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Fig. 1. BiaWOg cell with 72 atoms and three kinds

of oxygen vacancies.
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Table 1.

oxygen vacancy.
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Fig. 2. Bond length of BizgWgOus cell with or without one oxygen vacancy (unit: A): (al) Without O1

oxygen vacancy; (bl) with Ol oxygen vacancy; (a2) without O2 oxygen vacancy; (b2) with O2 oxygen

vacancy; (a3) without O3 oxygen vacancy; (b3) with O3 oxygen vacancy.
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Fig. 3. Charge population of BijgWgOus cell with or without one oxygen vacancy: (al) Without O1 oxygen
vacancy; (bl) with Ol oxygen vacancy; (a2) without O2 oxygen vacancy; (b2) with O2 oxygen vacancy;
(a3) without O3 oxygen vacancy; (b3) with O3 oxygen vacancy.
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Table 2. Bond population and bond length of atom

near oxygen vacancy.

A 5T 3E HACFME /A
RS BEE RS SRS
1 Bi*~0 0.155 0.072 2.365  2.405

7N A DA

1 Bi—O 0.155 0.156 2.365  2.327
2 Bi*—O 0.155 0.175 2.365  2.317
2 Bi—O 0.155 0.156 2.365  2.357
2 W*—0O 0.595 0.702 1.944 1.876
W—O 0.595 0.588 1.943 1.949
W*—0O 0.595 0.69 1.944 1.873

w W N
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Fig. 4. Calculated band structure of BijgWgOusg cell: (a) Eigenstate; (b) oxygen vacancy at O1; (c) oxygen vacancy at
02; (d) oxygen vacancy at O3.
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Fig. 5. Total density of states of BiigWgOug cell: (a) Eigenstate; (b) oxygen vacancy at O1; (c) oxygen
vacancy at 02; (d) oxygen vacancy at O3.
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Fig. 6. Absorption spectra of eigen BijgWgQOyg cell 5
and BijgWgOus cell with oxygen vacancy defects. g Bwo-4
= BWO-3
<
3.2 Bi,WOs (1.81 < = < 2.01) K5I8 E oo
ﬁﬁ%—‘% BWO-1
3.2.1 Bi,WOyg (1.81 <2 <2.01) /= 5 4 48 48 % e
K7 ABWO-X (X =1, 2, 3, 4, 5) F= i 19 X 26/C)
HTLRATS (XRD) 1. WIS 7 7T LU 1, B4 7= b MY BiWOs SRNXMNIMAHEE () SHE,
S (b) HOKH
XRD ﬂI%ﬂ‘m%%BE%:IEX*E Blz\iVOﬁ (JCPDS Ni Fig. 7. XRD patterns of the BizWOg products:
39—0256), &ﬁﬁ%ﬁﬁﬁ%*ﬁ E‘]ﬁ]ﬁj’ﬂ@, ﬁ%ﬁﬁﬁ# (a) Full spectra, (b) enlarged patterns.

#*3 Biz WOg /™ i) XRF 45 1
Table 3. XRF results of the Biz WOg products.

Bi: W Bi: W
Sample Bi203/% WOs3/% ' '
(theoretical mole ratio) (actual mole ratio)
BWO-1 62.88 34.77 1.85 1.81:1
BWO-2 64.28 34.30 1.9 1.87:1
BWO-3 63.89 34.02 1.95 1.89:1
BWO-4 64.16 33.38 2.0 1.92:1
BWO-5 65.77 32.75 2.05 2.01:1
b
(a) o 1s (b) 0 1s
5 5
£ £
3 kS
~ ~
i z
g &
g b
E E
528 529 530 531 532 533 534 526 527 528 529 530 531 532 533 534
Binding energy/eV Binding energy/eV

K8 (a) BWO-3 Al (b) BWO-5 =& XPS ¥ O 1s Eil%
Fig. 8. High-resolution XPS spectra of O 1s for (a) BWO-3 and (b) BWO-5 products.
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89 B A

