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Preparation and the Enhanced Photocatalytic Activity of
Highly Dispersed Pt Loaded on TiO, Nanocrystals

ZHANG, Qing-Hong GAQO, Lian*
(State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 200050)

Abstract The metallic platinum clusters in size of 3 nm were photocatalytically deposited on anatase
(7 nm) or mesoporous TiO; in the presence of citric acid as a double-functional agent (a hole scavenger and
adispersant to keep Pt clusters from agglomeration). The particle size of the deposited platinum was uniform
and in the range of 3~4 nm, and the surface of magjority of TiO, nanocrystals was deposited with an island
of Pt cluster. Both XPS and ED results identified that the deposited Pt consisted of metallic atoms. The
Pt/TiO, showed a significantly enhanced photocatalytic activity using the degradation of phenol as a model
reaction. The Pt/TiO, was subjected to nitridation in the flowing NH3 at 550 “C, and Pt-loaded TiO,— Ny
nanocrystals were obtained. The particle size of Pt clusters was preserved and Pt clusters were not sintered at
this temperature.

Keywords titania; photocatalytic deposition; photocatalyst; platinum; visible light driven photocatalysis
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nm - A e A (7] B N s TRIIRO'G FE () A8 Ak, 6 BB #E T AR
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L
H,PtCle=2H"+PtCIZ~ (1)
PtClZ +2e=PtCl; +2ClI~ #°=0.726V )
PtCl5 +2e=Pt°+4Cl~ #°=0.758 V 3
PtCl§ +4e=Pt>+6CI~ #°=0.744V (4)
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O, (g)+4H" +4e=2H,0  ¢°=1299V (5
ISYSAE
PICI5 +2H ,0=Pt>+6Cl +0,(g)+4H" (6)
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i e o e a1 i o o R TR E VA e R LN o~ DN Y
R ERL. X R AL PUTIO, el TR ORFE T —
AL RGN o i PR R (RT3 T T i e B AR TR A
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B 1 H—5AEk TEM Fil HREM fi
Figure 1 TEM and HREM micrographs of platinized TiO,
nanocrystals
(@) HREM of 1.0% Pt-loaded on 7.0 nm TiO; (inset: the white arrow indicates
the Pt cluster), (b) TEM image of 1.0 % Pt-loaded TiO, after post-calciantion
inair at 400 C, and (c) 0.22% Pt-loaded on mesoporous TiO,. The dark dots
are platinium clusters
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B2 BRI AR B AT AR B 1 Tl T T
Figure2 Electronic diffraction (ED) patterns
(a) PU/TiO, (w=1.0%) and (b) platinum nanoparticles. The platium nanoparti-
cles were prepared by selectively dissolving of TiO, supports with H,SO,4 (W=
30%) solutionat 90 C for 12 h
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Figure 3 XPS spectrum of platinized TiO, nanocrystals (w=
1.0%).
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Figure 4 UV-Vis diffusion reflectance spectra of platinized
TiO, nanocrystals
(A) anatase TiO; in size of 7.0 nm in absence of Pt, (B) Pt (w=0.1%), (C) Pt
(w=0.25%), (D) Pt (w=1.0%), (E) Pt (w=2.0%), and (F) P/TiO, (w=2.0%)
nitrided at 550 ‘C for 3 h in the flowing NHs. The arrow indicates the re-
sponse in the visible light region

B5 #4550 C 3h&EAMI PUTIO, (W=2.0%)[") TEM 5
Figure5 TEM image of Pt/TiO, (w=2.0%) after nitridation at
550 ‘C for 3 hintheflowing NH;
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Figure 6 Photocatalytic degradation of phenol with nanocrys-
talline TiO, and platinized TiO, nanocrystals as photocatalysts
(M) anatase TiO, nanocrystals in size of 7.0 nm, (V) Pt loaded on anatase
TiO, nanocrtstals in size of 7.0 nm (wpr=1.0%), (@) Pt loaded on anatase
TiO, nanocrtstals in size of 7.0 nm (Wpr=2.0%) and (A) recycled PY/TiO, (Wi
=2.0%) after 4 times running
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