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Construction and photocatalytic mechanism of layered
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2. School of Chemistry and Material Science, Nanjing Normal University, Nanjing, 210023, China)

Abstract: The efficient removal of the typical antibiotic pollutant sulfamethoxazole (SMX) currently poses a major challenge
in the field of water treatment. The practical application of pure Bi, WO is severely hampered by its low photocatalytic
efficiency, which is a consequence of inadequate interfacial interaction with pollutants and rapid charge carrier recombination.
To tackle this issue, we designed and synthesized a layered BisO sBr./Bi. WO heterojunction photocatalyst through a
solvothermal - in sizu growth approach. Characterization results confirmed the formation of intimate heterojunction interfaces
between the two components. Among them, BisOsBr2/Bi:WO;-0.3 (BOB/BWO-0.3) exhibits the optimal performance.
Under visible light irradiation for 90 minutes, its degradation rate of sulfamethoxazole reaches as high as 83% , with an

) of 0.0183 min !. Compared with pure BioWO5 (degradation rate: 3% , £,,,=0.000277

apparent reaction kinetic constant (% pp—

app
min '), the degradation performance of this composite material is improved by approximately 26.7 times, and £, is enhanced
by about 65 times. Active species trapping experiments indicated that superoxide radicals (¢O,) play the primary role in the
degradation process. Combined with Mott - Schottky measurements, X - ray photoelectron spectroscopy, and other
characterization results, the internal mechanism of the heterojunction in promoting the separation and migration of

photogenerated carriers was further elucidated. This mechanism not only effectively facilitates the separation and transfer of
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photogenerated charge carriers but also significantly improves the interfacial interaction between the catalyst surface and the

pollutant molecules. Recycling tests confirmed the excellent stability of BOB/BWO-0.3. Through the construction of this

heterojunction, this study successfully overcame the performance limitations of pure B1:W Os, thereby providing a new strategy

for the design of highly efficient bismuth-based photocatalysts.
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Schematic diagram of the sample preparation process
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Fig.2 XRD patterns (a) and FTIR spectra (b) of Bi,O:Br,, Bi,WO,, and BOB/BWO-x
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Fig.3 (a) SEM images of (a) Bi,O,Br,,(b) Bi,WOQO,, and (¢c) BOB/BWO-0. 3; TEM image (d) and HRTEM image (e) of
BOB/BWO-0. 3, respectively; (f~j) elemental mapping images of BOB/BWO-0. 3
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Fig. 4 (a~b) High-resolution XPS spectra of Bi 4f and O 1s for Bi,O,Br,, Bi, WO, and BOB/BWO-0. 3, respectively;
(c) high-resolution XPS spectra of Br 3d for Bi,O;Br, and BOB/BWO-0. 3; (d) high-resolution XPS spectra of
W 4f for Bi,WO, and BOB/BWO-0. 3; (e) survey XPS spectra of Bi,O.Br,, Bi,WO, and BOB/BWO-0. 3

512F1430 nm. & & R 45 E BOB/BWO ] A, BOB/BWO-0. 3 1 HL it % B fie o, iX BIR A
WOt W Wi g W) WA T B — 19 BLOBr, # BOB/BWO-0. 3 5 Jit 45 e % A &0 A 78 56 A4E v fap
BL,WO,. i3 Ui I #4 £ 5 5t 45 B8 6% A7 200 35 = b4 L 14> B . K 6c N BLO,Br,, BL,WO, Ll } BOB/
XA UL R gE J1 . A Tk — 2R s b BWO-0. 3 #) EIS Nyquist i1 2k . i % , Nyquist fif]
H % H M B8 SR F H Ak S TR 3 4 B1LO.Br, LR AR /N | AR B T 1 A% 6 B /N o
Bi, WO, A}z BOB/BWO-0. 3 #E47 5% B Ak 24 s, 1 6 BE 1 B3 . BOB/BWO-0. 3 B 9K 4% fi%
Kl 6b R A ERE S 8 e ith 2R, 5 BL,OBr, M BLWO, /N, # W Bi,O.Br, 5 Bi,WO, 2 [a] JE i (1) 53 5 45 fiE



5511 W i 55 R AR BLOsBr/BisW O3 JTT 25 (19 14 22 B HOG A AL LI AT 5% VA
(a) 250 (b) 0.012

E —o— Bi,OgBr, 0.010 4 —®— Bi,OBr,

@ 200+ Bi,WO, A Bi,WO,

..;:j —~@— BOB/BWO-0.3 I'E 0.008 - ;: —®— BOB/BWO-0.3

% 150 1 o

% ”g 0.006 -

5 <

S 100+ g 0.004 -

£ s

‘é - ™ 0.002

o
0.000 -

04— T . T T T . : . :
0.0 0.2 0.4 0.6 0.8 1.0 0 50 100 150 200 250 300
Relative Pressure ( p /po) Pore Diameter (nm)
5 Bi,O:Br,, Bi,WO,f1 BOB/BWO-0. 3 i N, U Bif - Bt Mt 5 I8 2% (a) TN FL 12 53 75 i 2% (b)
Fig. 5 N: adsorption-desorption isotherms (a) and pore size distribution curves (b)
of Bi,O:Br,, Bi,WO,, and BOB/BWO-0. 3
®1 FARAERNLEREARSAEHSY G AL R i PR RE . R 7a S R AT WL RO

