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Abstract : Polymer electrolyte fuel cells are a key technology for a hydrogen-powered society. In particular, the
development of cathode catalysts that simultaneously exhibit long-term durability and enable the oxygen reduction
reaction to proceed near the theoretical potential are highly required. Recently, oxides have attracted attention as
alternative supports to carbon-based material. However, investigations into the electronic interactions between
oxide supports and noble metal nanoparticles, especially from the viewpoint of the semiconductor properties of
oxides, remain insufficient. In this study, thin—film model electrodes with precisely controlled oxide-metal interfaces
were fabricated using atomic layer deposition and arc plasma deposition methods. Gold and platinum nanoparticles
were deposited on TiO, to systematically investigate how noble metal loading influences the electronic properties
of the oxide. Impedance measurements revealed that the deposition of Au and Pt nanoparticles modulated the
interfacial band structure, and that as the amount of deposited nanoparticles increased, electron transport across
the TiO:/noble metal interface became dominated by quantum tunneling. Furthermore, cyclic voltammetry
demonstrated that changes in the electron transfer pathways could be quantitatively evaluated. These findings
provide new insights into the design of oxide supports for noble metal catalysts and contribute to the development
of cathode catalysts with both high durability and high activity.

Key Words : Polymer Electrolyte Fuell Cell (PEFC), Oxygen Reduction Reaction (ORR), Metal Oxide supports,
Thin film model catalyst, Noble metal —oxide support interaction, Atomic Layer Deposition (ALD), Arc Plasma
Deposition (APD), TiO, thin film
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X1 SEEETIVEE(APD Pt (3 shots) /ALD TiO, (10 nm)/Si
EROMETEME : BEREF £ (a) 200 kKX T (b) 600 k
Fig. 1 1 TEM images of thin film electrode (APD Pt (3 shots)/
ALD TiO, (10 nm)/Si substrate : observation field mag-
nification (a)200 k and (b) 600 k.
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Fig. 2 Mott-Schottky plots of TiO, thin film electrode (Thick-

ness:10 nm) and in 0.5 M H,SO, using impedance mea-
surement with 1 kHz.
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Fig. 3 Energy band diagram of the TiO,/electrolyte interface at
0.8V vs. RHE.
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Fig. 4 Potential dependence of the depletion layer thickness in
a TiO, (10 nm) /GC.
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50 mV s '@N,
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N Glassy carbon plate
g 20 (GC plate only)
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Iin__(ALD)LGQ } ALD

| Flat band potential of TiO, (ALD) |
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. 0.5 MERBZK A, ERLEEHE0.05 ~ 1.2V, EER
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Fig. 5 Cyclic voltammograms of TiO, (10 nm)/GC and GC

plate in N,-saturated 0.5 M H,SO, at 30 ‘C with a scan
rate 50 mV s™.
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Ergvs. RHE /V
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Number of APD shots
X6 AuRUPtERER (APD> 3 v M) (Cx9 5 Au/TiO, (ALD)
/GCRUP/TiO, (ALD)/GCPMMott-SchottkyZ’ B b &)
KO ELDHERE (NFESH. 0.5 MBIEEKER. 30C)
Fig. 6 Flat band potentials of Au/TiO, (ALD)/GC and Pt/TiO:
(ALD) /GC electrodes determined from Mott-Schottky

plots as a function of APD shot number in N,-saturated
0.5M H,SO, at30°C.
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Fig. 7 Energy band diagram of the TiO,/electrolyte interface at
0.8 V vs. RHE with deposited Au or Pt.
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Fig. 8 Cyclic voltammograms of thin film electrodes deposited
Au (a : 5,10,200 shots) or Pt (b : 5,10,20 shots) on the
TiO, thin film in 0.5 M H,SO, under N, atmosphere at
30 °C with a scan rate of 50 mV s™.
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Fig. 9 Hydrogen adsorption charge (Qy) and the platinum
oxide formation charge (Q.,) as a function of APD shot
number for Pt deposited on TiO, (10 nm)/GC, deter-
mined from cyclic voltammograms.
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Fig.10 Electron transfer models for each Pt deposition amounts at 0.8 V vs. RHE:Schematic illustrations of electron transfer in (a)0 ~
1ugem? (b)1~2ugcm? and (c)2 ~ 4 ug cm™ Pt deposition region.
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Fig.11 Cyclic voltammograms of thin film electrodes deposited

Pt (0,1,3,5,10,15 shots) on the TiO, thin film in 0.5 M
H,SO, under N, atmosphere at 30 °C with a scan rate of
5mVs’
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