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Preparation and Photocatalytic Hydrogen Production of B, N Co—doped
In,0,/TiO,
Li, Chen® Chen, Fenghua®* Ye, Li’ Li, Wei*? Yu, Han" Zhao, Tong™*“"
(“ Key Laboratory of Science and Technology on High-tech Polymer Materials, Institute of Chemistry Chinese Academy of

Sciences, Beijing 100190, China)
(® School of Chemical Sciences, University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract In order to improve light absorption range of TiO, and utilization rate of photogenerated carriers, we use B, N
co-doping and In,O; blending to modify the TiO, photocatalyst. Sample preparation is conducted through polymer precursor
method and uniform distribution of the components is ensured. Polyethylene glycol (PEG) is added at the beginning of sam-
ple preparation and removed during the annealing process at high temperatures. X-ray diffraction (XRD), scanning electron
microscope (SEM), high-resolution transmission microscope (HRTEM), specific surface area and pore structure analyzer,
X-ray photoelectron spectroscopy (XPS), ultraviolet-visible absorption spectrum and photoluminescence (PL) spectroscopy
are used to characterize the products obtained. B and N elements have been detected in the lattice of TiO,. Heterojunction
structure of InyO3 and TiO, are also observed. Formation of Ti-N-B and Ti-O-B structure is exhibited in this system. Intersti-
tial doping of N is also observed. These factors contribute to narrow the band gap from 3.09 eV of P25 to 2.71 eV of IT-500
(the modified sample annealed at 500 “C). With the introduction and pyrolysis of porogen PEG, mesoporous structure is suc-
cessfully constructed. Visible light absorption range has been greatly broadened in this modified TiO, based material. Utiliza-
tion rate of photogenerated carriers has also been enhanced. When the catalyst is used in the photocatalytic hydrogen produc-
tion experiment, under the irradiation of visible light (=380 nm), hydrogen production rate of IT-500 reaches 5961 umole
g 'sh™", which is far superior to commercial TiO, and most of the TiO, prepared by single modification method. The hydro-
gen production rate is maintained in the S-circle test after the catalyst is separated and recycled. When the B, N-In,0,/TiO,
polymer precursor is gas sprayed, which uses polyvinylpyrrolidone as spinning aid, ethanol and acetic acid as solvents, nano-
fiber sponge can be obtained and used for hydrogen production. Hydrogen production rate of this material reaches 1186
pmolsg 'sh™! and keeps 97% after 5-cycle test, which shows high potential for commercial use of this material.
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Figure 1 XRD patterns of IT-450, IT-500 and IT-550
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5K S1, W Supporting Information), iFBH I T i
W) Iny04/TiO, SR 4E 5. K ou RAEMALT A5

B2, B ARG BT RE RS 70 T (EDS) 45 SR ILIET S2.

B2 (A)IT-500 [¥] SEM EF1(B~D) IT-500 ) HRTEM K]
Figure 2 (A) SEM image of IT-500 and (B~D) HRTEM images of
IT-500

FIA BET SRRAEAE S I LR AL L FLARLE B,
F 1 BT ZRPRE S I B SR T AR DL K LI 45 R R
IT-450, IT-500, IT-550 [ b 3R TH A 5 51 A 169.9118,
173.4842, 140.0745 m*/g, 1A [ 264 I %2 1 P25 [ EL
KHBUN 60.8553 m*/g. MG N, WLFHBEFR 2k (& 3A)
AL, SRR R IV RSE L, BLH NA AL
KL Bl 3B IR =R LR R BN LE 4~7 nm Z
6], AL INEALA PEG, e 2RI FE e T A
FLEE, MRIESCERIRE, LRV E L ALIE N U,
PN L O TR AN = L &
71230, LR TR A3 AT B e e S P
2.2 B, N-InyO4/TiO, BIL FEEHIFRAE

FIF G H RS XPS SREAE IT-500 HIZH AT PA
JIuE T IR, AR ) XPS A1 P LTS3, 4
F£1 AFEERK BET LR

Table 1 BET surface areas of different samples

N BET Lt R/ , -
wass P e e
1T-450 169.9118 4.7412 0.2133
1T-500 173.4842 5.5640 0.2413
IT-550 140.0745 6.6110 0.2315
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Figure 6 Photoluminescence spectra of IT-450, IT-500 and IT-550
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Figure 7 (A) Photocatalytic hydrogen production rates of P25, IT-450,
IT-500 and IT-550; (B) photocatalytic hydrogen production cycle exper-
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4.2 LSRN

10 mg JeHEALF, 5 mL /K, 1 mL = ZEEf%(TEOA)
AN 25 mL (PR 1, SRIE NN 30 uL SUEH R /K ¥ (5
R LN 10 mgemL "), 3B SEUTRL DA AL 5
I 3% Pt PURRLFAE B, Wik R E A
HULK, HAEAEHE 30 min LA MR, 6
A= S NAE 300 WATUAT (B LE I K 380 nm) (1) 7] WL RE
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