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Abstract

Purpose: In this study, bismuth bromide oxide (BiOBr) nanoflowers were prepared by solvother-
mal method, and then a layer of ZnIn,S; was grown on the surface of BiOBr by in situ growth me-
thod to prepare BiOBr-Znln;S; composites. In addition, uniformly sized gold nanoparticles (Au
NPs) were prepared by thermal reduction, and the two were compounded (Au/BiOBr-ZnIn,S4) for
the photoelectrochemical detection of serotonin (5-hydroxytryptamine, 5-HT). Au/BiOBr-ZnIn,S,
complex has a significant photocurrent response when detecting serotonin, which is mainly be-
cause: first, under visible light, BiOBr can continue to produce photogenerated electrons (e-) and
holes (h*), electron flow generates photocurrent, and h* can accelerate the oxidation of serotonin
in the solution to be analyte, effectively enhancing the photocurrent intensity; Secondly, the Bi-
OBr-Znln,S; composite synthesized by in situ growth can improve the separation and transfer effi-
ciency of carriers, thereby inhibiting the recombination of electron-hole pairs and increasing the
photocurrent. Then, the local surface plasmon resonance effect (LSPR) and high conductivity of Au
NPs can increase the electrochemical reaction rate and charge transfer rate, and further increase
the photocurrent response. Finally, the ultrasensitive detection of serotonin is achieved through
the coordinated action of the three materials. The concentration range of serotonin detected by
the photoelectric sensor was between 0.1~100 pM, and the detection limit was 0.04 pM, indicating
that the photoelectrochemical sensor based on Au/BiOBr-Znln;S; complex had a good detection
effect on serotonin. The photoelectrochemical sensor also has the advantages of simple produc-
tion, good stability and high sensitivity, which provides ideas for the construction of such biologi-
cal small molecule detection sensors in the future.
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1. 518

MiGE, i EERH ARG R —F R, P iRE R R —F AR EEm, FEH AL
% B8 G (~95%), TS5 0E. WSS s, 3= AR (1], 3 20 Ry
22 U AT AN S R P BBV SRR 1 N ATy, IR R W T R S B PRSP, ol n Bk bzl 4
A FERAR[2]. AU, IS FIEDRE « BRI S5 22 008 1 R A I £ B IR 27K T AR
DAL b 75 S — o 5 {8 LR (1) 7 32 T B s I 1035 27K [3] [4] [5]. B H R Ak, Iy s A 4 i
BRI IN T3 725 v SR (v (6] YRV [7] 6IA[8] [9]. HaAZEAG YA [S] [10]s e HAb 2= A A [11]
S, Hob, AR A DA . R B L R U R T A2 B AT I v . e Bk G
ERAE A AT IE R R A R S ), AT F AR 2R U o FA A I A A R IR OF6) AR NS 5
(R)WIAE, #ESHIF, AEERNERES, OGBS EA B E RS LR R R . SR,
J 32 A5 FH B A 22 AR B R 25 A2 R e A 2 s U R VE RE DG B Ve MR R 36, RURIIF R e
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M 2

TEVEMELA REALE S B i F8 ik v ELAR & BRI O FLIAR -

AL B RN SR IR R . A AR . A M R SRR R 5] TV 2 ok . Hod, TR
(BIOBNZ KA, KIEAFRIRI VY 7 AHZE M, MO T RO IE b e it 78 e AR 2= B), T TR S g . 1%
HIA R LT AN O R B o B2, MPRIASOUHA Se b i my IR F B8 7710 HAE REAE G IR R 7= A 5%
ARG, SRS 2 BT FT[12]. Hodr, AR O RS 1 (~2.7 eV) IF ol WO ST B ARG B
(BiOBr) A A& B 1 m] WHHIFHEE JT. K17, AT A I A DA S gy E A e vy, PRI T BiOBr 7E)G HAL
SEATIER A R P [13] BRAL SRR (ZNnIn,S) BRI T R 418 2.35 eV, Herh S 7E-0.8 eV, T M A7 7E 1.55 eV 4b[14].
i I Znin,S, Al BIOBr f)-5at FIAN A AT LA HE T, S A U A5 Ak 2% S R R R A k) B2 e
T - B E RSB, WA EA, MBI TR, BTLL BiOBr-Znin S, £ &) B A BUF 6
PEATETE o AR T(Au NPs) A 1RSSR 1 55 2 1 3L IR BB (LSPRY) 37 8 R BL K 75 01 RO A8 ik )
HHAL MR [15], DA EE R T EFE. 5 TIhRESEI . ik AuNPs 56T PEM BT &
B F A A R E B B DI REA,  ANOURT ARG AR H AL 22 1 REIE R AR T ARSI 42 J53 11
SRR ST, SeI A PR AR I FRAL 2 S [16]

