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Abstract

Bismuth oxybromide (BiOBr) was successfully synthesized via a solvothermal method using bis-
muth nitrate pentahydrate (Bi(NO3)s-5Hz0) and potassium bromide (KBr) as starting materials.
The surfactant polyvinylpyrrolidone (PVP) was introduced to assist the solvothermal synthesis, and
the effects of PVP dosage and solvothermal temperature on the nitrogen fixation performance of
BiOBr were systematically investigated. Furthermore, a Bi/BiOBr composite was prepared by re-
ducing part of the BiOBr to metallic bismuth (Bi) using sodium borohydride (NaBHa4) as a reducing
agent, and its nitrogen fixation performance was evaluated. The as-prepared samples were charac-
terized by X-ray diffraction (XRD), ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis-DRS),
photoluminescence spectroscopy, and UV-Vis spectrophotometry to analyze their phase structure,
light absorption properties, and photogenerated carrier behavior. The results indicated that the
introduction of PVP effectively narrowed the band gap of BiOBr and enhanced its light absorption
capacity, thereby improving the photocatalytic activity. The BiOBr/0.4 sample, prepared at a sol-
vothermal temperature of 160°C with a PVP addition of 0.4 g, exhibited the optimal photocatalytic
nitrogen fixation performance. The Bi/BiOBr composite obtained at a BiOBr to NaBH4 molar ratio
of 2:0.6 showed the best nitrogen fixation activity. After 150 minutes of reaction, the nitrogen fixa-
tion rate reached 7.93 pg-g-1-min-1. This study provides a feasible strategy for regulating the band
structure and surface properties of BiOBr-based materials, offering valuable insights for the devel-
opment of efficient photocatalytic nitrogen fixation materials.

Keywords

PVP, Bismuth Oxybromide, Photocatalysis, Nitrogen Fixation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. §
1.1 EFEMENX

FEREPR M I B TR AN B 5 e i) H 2 IR R H 52, B AT BEREE R SC s ), okl SR
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12. MRFREEERE

BiOBr I H MR IR . B R TIAR SR AR SR FE[6], AR T4 T s Ao i 2 8
e, BRI IR R ERE . SR, R BIOBr fEM EHE il M BB Ak 77 THIHUAS T o ik
Ji&, FLATHG b AR . AR KO AR BT R A S s S 7], PR T HAESEBR R . FEAR
Z&EY, &F Bi (EA—MEEFEE . M RBENAESR SJE[8]. BT HAHE IR 5 2 7 AR IL R
(Surface Plasmon Resonance), 1% J & 30 i 057 B AT WOGHRISRE 71, ERIGAE DG HEAL it Bi <) 8 1
B AL VBN AR RS IR AR F - 95K, OF 2 SCIRGE 7 30p LL& &8 Bi 1B e tesml, sian:
Bi/BiOBr/ZnO [9]. Bi/BiOl [1015% & & ulifbifl, fEisdibsfi. N LIRS ZA0EE T Z R H. 5
TEE[11] KT Bi/lBiOBr & &AL FI7E F4 % Methylene Blue(WE FF 3£ 15 )i R 30 AR S OBHEALIE 1 . Yu [12]
ENMRIL, BiBIOBr &M kHLAE BiOBr {44 % BEEE 4%, R I S & i) v WOAHRRE 1. KEHEF
UESE, 7 Ah 77 & i R rh i N & P 57, 2 Polyvinylpyrrolidone (PVP) [13]. Cetyltrimethylammonium
bromide (CTAB) R & & fEMa MM 4544 . PVP AMYREHIHIRRL SR . SR /i, I Re TR H s AT,
DR ERT 8, APRTHEEYE . Bk, AR SRR SO A #GEH] % BiOBr it f2 H & PVP I
T B A FIRGR B LR Bi/BIOBr & A A4k il 4% i R v NaBH. i\ B AN [ %o {8 L0751 Fré ] S B s i 45
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Table 2. Main instrument

F2 EEMEE
DRl iR C I
L IR SO T4 DHG-9070A R SR R R A R A A
AT WG T6 Hrited 2 [ ThermoNicolet 2\ & i)
HLF b RF AF224 AP R PR A A PR A
B AL AXTG16G IR A5 SR PR A H
K2 HEERE 2XZ bR EE AT
X HHERATHX Ultima IV HARBZG R A
LED YR (IRAT) GEL-LED100 e BB IERH A PR 2 ) i
LA WA e Cary-5000 2 [ ThermoNicolet 2\ ] i3
WE I 4E 2% ZNCL-GS130*70 HBIM TS B & A PR 7]

