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Improvement of ORR with optimization of d-band center of Pt-based ordered
intermetallic compound catalysts
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In this study, in order to develop sufficient ORR activity, clarification of
the correlation between the electronic state and the activity of the electrocatalysts was examined.
Therefore, Pt deposited on a series of transition metal oxides (MOx, M = Ti, Nb, Ta, W, Y and Zr)

and transition metal oxide composites (M1M20x; MIM2 = TiNb, NbTa, and TaW) formed on conducting
cup-stacked carbon nanotubes (CSCNTs) and PtX (X = Co, Fe, Ni and Pb) /CB were prepared. The ORR
activities and d-band centers of the electrocatalysts prepared were evaluated with electrochemical
and spectroscopic experiments. Because of the so-called strong metal-support interactions (SMSI),
the significantly increased ORR activity was attained in 0.1 M HCI04, compared with the Pt NPs
deposited on CB and CSCNT. Their ORR activities on Pt NPs/MOx/CSCNT and Pt NPs/M1M20x /CSCNT were
found to significantly depend on the atomic ratio of M1 and M2 in MIM20x as well as the type of
metal oxide support.
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Fig. 1 Schematic description of (A) CSCNT, (B)
TiO2/CSCNT and (C) Pt/TiO/CSCNT.

Fig. 2HAADF-STEM images of Pt/TiO/CSCNT

samples with (A) Low- and (B) high-
magnification. The high-magnification image in
(B) was collected from the selected areas denoted
by the dotted square in (A).
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Fig. 3 TEM

images of (A) PYCB, (B)
Pt/CSCNT and (C) Pt/TiO/CSCNT obtained
(1) before and (2) after 2000 potential cyclesin
the potential region from 0.05 to 1.1 V (vs.
RHE).
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Fig. 4 Relationship between d-band center of the Pt NPs and
ORR 2000 current density at 0.9 V (vs. RHE) for the ORR.
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Fig. 7 HAADF-STEM of (A) asprepared,
ordered intermetallic PtPb /TiOJ/CSCNT, (B)
samples after 200 and (C) 500 cycles. EDS line
profiles of Pt and Pb are along with the position
of the scan line used shown in STEM images.
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Fig. 8 HAADF-STEM of as-prepared ordered

intermetallic PtFe/CB and samples after 1000
and 10000 cycles. EDS line profiles of Pt (red
line) and Fe (blue line) are along with the position
of the scan line used shown in STEM images.
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Fig. 9 Relationship between the d-band

center and activity of PtPb /TiOJ/JCSCNT
catalysts.
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