AR GE ST A BT B S A KR LA G % T BIOBr goKAE, FRiid JEAr A4 K
%, 1E BiOBr 9 KAEREEK —Z ZnIn,S,, il BiOBr-Znin,S, 4. F BiOBr-Znin,S, £ A ¥)H1
Au NPs T30 70 S —BOst A, 145 Au/BIOBr-Znin,S, 40K S &bkl # stz sk A 1%
AL 2R L7 26 o SICT0 25 SR 3R WH 12 FRRONT T332 U (R AR, 3 AT B UET DR T = Fh sk 2z 1) )
FZORL. Wl 1 s, R fEd, BiOBr MRS HL 7 R AR BRIT BT 5 B 6 RE, AR5 L R AEBRIT = AR He
T - B O, A O S A AL, AR R AR A AR S S @i Znin,S, &1
BiOBr, T W#H AT, TLIERBIRHE T - 25740 &, s [FIFE &, Au NPs 7E7]
DGRBS 2 ey Sk R THT 46 25 1 2800 (L. SPR) ik in ekt L fef A% 2 0 H1) BIOBr 4K At LM &, fE =1
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Figure 1. Detection mechanism of Au/BiOBr-Znln,S, photoelectrochemical sensor
[& 1. Au/BiOBr-ZniIn,S, FH L 15 BL S AU AL IR &
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2. SCIOERSY
2.1, FE5RA

V47K & DY 54 R (HAUCI,4H,0) 14 S5 T P ks B A W, /KA1 BR 94 (NasCit-2H,0) . T /KT 5 R
(HsCit) 3% H E 254 FAL AR E R A 7, BE A (Ka[Fe(CN)g])s £ L% (CgH1.CINO,, DA). L H
MIE CFEMRHEERAT, JRER(CsHN,Oz, UA). TL/KE & FE. (CsH1206, Glu). TR LBEZ(TAA). &
AEE(ZNCLy) . FALBA(INCLs) R LML el (PVP) . TL/K A i ER BB (Bi(NO3)3-5H,0) W K H 1 ifg 3 o bR Ak
ERHCEBR A T, EALEI(NaC) . EALHT(KCI). Hidk LR (CeHgOs, AA) /K &R — 4 (NaH,PO,-2H,0)
At ZK A R M (NapHPO - 12H,0) ) 3K [ Fig R hr T AW RHE Bt A BR A =], TR AL =K &
(K4[Fe(CN)e]-3H,0) 43k B Fifg 5 AL 2= ARG TR A T o SRR A SE I8 A 8 1 BT A k1 3 R 4 A . 40
B . WA SR AR (SCE). 3% FEL A (LGC-3mm) I K [ R i i ik fE R TR A .

