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Figure 1-1. The chemical reaction described by the potential energy surface.

The reactant A become to the product B through the intermediate.
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Figure 1-2. Simulated Raman spectra by light pulses different with the band width.
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Figure 1-3. Photos and extinction spectra of AgNP and AuNP dispersed in solution.
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without AuNP (blue trace).
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Figure 2-1. Optical setup of highly stable Fourier transform limited picosecond time-

resolved Raman spectrometer.
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Figure 2-2. UV-Vis absorption spectra of AuNP include 3T. Before and after 60 min
pulse irradiation is shown with the red trace and the blue trace.
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Figure 3-1. Block diagram of time-resolved Raman spectrometer constructed with

femtosecond light source.
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Figure 3-3. Time evolution of the transient absorption of trans-stilbene in heptane

recorded at 632 nm with photoexcitation at 266 nm. The energy of the pump and

probe pulses was 3.0 and 0.40 uJ, respectively. The result of the least-squares fitting

analysis is shown with a blue trace. See text for further details of the analysis.
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Figure 3-2. (a) Spectra of the probe pulse before reflected by a volume-grating
notch filter (black, broken trace) and after the reflection (red, solid trace). (b) Probe
pulse spectrum with an expanded scale after the volume-grating notch filter (red,
solid trace) and the best fit function obtained by the least-squares fitting analysis

with a Gaussian function (blue, solid trace).
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Figure 3-4. (a) Power fluctuation of the femtosecond Ti:sapphire regenerative
amplifier output recorded for 6000 s. The root-mean-square (RMS) deviation was
0.3%. (b) Power fluctuation of the frequency-doubled optical parametric amplifier
(OPA) output. The RMS deviation was 0.7%. (c) Power fluctuation of the
picosecond probe pulses prepared by the volume-grating notch filter. The RMS
deviation was 0.8%. The Ti:sapphire regenerative amplifier output and frequency-
doubled OPA output were sufficiently attenuated for the power measurement for

avoiding the thermal drift.
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Figure 3-5. Picosecond time-resolved Raman spectra of S; trans-stilbene in heptane
with photoexcitation at (a) 316 and (b) 266 nm. The energy of the pump and probe
pulses was (a) 2.0 and 0.45 uJ and (b) 3.6 and 0.45 pJ, respectively. The exposure
time of the charge-coupled device (CCD) detector was 120 s. The broken lines
represent the peak position of the 1570 cm™! Raman band at 0 ps.
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Figure 3-6. Time dependence of the peak position of the 1570 cm™ band of S, trans-
stilbene with the photoexcitation at 316 (open square) and 266 nm (open circle).
The solid trace represents the best fitted curve obtained by the least-squares fitting

analysis with an exponential function.
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&JFT /R F(NP)BS S 72 ST REHHE T ~ U BELIE, T/ Er 05 F O mRER i %2
FHL L7z, @8 NP OIF(EITE ZITEFEO S FICH R F RIS DR E 7o b3, Lo
LIRS O R D & 5 72085y 2 AL OG DR A2 - — L CEBT 5 2 L1385 Tl
RN, ARWFFETIE, 77— U o EHARA v PR iR T ~ L EHT Ko T AgNP E72id
AuNP T3 D S, o-tethiophene (3T) Z 8L L 7=, 35472 S13T DT~ AT FVIENP OF
BTRW—%ZR L7, Ll S 3T DIEENAHIREE L NP OfFEICL > TREL Brodz,
E— 7 fLED 670 cm! DT = 3 RIZBWT, @8 NP & O TRl IRE = x /L X —F
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REEE L7206 Lz, ITHETIE NP OIFEIC L - THER Z SN HIFIEN % HE Sh
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%, BEAHIEIREES T O X O N OSHICBIERICHTET 20 Fid. £ < ORA ROt
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DWEE IR, RSEREZ EL BT 5 9 A TRMERWERTH S, L, NPAFET
THRBIE SN2 T OBIET ~ > A7 FLOHEITMBIRY 220,

Ea RO T ~ B, RIES T OEESZE ORFZ (LR B a B O R A 7 —L
TEBHFT 2 Z L Z2FRBICT 5, Fo, WESFORENR ANBRRITOGENEIC & - TIHA LIz
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BEOIREMAMEEOI LA HWT, &8 NP 2672 63 LRSS DO ReEZ B 52T
Do

71 —7 53 F1Z1% a-tethiophene (3T)Z HV o, A ARhEE — EIH (S IRAED 3T (F ATz
WA 272 B, HIBT < VR E&E NP OF T XE LB RIZ L 5 @ E R H N T
ZLAREMED B D, Si3T OB aPiEf 0 fiE 7 ~ o A7 MV CIIREIm AR RSB <4 T
W52, MR TS3T DT <"y RIEE<HBAIL 2, 5 FND STRFH3 )8 NP &5l < 4
HERTHZ & bHMBALTND 20,

