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Improvement of ORR activity and its_durability_b¥ electronic and structural
modification of ordered intermetallic nanoparticle surface
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Platinum (Pt, Pt NPs)and Pt-based alloy nanoparticles have been selectively
anchored by photodeposition on titanium oxide (TiOx) matrix which is formed by hydrolysis of
titanium isopropoxide on cupstacked carbon nanotubes (CSCNT) in isopropanol, producing the composite

Pt catalyst useful for oxygen reduction reaction (ORR) in acidic media, i.e., Pt NPs/Ti02/CSCNT.
X-ray photoelectron spectroscopy (XPS) allowed us to confirm changes in electronic properties of
both Pt NPs and TiO2 support, induced by the so-called strong metal support interactions (SMSI) and
the significantly increased ORR activity was attained in 0.1 M HCIO4, compared with the Pt NPs
deposited on CB (Vulcan carbon) and CSCNT. The results obtained demonstrate that the anchoring of Pt

NPs on the Ti02 support material deposited on CSCNT is an effective way to enhance the ORR activity

of Pt NPs by the SMSI as well as to prohibit Pt NPs from aggregating, i.e., the degradation of the
ORR activity of Pt NPs.
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Fig. 2 HAADF-STEM
PU/TIO/CSCNT samples with (A) Low-

images of

and (B) high-magnification. The
high-magnification image in (B) was
collected from the selected areas denoted
by the dotted squarein (A).
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Fig. 3 Relationship between the d-band center
and ORR activity of PYMO,/CSCNT catalysts.
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Fig. 4 Linear sweep voltammograms (LSVs)
obtained for the ORR using PtPb
ITiO2/CSCNT in O-saturated 0.1 M HCIO4
agueous solution at an electrode rotation rate of
1600 rpm and potential scan rate of 5 mVs?! at
the (C) 1%, (D) 200", and (E) 500" cycle. The
dotted lines were obtained using (A) Pt/CB and
(B) Pt /TiO/CSCNT at the 1% cycle.



Pt

300 eyele

d-
ORR d-
(Fig. 6) PtPb
Pt/CB Pt/TiOz/CSCNT o
o ,
. 0.6
Pb %’04
Pt E
02
0_0&" ‘I;‘I PRI 0.0 ‘; A II_‘ AT ]
Pb o1z d?sba:ce jnn-? ! 012 dieta:ce )umﬁ 78 0 2 disia.nce rﬁnm
Pt d- Fig. 5 HAADF-STEM of As-prepared ordered intermetallic
PtPb /TiO2/CSCNT, 200th cycle and 500th, respectively. EDS
4 line profiles of Pt and Pb are along with the position of the
ORR scan line used shown in STEM images.
Fig. 6 200 cycle a8l e cycle
PtsPb e 200{';\\*7
ORR 5
d- T 201 ™loon PUTIOJCSCNT
= 4 500m
=t |
4 PtX d- B -1.2 ISR/ 50%
ORR g P(Pb  ® 550
ORR s
Pt-X/CB od
Pt/CB 0.0k - éy?le . . .
ORR ‘ -4.0 38 3.6 3.4
d-band center / eV

HAADF-STEM . . .

( ) Pt Fig. 6 Relationship between the d-band
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Fig. 7 HAADF-STEM of As-prepared
PtFe/CB(A)
before and (B) after 1,000 potentia
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Fig. 8 Relationship between the d-band
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cycles, and PtCo/CB(C) before and (D) ITiO/CSCNT catelyss.

after 1,000 potential cycles.
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