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Control of electronic excitation induced by localized surface plasmon resonance

Kei, Murakoshi
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in-situ

We have revealed that strong coupling states between localized surface
plasmons and molecule excitons affect the Raman enhancement. Tuning of the localized surface plasmon
resonance energy by changing metal nano-dimer structures leads to the modulation of the hybridized

polariton energy of the hybridized system between metal nano-dimer structures and organic dye
molecules. Maximum Raman enhancement was obtained at an optimized resonant ener?y between the hybrid
states and Raman excitation. The coupling strength can be controlled by not only the structure of
metal nano-dimer, but also the electrochemical potential of the system. The density of free
electrons in metal nanostructures as well as the redox states of molecules can be varied by the
electrochemical potential of the systems, resulting in the changes of the stron? coupling states.
The present finding can be extended into general scheme of the control for the light-matter
interaction.



B X C—19. F—19—1, Z—19.

1. WFZEBIA Y DY =

St EWE O EAEH Z S RIS HE T S
T EE, RIS, e —25 L
TN A EEREYE RN e OIRE 7R
SR CEERPEE L THLE D
FHENTWD, Fb OFBERYZEIT T,
&R I EE~ORBHIZEVTFEIND
JREEER T 7 A EFH L 2L F
— DI/ NE~D RTEALIXIEFIZHE D7 T
BThiHEEZLNTWS, TDH, Bk
L7 BB ICRB W T, WEREOWE-
S5« FRI172 8 R RARRNCEfES 5
ZEBNfEROREHICT S TE L EE
ZHNTW5D, ZORUNEELZFIHL T,
JEIRAEIC D K BIROFIH 2 f[HE & 35
T=DITIE, SREMERT D01 - WE O
&, REEE, ErRErERE T e —7
LoD, JDGRRIGE %oy 1V A RE O K
Erxb o THDULENRD D,

2. Mo

REXREH L > THEESNDI DT - WE
DO IFhEARE R O M EH S ET5 2
EEARHEREOEMET S, TRLF—L
WEPBE SNTRIET T A€ v LBRHFER
AT T XL OFNENITK LT, MALE
M3 20 oOmE, Hir, BA, %5 % il
L CTEAL, BRI ETHEN ORI, £
L DFFRAL. F 72 IXREEAIRREIE Ak & Al HE
ET DGO REERA D, Fx OO NHIE R
BRfET 5 Z & T, RRTESGIC I T 2 WE % E)
ERET D, £, REAKOEXICFENE
HIEE L C, BhidiREE R HIEICHIET D & & b
2, B LT =— 7 B TN O E AL
XA T v XY VENMNERET D, ZHHOD
JRTENE & oy 0358 < HH BEAE 72 R OB
DA A= THEINE ST L, TERD I
ECTIXREETH - 72 7 v & 2D H ]
AIZHOW T O ZBERT 5,

3. WOk

(1) JRTENEIRZEMNICIFIET 5 50+ IMFLE
T H%E . 0 ORI EE O kB - 0 —
FINX— WXL X —OHEERICED
St LW osREEGIRIEN AR L, EhEIR I
FENHTHZENILNT WD, RET T
REVEERTDHIERT ) XY v IHiEE
BRACFZEAL O HIE % FTRE & 2 BB ML
W ECHEL, &8 BBICBWTERT
LA Ak e A . R FEAHIE Tz
TaMli L7z, &REEici+50 708
FREEL . SRV T BN SN DS E R
H L., BXbS in-situ REBERT ~ o BEL
(SERS)HIE. HXAXT MRIEEIT- T,
DHFHBNC L ST, Fv v THICBIT D01
. RTESRRIIHRT DT O A LT,
A AT L - TR LTI RMEN O = R L
XF—lRZ W AT FLEHANC L0 S 2
ELTERIC, REeROEBESILFENME LS
. TV, WHEART MVOBNAREE %