KEFETIL, &8 NP F(E F CTHIE L7z $13T O B a5 T ~ o 227 b LB L OEE)
HHENEFEN S | B REREES - & B NP O OFE AVEH OFKREFRIIZ a1 7 WF e O FEH
LT,

4-2 FEBR
4-2-1. ok

3T X TCI, AgNO;, HAuCls, NaBH. 3F0Y62 B A L7, Polyethylene glycol (PEG, average
Mv ~8000){% ALDRICH, Dodecyltrimethylammonium chloride (DTAC)IZE 7 ¢ /L A BEEA

L7,

4-2-2. B FH

AgNP F 7213 AuNP (X, B A A L KIEROBEITCIZ L - TR L7 |, &8 NP OFRGER & L
T PEG & DTAC Wz, FIHDFEMZ UL FIZFE T, #RE 2.5 mM @ AgNO; £ 7213 HAuClL
DK 5mL %, K& Lo L < #8#: L 7= 2 mM NaBH, /Ki&#R 20 mL (PEG & DTAC % 2-
4 g/100 mL OFEETEHEINIIEA LT, BONTAERNP O A REKEBESE., K97
NaBH, Z# BV fR\\ 7z, |IRE THAEILTZ 2 a4 RIEIRIC 3T 23 S 7=, 40ORIE CIik 0.1-
0.5 mM, 7Y OHIETIE 0.5 mM ORET 3T 2RI, T/ B DR WGERFEOWEIR

%, IR 2.5 mM @ AgNOs % 72 1% HAuCl DK O 0 ITHiAK 5 mL &2 W TR L 72,
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v FPIRE ] oy g ot o kIR, S TR 3132 &R U2 EAE R C e L 7=, Ti:sapphire F3/E1H
& #+(Micra/Legend Elite-HE, Coherent, wavelength 800 nm, repetition 1 kHz, pulse duration 40 fs)
PRI W=, HXT A N v 7 BElEZR(Opera Solo, Coherent) T A # L CTH7= 320 nm
DA Z B HEE DT D D & L THWE, 3B b oHeiE, Bt ofmyticxt L
T S4.7°DAEDRA D3R E S 4L, RICHE S D7 O HIZ5 H# (SpectraPro SP-2300,
Princeton Instruments, blaze wavelength: 600 nm, 50 lines/mm)®D AV 1A U v h~EEH I iz, [A]
P& TSzt a, A U —2 F A7 (Hamamatsu C10627, Hamamatsu Photonics) CHj

HL7=,

4-2-4. A RRFHIAE T ~ > o3tk

REE 7 — ) TR Y a BRI T ~ R A VT, AgNP £ 7213 AuNP 777 T
CBTD S13T DT~ AT ML ZORPERORFZHE Lz, EEOFMITITIC
e L TCWD 2, 436EHT Tissapphire A bE#s(Vitesse/Legend Elite-HE, Coherent)(Z -2
THESE L7z, PEIEH J)(wavelength 800 nm, repetition 1 kHz, pulse duration < 100 fs)% -2 57|
L. e I~ 7 m—7N%0RAEICEFNEFNLHW, BEC o0 Tid, 2% L 7-8EiE
HA( mN %87 A R U w7 BEEZS(TOPAS prime, Coherent)|Z38 A L C, # & 320nm £ 721X
390 nm DAL pW)ZEZ, b 5 —HOWEIEH 11 mDITIENT A N v 7 HEIEZR(OPerA,
Coherent)lZ X > T 632nm D7 = b FN/ UL AN ELH LT, BONT-7 = b MO
WYV 2 % BT V—T 4 7 ) vF 7 4 )L —(SureBlock, Ondax) TR & L7=, AHE
D—ERE v, 7— U ZEBHRFUTEMWERE A F£F2 B 3 f/31 2(0.3 W, wavelength 632
nm, band width 6.0 cm™!, pulse duration 3.2 ps)~& ZH# N5, Eaflt L ZOH NG ElX
0.8%(root-mean-square) T 5, 7 = A MNPOff L B ao I~ Ta -7k XA/ nm
A7 IT7—ICL-oTEREDE, B —A8200um FE|ZE L CRENRICBE L, —o
DIV ADIFINTATIZ LT, R 7 70— T ORI AT v B0 7 — & — il