2.2. SKBTE

2.2.1. Au NPs B%&

Au NPs [l % Z ESCERA OTVE[17]. 5, /N0 I EKIENEEH BT IIRIRN, Rk
&1, 30 min JERs KN ot 3] [ RS E K A 2%, FF AR Al K e Bt i Bk DL S 4 K BR TR B 0K
B N R TFr s 3645, 2L 150 mL Ak IR E AN BB, Belias b 281 I B T s moin s,
FETHHE 7 T LU 4K B i s BaaE, FAREMUeNE 0.9 mL A1 2.1 mL ¥ 0.1 M AT ER IR LA S AT
RN, 43 i PR 0 2 & A v is B Al K BB R B e 15 70 Bh (v dt): 25, FIRE N 25.4 mM
VY S FR I 1 mL PRV E N B R, BB 3 S, RBRGERIRE I L B A N UK
KRB, 3B EAETER AuNPs I 25, BR300 Au NPs E.0WEE, HRAITK B OB Ek 3
W, VAEBRITERAFTRRREN: &5, oY aiE] 12.5 mL Baikd, DA,

2.2.2. BiOBr 4k aYsI&

5, 30 mL 4K 2 (R L5) TR A TETAAR 0.485 g MIF/KATHERES, 8 4
BUEVA TR AR VTSI, Hak, I BRE TR EE 30 min #4 0.400 g AR 20 s e A 78 20 o B TR GV
W B2, M 0.119 g JACEIFEHEEE 30 min, WRALERIGVER 34 Br &, 15300809510 A il
Rig, K LRmmgEmEst, AR 160°C (3h): &L, FRNEREAAE, HREB LAt
WARZELOE, P25 0 CEERB ALK B CKBEZ IR, B2V R TN A VR TR — G R
2.2.3. BiOBr-znIn,S, E &M H%I&

56, 78 250 mL IR R B 5 oin N BiOBr 0.1525 g (0.5 mmol) 1 100 mL (rj#E4ti /K , 14 /334 20 min;
SRIE, MU 0.2700 g (2 mmol) ZnCl,, 0.4400 g (2 mmol) InCl; #1 0.3000 g (4 mmol)&ift Z. Bt (TAA),
W F 3 EE 20 min JERGEMGR; B2, IRAIRIRIEIESRE 0 80°C sys4e hn# 2 h: &5, H 4L
R AR A K B0 P2 AR, P ITE AR N 60°C IR —R .

2.2.4. Au/BiOBr-Znin,S, E & ¥ ¥a$&
T4 Au NPs 37 E 0.2 mL DA FREX 3.83 mg BiOBr-ZnIn,S, ¥y A, BT 1.8 mL #4tiKrh,
PEFE TR 5P 40 min, 4 Au/BiOBr-ZnIngS, 43 Bl LLRFE T .
3. BRSHR
3.1. BiOBr. BiOBr-Znin,S;» Au NPs EAX Au/BiOBr-Znin,S, E &M HIEOSRFRAE
PRI OIS LA R R SE AT DL I 41 4 FE 7 ST BT (SEM) AT R AE - 15] 2(A) A BiOBr #£ /i 1) SEM
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%, EFarUE H BIOBr /& RSFAE 500 nm ZiAq BIARIRTIER, T2l v ARG ) . TRRERIRZ5 14
{5145 BiOBr AH L AR RIE 45 B KA LR AR LA K 2 I S BITEPEAL A, Ay R 5 M Re A R i m]
W r (18], #& MR s fk 2 PR, BB BIOBr A & RBUAFROG AL F MR . B 2(B) &2
BiOBr-ZnIn,S, £ i ) SEM 4. AHLLT BiOBr, BiOBr-Znln,S, Bt it IAEEE N4, 1 H ARG H %
T S DIRELRE , HEDRE 1) 2 T AN R A S S A rh AL B 22 1) s v 1 67 ) [19], 10 HAT 1 TRk gE AT W B DA
FABA T CREMIRIA, RER R R e G M. B 2(C) RIS Au NPs, REFT& RUY Au NPs BAT
BUFI syt 14 2(D) 7R /& Au/BIOBr-ZnIn S, S &ML SL, EIRAINK Au NPs & 25/,
{ERAT SR AT LATE B A 21 e [ 8] 21 Au NPs A7, BT Au NPs [1) LSPR 2408 DA AGER =i ) LS, R
D BT R, SESRATRI G b R RE