CK—19 (Jtm)

i ER O

(2) WFEATHEIZ K W ERL L 7=k T & L&
WL TSR U7 MR I Au -/ i &
T ZLICE D I X237 Au
TiIO, ERAERL L7, Z OEMBEMIZY A X
DBE STz 1 & AR 2 P8R &1
K ~(PbS)Z il L CRLE T %, &8 T/ 1
ENFHE T 2R EIGNICAE U D855
Bl X 0 fk S b BAFHE 7 vt 2 D%
Bl 4572012, Fix OWEEDOILRKT
2B D HEBRLFREEIT- T,

(3) KD ELG WL TET DR DEEEIT S
72olc, BRALFH AR T/ M E T O
FENLIZ AT CHEA DRRFT 21T o 72, EEME
W EICEER a2 L0 ERLL7-4)8
F WO R TERACFEE D L8 E
HE3 25 2 & TEIE T/ O R % HE %2
1To72 MA T, FISOEITITHENELT S
SRR I, R R HCGELBRIS SR & R 10
AT HIETEOLBEEYELET %%
ML, AL,

4. WFFERRE

(1) K 1R T O, Au T HEE RSB
BeH L7 7 7 Xe G EKR Rz g1
EHET S 2L TR LZMEAREDE
SALFICE R THEART b Th D, K
ORI R T O L 7= a5 1 DO i
KB R TH Y | HIE L7 B XX $
WRLTWD, HELNTHEEART MVIZA
HALDHHH BN SR E OB L S | RS
IO R Z MR LTz, BRENZ L2, &
FREBAT DA BL~ORBNT LN, T B 43
DT FVX —NEALT DT D R
Nni-, BRENMNN-04V OB NTTE
SEMEN R RIS D Z ENHAL, 7T XE
v—hE O EAERN R DR R D5
i, A ONZ T FYENL D = L X —YHENL DI
NHHEMNE o T2,

Energy / eV
3 2 18 16 14 1.2
T T T T T T
01 3 vs.
EEE) Ag/AgCl
E L\J/ ::- 08V
S IR -
£ H
w I 0.4V
J ov
+0.3V
1 " 1 "

400 600 800 1000
Wavelength / nm

1. in-situ ESKALFIHIEA T R,

KNT, BESIREOER TR 205+
ZE A FEMICERAE T B 72Dz, RISz
T SERS B AT o 7o R 2 X 2 1R d, 14
HART MARIEDORIZH Ao X 57
BN LTz AT b VAL BRI
SNz, ZOZ X, MESIREOLEHF N
SERS SHEIZHEL 52 5 Z & AL LT



W5, TN ROMIRELDOEILN D
T Au REIZKT D0 FEIA, RN T
RAE Y — %t%ﬁﬁwm%ﬁmbfwé:

EMID, A LI-AFES 1L, 06V AT
TR TEMEET D, Oi@ %$U£W

TYHJE. SERS A7 hVIZELIH S 7=t
ZENL, ARSFOBEBXILFHETICED
Au K TOHFEPERRE TH D & TH
b,
VS.
‘ ‘ N — Ag/AgCl
|1000cps |4

Ao | 08V

ﬁﬁWWMkwﬂvM -0.4V

[N N |
AﬁMMuAHJuW +0.3V

500 600 700 800 900 1000

Raman intensity

Raman shift / cm’’
2. in-situ 5T SERS A7 b L,

B nmate LT, ABMEROZNZN
DEZACFEMICB T, B 72 SERS
v RTH D555 emt DN RIRE 220G
77T RTHBEAL L= O % Fhid Ot R &t
Bz L C ey LB DK 3 1TmT,
WIWIEAL 2 0V & L bl YR A BRAA L 0 120
BW#lz, PR BRI B~ EEE
A &7, SERS R IZIS T D HLHRE D
VA o S o ey SR NS LN L Y s
TZENANBNTWNDTZD, ARITBWTIX