L7z, T~ VHELEIT 90°BGELO b D & ktilig» 727 /7 a~— L U X THEN L., mkas
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(SpectraPro HRS-300, Princeton Instruments, blaze wavelength: 500 nm, 1200 lines/mm)-~& A L 7=,
TS NI T~ UBELEITIRIRZE B M EID CCD (Spec-10:400B, Princeton Instruments, 1340 x
400 pixels) TR L7z, 77 —7 4 /L& —(0-54, HOYA) & / » F 7 (/L& —(632 nm Stopline,
Semrock) & HIWT, BN L 0L E LA U —HELEZ I Bz, EFOT <~ AT |
JAEICIE He-Ne L —Y—2Z [T, KD T ~ L o0tat & | Coreds & s THIE L
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4-3-1. & &R E

BT LR AE(S0) D 3T DWLUL Z~27 kL L AgNP, AuNP Dl A7 /L% Figure 4-1 (T
AT, HMIE DTAC 2 B/WERF D 3T O S1=So DWILTH ¥ | K 364 nm 23K D254k
(R S BN T2, 77T R U 3RIBIC X B IE I AgNP T 400 nm(7R#R), AuNP Tl 524 nm(Fk
Byxze—27 by 7L LTENT, P OBBRIZR Y 7YV 320nm & 390nm 27~ LT
Wb, R ZYED 320 nm DOFF, 3T O Si«So BBRICRRIR =RV —% 52 5, REl=xL

F—DO &L, 390 nm [T R 5305 3T OWRINE DOJE % 0-0 B & 3 4iE, 5600 cm™ F2E &
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Figure 4-1. The UV-Vis absorption spectra of So 3T, AgNPs and AuNPs (blue, red and green
trace). Breoken lines indicate the pump wavelength for 390 nm and 320 nm. The solid line

indicates the Raman probe wavelength.
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AEbLND, REIFAX =1L, $13T OIRBIOH HEICHEL S D, So3T 1% 320 nm Db
EIZ Lo T, BRI TIRENE SV CEZ R 5727 hot S 3T & 72 %, AR 71T 390
nm ZHWEHEITIE, FEAERFT RV =% S22 S, 3T ARSI D, So 3T DN
Jihid & [AIREIS SRAMED AR 77V 21348 NP % b b 9~ %, @8 NP OYeihdic k- T
WETLIBETFL 7+ VIRBOMTEE 2B 17+ / VHELICE 2T, &8 NP OlRET
BE7 = b ML LEE aBORH T ER T2 ¥, R70OBERS 320 nm DFE1E” hot
AuNP”23, 390 nm D55 13 hot AuUNP” & “hot AgNP”MERRE D LB 2 Hivd, bz X
S TRAET IR I —OBERRIT, ©amlNiT ~ o otikic k> GBI cE %

EHIfFEN D,

4-3-2. S0 3T ODEREHEIRT ~ > A7 f L
AgNP F 7213 AuNP 77/E FCHIE L7z So 3T ORMEEIRT ~ > AT ML & F R D
Yar D A7 )b % Figure 4-2a (FRfk, fkdt. TAITR T, LA MIEMEAD 7 ~ o HeELIE

ZLGIWe, B =2 A& 1450 cor! D bRV T ~ /3 RId C=C O XMk s 26283 TH
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Figure 4-2. a) Surface enhanced Raman spectra of Sy 3T with Ag or AuNPs (red, green solid
traces) and noNPs (blue trace). b) Low frequency surface enhanced Raman spectra of 3T with

Ag or AuNPs (red, green solid traces).
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V. F R OFIEIZ L - T 1030 fFER S e, AEAWE 3T O &L, 48 NP ORffH
(2K LTI ZR &M CTh D, £ D78 3T 1348 NP £ D DTAC NT, x> THET 5 Al
REMENREZ b, @RKmE 8O 3T 1%L, SERS ZhRIC L > TL VRN T ~ U HELE A K
HT 228, SREEHEDOEENALEIZN D 3T (X SERS ZhRIC X 280w 503072 e 5,
F 72 Figure 4-1 ([Z7R L7248 NP O FIHIEIE AR Y M BIE, NP R EREEELIZH D
TlE7e < HApHL LTRSS BIIL TV D, SERS IC K 5 7 < U BELE O BEEZh 5L, 48 NP #
AR ITAHET DUNR IR, Ay ARy TRV oh s, ARSI 7z 10-30
EREOAY NS 2RIT, U EORRIZEZ2bDIEEEZE 2 HND,

