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Abstract

Purpose: In this study, Au nanoparticles (Au NPs) and bismuth bromide (BiOBr) were synthesized
by hydrothermal method and multiwalled carbon nanotubes (MWNTSs) were oxidized by covalent
modification method to prepare Au@BiOBr/MWNTs composites, which were used for photoelec-
trochemical detection of hydrogen peroxide. Under visible light irradiation, Au@BiOBr/MWNTs
have a significant photocurrent response when detecting hydrogen peroxide, mainly because Au
NPs produce localized surface plasmon effects (LSPR) and BiOBr produces photogenerated elec-
tron-hole pairs, which can absorb H;0; in solution to the electrode surface and oxidize H;0, in-
creasing the photocurrent. MWNTs have excellent electrical conductivity, which can promote elec-
tron transfer and effectively inhibit electron-hole recombination. The photoelectric sensor detects
hydrogen peroxide in the concentration range of 5~60 pmol/L with a detection limit of 1.7 pmol/L,
indicating that the composite material has a good detection effect on hydrogen peroxide. The pho-
toelectrochemical sensor has the advantages of good stability and high sensitivity, which is of great
significance to the detection of hydrogen peroxide, and it is expected to have promising applica-
tions in monitoring intracellular reactive oxygen species (ROS) levels.
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1. 5]

HENE(H0) RAEMAMIE RGP EE S F. MRS, H,0, VG5, itk
SR ke s BRI [2]. UL E(HOy) R i BRI AL —, BES 52 AR, MME
51 T B G DA SE A B [3] . AR ATEEE R R, I A S (HL0,) 1R S AL MR 41 S 5 i 5
Wt RBEAEH[4], HoOp /K-F T s XS Al s il ™ AR, 6 2 A N R4 b i 4e i s 7)[5]. K&
FAKH, H0, 52 M NRBIRHEDIME, WM MR WM BTURKGER. Rtk
JFERE[6]. (AL, SHR—FhuERG. RS 7 72 CASEE HoO,p RO BREAS I, XT3 — B 5T H,0, 78
PRI H 7 THI VR ML RN Sz B LR . BIHATNIE, SR THZHEA, Wbt Kb,
PR LA 2ETTVE[T] [8]e TEMRZ JTiE2 v, e rAL A I 5 vk R SO P . R R A r & 52 [ 9]
[10].

X E AR (BIOX, X = Cl, Br, DR A ZARE M A 18 07 BRANPREE A, 786 H Ak 27 B FH A kot ek
2R E[11]. BiOBr &—Fh VU 7 e AHI - AR &9, R 2IEHRR, BARKM LRI 2 1
SN, AETONAE - PR E, R R ERE . BAR BIOBr R H AR I R E5 44 |
T AR B P T B A AR U e B A S T, (ERAE AT LG B R ALY R AR AR 1 R 2R AT
HA#— PR R H s R Eis st s A nRkBas R BIiRAE SR E A5 12].

YRR R — AW R AU, BN EAE SR ER S HYEETE T S8 9Kk R H R 1
AEWDSERAE L RiAR N RIPEDTVETRME . S MR 2 A [13]. 9K RHEARI RS FEE . TR,

Tk
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53 SRR E AR K 2 P AR AN [ 1 Je 3R T 5 - R IR (L SPR) U DA K 58 35 A% SRS 5784k, ad i 4% ok
R A R 55 25 T 3% %%ﬁ%ﬁﬁﬁﬁﬂ%ﬁ¥m%%ﬁﬁ%ﬁnq X AN B (1) G g Kok
(Au NPs) [’ A& ISR ATAT 52 2 LA 22 R BV AR S P TR 8 BRI [15] .« DS 0K Au NPs A1 BiOBr #4772 &
ARG - T 5 BB, WS ERIEER, 1T SEIURRE 7 1R I .

TRAR A B 48 =423 7] R 20 — 4R b T 90K RS BLH /N T 100 nm ffichs gl 2 21 el
F2 B TR KA B2 —[16]0 BRGIKE & — 8% WK —4egRpRl, BAA RGP 5 d A4k A5
SEME o BRANKE I AR B2 505 LB (SWINTS) B 2 BE(MWINTS) B G K B [17]. HUEERRGNKE 5
EE I RE A S, ZRERIPKE 2 N ESER LT A B2 Ak, B REZ (A I BARZ) 9 0.34 44
K[18]. fEZEEHYVKE (MWNTS)H, BT3B IyaEaes| g, BrRahRe LU AN 24 28 0 2 1) % :UA71E
ERBERRGUKE AL, ZEEBRANKE BT RABAR MR 2] T T Z KIS [19]. SRMIBRaK & 1 sk 2,
HRME DGR, 7B Tk [20]. H AT, SEBRK A oot 1 77 30 32 B T i R R R A A AL
HATRMASM MR B SR ERER, 5 —Fiair Ui B o e 28l R AW AE LM r
ﬁﬁ%ﬁ%*;%mﬁl R R L Bt [21]

AR GE S K HGEA R T Au NPs, #5764k BIOBr it #it #EH] 4 Au@BIOBr 4k 5 &Rl 45
4 MWNTSs, ffil#% Au@BIiOBI/MWNTs &4k, N0 AL A 6 A 2RI . niniF ) 1 Fows,
FEA] WG HE 5B T, Au NPs [ LSPR 248 PL K BIOBr 27745564 o1 (e7) 28 7 (W)X, BESR A Vv
(1) HoO, AR R T o kAT Ak, 58I, 55— 05T, MWNTs RGN S MR, £564
BT DA HL0, B BT = AR L, ARANHI T 52X E A, D mb i, EX =1 E
TERF, R S2Rt HO, Ik R AL 22k .
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Scheme 1. Detection mechanism of the photoelectrochemical sensor