75 XTI RE(ER ST S -

LIZkY, SR THOEBENRKE o
TWVWDHZEN-08VIITBITAREENSH SN
&ﬁotouﬁ\ﬁ#A%Eﬁm%&®ﬁﬁ
{BFZEMITIN 2T, 1HYE. SERS DEXLT:
ZOPRMELRBMET L LIk, ZhET
WCHfE TR S RETICK T 50
%*%ﬁ@@f%%mb wRAL T FIED I
FEAHEICH T RO TAEITHDHZ LD
RENT,

ov 08V wItT gy 07V T ov 08y |

e R m
i

4

Raman ncensty
Reatve Raman intensey

Retatrve Raman intenszy

e s SN LU S ,'-' ,
§ oo PP T SR
= 02, 02

00w L P 00
W 1w

[X.8 % EEALFEMICE T H SERS N R
DFERE TR B ORI L,

QLT & o EMm EICER L7 T e
IEMEZR Au - / BEEREIC, PEARE TRy
MEHIEL CREE L, @)/ #Emko)R
ERET T AT EWE O3 BE
T 2147V > MEGEEZHBELT=(X 4),

WE: PbS QDs/TiO,/Au/TiO,
Filters: 400<A <800 nm

RE: Ag/AgCl “L" l

0.05 M Na,$+0.1 M NaOH

(pH=13) e FTO glass

20}F
TiO, PbS QDs
ASE anatase  .q28
S -1of 081
:w 063 E 065
0.5 0
2 17ev 5 E,
: 0.0 116V 09ev g2/g
s 028
2 05F g om0 03
£ 10} 32V opazs 101 OP-1344
g 23nm 37nm 48nm
s 15} » a
20} Vis NIR
25 =wB=
257

X 407EROEEX L8 RE T Ny ho
FRIBRTBIT D3 R,

AL7EEF Ry FORRICKEIFELEZZ RV
X—F AT 7 TLEK AR LTS, K
YRR A DRI & AT 5 8K kLT &
FAWTET Ry b E&RET / #EM O Bk
ZHIE L 72 B BIRATE 21T o712, Dk
F. HOFEOLKRMICBNT, kiR & v
DIIIRE e oR S 7 D Al R EIR I BV T
AN RN TREER I mtfé &R
L7z, S HIZHEBRENZ JATEES L &
ﬁ<%ﬁbf“éﬁﬂyh%k/7®P%%
TRy bR ZEBE AR ERTT L2 L
ZRHL., TOMRE LTRET D NEEN
NIREERICH ET A2 EE2HLMNE L (X
5), 4 L7z B O BhEE BRIFIEICE L
TEZR, FEDOEEIZBWTART 2 RE
HEDOBEN R KIZR D=0 &
TEFBEENMIRNT DD, MRELELTE
HEAZIRNE KT HE VWS ZERTHIEN
Do LA EDD | AT 2 HREY & E R
J Ky bORhENBIFICHEAETHZ & T,
E@%%m#f%//%wckmfﬁaf

EBrOENMEEI N, BESh=ET L
EK@EFAkﬁ T 5E L IEADEIEAL

&

OP-1344

W

Total Photocurrent Density (nAlcm?)
g

b=

10 08 06 04 02 00
4. (Vvs. 4.)

5. flix DR EHTHET Ry hEAW
T B AV BRI E 5



SNAHZEERHLE, 2k, HE
AN N SR PNEE S 27 N7 VAN N SRS i ol I
BT R —DNEFHT S LTl
BHENELIMETHZEEZHALMNCL
oo ZOHFEEF, B KNy MZESLTIX
=y 7 KGEMOBEEIZIT TRO TH
NI FERTHDLHEEZBND,