Figure 2. SEM images of (A) BiOBr sample, (B) BiOBr-ZniIn,S, sample, (C) Au NPs sample and (D) Au/BiOBr-Znin,S,
sample
2. (A) BiOBr #&, (B) BiOBr-zZnIn,S, #5, (C) Au NPs #5%1(D) Au/BiOBr-Znin,S, ¥ SR+ B $E &
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Figure 3. (A) Ultraviolet-visible absorption spectra of Au, BiOBr, BiOBr-ZnIn,S, and Au/BiOBr-Znln,S, samples; (B)
X-ray diffraction patterns of Au, ZnIn,S,, BiOBr and Au/BiOBr-ZnlIn,S, samples

[# 3. (A) Au, BiOBr, BiOBr-ZniIn,S, #1 Au/BiOBr-Znin,S, ¥ i & sk - Al IR EE; (B) Au, Znin,S,, BiOBr
#0 Au/BiOBr-ZnIn,S, ¥ M) X Sk 751 E
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FM A

Kl 33 I SR AN - AT W G(UV-vis) IR ST i AT X 2R AT S XRD) B o8 A5 it A s A BT i 14 it A2k 45 44
HHHT 7R Wk 3(A)FTR, {E 521 nm AbfIE & Au NPs S 7Y () 38 T 25 5 1 JLPRHF I RRAE IR I, 7
325 nm & A7 AL i BIOBr HIWR W& [20], JF H 4 7E BIiOBr KA AEK —Z ZninS,, ik
BiOBr-Znin,Sy S6 ), %FEMSTEL 447 nm AL H I —ANE R g, &G, R4ttt E R A
MRS I AEAE , EB] T BIE A T Au/BIOBr-Znin,S, 444 Kk, il XRD BT 78 ARk i Ak 5 44
(% 3(B)). HIHILTE 20 4 38.48°, 44.58°, 64.95°F 75.95° (I (L ih4k), 2> WIXtRi(111). (200). (220).
(311) fh1HI (JCPDS No0.06-893697 Au). itk 21.09°. 27.22°, 47.23°. 52.00° [T it Xt 5 F-(006)-
(102). (110)LA K (116)EhTH , #F4 ZnIn,S, bRt (JCPDS N0.65-2023 ZniIn,S,). BiOBr HAT5 I (S8 {2 h £8)
HPIALE 25.33°, 31.26°, 32.12°, 46.18°, 53.45°, 57.45°, 67.40°, 76.77°fi &, i BiOBr f(101), (102),
(110), (200), (211), (212), (220)F1(310) [ (JCPDS N0.09-0393 BiOBr). 14k, £ 3(B)4Lth Hh £k shAs
AT LLFE 2 BiOBr 1 Znin,S, FIES 4> AT S IEAFLE, 3E W LA 2] Au NPs 7£ 53.45°, 76.77°4L(#)(111)H1(311)
n HARTE, ANTIH] AR AT SR B — 2, RUIE AT AuBIOBr-Znin,S, 90K 5 &4kl

3.3. MR FEF R FEERERAE

N
'S

4
A — With light BT= AuBIOB-ZnIn,S,
<03 —— Without light <3 ——BiOBr-ZnlIn,S,
S 2 | —BioBr
50.2 52
I -
g Z1
£0.1 2
=] =]
z £0
0.0
0.15 0.30 0.45 0.60 -1 0.0 0.2 0.4 0.6
Potential (V) 1500 Potential (V)
200 —E 500 —,
C —BiOBr D « BiOBr
— ——BiOBr-ZnInyS4 + BiOBr-ZnIn,S,
g 100 S AWBIOBr-ZningS4| _ 1000 v AwBiOBr-ZnIn,S,
S S
= = et Loe,
s’ e ,-:;m“\, j>y
-100 0
-0.3 0.0 0.3 0.6 0.9 0 1000 2000 3000
Potential (V) 7' (Q)