2.2. FelEMTIRHIE

FREL 1.16 g Bi(NOs)s'5H20 ¥fi# T 20 mL £ —Fy . i N A. FREX 0.2468 g KBr, ¥ T 20
mL & REERH, RN B. ¥ A B RIS N B T W e i Edst, WEIREH 30T, ik
4 600 rmin™t, B VARSI EREEYW .. REHREMEEA, ¥ B IEBOEH AR A B,
P D )2 10 min 2 15 min, WIS A S, 4kERiH: 30 min, BHER SVEHEEIE SR, mixiE
BN 0gy 0.1g. 0.2g. 0.3g. 0.4g. 0.5¢ i) PVP, & it S EA AT, HiZESE
W E 50mL KM EF, B AEIERE N 160°C, R RN 3he KM EEH G, =il T HRAH,
€. BB TR 60°C T 5 h, HmABBTAMITIFH, 2 5Fsid A BiOBr/0. BiOBr/0.1. Bi-
OBr/0.2. BiOBr/0.3. BiOBr/0.4. BiOBr/0.5. ¥tk i i % Bi/BiOBr {4k, #RHL 2 mmol (0.3488
g) BiOBr T 50 mL 7K, #ig#E 30 min. EBFEMPIRA T, 45K 1) & 43329 0 mmol. 0.3 mmol.
0.6 mmol. 0.9 mmol. 1.2 mmol NaBH, A2 FiA BiOBr &+, #k&:4iH: 30 min, fhjE, F80C T
Tk 2h, HF HAMLT], I NaBH, 1545 34y 4 v BB-0. BB-0.3. BB-0.6. BB-0.9. BB-1.2.

2.3. EIEHRIFM

2.3.1. R EKEE

TERRIESAE T, RS FE P2 NH S IRFI & B4 RO B, A BIRAAR S 5. %
IR KN 420 nm [IAAE R, WHZAR RGBT I o AR AT - LR, WORES
NH; &Rt FASCC R, FRIEREf e Bx R, WitHHZE RS RS REr S, HitiE
AR A7 [ U A

2.3.2. ElEmEEEMIR
ASEEG R A A AE A, B E B, RSN ORI E RO, Bt R AN S &,

BT PP A AL 0 [ R R . BARIRMEI T : BH ImL 28, AR 1L £E 1k, BRERECHN
0.1% LEE/KIFEM . FREX 50.0 g VUK & A EREREN, AMARFA )y 150 mL (Fkedt, mpBestsinA 100 mL
FBTFIRAL TR, DA OREE 5 min DABR R &, dhmiAE 2, RIS 2004 TR E N
TR FREX 0.1g fHALFIT 100 mL LK, THEAEHEAT 20 min #4184, AR50 0 8rE i
W AR, R 90 dm3ht, HIR/INGE H G ARG 55 A AN S B 2ke B DLk S FAR S UR T,
i DR F, JF)E LED MRS E . BESFT AR, AT A I DA R R NP AR AT o FFAATHE,
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B3R 30 min BEAT—REURE, BRREUREARAFR L0 6 mL, STHHURE FLIR . 1B B LA # Y 12,000 rrmin ?,
BTy 10 min, 0 FLARE R AT RO o ARKECETRR TS TR TS B T, &N 3 d A
RRAMEAVEIL TN 3 d A, VREIIS], B E 8 min. AFEKGERLT 420 nm &b, AEAEANE
JEPETH AR AT RO R IIIE , AR b U IR T T 255 NH WK EE
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Figure 1. Standard curve for ammonia nitrogen concentration
1. SEKEMmEfhZ%

BAARSZIG SRR R HERAFREL 0.3819 g NHLCI, 80°C FT#4 4h, FH 0.1 mol-L ™' Na,SO4 ¥ iE R,
VK% 100.00 mL A&, ER. B 1 mL FARE A 100.00 mL &, H 0.1 mol-L ™ NaxSO, ik it
ITREZR, 195 NH.ClARMEE R . B 8 MAF A 50.00 mL (&I, 2HIA 0 mL. 0.5 mL. 1.0 mL.
2.0mL. 40mL. 6.0mL. 8.0mL. 10.0 mL {A&FR K EA AR, FH 0.1 mol/L NaSO4 i AT /E 45,
A5 8 MK YN 0.0ug'-mL™. 0.1ug-mL™. 0.15ug'mL. 0.20ug-mL™t, 0.40ug-mLt, 0.60 ug-mL™.
0.80ug-mL™, 1.0ug-mL™* fIFRAETRIR . MKIKEL 6 mL ¥R T 25008, i 3d A BRETNVETR, o
A 3d PIRIAFIAT R fEREKA 420 nm &, HESM BRI ERCRE, RGeS Rs
NH; W% R AT 2 M-S 15 2005 fh 2 (0 & 1 o).