() JeDH 2 B mEN LIS Tk, &F T
J AT 2 B EUE R < BT L0 T s A
THZ L EAREE T DR OMEE NV EART]
KRTHD, T/ A— FAFREICEHE L4
B BAREEIL, Ak X oz, BEEHRED
W WE 52 L CTREMER Y X
B OFHRIC & > THIBRICIER IRV IEE
Lok T 5, ZOFKT 2 B % iR
= CTHIBET B 7-9cix, MR E R L
INVTHET DEMNMETH D05, FHEMESR
BAEME DRI B R HB R IxE = E T
B, R TIE, EEMEEE L rER
L7-fix D Au " EEEEZ VT, EXIL
SRR B BRI IAT S RO 2 A4 2 &
TH 7T A — )V ELT O R C M B B
% 4 2 FR BN Ofe N 2R AT, S BIC
ARRIZIBWT, HEEZRICER T 7Rk
D % BAPSEGEL 0 e E I L 0 Z DG E]
BT 52 LT, BEEIIE D 7T X' R
PEEA L DOFEM e Fim & ATRE & L7=,
ERALTF in-situ FHR B EEREGELIIEIC XL Y
Huf U7z Au BB bR ROGHEEST TIC ks 1T D4
BT A ORGELA XY N L DR &
X 6 12T, BRALFEMAOHMNI L, HE
EEACATHRAT U 7= BGEL TR E o i/ & BEL AR
RKOZEALDBH ST, EXALFRIEREZIC
BOWTHES L7 SEM 8Tk, Au —EfHE
DR LT2 2 L2k v BRI Hh T
IR TR LT Z & R S T, FBALODH]
Al % BRA L 7= 600 o1& IS I3 R EDE L
AN SN TN D, ZhuE, BIBROAL
ARV R IR & TR S 7z B ZE R
R LTWAD Z EITEF L TWD, ERERICHK
LR E 2 B ER AT LT e v bg
HE. ZOWRBIZBWTOEOBELYNE L

(b) 091V, t=0s

Scattering intensity / counts

1 1 1 1200s
500 600 700 800 900
Wavelength / nm

6. & BARHE OBLIAMR LU Dt
FREA

VIO bR TE TS, — AT, Zh

Lo EEEIEICEBERTE AT S
Z LI HERER Lz, FoEAIT. S ROK
o EH. MREBEBEORDICERNT S EE 25
D NFREEAC DR STz, L EDN AR
FIEOAREIENC L0 . Au B AR ERFR
WCBITDEF N 7 EFHEIE IR
AT — RSB EICHE S NG Dl setEn R
i, X ESRICHE O b SRR ] & )
LB GOBENAIEICR -T2 EEZLT
W5,

5. FE/RFEKGM L
UdERsam ) (BH4 1)

@D S. Yasuda, S. Hoshina, S. Chiashi, S.
Maruyama, K. Murakoshi, “Electronic
Structure Characterization of Individual
Single-Walled Carbon Nanotube by in-situ
Electrochemical Surface-Enhanced Raman
Scattering Spectroscopy”, Nanoscale, 8(45),
19093-19098, #HiA (2016).
DOI:10.1039/c6nr05209f

® H. Minamimoto, T. Toda, R. Futashima, X.
Li, K. Suzuki, S. Yasuda, K. Murakoshi,
“Visualization of Active Sites for
Plasmon-Induced Electron Transfer
Reactions  using  Photoelectrochemical
Polymerization of Pyrrole”, J. Phys. Chem.
C, 120(29), 16051-16058, £ #i47(2016).
DOI:10.1021/acs.jpcc.5b12727

® X. Li, K. Suzuki, T. Toda, S. Yasuda, K.

Murakoshi, “Plasmonic Enhancement of
Photoenergy Conversion in Visible Light
Region Using PbS Quantum Dots Coupled
with Au Nanoparticles”, J. Phys. Chem. C,
119, 22092-22101, #HiA (2015).
DOI:10.1021/acs.jpcc.5b04693

@ S. Yasuda, R. Kumagai, K. Nakashima, K.

Murakoshi,  “Electrochemical  Potential
Stabilization of Reconstructed Au(111)
Structure by Monolayer Coverage with
Graphene”, J. Phys. Chem. Lett., 6,
3403-3409, #FHifi(2015).

