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Sol-hydrothermal Preparation of N-P-TiO, Nano—particles for
Photocatalytic Degradation of 4—Chlorophenol
under Sunlight Irradiation

Jiang, Hongquan* Wang, Qiaofeng Li, Jingshen Wang, Qingyuan
(Key Laboratory of Design and Synthesis of Functional Materials and Green Catalysis,
Colleges of Heilongjiang Province, Harbin Normal University, Harbin 150025)

Li, Zhenyu

Abstract Mesoporous N-P-codoped anatase-TiO, nano-sheets were successfully synthesized by a sol-hydrothermal method
which utilized urea and phosphorous acid as dopants, and glacial acetic acid as inhibiting agent. Their photoactivities were
evaluated by the photocatalytic degradation of 4-chlorophenol (4-CP) in aqueous solution under simulated sunlight irradia-
tion. In combination with XRD, TEM, BET, XPS, DRS, PL and zeta potential characterization, the effect mechanisms of N
and P doping on the photoactivities of TiO, were discussed. The results revealed that the N-P-codoped TiO, exhibited higher
photocatalytic activity for 4-CP degradation than the undoped, N-doped or P-doped TiO,. The visible light response of the
N-P-codoped sample may be attributed to narrowing of the band gap resulted from hybridization by the 2p orbits of N atom,
3p orbits of P atom and the 2p orbits of O atom, respectively. The N-P-codoping can further improve the surface texture
properties of TiO,, and increase the surface hydroxyl, and inhibit the recombination of photogenerated electrons and holes,
and enhance the dispersive capacity in water due to the increase of the surface acidity, which imply that the N-P-codoping

produces synergetic effects, therefore resulting in the enhanced photoactivity of N-P-codoped TiO,.
Keywords nano-TiO,; N-P-codoping; sol-hydrothermal; visible light response; synergetic effect
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Figure 1 X-ray diffraction patterns of the samples
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Table 1 Analytic results of XRD for the samples
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TiO, 15.2 0.3517 0.0101
N-TiO, 12.4 0.3517 0.0123
P-TiO, 10.5 0.3520 0.0146
N-P-TiO; 12.9 0.3528 0.0119
22 TEM %#h
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Figure 2 TEM (a) and HRTEM (b) images of N-P-TiO, sample
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Figure 3 N, adsorption-desorption isotherms and pore size distribution
curves of the samples
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Table 2 Textural characteristics of the samples

FEfh R Seper/(meg ) LA Aem’g™)  PIH4LE Dnm
TiO, 61.3 0.171 9.58
N-TiO, 69.4 0.186 7.90
P-TiO, 105.8 0.268 6.60
N-P-TiO, 106.6 0.347 9.67
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Figure 4 XPS spectra of Ti 2p for un-doped TiO, and N-P-TiO,
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Figure 5 XPS spectra of (a) P 2p and (b) N1s for N-P-TiO,
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Table 3 Curve fitting results of XPS spectra for O 1s regions on the
sample surfaces

S REVEEIFII T 225 /%)

FER,

Ols (Ti-0) Ols (OH)
TiO, 529.59 (88.52) 531.60 (11.48)
N-TiO; 529.70 (88.95) 531.60 (11.05)
P-TiO, 529.99 (81.25) 531.73 (18.75)
N-P-TiO, 530.75 (74.34) 532.26 (25.66)
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Figure 6 UV-Vis absorotion spectra and plot of (ahv)"?
the samples
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Figure 7 PL spectra of the samples at excitation wavelength of 325 nm
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Figure 8 Effect of pH on zeta-potentials of the samples
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Figure 9 Photocatalytic degradation of 4-CP under simulated sunlight
irradiation over different samples
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Figure 10 UV-Vis absorption spectra for 4-CP in the suspension of
N-P-TiO; at different time of simulated sunlight irradiation
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