Figure 4-2b CIL 3T DR EHTR T ~ 2 A7 "L OKIEE %7~ L7z, AuNP Tl 260 cm’
(2. AgNP TUiZ 230 e ITHRWT = 8 RZEI L7z, 3T OSYEIREOHIPH Tird Z Ok
TEBIZIRENE — NIIFAELRW B, L L SEFEEBEFMEFREG LI L TN &
JE-S HAFEIRENE Au 1T 250 em™, Ag JFU1-Cld 200-250 e (ZHLHI S U5 43¢, Figure 4-2b
THNTARE S D T~ "0 NiE, &BREHIO 3T O S BN EeRIR LA 2 L

T2 EERL TS,

4-3-3. & A FPIREH S RN 3 Tk

Si 3T OFERFEZ TR D720, e fREt /3 etk 2 VT S IRIED Fdin & I E
L7ce A BV =2 B AZEANTENTIE, BIRICHET 280 E DR 2L DI # %
6O 3D WA GO D, FFFARORFEE TS L CTi372 3T OO A2 /L% Figure 4-3a
(R T, HRE. SRR U TRARIZ T NEIL NP L, AgNP, AuNP fFE R CHIE L=, &8
NP 777E FCRIE L7854, NP L &b U TR DN D O NMEROE RS D, 8
WA FVOTRITZ EDFRAETHIR L TH RW—HEZ R LD, 7T XEIGIZED
D FRINDFBEITIZE A EMRNEE X BND, R 400-500 nm O 2 F55y L CT1572 3T
DI IR % Figure 4-3b IZ7°7 77, 2 CORERIT, FEIGE L LTH U ABECHERE 30
ps) & B A E AT B — DB R TR BT 2 2 L N TE (M), 5572 S13T O

FMILEDRIMFIZR L TH 180ps Thoto, BREFEITEO 1O S V58X, NP
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Figure 4-3. a) Fluorescence spectra integrated by the full time range of 3T without NPs
(blue trace) and with AgNPs or AuNPs (red, green traces). b) Fluorescence decay curves
integrated by spectrum of 400-500 nm (solid traces). Fitting functions for decay kinetics
are indicated by broken traces.
53 F D OFCITISEICE R RIS S iz Z L 2R LT b,
4-3-4. &J8 NP 17/E FIZ361T % S 3T OB APl g7 ~ o A7 L
AuNP f71E F(FkHR). AgNP f77E F(IR#R). NP M L(HH) THIE L2 S 3T OiE 7 ~ o A
27 N V% Figure 4-4 \ZR 9, ZALH DAY MUVTAR 72 320 nm 2, T~ 7 r—
7T 632 nm & W THIE L7z B a3 R T ~ 2 A7 h LD 0-70 ps DA LEIERFH T
BoONTT T ANRT MV EFE LTLRERTH D, So3T OREMERT ~ > A7 L L35
720 813T DT~ /N ROMKRERL AT MR, RTORFTRVN—EE R LT,
ZDIDFHNTE $1 3T DT~V AR MUE, 77 XF GBI L2 REHBHRE Y b
W OIIGT <~ URRIC K DM RE 2T TV D, 7T XF BT K 5O ES O H R %)
RITBJEL S HEESEENL D2 EWD T 5, @B NP IZK DAY FMLOERMMIZFEAL
RN EPD, BENTET v AT MVITEREE DO —E O EBEBEN 7o ALE /AT
2 SI3TICHRT 2 LB 2 LD, Thud, B R iR it ik TR S Lot L & oF

JEDILWHERTH D,
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Figure 1-4. Transient Raman spectra of S1 3T with Au, Ag and noNPs
(green, red and blue traces). Time delays of 0-70 ps were averaged. The

pump pulse of 320 nm and the probe pulse of 632 nm were used.

4-3-5. 42J@ NP f71£ FIZB 1T D IRENEMIE 2

Figure 4-5a (278 > 712 320 nm % AV, AuNP f77E F CHIE L7z Si 3T O & ol 4y fif
T ANRY MVERT, REITRLF—% 60 S 3T OIREGENEFE L LT, W< 200 F
YN RO EOKRHIZE(LEZBII L, E—ZA0ED 670cm DT~ N REB K&
O 1540cm™ DT ~ /3 RONE DK Z L% Figure 4-5b, 5¢ 127~ L7z, AuNP f#7E F ik
. AgNP fF7E FidfRHL, NP ELIZHF A TR L, #@BET~ Ny ROE—7MEE, AH
FHDONBHOBRSITLE > THEET D 9, R E 7o —T BRI E 2R - -l T
HAETHRANEELIL, SI3TOT~v NN FOE—IEEZEDTLE D WREERH D, £
DT & 7 NE DO RFE AL O AT T, SGRhEE R 2R e 5 ps LD T — 2 & iz,
Flo. A7 294 mm A HNTHIE L7z 7 a A~k oo S 3T @D 670 cm™ O T~ N
¥ RiX 18 ps DRFE CTREWNHIT 2 L it ST 5 2, BH—0 etk % €7 AV BEUC A
WT S 3T D 670 e D T~ /3 ROREIGAIORF ER % A S 5 & AuNP f#1£ F & NP
WL CTIEZNZN9ps & Tps Thoto, BONERERIT, BT 7 o~ 2T

