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Photogenerated Charge Separation and Photocatalytic Hydrogen Production
of TiO,/Graphene Composite Materials

Guo, Yu* Li, Yanrui*” Wang, Chengming* Long, Ran** Xiong, Yujie**
(“ School of Chemistry and Materials Science, Hefei National Laboratory for Physical Sciences at the Microscale, University
of Science and Technology of China, Hefei 230026)
(® International Research Centre for Renewable Energy, State Key Laboratory of Multiphase Flow in Power Engineering,
Xi’an Jiaotong University, Xi’an 710049)

Abstract Separation of photogenerated charges is one of the key steps in photocatalysis, whose efficiency largely deter-
mines the overall photocatalytic performance in water splitting. It is known that the formation of hybrid nanostructures is a
promising solution to improve photocatalytic performance. However, the chemical environment difference during the synthe-
sis of hybrid nanostructures may bring additional influencing factors to material systems. In this case, the design and synthe-
sis of well-defined and clean samples are highly important to fundamental investigations. Integrating TiO, nanosheets with
graphene can enhance the photocatalytic activity of TiO, through the effective separation of the photogenerated electrons and
holes across the interface formed by C—O bonds. To investigate the influence of photogenerated charge separation on the
photocatalytic performance of TiO,/graphene composites, we modulate the separation of the photogenerated charges by con-
trolling the size and thickness of TiO, nanosheets with the same chemical environment, which helps investigate its effect on
the photocatalytic performance of TiO,/graphene composites. Specifically, a series of TiO, nanosheets with different thick-
ness are synthesized by controlling the amount of hydrofluoric acid and combined with graphene for photocatalytic hydrogen
production. The hybrid nanostructures are formed through a simple and clean process so as to possess a reliable platform for
evaluating the relationship between structural parameters and performance in photocatalytic hydrogen production. The ex-
periment results show that the photocatalytic activity of TiO,/rGO composites increases with the reduction in the thickness of
TiO, nanosheets. As the thickness of TiO, nanosheets decreases, the migration distance of the photo-excited electrons is re-
duced so as to effectively suppress the recombination of the photo-excited charges. In the meanwhile, the TiO,/graphene in-
terface is enlarged to promote the separation of the photogenerated charges in TiO,. As a result, the utilization efficiency of
the photogenerated charges has been substantially enhanced. This work demonstrates that modulating the separation of pho-
togenerated charges in TiO,/graphene composites by controlling the size of TiO, nanosheets is an effective strategy for im-
proving the photocatalytic performance of TiO,/graphene composites.
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B 1 (a) TIOy(2.5), (b) TiO(3.0), (c) TiOx(4.0), (d) TiOx(5.0)49K 7 (K]
TEM

Figure 1 TEM images of (a) TiO,(2.5), (b) TiO»(3.0), (c) TiO,(4.0) and
(d) TiO,(5.0) nanosheets
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Figure 2 (a) TEM images of TiO,(2.5) nanosheets. AFM height profiles
of (b) TiO»(3.0), (c) TiOx(4.0) and (d) TiO,(5.0) nanosheets
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Table 1 Structural information of TiO, nanosheets

MRS BE REA (001} T {001} &

TiO, 2K (nm) (mm) (cm’g ) HBI(%) R (cm>g "
TiO,(2.5) 30.2 7.0 95.1 63 59.9
TiO,(3.0) 68.8 6.3 108.6 70 76.2
TiO,(4.0) 89.2 3.9 139.9 88 123.1
Ti0,(5.0) 189.0 2.1 246.1 94 231.3

22 TiOJAEKREEEMNERSRIE

BT ERE K, BARERSH Tio, 9k 5454k
FBIFHGOYEA. TEARFH, TUFAIE TiOo, 49K Fr (1)
BAEMEF TiO, FiEAF. BT IR TiO, 49K H
{001} df THI T AR AN [R], 1A 520 B85 Tio, 90K A 1
{001} fTHI 25 &, BT LA TR 0 A8 Ab A 280 10 FH =ik
735 5 VYA TiO, 49K F # {001} ¢ T T AR A 7] EE 451
MTAEAF IR TiO, 9K v 5 A 38 ) e il FE B AR ().
FHRTTEZE B v &0, DYFF TiO, 492K A 10 {001} S THITHI R 2
o 1013021038 Rk, xF A R /YA
TiO, K, 52 G EMENABHBH R EZ LA
1:1.3:2.1:38. JUfh TiO/GO ISR K 3 fios, W]
PLEH TiO, 49K EAE 5 A sl 4 &, MR/ AH L
SLH TiO, 492K Fr.

5 - e ——
o 3 |
. " e B \ i A
£ | BN
o ‘ %
ol .‘ ?
—100'nm “ —100 nm
¢ d
|
8
- 4 1 3
- 100'nm —100 nm

Bl 3 (a) TiOy2.5)/GO, (b) TiOy(3.0)/GO, (c) TiOx(4.0)/GO F(d)
Ti0,(5.0)/GO ] TEM & J

Figure 3 TEM images of (a) Ti0,(2.5)/GO, (b) TiO,(3.0)/GO, (c)
TiO4(4.0)/GO and (d) TiO(5.0)/GO
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Figure 4 (a) FT-IR spectrum and (b) Raman spectrum of TiO,/GO
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Figure 5 Photocatalytic H, production rates of (a) TiO,/rGO composites
and (b) TiO, nanosheets under full-spectrum irradiation
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Figure 6 Schematic for the photocatalytic reaction mechanism on
TiO,/rGO
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