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Preparation of Anatase TiO, Nanocube with Exposed (001) Facet and Its Photo-
catalytic Properties
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Abstract: Anatase TiO, single crystals with exposed (001) facets were successfully synthesized by a one-step hydro-
thermal route using TiF, as raw material. The crystal phase, morphology, microstructure, and photoabsorption of the
samples were analyzed by field emission scanning electron microscope (FE-SEM), transmission electron microscope
(TEM), X-ray diffraction (XRD), and ultraviolet-visible diffuse reflectance spectra (UV-Vis DRS). The influences of
hydrothermal temperature and pH of solution on morphology of TiO,and exposure of (001) facets were also investi-
gated. Photocatalytic catalysts was evaluated by degradation of acid red dye. Experimental results demonstrated that
exposure of (001) facets was beneficial for improving photocatalytic performance. Under ultraviolet light irradiation,
TiO, nanocube with exposure of (001) facets ca. 33% exhibited significantly higher activity than the common TiO,
without exposed (001) facets. The photocatalytic efficiency of the former was 1.6 times as high as that of the latter.
The sample with the highest exposure of (001) facets was obtained at hydrothermal temperature of 180°C and pH of
solution 4-5. The corrosion of crystal surface would occur at hydrothermal temperature higher than 180°C. In addition,
the pH of solution higher than 6 was unfavorable for the adsorption of F™ ions on TiO, crystals and the stabilization of
(001) facets, which led to the disappearance of (001) facets.
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Fig. 1 XRD patterns of TiO, samples synthesized at various
hydrothermal temperatures

(a) 160°C, (b) 180°C and (c) 200°C. The hydrothermal treatment was
kept for 20 h at pH 4

Al 2% T Al R [00 1), ik oy Bty by R 3R TR
3 (001)T o
2.3 EREHX TIO, IR IE

P SCRRARIETS, BUAKE AL TiO, (K(001)1f bk
O A E O RS, A T IR R K
(00 1)THI 5 5% %, 5 T /KPR BRI pH X AL
FITESLLL K (001) [ 5 5% IR 52 o 18] 3 D A [R] K 44
SRR FE R A ) TiO, AR SEM . 4K
PR SE S 160°C I, TiO, Ak 7 32 5 ok 8 XU
JVHAR(E 3(a)), LR A 5 A AR (1) B
2K PR I THF 180°C, TiO, KBE A8 hy 7 Bk,
JE S 2 T ok (] 3(b)) o R BEARAT #H TiO, (1 2L
i AR RO 180 °C Ak B A JRE il (11 (00 1) 8 T 42 75
H L 160°C ARG BRE i I Ry o 7K NI 8 T
FE] 200°C, KT HIESUE AR, HRSEHEK
HARIE (K 3(c))o iR SCBR[12] P k52 A5, w]
S H 160, 180 F1 200°C £ B 1) TiO, £ & 1(001)

—

‘s

500 nm

200 nm

500 nm

K2 TiO, 442K 5 Hs SEM(a, b)  TEM(c) M A Fi-F-Ai1 51 ¥l (d)
Fig. 2 SEM (a, b) and TEM (c, d) images of TiO, nanocubes
Inset of (d) shows the angle between (001) and (101) facets of
the nanocube. The sample was obtained by hydrothermal
treatment at 180°C for 20 h at pH 4
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Fig. 3 FE-SEM images of anatase TiO, synthesized at different hydrothermal temperatures
(a) 160°C, (b) 180°C and (c) 200°C. The hydrothermal treatment was kept for 20 h at pH 4
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Fig. 4 SEM images of TiO, obtained with different pH

(a) pH=3, (b) pH=6. The hydrothermal experiments were carried out at
180°C for20h
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Fig. 5 Diffuse reflectance spectra of TiO, samples with dif-
ferent morphologies

Morphologies of sample A, tetragonal-dipyramid, and sample B, nanocube
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Fig. 6 (a) Photodegradation of acid red dye by TiO, samples
with different morphologies and (b) specific photocatalytic
activity of P25 and TiO, synthesized at different hydrothermal
temperatures

Morphologies of sample A, tetragonal-dipyramid, and sample B, nanocube
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