2.4, EAFIRMERAR RN %

K FH HH H AR H 225 TR A 7 i3 1 854 Ultima IV (1) X SHRATEH, F Cu-Ka FE5FIE (L = 0.15418),
TEEHIEAN 40 KV, EHTN 40 mA [T, WEFRTERE 20 8 10°~90°, S E Aok AR AT
YA SEH Cary-5000 % UV-Vis Y6/ (35 E ThermoNicolet 2y ] il it ) Il & B 5 a6 E
3. ZEREITL
3.1. BiOX (X = Cl\ Br, IE&4EE

2 NOEHI# R RSB, RAEILEL. UL XRD AT8 . ATLAWI %2 E], BiOCI 7 20 N
25.8°. 32.5°fl1 46.6° AL I BILATH G, 435I R(110). (101). (200)&h1H, 5 PUJ7 &k & BiOCH [ AEIE —5.
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55.3° kb HU IR AT, 4375 R BiOl f(101). (110). (200). (211)f4ME, 5PUJ7 & & BiOl fR4FALIE —3.
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Figure 2. XRD diffraction patterns of BiOX (X = Cl, Br, 1)
2. BiOX (X =Cl\ Br. 1) XRD {75

TSR - T S s b, TR 2 AR i R TR B R BT B, R R 1 A A R R
Wt F AR &, BDGHEA AR S0 R . A e AR I WO I e 7 I A% 3, A2 AR A 76T TT
SR R RE SRk . H 1 3 BT AT, 7E 500~700 nm 3 B a E Y, BiOl SRIN H BE SR KR G 1 e o 7E 400~450
nm PSSR P, BiOBr IWOGRE k. M 3 v 15, BIOCI HIZAT %6 ok, H iy L+
RS = R A RO B2l b, B DU 32 AR R AESRAIO6IX . BiOI AR 58 FE /),
LT 25 S WO [ B B 25 5 i R B KO 0 [l By, BRI AR B0 7 52 & 2 Ml = - 17 BiOBr
fIEEH: e A T 2 0], AR TR AL N 2.84 eV, BEA ELEAR R0 Woemlkc s 1, BG4 7
U757 =t 2 SRR 5/ B O
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Figure 3. UV-Vis DRS spectra of BiOCI, BiOBr, and BiOl
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Figure 4. Nitrogen fixation performance of BiOX (X = ClI, Br, )
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Figure 5. XRD patterns of BiOBr catalysts with different PVP additions
5. AN PVP SR INE A BiOBr 4L XRD &t
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HE R H, IOAAE PVP & RSB A AL FIZE 11.9°, 25.1°, 31.7°. 32.2°. 39.3°F1 57.1°4b3%) H AT

DOI: 10.12677/ms.2026.162044 258

FHRLRL


https://doi.org/10.12677/ms.2026.162044

A 45

SHig, 5 BiOBr fufAf(001). (101). (102). (110). (112)F1(212) i IEIFXT N, A Hof B & i) 4R,
Vi B BiOBr J34R NIUJ7 S 2 450 . S50, BT PVP BUIIN, 39.3°(112) 5% M frws Ay J -4k 56 440 o
mHEEE PVP IO, 31.7°(102) &, M U R B 2 k55, 32.2°(110) & I U R k288, AT LLIA N bR

BiOBr ik H i (110) f A K .

1.0 —0g
—0.1g
—02g
0.8 —0.3g
——04g
o ——0.5g
2 0.6
=
2
S
s
=
2 0.4

S
()

0.0

300 400 500 600 700 800
Wavelength (nm)

Figure 6. UV-Vis diffuse reflectance spectra of BiOBr with different PVP amounts
6. N[ PVP SRINE/) BiOBr By - ;B R STE

BiOBr/0.4
—BiOBr

(ahv)?

BiOBr/0.4 E,=2.74ev
.