Figure 4. (A) DPVs of Au/BiOBr-Znin,S,/GCE in the presence of 0.05 mM serotonin in 0.1 M PBS solution (pH = 7.0) un-
der visible light irradiation and dark environment; (B) CVs of Au/BiOBr-Znin,S,/GCE, BiOBr-Znin,S,/GCE and Bi-
OBIr/GCEs in the presence of 0.05 mM serotonin in 0.1 M PBS solution (pH = 7.0) under visible light irradiation; (C) CVs
and (D) EIS Nyquist plots of Au/BiOBr-Znin,S,, BiOBr-Znin,S,, BiOBr and Znin,S, modified electrodes in 0.1 mM
K3[Fe(CN)e]/K4[Fe(CN)g] + 0.1 M KCI solution

4. Au/BiOBr-ZnIn,S, EEARFESH 0.05 mM MEZRY 0.1 M SR E B PBS 44K (pH = 7.0) R 2RI EB XML E
HTHESBHIRLZEZE; (B) Au/BIOBr-Znin,S, B4k, BiOBr-zZnin,S, E#kF1 BiOBr EARAEB LB TESH 0.05
mM RIILE R AT 0.1 MKRE R PBS 4R & (pH = 7.0) R AITEIMA Z#hZk &, Au/BiOBr-Znin,S,, BiOBr-Znin,S,, BiOBr
F1ZnIn,S, &I EEARAE 0.1 mM Ks[Fe(CN)gl/Ki[Fe(CN)g]F1 0.1 M KCI3% & Fh B B EMA 22 B2k [&] (C) FnrE 1L £ BRI I (D)

TRILAE IR R 22 1 26 (CV's) FH 22 43 Fik b AR 22 il 28 (DPVs) BR FE A4 RS I 111375 2= (1 6 AL 2= PR RE . A ] 4(A)
fizs, T IR IES N, 7EXCIS I Au/BIOBr-ZniIn,S/GCE [t IR, A RERT, XM T1E
DGR TR, BIOBr BRSO T, AR T . Kb AR B eRER A s R, 400
HLJREIE N, 1T FEL T A% B AR LR BT . B4, 33 Au NPs AT ZnlingS, I #FI 1T, Au/BiOBr-ZningS,
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M 2

&M B AR LTS 3R A ORI G LTI SAS 5 (K] 4(B)). X2 EIINE 4(C)Far, 7E Ks[Fe(CN)e]
1 Ky[Fe(CN)s] LA & KCI &M, BIiOBr 4 S UF My s b St e o I8 i R AL A Kk i & 1
BiOBr-ZnIn,S, A #5 5 i AR SR e 77, FLAA UG FRIFLATIE i 6 Ha Rt 4R G BiOBr K, 1 BHAEM 1Y) Znin,S,
AT DA 08 0 BiOBr B AL S PER AR, I H 4% Au NPs il fii #1211 #] BIOBr-Znin,S, 44 i,
AU/BiOBr-ZniIn,S, & Il AL 75 B LA 2 1 BE, DLR /N B A A Ve P S R SR I FLA 2 22, IR T Au
NPs BA s 1S3, o DU e i, S5/ AH, Wsmti[21], 1F# Au/BiOBr-Znin,S,
PHELEAE TS R et 2 fe . 18 4(D)rh AT LA B BIOBr [BHSTR A, Z18 1980 Q, TMiAEMEIH T Znin,S,
Je . MY TR, 28 970 Q, I Znin,S, L SR8, REf 4K BiOBr FIBHHT, 1hAh,
ML Au NPs 1 Znin,S, KPR FEI1EFH, Au/BiOBr-Znin,S, £ 5 WA & AR BT, Kk, & 4(D)4h HEEA
5K 4C)—5, MNE4TLIHEAS, @ik Au NPs. Znin,S, fll BiOBr Bk E &, v LA AR THES
FRRAE TN, RS L3S 2R B R B i 8