DOI: 10.1021/acs.jpclett.5b01488

(s (B 371)

1. X. Li, H. Minamimoto, S. Yasuda, K.

Murakoshi, "Enhanced Photocurrent
Generation of Size-Dependent PbS Quantum
Dots by Coupling with Plasmonic Gold
Nanoparticles”, & % {b 7= 5840 K%,
2017/3/25-27, EHERF AR, HOAUH\E
Fifi.

2. B CREEESIC B D0 T

YR8 [y AT AFSE) BFSE
S, 2017/2/7, BALSEMFIEAT, B E R
e, (FRfsaEE)

3. K. Murakoshi, "Surface-Enhanced Raman

Scattering from Molecule Catalysis for
Hydrogen Evolution Reaction”, SHTP



10.

11.

12.

13.

Annual International Conference 2016,
2016/11/17-18, Hochiminh, Vietnam. (##7F#
AT

K. Murakoshi, "Plasmonic Field for
Molecule Manipulation”, AsiaNANO 2016,
2016/10/11, Sapporo Convention Center,
Sapporo, Hokkaido, Japan. (3753 7#)

X. Li, H. Minamimoto, K. Murakoshi,
"Photocurrent Generation of PbS
Nanopartciles with Narrower Bandgap

coupled with Localized Surface Plasmon
Resonance”, PRIME 2016, 2016/10/2-7,
Hawaii, USA. (FAFFfH)
i & ERAEICRT 50T et
A DN, H AU E 7265 F 2,
2016/9/14-16, AtifgEiE R, ALifEE ALIR .
(FifFamE)
K. Murakoshi, "Surface-Enhanced Raman
Scattering as A Probe for Interaction
between Photons and Molecules at
Electrified Interfaces", 67th Annual Meeting
of International Society of Electrochemistry,
2016/8/21-26, Hague, Netherlands. (7 %5:%
1)
X. Li, T. Toda, H. Minamimoto, K.
Murakoshi, "Enhanced
Photo-Electrochemical Response of
Size-Dependent PbS Quantum Dots Excited
by Localized Surface Plasmon Resonance”,
67th Annual Meeting of International
Society of Electrochemistry, 2016/8/21-26,
Hague, Neatherlands.
K. Murakoshi, "Manipulation of Molecules
adsorbed on Metal Nanostructures under
Plasmon Excitation", The 7th International
Conference on Metamaterials, Photonic
Crystals and Plasmonics, 2016/7/25, Malaga,
Spain. (FFFaR{H)
K. Murakoshi, "Metal Nanostructures
Manipulate Light for Effective Excitation of
Electrons in Materials”, Design and
Characterization of Advanced Materials,
2016/6/27, Embassy of Ireland, Japan,
Chiyoda-ku, Tokyo, Japan. (¥A4%3#1#)
INFEAR A, Fn S fE 36, BIAKEE, Bk
W, EAURSEHIE NI DA A T
K Oin-situsr SFHAM", #3208/ 71 7 > 2
T I T e 228 E FIEE =,
2016/6/25, 3575 HIRDZ I 21X HILE,
eiEE M. (KA % —BZH)
B, KREQRIE, ARATE S, BEAK
BE, ROBY 8L, "Au ) BRSO
in-situ s XU b A BERGEL 20 e R AR, 7
FRFA ] A 2, 2016/6/14, ALTUH [EEE
iy, miRALuN T, (R 2 —E%
)
TNFEAR A, Fn S fE 36, BIAKEE, Bk
B, UIRAE G4 R DR L in-situZ
HiR 7 ~ CELBLI, 7 FR 14 /H]
A2, 2016/6/14, ALTUMNERE =Y, &