BiOBr Eg=2.84ev
v

f"
P

2 3 hv (ev)

Figure 7. Plot of (ahv)? versus hv

7. (ahvy?-hv X %

A - 0] Wig SR (UV-vis DRS) AT LA KA 7 e AL IO e s . B IS 6 T %1, ANE PVP s
=] BiOBr AL 71 H BUAS [H] W KOs P R, WSO a2 T AR 25 A5 K H. B B4R W 7E 400~430 nm . A EL 41 BiOBr
1EALFR], PVP i N & AN [A] 1 2 A A 700 1 B R et K R BB B 2088, WSO 9 B T vl I 9 K9 B
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¥al, 46, KRATE 420~500 nm JEKJEHE N, S 0.4 g PVP [ BiOBr fALFIZE AT WX RILH T
BN BRI BE o S Ak 77 (15 B i B 7T LA H Tauc plots A 30itH5[14], AN a(hv) = A(hv—Eg)n/2,
BiOBr H n i h 1/2, Eg Rz vifE. HIE 7 1HEERFTR, 4 BiOBr # 5 I BAER N 2.84 ev, I
A 0.4gPVP [{] BiIOBr I 5 25 H B[N 2.74ev. 1%L RERH, TEHEFIFGIFEHMA 0.49PVP HEATHIBN&
%, 731 BiOBr/0.4 AL R A /NP S RE, HANMB P HAZPEOL, SeEIFEE R m R .

200
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Figure 8. Photoluminescence spectra of BiOBr/0.4 and pure BiOBr
[ 8. BiOBr/0.4 F14k BiOBr A3 & &
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Figure 9. Nitrogen fixation plots of BiOBr with different PVVP additions
E 9. [E PVP RINER BiOBr BIERE

N T I3 HT G AR A R M X 20 B R A AT RS 3, WA i HEAT O B O IR (PL) AR
Mo HHEFLT, PLIEER R, REDCEBRTEEFlE. JCERR TFIE SR, JefEl
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FIPEE RS BK. HIE 8 %13, A 0.4 g PVP () BiOBr £ 7E G EUR il B Hh i) i 5 FE I 2K T
4fi BiOBr 4471, 6B BiOBr/0.4 {4 P46 AR i+ (10 52 & FE FE B R A ], rRmr i fe A iy o

HHE 9 v, B 0.4 g PVP (1) BiOBr # i B I H S A I A &M RE . RN PVP i, BiOBr 42 44
KB BB R LR AN B SIEKR[15], BEE PVP INIIERIIEI, BiOBr 9K f ()& BEN,
FE(S T BiOBr LR MAR[16], AE U FEFEdt 73 2 b EA s, dEmsert 1B AR, Bt
A 0.4 g PVP [f] BiOBr 4k 7172 I H B A 57 14 ] 280808

3.3. R E R

08F = 120C a
—e—140C

0.7 F A 160C A I
v 190°C e
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05F o
0.4 7
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Figure 10. Nitrogen fixation performance of BiOBI/0.4 catalysts prepared at different solvothermal temperatures
10. ARIBFIFARE S BiOBr/0.4 U FIE T &E

M 10 ATHHE R B, 7E 160°CHE, JIN 0.4 g PVP ) BiOBr R 8 H b i [l M k. P2 R
FIFIH A HGEA B BIOBr IR % —REAE 120°C~180C, FEEIRIZMITE, RN TFiassha @RIz,
SR AT CASE IS SO HEAT . TR RS S B BIOBr P24[17]. HZ 4R ETFE S 190°CH, AIfE S5
BiOBr @A KB BE PR, I A A S A AR S 1, A1 1 b A 11 S B P AR PR o[]S 2243 B
Fi, BIOBr 731 (B A T4 S, e tHALA S5 L. DRI 190°C I BiOBr 43 [l 20 1t
a2 i

3.4. WELSMAE RN

K NaBH, /5 I8 JE 753 i Ak 2408 520K 5 43 BIOBr I8 JR 4@ Bi, 2028 NaBH, FIn N\ & il & .41
ANFE Bi/BIOBr &4k, wild 11 fizR, #E 25.2°(101), 31.7°(102), 32.2°(110), 39.4°(112)4b{J58R HiBIL
W1 1K) BIOBr (RFIEAT I, Ui W] BiOBr 148 N IUTT S A4 - I\ NaBH4 AT R 2 J5 , 1E 26=27.2°,
37.9°. 48.7°, 55.6°4b I 2 (4R Bi MRFIEATIIE, 425X B4R Bi [11(012). (104). (202). (024)k%
[fil. VEEIIN NaBH4 f5, #4r BIOBr #% bk 5 <& Bi Hii. 1 H i E 11 w740, NaBH, I B &
%, Bi &JBTE(012) 5k HIRFAEAT S M 5R BB, PUJ5 & 28 BiOBr [¥1(102) i ThI A11(110) i ThI P Ve B8R 55 32 7
55, Ui NaBH4 BN E 5T BiOBr 45 #4is il 1 5400

S
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Figure 11. XRD patterns of Bi/BiOBr catalysts prepared with different NaBH4 dosages
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Figure 12. UV-Vis diffuse reflectance spectra of Bi/BiOBr catalysts prepared with different NaBH4 dosages
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