3.4. #R5% Au/BiOBr-Znin,S, € & ¥H& R & RAYR L FHIE
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Figure 5. (A) Linear voltammetry curves (LSVs) of Au/BiOBr-ZnlIn,S,/GCE at a scanning rate from 0.02 to 0.20 V's * in
0.1 M PBS solution (pH = 7.0) in the presence of 0.05 mM serotonin under visible light irradiation; (B) The corresponding
plots of anodic oxidation peak photocurrent densities versus the scan rates; (C) DPVs of Au/BiOBr-ZnIn,S,/GCE in 0.1 M
PBS solution in the presence of 0.05 mM serotonin under visible light irradiation at various pH values from 5.0 to 9.0; (D)
Linear plot of the corresponding oxidation peak potential and pH

5.(A) ATIREBT, Au/BiOBr-Znin,S, EBAR7EFZTE 1 mM MI5EZAY 0.1 M Y PBS i&&(pH = 7.0) P33R 7 0.02
202 Vs SEE THL M A RENL; (B) HNMNENIEEZMITMERZ B XRE; (C) AuBIiOBr-Znin,S, B
WAERFE 1L mM IEZEHI(H 5502 5.0, 6.0, 8.0, 9.0)89 0.1 M B PBS &R H7E T LIRS THUE 7 Blom R R BhLZk
(D) HERAISE ISR AIF pH AL % R E

I I PR ST o AR A A R e R pH B 0 R I B R S R, B T AT O B AR
Au/BiOBr-ZnIn,S,/GCE fE I MLIE I I S N5 715 R 3 . 18 5(A) R TEERIT, £8H 1 mM Ik
FIOBERR R BRI, SRR 0.02 Vs IFIE, DIAEIK 0.02 V-s T R BRI N 0.2 Vs (K
AU/BIiOBr-ZniIn,S,/GCE LR PEFIHHiR 2 28 . 15 5(B)H rT AE i, BEAE R B i3 hn, ikl fii(1,.)
S LEPEIETK (1,a(1A) = 20.7355v + 0.6087, R* = 0.9960), 3 /& (A A58 2 (1 3 Iin 4 75 S B R 3R, BT LA
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FM A

Vg HL IR Pt 2 389 0« 45 TR 3R W Au/BIOBr-Znin,S,/GCE TEAG I & R, T2 5 T Mk L Au/BiOBr-Znin,S,
SAEPIFINIE 2= 2 [ AT R, JF H RS 0 3 2 (R A i 2 R i e il it [22] . eah, 443
B K, RATRESAEA, MR TR, SRR ZE . BN, 0 e
MR R, FreliEst 0.10 Vs (Sl 2k) s/ ke 4. & 5(C)E7” T Au/BiOBr-Znin,S, 4
YIME T B AR AE G B 261 T AEAS A pH (B VAR ) DPV fiZk. KA LAE Y, BE PBS VWA pH Hhn, ¥
T B R TR P N WD, R R T b i i R R AR AL T T A AR AR, P AR A R AR
Hulwts, JfH B ERY pH = 7.0 (ZLEHTZ) G LR B oK, Bt PASEEGIEEL pH = 7.0 (1) PBS i RIA A
M5z i 5(D)Frw, WA SHER pH H 2 — A REZEEHE R ITRFE(-59 mV/pH) LMK R (Ep =
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Figure 6. (A) The DPVs of Au/BiOBr-Znin,S,/GCE in 0.1 M PBS (pH = 7.0) solution in the presence of different concen-
trations serotonin (0.1~100 pM) under visible light irradiation; (B) The plots of the oxidation photocurrent versus the con-
centration of serotonin; (C) CVs (100 cycles) of Au/BiOBr-ZnIn,S,/GCE in 0.1 M PBS (pH = 7.0) solution in the presence
of 0.05 mM serotonin under visible light irradiation; (D) Relative analytical response (I,./l,) in the presence of 0.1 M PBS
(pH = 7.0) solution containing 0.02 mM serotonin and additional potential interferences of 0.1 mM NaCl, KCI, Glu, UA,
AA, and the mixture under visible irradiation
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