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Construction of Bi,O,(OH)Cl1/Bi/Bi,0; Heterojunction
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Abstract A new S-type heterojunction catalyst Bi, O, (OH)Cl/Bi/Bi, O; was prepared by combustion and
hydrothermal methods. The samples were characterized by X-ray powder diffractometer, scanning electron
microscopy, X-ray photoelectron spectroscopy and UV visible diffuse reflectance spectra. The photocata-
lytic synthesis of H, O, for the sasmples was investigated by photocatalytic experiments and photoelectro-
chemical tests, and the photocatalytic reaction mechanism was speculated. The results show that the con-

tent of Bi, O, (OH)CI increases with the increase of synthesis temperature, and the composite Bi, O, (OH) Cl/

Wo#E B #A:2024-06-04

EE&WH : MEARREREETH (22072070) 5 INARA A AR ERE4 T H (ZR2021QE032) B Bl

BIEEE &M, B, DU 1, PRI, 052 7 9 BEVR -5 P38 6 4L , E-mail : meichaogao@hotmail. com;
TR L, DU T, B0 F 58 7 1) BB VR B4k~ . E-mail: fengyy@qfnu. edu. cn,



40 W3k K 27 5 R CA SR R 52 O

Bi/Bi, O; exhibits the best photocatalytic activity when the hydrothermal temperature is 120 “C. The H, O,

production rate under simulated sunlight irradiation is up to 571. 43 ymol « h™' + g ', which is 47. 8 and

3. 6 times of Bi/Bi, O; and Bi, O, (OH)CI, respectively. Its high photocatalytic performance can be attribu-
ted to the formation of interfacial electric field of heterojunction in the composite, which improves the
separation efficiency of photogenerated electron-hole. Radical quenching experiments show that the main
active species of photocatalyzed H,O, for Bi, O, (OH)Cl/Bi/Bi,O; are superoxide free radicals and singlet
oxygen.
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Fig. 3 SEM images of (a) Bi/Bi,O; and (b) Bi,O, (OH)Cl/Bi/Bi,0;; (¢)TEM and
(d) HRTEM images of Bi, O, (OH)Cl/Bi/Bi,O;
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Fig. 6 UPS spectra of (a) Bi/Bi,O; and (b) Bi,O, (OH)CI; (c¢) Band alignment and electron structures
of Bi, O, (OH)Cl/Bi/Bi, O; heterojunction

120 400k
(a) - (b)
——Bi/Bi,0,

o 100F — BL,0,(OH)CUBI/Bi,0,
§ —BLO,(OH)CI 300k -
< 80}
5 60} £ 200k
E; 2
e 40 N
2 I Bi/Bi,O
= P | L V3
A~ ™ Lk « Bi,0,(OH)CI/Bi/Bi,0,

=0 L 4 Bi,0,(OH)C1

0 h h i S R L L L 0 L L L
0 40 80 120 160 200 240 280 0.0 40Kk 80k 120k 160k
Time/s Z'/ohm

7 Bi/Bi,0; .Bi, 0, (OH)Cl/Bi/Bi,0; % Bi, 0, (OH)Cl #f#(a) TPR #iZkFn(b) EIS i &
Fig. 7 (a) TPR curves and (b) EIS spectra of Bi/Bi,0;, Bi,O, (OH)Cl/Bi/Bi,O; and Bi,O, (OH)Cl

2.3 SIREHIER STEN

R T HER R RE S BT BR B (W O L IR TRE Y UPS 358, WA 6 (a, b) iRl He Ta Y RERE
21. 22 eV I ZAE S T BB 8] W AR W =21, 22— E on. HIOKAER E,=0 eV B},
Bi/Bi, O 1 Bi, O, (OH) Cl #4H#, F A 1ERE > 1 9 16. 84 1 17. 57 V., Al U3 Bi/Bi, O, Fl Bi, O,
(OH)CL B W 4351128 4. 38 1 3. 65 eV, @1 6 () iz, T Bi, O, (OHDCI H Bi/Bi, O, A HE M E|,
Bi, O, (OH) Cl 8 F7] LA Bi/Bi, O, 18, ifi7E Bi, O, (OH) Cl 5 Bi/Bi, O, i ib % 1 4 36 3712
TECRT DA FAEHR I /EH T M Bi/Bi, O ##3] Bi, O, (OH) CL; BEAMAR Bi A K49 S H %, o] LA
VE R L F AP L T IR LT B8 5 A Bi/Bi, O, 19 CB 5 # 5] Bi, O, (OH) Cl 1y VB, Ml {2 i 564
LT RIS U s e