77 i PR TR 35 AN GO0 45 4 e b R S A A
F © B (FESEM) A 5 B B4 8 (TEM) 4
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TR G 2K P 4, FE AR Bk 1) P SR A% Sy 2—
3 um (E9). ABWO-3 7= [#78 K B W] LLE H,
LR ER B — 2e 40K K. WBWO-3 # i i
TEM B 7] &1, X 245K A it R/ 1100 nm
g K 7 A ALBETT RL (B 10 (a)). IR 84K A B
HRTEM & 7] & 135 M 1) 58 524 0.27 nm (¥ 5 4% 5
gL (10 (b)), HJEF BiaWOg (1] (006) & TH].

K9 &I FE-SEM K% (a) BWO-1; (b) BWO-2; (c) BWO-3; (d) BWO-4; (e) BWO-5
Fig. 9. FE-SEM images of the products: (a) BWO-1; (b) BWO-2; (c) BWO-3; (d) BWO-4; (¢) BWO-5.
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10 BWO-3 /i (a) TEM A1 (b) HRTEM &4

Fig. 10. (a) TEM and (b) HRTEM image of the BWO-3 product.
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Fig. 11. (a) UV-visible diffuse reflectance spectra of the samples; (b) UV-visible spectral changes of RhB (1x10~5

mol/L) in aqueous catalyst dispersions as a function of irradiation time; (c) the temporal evolution of the spectrum
during the photodegradation of RhB mediated by BWO-3 catalyst under visible light illumination (A > 420 nm);

(d) PL spectra of BWO-3 and BWO-5 product.
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Abstract

Semiconductor photocatalyst BiaWOg has an extensive application prospect in organic contaminant degradation.
But its energy band is relatively large and the recombination rate of photon-generated carriers is high, which prohibit its
rapid development and applications. Many methods such as ion doping, non-stoichiometry, semiconductor heterojunction
have been used to improve the photocatalytic activity of BiaWQOg. But the improvement mechanism is still not very
clear. In this paper, by using first principle density functional theory (DFT) calculation, we study the influences
of oxygen vacancy on the bond length, charge population, band structure, defect formation energy, and density of
states of BioWQOg. On the basis of DFT calculation results, different non-stoichiometric Bi,WOg (x = 1.81, 1.87,
1.89, 1.92, 2.01) products with oxygen vacancies are synthesized through the solvothermal method. The products
are characterized by X-ray diffraction, scanning electron microscopy, X-ray photoelectron spectroscopy, UV-vis diffuse
reflectance spectra photoluminescence spectroscopy, and X-ray Fluorescence. The effects of non-stoichiometric Bi element
on crystal structure, chemical composition, the number of oxygen vacancies, microstructure, and photocatalytic properties
are investigated and the improvement mechanism of the photocatalytic property is explored.

The DFT calculation results reveal that the formation energies of BiigWsQOus are different for the three kinds of
oxygen vacancies and the bond lengths of Bi—O and W—O with one oxygen vacancy decrease a little and the bond
populations decrease significantly for the Bi and W atoms adjacent to oxygen vacancy. The existence of oxygen vacancies
forms O 2p impurity energy level and significantly reduces the band gap of BiaWQOg. The absorption spectra indicate
that the absorption intensities in the visible light increase for the Bij¢ WgOus cell with oxygen vacancy defects increasing.
The DFT calculation results show that oxygen vacancy defects promote the formation of photoelectrons and enhance the
photocatalytic performance of BiaWQOgs. The experimental results show that non-stoichiometric Bi element makes the
crystal structure slightly deformed and significantly affects the number of oxygen vacancies, photoabsorption capacity
and the electron-hole recombination of Bi;WOg. The Bi 5gWOgs product has the best photocatalytic performance, and
the rhodamine B is degraded by 98% after being irradiated for 180 min by visible light. Therefore, non-stoichiometric

semiconductor with oxygen vacancy is testified to be an efficient method of obtaining high activity photocatalyst.

Keywords: Bi; WOg, oxygen vacancy, crystal structure, photocatalyst materials
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