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

AL TN T,
K. Murakoshi, "Effect of Highly Localized
Plasmonic Field on Molecule Polarization™,
Korean Raman Workshop, 2016/5/27, Seoul,
Korea. (¥4Faf{i)
FEk AR "R G LD E
OFEAE R HIE", B ERKGE =T
JK2BEJEFRF A=, 2016/5/24, HUHD
TESMIHE RS, RUEDIR RS T, (Re IR
Bk AR, ER R EIC IS T D RET T X
F TR D FHIEOA", 201574 H
K FRIEE T > A0 A,
2016/1/27, AbifiiE K5, b E LR i
(i)
K. Murakoshi, "Molecule  Trapping
Monitored by Surface-Enhanced Raman
Scattering  Spectroelectrochemistry”, The
2015 International Chemical Congress of
Pacific Basin Society, 2015/12/15, Hawaii,
USA. (FRFFai)
X. Li, K. Suzuki, T. Yoshii, S. Yasuda, K.
Murakoshi,  "Surface-Enhanced  Raman
Scattering  from  Size-Controlled PbS
Quantum Dots at Gap of Au Nanodimer",
The 2015 International Chemical Congress
of Pacific Basin Society, 2015/12/15-20,
Hawaii, USA.
X. Li, K. Suzuki, T. Toda, S. Yasuda, K.
Murakoshi,  "Plasmon  Excitation  of
Size-controlled PbS Quantum Dots on

AU/TiO, Electrode for Effective
Photocurrent ~ Generation at  Visible
Wavelength Region", The 2015

International Chamical Congress of Pacific
Basin Society, 2015/12/15-20, Hawaii, USA.
kA%, RTERmE S 7 X' L DT
J g oWrERIENC g T, T A
Y FLFE DR SEHFL, 2015111720, VR IR SR
AR, EIIRALET. (FRAFRRE)

K. Murakoshi, "Molecule Manipulation in
Plasmonic Field", Plasmonic Nanogaps and
Circuits, 2015/10/29, Beijing, China. (#77%
A TE)

RIBE A RSB T 2 R OHEE &
M, 7526 [o] X OF & B F T
= 2005 ERHMX o T 2 s
I X MIFER A IAl#E =, 201519125, 4
HERRY, MR TR, (FBRREEEH)
INRRARML, R BB SE, R, AKX
B, MBE 8 raFEmk T —7 7 X'
FE AR O ESALFFIn-situF R T ~
HCELRE B, 2015 4E OF 1L F i an 2
2015/9/11, RERHISZK:, KB RFR.
B, KREQRIE, ARATE S, AKX
B, ABE BR, “ESRUEEEAUT S A
& BAPSHLEL Sy YERTAM", 2015 70k /L 57 i
=, 2015/9/9-11, KBz K=, KBAFK
B .

K. Murakoshi, "Field Gradient of Localized
Surface Plasmons to Manipulate Molecules"”,



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

XXIV International Materials Research
Congress, 2015/8/18, Cancune, Mexico. (¥4
et {E)

K. Murakoshi, Y. Wakisaka, M. Takase, K.
Suzuki, S. Yasuda, S. Ito, H. Miyasaka, T.
Shoji, Y. Tsuboi, "Optical Force Applied to
Molecules at the Gap of Metal Nanodimer",
27th International Conference on
Photochemistry, 2015/6/28-7/3, Jeju Island,
South Korea.

K. Murakoshi, Y. Wakisaka, K. Suzuki, S.
Yasuda, M. Takase, "Possibility of Molecule
Trapping in Localized Surface Plasmon
Field at Room Temperature", The 2nd
Optical Manipulation Conference,
2015/4/22-24, Pacifico Yokohama,
Yokohama, Kanagawa, Japan.

FBE 8 T YA KRR O FTEE
M, KB M7 )5 ] LI D 7
BB — ZRRIZIBIT S AL HERE
D] L FEHF—, 2015/4/17, g K Bk
AR, SO T X, (A1)
X. Li, K. Suzuki, S. Yasuda, K. Murakoshi,
"Enhanced Photocurrent via Plasmon
Excitation of Ultra-Small PbS Quantum
Dots on Au/TiO, Electrode", 249th ACS
National Meeting & Exposition,
2015/3/22-26, Denver, USA.