SEATHIZED 18 ps LB L T2 MITHRWMETH 7z, EaBRINM T ~ o tikz v
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T2 0TI ZE I B W T, RV ILIRER T Y O A BAVRIKRT £ 7213 RTF 0 I O S, trans-
stilbene DIRENGEEENLENTWD 2, EHEL LRI U TR AVEELZAT DM, ITEIC
KD DIFET D I BRI ORBGHRED N, RThorfhrn b RE iz T,

T Si trans-stilbene DIRBYG AR, IWEEOBILBUERI AR 2 FF 720 TH D, K&
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Figure 4-2. a) Picosecond time-resolved Raman spectra of S; 3T with AuNPs. Lines
indicate peak position at 50 ps. The time-dependent peak shift by the vibrational cooling
process of S1 3T is shown for b) 670 cm™ and c) 1540 cm™! (red, green and blue for Ag,
Au and noNPs). Vibrational cooling rate constants were 9, 7 ps for the 670 cm™! band with
AuNPs, noNPs. The fast vibrational cooling, within instrumental response of 3.2 ps, was
observed for the 670 cm™ band with AgNPs. Time constants obtained with the 1540 cm’!

band were 7, 7 and 10 ps for no, Au and AgNPs.
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IRBEBUER E & DK DIFEIC K o T BBESER OIRE) = kL F—(mZEQ I S h D,
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BFToEnd ZEid, DR AIOTHLNE T,

1540 cm™ D 7 < 23 ROALEDORERZ L% Figure 4-5¢ [ZRx LTz, ZDF~ /3 KT
I3 AuNP f#/E T, NP #E L2/ 2 T AgNP fF1E FICBWTH RERE— I EOE(LEZ B L
7o IREVAH OB EEIIZNZEN T ps, Tps, 10 ps THo7=, AuNP & NP % L T 572 670
eml, 1540 cm! DT~ 23 ROEEGH O ERIT B W—8E /R Lz, 2 2 CREIEIC
S THEZONDIRF RN X —1T, HFRIRE =2/ F —FoEIVRIC L » TR 742
RIZIEA D, AL TR U 72 IR B IR R IR O = x L ¥ —B @ Th V| IVR X

D HEBVEBI T XL F—ORBAMER TH D, TOLOIRBBAOREKITER, v—2r 7
NeRT EDT< RN RIZOWTHRIEICBII D, AgNP f77E FTliE, 1540 cm™ @
TNy R & R CIRENAEIZ 7R L7223, 670em™ O T~ > /3> KT 3.2 ps LINIZSE
T 5 A HREh S HLE R A B L 7=,

S13T OIRENHENEFR T AgNP DIFTEIZ L - T, C-S filiffg & & LB i & B 2 HAL D 670 cnr
PORENE— R & C=C HfEICHRT 2 L E X 5D 1540 cm OIREYE— R CTHERRLIRDHN
% AT, REM 0 fRE S FERmIE 7 ~ o AT M VinG . S3T I3 REFmn o —ED
fix L > TNDZENFBRINTEDICHEDL LT KRBT — FERPOEHREE = 1L
F—BEh#fEzor L,
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Figure 4-6. a) Picosecond time-resolved Raman spectra of S; 3T excited with the 390 nm
pump pulse for noNPs, Ag and AuNPs (blue, red and green traces). Solid lines indicate the
peak position at 70 ps. b) Time-dependent peak shifts for 670 cm™ and 1540 cm™! band. The
solid curve is a single exponential function with the time constant of 3 ps for AgNPs and 4 ps

for AuNPs.
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Figure 4-7. Schematic diagrams of mode selective vibrational energy transfer. Left and right
panels show photoexcitation at 320 nm and 390 nm respectively. Energy transfer observed

with thermal energy gradient.
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Figure 5-1. The Rayleigh scattering of the light pulse after the reflection by the volume

grating notch filetr, Ne emission line and transient absorption of S; 3T pumped at 320 nm.
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Figure 5-2. UV-Vis absorption spectra of 3T.
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Figure 5-4. Picosecond time-resolved Raman spectra of 3T photoexcited at 286 nm a)

without NP, b) with AgNP and c) with AuNP.
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