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Photoelectrocatalytic Properties and Reaction Mechanism of (Ni-Mo)/TiO, Film
Electrode for Degradation of Rhodamine B at Negative Bias
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Abstract In the purpose of preparing highly efficient film photocatalyst and exploring rule of semiconductor photocatalytic
and photoelectrocatalytic degradation of organic pollutants, (Ni-Mo)/TiO, composite thin films were prepared by composite
electroplating at a constant current. The depositing conditions of (Ni-Mo)/TiO, film were as follows: suspension quantity of
TiO, in solution was 6.0 g/L; pH value in solution was 10.5; electrodepositing time and current density were 15 min and 95
mA/cm?, respectively. The surface morphology, phase structure, and spectral characteristics of the thin film were analyzed by
scanning electron microscopy (SEM), X-ray diffraction (XRD), Raman spectrum and ultraviolet-visible diffuse reflectance
spectroscopy (DRS), respectively. Its photoelectrocatalytic properties were evaluated with Rhodamine B as a model com-
pound under the conditions of negative bias and visible light. Using electrochemical technique and adding active species
scavenger to the solution, the mechanism of photoelectrocatalytic degradation for the film were explored. The results indicate
that the (Ni-Mo)/TiO, film consists of crystalline grains of TiO, in the size range of 50~ 100 nm and the nano-crystalline of
Ni-Mo in solid solution. The (Ni-Mo)/TiO, film is photoelectrocatalytically more active than TiO/ITO (indium tin oxide)
film. Reacting 60 min under the negative bias of —0.4 V and visible light irradiation, the photoelectrocatalytic degradation
rate of (Ni-Mo)/TiO, film is 1.56 times as much as that of porous TiO,(Degussa P25)/ITO film. The improvement in photo-
electrocatalytic degradation activity for the composite film could be mainly attributed to the catalysis of Ni-Mo in the com-
posite film for the reaction of excited electrons with oxygen. By adjusting the applied bias, the existing forms of the dye and
active oxygen species at the electrode/electrolyte surface and their interactions can be controlled. It is the efficient method to
study the visible light catalytic degradation reaction mechanism. Both the hydroxyl radical and the dye cationic radical have a
decisive role on the photoelectrocatalytic degradation of dyes under the conditions of negative bias and visible light.
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Figure 1 Effect of cathodic bias on photoelectrocatalytic activity of
(Ni-Mo)/TiO, thin film under visible light irradiation
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Figure 3 Cathodic bias scanning experiments of dye RhB from —0.2
V to —0.6 V. Plots (a) and (b) show the difference of the degradation
rate and current intensity between the photoelectrochemical reaction and
the corresponding electrolysis reaction, respectively
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Figure 4 Effect of different scavengers on the photoelectrocatalytic
activity of (Ni-Mo)/TiO, thin film under visible light irradiation (The
applied cathodic bias is —0.4 V)
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(Ni-Mo)/TiO, thin film under visible light irradiation
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Figure 7 Schematic diagram of the mechanism for the photoelectro-
catalytic action of (Ni-Mo)/TiO, thin film on Rhodamine B at negative

bias under visible light
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PR T R AL I 5 1 T ' WAL R A 0 1
P B N A5 5 S FhA S v A o 1] [
O FE A BB E B 5 5 X QORI L R
WFfR AT JoE MEAE L. St AL A A 5 IR
FEWTFUAT I G B A G B ML 1) — A 5 9.

4 HWES
4.1 HEREARAHEFRIE

SEI T A4 4 3T 21, TiO, A& P-25 4Kk (4
Degussa 2 Al 2EF%, 80%BLERN A, 20% 42147 4H).
(Ni-Mo)/TiO, 3 /I F AR A AR EL L) 2 L P25 TiO,/ITO
TN H BN T 71 28 7 V2 5 SCHER[ 16 AR 7], AR SCAS PRI

I H A% D/max-RB % X 5 2k A7 4% (X-ray
diffractometer, XRD)Z ¥ IR 1 4544, Cu Ko 585, /M
3% A LEO1530 %Y #7545 4 HiL B4 (scanning
electron microscope, SEM) M <3l X F1 R M SR, W
Oxford 7426 #YfEi{¥ (energy dispersive spectrometer,
EDS) Il 52 R T 41 p. FH JASCO V-570 B Hk-1]
W=ATLLAN 66 FE VI 52 28 5h =] W (ultraviolet-visible,
UV-Vis)i& R 6%, {8 9% E Renishaw 23 7] 427 1)
inVia ZBF7 2 IO E R R hr 2ol ORI 514
nm.
42 FKEELEIR

FEilh(25 C) N, ¥ 14 mL #KZH 5.0 mg/L. pH=2
I FH] B S R SR LR BT Nao SO, K ER 0.5
mol/L) ¥ A B 5T B 35 & N A% N, DL A I (ER
TiOy/ITO i) A TAE ik, Pt F Ayl B Hitl, 1RARITH K
Hi M (saturated calomel electrode, SCE)AZs Lt HH B 4 ik
—HWRZ. (Ni-Mo)/TiO, # (st TiOyITO )5 %
WAL AR 1 em X2 cm. #Miw Rl HDV-7 7Y
TEHALSOE . H 150 W B3 XT A s, 838 15
/NP 420 nm (AT ILY, SIEL OGURER 14
18.5 cm, A/ SWE N 50 mL/min. FESENER T 20
min J&JFER52%, ARG 10 min BURE—, I 721 B4
FEA BT 552 nm)IlE 2P B R IIROLEE, I
DL THE 2 PHU] B IR B fid 6.
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