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R XIL “Spectroscopic Study on lon-beam—irradiated Carbon Materials with Platinum Nanoparticles”
(E SR T2 HERE L 72 A A2 B — DR BN 2 5 m0ifse) S L TREHECTEIN, F—2
[Mntroduction|, &% _% [Catalytic activity of the Pt nanoparticles for fuel cell applications]. % —=
#= [X-ray spectroscopy of the Pt nanoparticles on irradiated carbon substrate |, &5V [Raman spectroscopic
analysis of irradiated graphite surface with Pt nanoparticles]. Zf i [DFT calculation of the Pt cluster

Jra o BTSN

on defective graphite structure]. /5% [Ultrafast dynamics and coherent control of optical phonons].
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% "% [Catalytic activity of the Pt nanoparticles for fuel cell applications] TiZ, '%’iﬂj%{ﬁﬂm
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% =% [X-ray spectroscopy of the Pt nanoparticles on irradiated carbon substrate] Ti%, 380 keV Ar’
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ZEPUEE TRaman spectroscopic analysis of irradiated graphite surface with Pt nanoparticles] TiE. Pt
T BRI HERS L 7oA A B — ARG HOPG 12§25 T~ A RIMEIC L D, A A2 B — LR L7 HOPG DF
[HEE N NPt T/ ki1 & OREREEZ 0T LTz, BoNe I~ AT MUCBHlENS D E—27 KTD" v
— 7 OWE (D/D° ) b, 1.0X10%~1.0X 10" ions/cm® D 7L A TIRZEILR M AR &, 5.0X 108
ions/cm* Pl ED TN A Tsp RGBAERR SNIED D Z LR ENTZ, £ D E— 7 H G B — 7 OFREL (D/G)
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ions/cm* D7 b A TR L7z HOPG R TiX. 5 nm D Pt J/ ki & O R MEITITEL T 3 DD s R Ma A FELE
THZEEHLMNI LT,

A [DFT calculation of the Pt cluster on defective graphite structure] ClX. DFT FHIZ XV RFHE
RO K atEiE 7 Pt d B 7-RHE WEERANT, BT XREEANLEZ3SBOS T 7 74 ML Pt, 7 7
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H8% [Ultrafast dynamics and coherent control of optical phonons| TlX., %F 7+ ./ vOak—L
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SO A F I 7 Z&FH LT Pt/C REOKMaEE L NETREZHHT 222 B L. KR TiEzED
RELEDTAZEEZHME LTS, MELZETAEMRIAET D720, 7 10 fs LI T OREMIEZ RO R4
HSN ALY | XA 'Y RN L ClREZREFT N ZIT o7& 2 A, ZOEBERIIME L HRET
WIPDFIH SN AR L B —8T 5 2 LAVRS vz, W8 L2 Bi T 7 /VICERMIE 2 BN 5 2 & TRM
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#HE lConclusion] TiE, AL OMmERRTWD, K TIE. REHE~DA F v E—LRHIC
o TPt F /3R ORR VG L35 Z & &2 R L, REHEA~DA A0 — NS Pt T/ Bk & D
S R FaAiE & OV TSI RIE T B L P FEIC L VL T LT,

RFEHEIRA~DA F B = DFHZ L > TPt 5 C~OBMBEIMNMEE S 2 REE S L 70D 2 LA,
2o Te, ZOBETHEORFIIRFMERMIBAINTEA A E—LAFEXBTHY . EfED2E %k%ﬁ
J A— RV A X0 Pt ki - L FAAEAT 2R mAMEE TH DL Z L b O ol Fiz, KHEEIC
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T&T,

% FSCEEIX, FI3C 2000 57 & B30 300 554 | #3283 2, b L<IFHEIC 800 354 [ #fR L T2 auy,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  WSCEEIX, R TRV —FURTN (T2R2) 12T Z— Ry MARSNET O T, AR ATRERFFH O N TIERL TIIZE N,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(5 L3Fe)

Doctoral Program

wm X EE

THESIS SUMMARY

Foea—2R R PR HREhr FUody) © it ( B )
Department of, Graduate major in M */I' a—A Academic Degree Requested Doctor of
Y . e Y = =Y .
TR K4 P AR (R = A
Student” s Name Academic Supervisor(main)
FEEE (H) - |
ZIN

Academic Supervisor(sub)

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

Lattice defects generate various functionalities in the carbon materials. One of the most important
applications is the graphitic structure with defect vacancies, for developing the highly active
electrocatalysts. Although it has been theoretically suggested that platinum (Pt) clusters on defective
graphite structure exhibit high catalytic activity, it has not been investigated in real systems due to
the difficulty of manipulating the defective structure experimentally.

Here, I proposed to use ion—beam irradiation to introduce lattice defects into the carbon supports.
In fact, the Pt nanoparticles on ion-beam—irradiated carbon supports were found to be more active than
that on non—irradiated one. The goal of this thesis is to clarify the influence of the ion—beam irradiation
on the defect and electronic structure of the carbon materials used as support for Pt nanoparticles; the
electronic states and interface structures between the Pt nanoparticles and the carbon supports irradiated
with argon—-ions (Ar') are studied by spectroscopic analysis. Besides, the coherent control theory of
optical phonons in carbon materials is developed for understanding the influence of the lattice defects
on the ultrafast dynamics.

X-ray spectroscopy revealed that the Ar'—irradiated carbon support would boost the formation of the
Pt—C bonding, and changes the electronic structure of the Pt nanoparticles. The origin of this electronic
structure is the ion-beam—induced defects in the carbon supports, Raman spectroscopy demonstrated that
a few point—defects interact with nanometer—ordered Pt nanoparticles at the interface between Pt
nanoparticles and Ar‘-irradiated carbon supports. In addition, the coherent control theory of optical
phonons was modified for a large detuning condition. This developed theory could be applied to the carbon
materials with ion-beam—induced defects in the future.

As mentioned above, this thesis clarified that the interaction between the Pt nanoparticles and
ion—beam—induced defects in the carbon support changes the electronic state of the Pt nanoparticles,
resulting in a high catalytic activity of the Pt nanoparticles. The theoretical model for the coherent
control of optical phonons was also developed, as first step, in order to elucidate the influence of defects
in carbon materials on the ultrafast dynamics.
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