46 W3k K 27 5 R CA SR R 52 O

R T HE— 2RO A B 1 43 B R RS R, HEAT T BEASOG L IR e B CTPRO 1 Ak 27 B B3
(EIS) i, TPRIRIAER: 20 s 6/ MG E T bA7. B BESOL B i e an 18 7 () iR, 4K, Bi, O,
(OHD Cl/Bi/Bi, O, F I B v i L e 10, 36 W L2 D08 i 6 A Ha A o g e A PR R, anf&l 7(b) Jir
7 Bi, O, (OH) Cl/Bi/Bi, O, B HL R4 f5 /0N, 38 B H B Pk i for o3 25 56 B8 AU AR nY r i S A FLLBHL, 55
TPR $5W) & 847
2.4 SefEfe ok 1,0, YERE S PT

Kl 8(a) /R T i URE S ZEASEAEL R B B OB 5 HL O, ERE. MEH AT LIE H L Bi/Bi, O, 1Y
H, O, ARG FEHAR(11. 96 pmol » h '« g D, XA REE I FICBA B T E & BUE R RE B ry . i
& Bi/Bi, O, K12k Bi, O, (OH) Cl 412K i J5 B $#2 & 17Otk tEse, Bi, O, COH) Cl/Bi/Bi, O, # H, O,
A R, M 571, 43 pmol h !« g L X IF T Bi, O, (OHD CL 482K F BA B I8 T B s,
T O HLER, HEFT T AN 2T Hy O, AT L2 5G . BIFSE T 64 35 e AR 0] O BRSSO 4L
TEYERSRZ I, ANE () Fin . AR, 73 YAk 0] G4 A BB E  T  HL O, WA &2 3 T = E i
il 5 O, SIRAMEL AE N, SFH A F AR H0, 5% 4, X —25 101 B RO & & H, O, AY/=%
1o AR T I B AR R A AR T O, RS HL O, FERE S H,

600 (2) 57143 600 | 571.43 (b)
=500} = 500
ko o0
S 400 | 3 400 F
g g
£ 300¢ 262.81 £ 300t
2 E
(=] o
5, 200 - 157.68 5 200r
< 103.03 = 108.24
= 100 T 100 88.46

os B39 3226 I:l 4735
0 A . Q Q N Q Q 0 i
6\‘6\9‘;“6‘9”Ag\l‘a"p"%‘a\\g@"n416\03’\6 '\6‘“0"20 All No CH,OH No catalyst No light N,(No O,)
e gl

B8 (a) HEIMPARLERH THMEMT H,0, HTHIEZR; (b) REEKHT Bi,0, (OH)Cl/Bi/Bi,0; K H,0, #7 HiEZE
Fig. 8 (a) H,0, evolution rates of photocatalysts under simulated sunlight irradiation; (b) Corresponding rate

of Bi, 0, (OH)Cl/Bi/Bi,O; under different conditions

2.5 OGHEAEBLEL S B

N THE H,0, M R4 I EPR HARSEAT T 160 A SR8 ™ . i 9 B . 16X
MR R BRI A L Ce OFD IS TR H, O, B4 1 A s @ 7= 9 X — & 30 R B AR H, O,
A AL IR T JEs . BeAh  FEG IR R A A IR e O, DRBAZEEC O™ BT I &
FRFEIE CIE 9 (b, o) T, X B RE S AT REAE 1k 26 [ py L A9 28 5, NTTRE I T H, O, B4R R R g fE. A
T 2% B SR AT IR UE , AT TARAREEE . 7R, INA T SN EE(IPA)PEN « OH i3k,
R Hy O, W= R IPA J5 I8 A FRAR, SO A B BT, X —Z5 R 3600 IPA 2 H, O, A sy £ 2%
H VR4 X 58 8(b) BY4E R —2L.

WA I8 e BRAEAINA R BRSO T - Ho O, 1977 3B W AR, 30 P A 1% M B 7E T A R B 15 0
T, S H,O WA H =248 Tl s ae 22, an s i =R () iR . 58 7 H, O, AR, X — &3
HE— S T A EEE HL O, At B P B F B4

O,+ 2H,0 — 2H,0,, A,G*=4116.8 kJ *» mol ', (2)

W TRINAERR (BQ, » O, KD IR (Trp,' O, HikHD  WELH] H, O, 1942 5 8 230 (A
9() I XEH « O, F1'O, 8 H,O, BRI 7E H,O, FERPRE T EEHEH. T 0, W
WA ER T —0. 33 eV(vs. NHE) L #1 CB X} Bi, O, (OH) Cl B R LN —0. 67 V. X EHE
Bi, O, (O Cl ) Ecy BFRTLLS O, Z5& 4R « O, AR iR, i LR (AO h " 3RFD A