Ml B RET T XX DWED
it 7 v v A", AL FS AR
JER T - SRIETHES o] > A0 A,
2015/3/6, ALK, EIIRAIAH. (FEAr
A TE)

K. Murakoshi, "Polariton Chemistry at
Electrified Interface”, Pioneers in Photonic
Nanostructures and Nanophotonics 2014,
2014/12/5, Seoul, South Korea. (#4%:#1)
K. Murakoshi, "Modulation of
Photoexcitation Process at Nanostructured
Metal Surface", 8th Asian Photochemistry
Conference, 2014/11/9-13,
Thiruvananthapuram, India. (3373 :#7)

X. Li, K. Suzuki, T. Toda, S. Yasuda, K.
Murakoshi, "Photo-Electrochemical
Response of Size-Dependent PbS Quantized
Nanoparticles excited by Localized Surface
Plasmon Resonance”, 2014 74 1L Filin 2,
2014/10/11-13, dbifpiE K, At ALk
M.

4= REE, SRMERES, FHEKX, fRHE
Fhi, FLEE 4%, "Construction of Plasmonic
Photoenergy Conversion System using PbS
Quantized Nanodots Coupled with Au
Nanoparticles", #265/6/ = 217 Nij5 L VR
HIEF i a2, 2014194, HURFLRL K FA4f
HYL R, HOH T E X

KRERNE, R, AR, fRE
i, AhEk 8 CRIERE T X' — b
JEE 1 [ TS B R HE O BE A L SE EE A A
8 [a] 7 FF Fitan =, 201419/21-24, )i

EPNE INCT Y VINCT

36. K. Murakoshi, "Enhanced Raman Scattering
from Exciton-Polariton System”, XXIV.
International  Conference on  Raman
Spectroscopy, 2014/8/13, Jena, Germany.

(FRAFRRTR)

37. KREIRIE, REIE, SARMEKRS, AbEk
W, RAER I T AE o — bl IR S
WOEBSILFAL v F L on, F /5%
D2 /A K2, 2014/5/22-24, THD K FT
1B v R, SRR TH.

(&) GF4F)

O M. Takase, S. Yasuda, K. Murakoshi,
"Single-Site  Surface-Enhanced = Raman
Scattering beyond Spectroscopy"”, Front.
Phys., 11(2), 117803 (2016) .

® S. Yasuda, K. Murakoshi, “Synthesis and
Characterization of Carbon Nanotube”, in
Handbook of Carbon Nano Materials,
Editors: F. D'souza, K.M. Kadish, WORLD
SCIENTIFIC, 51-88 (2015).

@ fRHE G, HE A “RET T X' EH
WiZH— D —R ) Fa—T ORAT
T~ UEGELGY G DB, LT,
63(3), 235-245 (2014).

@ M. Takase, F. Nagasawa, H. Nabika, K.
Murakoshi, “Single Molecule
Surface-Enhanced Raman Scattering as a
Probe for Adsorption Dynamics on Metal
Surfaces”, in Frontiers of Surface-Enhanced
Raman Scattering: Single-Nanoparticles
and Single Cells, Editors: Y. Ozaki, K.
Kneipp, R.R. Aroca, John Wiley & Sons,
89-106 (2014),

6. WFFTHLA
(OIFFER RS
Ak # (MURAKOSHI, Kei)
E K - KFEFEELEIIERE - 2%
WIEEE S 40241301

AU vaRiE
fEH i (YASUDA, Satoshi)
EMEE KT « KFEBHEE e - HEH0%
e FE 5 : 90400639

FAKEE  (MINAMIMOTO, Hiro)
eEE K - KRFEBTE e - Bh#
e 5 - 80757279

(I)EHEMFIEE
mE B (IKEDA, Katsuyoshi)
JEHEE K - KFBEEAFIERE - HEHd%
e %75 : 50321899



