characteristic spectroscopic signature of marker molecules/
biological events. The analytical methods they utilize are many different variations of
multivariate analysis, however, the extracted spectral information are often hard to
interpret. | found lecture “SERS of biological cells: A novel probe of metabolomics
and hemoglobin” presented by L. D. Ziegler quite interesting. In the lecture, he
discussed the multivariate analysis of Raman spectra of vegetative bacterial cells
obtained with surface enhanced Raman spectroscopic (SERS) technique. The largest
components of the signals are found to result from molecules involved in the purine
degradation or salvation pathway which are concentrated at the outer layers of these
cells. He showed good correspondence of the SERS spectra of the major component
from cell with those of adenine, hypoxanthine, guanine, and other metabolites. The
work showed the SERS capability of detecting and investigating extracellular
metabolome. At the same time, the work illustrated the limitation of the SERS
technique to in vivo study that it can only detect few molecular species at the very
outer surface of the cell.

8 H 16 H » ZHIM « e T " S e A EIVER] ) (Biomedical
application of Raman spectroscopy) 5 | #H i EEEE-11 | (Ultrafast Raman
spectroscopy)s#ie ©

H AL SAF 1) B B2 P RIS P T AR A H SR B AR B R K
P HE A% DR AU R o TR WSS SR A IR R B - (PR A oA
TTR L2 BRI A & 2098 2RI » BUSHYEaE a0 R 2
T2 o FEDA L. D. Ziegler 978 " SERS of biological cells: A novel probe of
metabolomics and hemoglobin ; A5 EUSELE - 732 sEs T » MRS R E Y3
HIE BT (SERS) RIS 15 B HIME AN B A BRI S sy 25 ST - b SR S B H
PR A e AR T e Al 2 2 i SR 4R S M e i T 2y salvation
pathway HHEIHY o R RAIPRIERS ~ JUEIGS ~ 5 BEIENS K =AY 12
AHRERE R SERS Sl - LLUR SERS FAME M KA ZE4HAES M EI4HATRE ) - [
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Aug. 17", Fri: Mainly attended “Clinical application of Raman spectroscopy” and
“Ultrafast Raman spectroscopy-II1"" session.

The lecture by P. Kukura “Time-domain vibrational spectroscopy of excited
electronic states” showed series of novel approach towards impulsive stimulated
Raman spectroscopy and presented the broadband and highly resolved time-domain
Raman spectra of excited electronic states. Their new technique is based on iterative
processing of both time-domain and spectral-domain information to almost
completely eliminate the background signals arisen from solvents as well as the target
molecules in the ground state.

8 H17 H » B2HiF : &1 " hrS-eseEagyER | (Clinical application of Raman
spectroscopy) iz I #BHREH SEEEEE-111 | (Ultrafast Raman spectroscopy-111) 552 -
P. Kukura f7J;82% " Time-domain vibrational spectroscopy of excited electronic
states | JEIR T — ZRFINRENZES T SO CREERRUT A - TR ETHEENE
77 K S R T ST H1L S e o At (IR R o R AR R ] R et s ke y S A =R

&R - P REST EHRRRIAE S FRRE H AR TP e AR AT B SEHR -

Aug. 18", Sat: | visited Dr. K. Venkatesh at Indian Institute of Science, Bangalore to
discuss the recent progress of there Raman application to clinical and biomedical
diagnosis.

8 A 18 H, 2N  TFE T HMEE R AV R T2 BerY Venkatesh 18- -
RO Sl PR R A s S sl EH S E AT e -

Aug. 19", Sun: | visited Prof. Umapathy’s laboratory. There | inspected nano-second
time-resolved Raman spectroscopic system and discussed with the Prof. Umapathy’s
students. There apparatus are, though it is based on rather old technologies, well
organized.

8 H 19 H - BHIH : FFFah T Umapathy iy E e - AR 17 THED
7 —FOREFEIRATTIL € 5S4 %t > WEAT Umapathy 292 4 T TET R o A0y
RS PN PR EE VR BBy - (B2 AHAR B A -
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Aug. 20", Mon: I inspected femto-second time-resolved Raman loss spectroscopic
system developed there. The system is one of the most advanced femto-second
Raman loss system, with one laser amplification and two independent optical
parametric amplification system to manipulate the wavelength of three laser beams
independently. The femto-second to pico-second conversion of the Raman pump pulse
is realized by 4f-dispersive geometry with mechanical slit, of which conversion
efficiency are a few percent. The system is well designed and neatly organized so that
most of the optics are easily accessible for the fine alignment. (Fig 2.)

After inspecting the system, | discussed with Dr. K, Venkatesh and Dr. K. Roy on
their recent results obtained with the instrument. We also discussed the possibility of
incorporating computational approach, such as quantum chemical computation and/or
molecular dynamics simulation, into our experimental approach on the investigation
of intermolecular interaction in liquids.