Table 1

rameters of different samples
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Sample  BET (g ) T rolme P e

Bi,0.Br, 49.15 0.26 16.57

Bi,WO, 99. 28 0.29 11.79
BOB/BWO-0. 3 46.18 0.19 21.65
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Table 2 Comparison of the degradation efficiency of this study’s photocatalyst with other photocatalysts

Samples Lamp Dosage (g'L."") Antibiotic Removal  Time (min) Ref.

g C,N,/Bi,WO,/MoS, Vis. 0.2 SMX (20 mg-L ") 99% 60 [31]

Cu,0/BiFeO,, 35 W Xe 0.2 SMX (10 mg-L ) 85% 120 [32]

S-B1,0,/MnO, 200 W LED 0.5 SMX (5 mg-L ™)) 86% 240 [33]

g-C,N,/Bi,0,Br, 300 W Xe 0.5 CIP" (10 mgeL. ") 67% 140 [34]

BOB-R 86 W LED 0.3 CIP" (30 mgeL ™ ") 81% 120 [35]
BOB/BWO-0. 3 350 W Xe 0.6 SMX (10 mg-L ") 83% 90 This work

= CIP NIRRT A ( Ciprofloxacin)
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Table 3 Total organic carbon (TOC) concentrations

before and after the reaction

Time (min)  TOC concentration (ppm)  Mineralization rate
—60 4.99 0
90 3. 26 34.7%

75% , 3R WIAE B A o B b 7 AR T — o 1 ) <OH.
A PBQ 5, B ROCR R T REZR 17.6% , Ul W]
O, FE A B ke = S /E . Jim A EDTA-
2Na Ji [ i 50 R B 2= 57. 3%, # W h 1 B it 1k
kR EAEH . B 8b~d i EPR M 45 3,
HE— B UE 7O IA R P ATE A . 22,2,
6,60 H B R BE 4 AL W) (2, 2, 6, 6-tetramethylpi-
peridinooxy , TEMPO) 5 h™ & A4 7 i it , TEMPO
45 5 ) 25 A . 7 8b R, 766 BB R TEMPO
(15 5 5 B B 0 IR T SR B, X R R A AR O IR 4%
- F BOB/BWO-0. 3754 T KEM 42570 . [H
FEHE K B i AR I <O, B, 25 5 5, 5-

T H LTI b R AR 9 (5, 5-Dimethyl-1-pyrro-
line-N-oxide, DMPO) %& 4= Jz [, #F T 45 46 0 321
Il 8c t DMPO-O, {55 75 6 IR 5 & 35 15, 3R
B i b AR b R T K R 205 B 8d R
DMPO-+OH B {5 5 76 06 T 15 5% , i — 2D iE 9]
TeOH Mok . A H 32Kk L85 EPR i 45
W LW BOB/BWO-0. 3 Y64 Ak F it 15 4k W1 i
FEIEEY P LS 2O, ,cOH A h ™, Hirf «O, X %
fife it B F FAEH . SLH A5y BOB/BWO-0. 3
S A AL AL EE A HE R TSGR K A

WA, R T — RSO HL L, JF R A BT
%% Bi,O;Br, fil BL,WO, ¢ I =2 [4] H, 17 19 5% 7% F1 53
B HT T BiLOBr, #1 BL,WO, 19 RE A 4 & . 38 3ot
Mott-Schottky #i £k it % T Bi,0.Br, fl BL,WO, [
S i A7 . i & 9a A1 9b AT 1, Bi,O-Br, Al
BL,WO, i ~F- 77 H A7 43 51 2 —0. 55 1 —0.66 V
(vs. Ag/AgCl,pH=7). #iF (1), ¥ = Ltk
Ak M bR vfE E B (vs. NHE,pH=0).
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Fig. 8

(a) Degradation efficiency of SMX with different scavengers (scavenger dosage: 0. 1 mmol-L™'; catalyst dosage:

30 mg; SMX concentration: 10 mg-L™), EPR spectra of (b) TEMPO-h*, (¢c) DMPO-+0O; and (d) DMPO-°*OH
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Fig.9 Mott-Schottky curves (a) and plots of (¢hv)"” versus kv (c) for Bi,O.Br,,
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%4 Bi,OBr, 1 Bi,WO,HEEH L B
Table 4 Band positions of Bi,O.Br, and Bi, WO,

figfe  EeV)  Eg(vs. NHE,V)  Ey,(vs. NHE,V)
Bi,O.Br, 2.21 —0.35 1.86
Bi,WOj 2.59 —0.46 2.13
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Schematic illustration of the photocatalytic
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(a) Cycling test curves of SMX photodegradation over BOB/BWO-0. 3,

(b) XRD patterns of BOB/BWO-0. 3 before and after cycling tests
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