£ 6 1] 79 il 45 - Bi, O, (OHD CI/Bi/Bi, O3 54 i 5O S R H, O, PERERTSE 47

PR A2 B B RO B 48 25 5 BRAIR L T 548 U E A LR Z I T T O, BYIEERNE
RIAR R Ho O, 773 (D iR

()2_'_ e —> ()279 (3)
® Ozi%} ZH‘ + e —> HZ()20 (4)
(a) (b) DMPO-« O;
DMPO-+«OH
Light Light
2 2
g §
E E
Dark Dark
3480 3500 3520 3540 3480 3500 3520 3540
Magnetic field/mT Magnetic field/mT
(¢) 800+ (d) 7822
TEMPO-'0, 700 |
Light = 626.07
< 600 F 571.43
o0
> ) L
£ 2 500
g S
E ‘\é 400 +
2 300
g
L)
R & 200 151.44
ool 100l l 108.76
3470 3480 3490 3500 3510 3520 3530 3540 3550 None IPA BQ Tip AO
Magnetic field/mT Scavenger test

B9 (a) =&T DMPO7F# T » OH #&illfY EPR it ; (b) =8 T DMPO #1 CH,OH 757 F#&ill » O, BJ EPR Jtif;

(¢) ZRET TEMPO FF#E T4 O, B EPR 3Ei%; (d) 7% H,0, BHHRIXLE

Fig. 9 (a) EPR spectra for the detection of * OH in the presence of DMPO at room temperature; (b) EPR spectra for the

detection of * O, in the presence of DMPO and CH;OH at room temperature; (c) EPR spectra for the detection of 'O,
in the presence of TEMPO at room temperature; (d) Scavenger test for the production of H,O,

ch

7

RGBT Bi/BL, O, Jf it NH, CLKRAZ ML &5 5 1T Bi, O, (OHDCL/Bi/Bi, O; Z &

N

]

FOBE. KPR BE S 120 “C I BTl 4 1O A AORRRBUIR SRR HEALTR 1 . HL, O, BYLE BRI E] 571, 43
pmol « h™" « g ' H B HDEAEAPERE T N T 5 A A4k b S I 235 S T vl 3 TR 10 4R 7 1 Dl A W Ay 1) 0
ROR . A RS R R e A i H, O, o BE2ZGEAEHIATE SR « O, F110,.

(1]

(2]
(3]

[4]

(5]

%z % X W

FUKUZUMI S, LEE Y, NAM W. Recent progress in production and usage of hydrogen peroxide[]]. Chinese Journal of Catalysis,
2021, 42(8): 1241-1252.

B, A, N, AR R GE AAL S EORDITE IR LT ], AR s R S AR, 2024, 221D 25-32.

HOU H L, ZENG X K, ZHANG X W. Production of hydrogen peroxide by photocatalytic processes[]J]. Angewandte Chemie Interna-
tional Edition, 2020, 59(40): 17356-17376.

WU X, LING TAN H, ZHANG C, et al. Recent advances in two-dimensional ultrathin Bi-based photocatalysts[J]. Progress in Materi-
als Science, 2023, 133: 101047.

SONG S, XING Z, ZHAO H, et al. Recent advances in bismuth-based photocatalysts: environment and energy applications[J]. Green



48

W3k K 27 5 R CA SR R 52 O

(6]
(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Energy & Environment, 2023, 8(5): 1232-1264.

VIV, B, [EENS, 55, AuAg/Bi, O, AP BB EERELT ). APEHFR =4, 2020, 34(12): 921-932.

SHAN L, FANG Z, DING G, et al. Electron confinement promoted the electric double layer effect of BiOI/3-Bi, O, in photocatalytic wa-
ter splitting[J]. Journal of Colloid and Interface Science, 2024, 653: 94-107.

WEI L. HUANG G. ZHANG Y. Dependence of the intrinsic phase structure of Bi, O, catalysts on photocatalytic CO, reduction[J]. Ca-
talysis Science & Technology, 2021, 11(6): 2021-2025.

WU P, WANG T, XUE Q, et al. Regulating electronic structure in Bi, O architectures by Ti mediation: a strategy for dual active sites
synergistically promoting photocatalytic nitrogen hydrogenation[J]. ChemSusChem, 2022, 15(11): ¢202200297.

WANG L, SUN J, CHENG B. et al. S-scheme heterojunction photocatalysts for H,, production[J]. The Journal of Physical Chemis-
try Letters, 2023, 14(20); 4803-4814.

THEE. WRIE, 7%, 5. CuyMo,O4/Mny, 5 Cd, ,S S T 57 BT 25 (4 149 57 e OB ARk 7= S MR RE B T[T . IR 22 4R (A AR O
2024, 37(1): 52-61.

HE B, WANG Z, XIAO P, et al. Cooperative coupling of H, O, production and organic synthesis over a floatable polystyrene-sphere-
supported TiO, /Bi, O, S-scheme photocatalyst[J]. Advanced Materials, 2022, 34(38): 2203225.