8 H 20 H » 2H— BRI TS AR 2t 24 - S A
GRS S 28 2 — A —(EE S BRI EE I D2 B &
FEEIRE =LAV SR - (B AF-I By s% IR EL S 2 V)4 m] DARS
R S BRI (B FH TR P DI U RYARAR - IR L — RIS AR T
TTEE - IE(E ARSI E RS > FrLOLE TR il DA S HE AT THCEE
(R 7IE 2)

TEBURISE % 22 481% » A0 K. Venkatesh {811 K.Roy - TRETMth MR T 15
FINBERGE R Ta T3 - MES R TG EE TEEETE > 3020 T BIREHE
G E MR RS T A B E R T AR AT RE N -

Fig. 2. Femto-second system with Dr. Venkatesh.
i8] — Venkatesh i HANFRAD 2145
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Aug. 22" \Wed: | visited Prof. Saha at Banaras Hindu University. There | inspected
their research facilities for chemical synthesis and analysis. The spectroscopic
apparatus at their department are limited to only the basic instruments such as
UV/VIS absorption, infrared absorption and fluorescence spectrometers. Prof. Saha’s
laboratory has expertise in the synthesis of various types of new compounds such as
ionic liquids, polymer films, catalytic molecular complexes, etc. Although they are
very much interested in investigating into the novel properties of their newly
synthesized materials, it was not possible due to the lack of advanced spectroscopic
instrumetns. We discussed on the possible research collaboration and decided to start
working on a new project in which we investigate on new materials that Prof. Saha
and their group members synthesized by our spectroscopic systems developed at
NCTU. (Fig. 3)

8 H22H » ZH{= : $FF5/ 1 Banaras Hindu University iy Saha Z#%7 - 7E A5
BREE Tt % & R o b B ER (R BB 7285t - (M 2 ERYERE AR Es RS2
UVIVIS AR ~ SLAMRIR SR I S g o s SR AN R - Saha ZU%1VE
b= e R e ST L EYBREE T RS - BaiE - B (EE D THEEY
S o BEARU P A AR R B B SR RISR S IR (R AR = RS
FEER RS AR RY - TRt s AR AT RE A THYLLEIHTE - MR E R s T — T
AETEE © R AT R ER AR 2 4R s AT 9T Saha Z s B A e 3 Hi 2l
FRATIRE - (55 LI 3)

Fig. 3. With Prof. Saha and his students.
B =. B Saha ZFZAIMAVEATER
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Aug. 23" Thu: I was given an opportunity to present a lecture to the faculty members
and students in the Department of Chemistry, Banarasu Hindu University. | gave a 60
minute talk titled as “Raman and Hyper-Raman Spectroscopy: Basics and
Applications,” in which both experimental and theoretical basics of Raman and
hyper-Raman spectroscopy was reviewed with many of our own research results used
as examples. The audience was quite active during the talk and I received many
responses from both Professors and students. Few of the discussions we had afterward
the lecture include, application of the hyper-Raman and Raman spectroscopy into
biological science, physical interpretation of intermolecular interaction that facilitates
intermolecular vibronic coupling, possibility of utilizing time-resolved measurement
of the intensity borrowing phenomenon to get deeper insight of the coupling
mechanism, and mixed solvent measurement to further extract information on
solute-solvent interactions. (Fig. 4)

8 H 23 H » EHAM : FAZE{SE{E Banarasu Hindu University {022 2 {0V R
HETTHEENTM S - BE(T 785 " Raman and Hyper-Raman Spectroscopy: Basics
and Applications ; [ 60 73§ /c A E % - P E T LS S AL S R E
B AR B RPIRIRZest E P T RSB - BRI a8
MHETRRE - TACEI B AETTIVEEET Z0E - AT e &
118 K AL SRR A YR ERIIE R ~ (e o0 T8 TR BN o TR 8
WIEHERRE ~ IR R AR S 5 LR e ARG AR o (5 FLIE 4)

Fig. 4. At the lecture, with Prof. Saha and Prof. Singh.
[EPU. EEE{% A Saha ZE% A1 Singh % &5

8H24H 25 BHIT ~ N BHREEE -
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The visit to ICORS conference and the visit to both Indian Institute of Science and
Banaras Hindu University were very much stimulating, insightful and meaningful to
our research project. |1 was able to gather much information that were new and were
not available to us before. Those new information broadened my point of view on our
own research topic and help me gain a new insight into our topic. In addition, through
the discussion with many researchers from around the world and by listening to many
advanced lectures, | strongly felt that the scientific area that Raman spectroscopy can
contribute is now rapidly expanding. The development of new methodologies
specially designed to each of those varieties of scientific problems will be a key factor
for taking lead of those expansions to new fields.

IBERSNN ICORS &3 & HEHE[FE RIELHE T 22051 Banaras Hindu University 32
BiEIZ 25 B2 o WERR T P26 8riaV & - APter&aiifie 7 IRaveEr - 1% F
¥ HATETIVIRAE T —SHIE L - BHIh - EERAIET 2K B & 52
EHE TR EmAL S B 2 HERS U > BRI R B SR T AR R R E R Y
i IEAE R R E -
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