ZHAT Y, ZHANG A, TENG F, et al. Effect of mixed anion layer on energy band, charge separation and photochemical properties of
(Bi0),OHCI[J]. Applied Catalysis B: Environmental, 2018, 224 116-124.

SUN C, LIR, ZHAO 'Y, et al. Ammonia-dependent synthesis of (Bi0), OHCI@Bi,, O, Cl,, heterostructures with enhanced visible-light
induced photocatalytic activities on levofloxacin removal[J]. Journal of Alloys and Compounds, 2022, 901: 163647,

WILCZEWSKA P, BIELICKA-GIEEDONA, RYL J, et al. Development of novel (BiO), OHCI/BiOBr enriched with boron doped-car-
bon nanowalls for photocatalytic cytostatic drug degradation: assessing photocatalytic process utilization in environmental condition[ ] ].
Applied Surface Science, 2022, 586: 152664.

ZERAN, IhEE, ISR, SR, BiABAR -GN, A KOG = S RERFE [T ], WO 2224 CH AR MO » 2024, 37(1): 70-75.
ZHANG S, YUAN'Y, GU J, et al. Surface defect-induced electronic structures of lead-free Cs, AgBiBr; double-perovskite for efficiently
solar-driven photocatalytic performance[J]. Applied Surface Science, 2023, 609: 155446.

JIANG Y, WANG Y, ZHANG Z, et al. 2D/2D CsPbBr,/BiOCI heterojunction with an S-scheme charge transfer for boosting the photo-
catalytic conversion of CO,[J]. Inorganic Chemistry, 2022, 61(27): 10557-10566.

XIAO Y, TAO Y, JIANG Y, et al. Construction of core-shell CeO, nanorods/Snln, Sg nanosheets heterojunction with rapid spatial elec-
tronic migration for effective wastewater purification and H,O, production[ J]. Separation and Purification Technology. 2023, 304:
122385.

LI1Z, CHEN Y, CHEN X, et al. Artificial visible light-induced H, O, production using polymeric K/O-doped carbon nitride as a catalyst
[J]. Applied Surface Science, 2023, 609; 155432,

DAI M, HE Z, CAO W, et al. Rational construction of S-scheme BN/MXene/ZnlIn, S, heterojunction with interface engineering for effi-
cient photocatalytic hydrogen production and chlorophenols degradation[]]. Separation and Purification Technology, 2023, 309: 123004.
LI N, GAO H, WANG X, et al. Novel indirect Z-scheme g-C;N, /Bi, MoO;/Bi hollow microsphere heterojunctions with SPR-promoted
visible absorption and highly enhanced photocatalytic performance[J]. Chinese Journal of Catalysis, 2020, 41(3): 426-434.

MA H, WANG Y, ZHANG Z, et al. A superior ternary Z-scheme photocatalyst of Bi/black phosphorus nanosheets/P-doped BiOCI con-
taining interfacial P-P bond and metallic mediator for H, O, production and RhB degradation[ ] ]. Chemosphere, 2023, 330: 138717.
DONG C. WANG Z. YE Z, et al. Superoxide radicals dominated visible light driven peroxymonosulfate activation using molybdenum
selenide (MoSe,) for boosting catalytic degradation of pharmaceuticals and personal care products[J]. Applied Catalysis B: Environmen-
tal, 2021, 296. 120223.

LU X, QIUW, MA J, et al. The overestimated role of singlet oxygen for pollutants degradation in some non-photochemical systems[]J].
Chemical Engineering Journal, 2020, 401 126128.

YANG Z, LI L., GAO ], et al. Optimizing the band structure of crystalline potassium poly(heptazine imide) for enhanced photocatalytic
H, 0, production and pollutant degradation[J]. ACS ES&T Engineering, 2022, 2(11): 2142-2149.

TADA H, TERANISHI M. NAYA S-I. Hydrogen peroxide production by inorganic photocatalysts consisting of gold nanoparticle and
metal oxide toward oxygen cycle chemistry[J]. The Journal of Physical Chemistry C, 2023, 127(11); 5199-5209.

XU L, LI L, HU Z, et al. Boosting alkaline photocatalytic H, O, generation by incorporating pyrophosphate on g-C;N, for effective pro-
ton shuttle and oxygen activation[J]. Applied Catalysis B: Environmental, 2023, 328: 122490.

CHEN H, XING Y, LIU S, et al. Mechanistic insights into efficient photocatalytic H,O, production of 2D/2D g-C;N, /In, S, photocata-
lyst by tracking charge flow direction[J]. Chemical Engineering Journal, 2023, 462: 142038,

G RER L Y