STIE 1. e SR B ISR
2. SCIGERSY

2.1, SEERF

ARS8 A A B BT A R N T B, To KA R FR EM (NasCit)) 1 3K 5 [ 254 11k S5 H IR A 5] 5
R — S8 /KB YI(NaH,PO,2H,0) . 3 2L Bl (PVP) . Bk EF AL AT (Ks[Fe(CN)g]) EALEI(KCI). 11

DOI: 10.12677/aac.2023.133034 306 TR


https://doi.org/10.12677/aac.2023.133034

FMAE, AR

KA THERER(BI(NO3)a-5H0) W 3K H IR T A B I B BR ARl To/AKFTERR(HaCit). 2 BEmRYIK
H(MWNTSs)I K B il MR AR A+ KA BREA —8(Na,HPO,12H,0) %2 (HsPO,)

THIR(HNOg) I E A (H0) WK H AR B TP T AR AF]; JRIER(CsHaN4O3)+ £ —FE(C,He02)-
SALEI(NaCH). oK & B (CeH1.06) WA EALEN = /K& (Ka[Fe(CN)6]-3H,0) 4K [ _F#537 7a bk A Ak
FAHMR AT REBHAUCL)EKH Sigma-Aldrich A7 .

2.2. SER{NER

S FT XS : SEM-300 B H 7 R, #8E CARL ZEISS R/REEH] A4 77 UV-3600 Y45
SR Iee T, HAHSIAR A R4, D8 Advance B X BHERATHAN, 7 B A 78 AXS AR A 7 2477
GY-10 BUGULT, REFGAEEA R AR L. A Sci bRk S I = il R4 4T, CHIG60E HifL¥
LA, LEpREAERAF A 3 mm PR i (GCE), 10 mm BLEAMI AR, REGAREA R A
A7 RO232 W ATH KR B (SCE), i Ruosull 22 & 47,

2.3. SEWE

Au@BiOBr/MWNTS/GCE K%l

SR I SR 2% S KR T o 8 0.9 mL FPEER AT 2.1 mL AR 44(0.1 mol/L) i 150 mL K+,
FiFE 15 min. FEAIA 1 mL (25.4 mmol/L) &8, #iHE 3 min 5, HMAUKKHEK, HIEBAKE QW2
W BUTTEY A EiE 10 mL B2tk .

# Bi(NO3)3-5H,0 7 HLfE 30 mL B & (BB 2lK 5 & ZEER AR LA 1:5), #8752 805 I 0.40 g
PVP, #it$k 30 min, BEITEIEIAER. FINA 0.12 g KBr 4k4L35+E 30 min 5155 (0B IF . FER
R R 160°C (1w e 22 N 3 h, 159 2 VTR R BB 4K R O BE RS OB 2 IR, DUEYIA R TR %, 15
F| BiOBr F ¥y K. 7£ Au NPs (2 mL)¥AW TN BiOBr (5 mg), #i#E 30 min, 5%] Au@BiOBr & &4t
¥l

# 1.0 g ZEERANKE 73 BULE 50 mL IKANER (68 wtd%)rh, i A5 AL FE 30 min, 7E 150°C Jii 44 9 N
A 5 h[22]. RV FABAUK KBS, BHE pH AR 7, K6l 0 Re A T e R A

JeJaiiR 10 L MWNTs fil Au@BIiOBr %% GCE i, BT 50°CHILAMT FHT, 4%
Au@BiOBI/MWNTs & &8} .

3. BZR511E
3.1. BiOBr, MWNTs #1 Au@BiOBr/MWNTs B, SR FRAE

KA 7 B (SEM)ST AL TS T RAE. K 1(A). & 1(D) N4 BiOBr KIFE 5, BiOBr
F& R B9k A HERR T gk AE 450, A i BIOBr 9K AE K/ —, RSFZ125 250 nm. 4] 1(B)-
1(E)f" T MWNTSs ¥ SEM B, MWNTs B HE5%, HELE s R IRGE R, X2 gk 13
F A SRS R — IR T . BB Au@BiOBr/MWNTS ISR B an& 1(C). B 1(F), 4
TR 2 B BIOBr 492K 4E |, Au@BiOBr 3Z4&E T- MWNTs .
3.2. Au, BiOBr. MWNTs #1 Au@BiOBr/MWNTs B4R 1E

K F X GHERAT S BB SR G5 A AT 08, Wil 2(A) BT, #rekJE7n T Au NPs () XRD 14§, H
ATSHIELE 20 N 38°. 44°. 65°A1 76° 4 XM F(111). (200). (220). (311)#41Hi[23]. WZkE s T BiOBr
FIRTSHIELE 20 4 25°. 31°. 46°. 53°. 57°. 77°kb[24]. MWNTSs [ 88 (6T SHIEAE 20 N 25°F1 44° %
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(1) #f THI A (002) F1(100) [25] [26]. 5 Au@BIOBr E& 2 J5, TE Au@BIOBI/MWNTSs &AM R X ST2647
ST P e T A b U 22 2 LR (1) Al (19(200) (311) & THT » BiOBr [11(110)+ (211) 5 (212) & THI A1 MWNTS [1](002)
full, IESE Au@BIOBI/MWNTS & &A1k £ B 1) .

I AN - RSO (UV-vis) WA RSO I RE 773847 R AE . Wil 2(B)Fr7w BiOBr ££ 375 nm 4t
A=A, FZ2 BIOBr IR B S, FEIT K AMX Y B . . MWNTS 7 254 nm 4k F R U
W Mg JEE IR AT, 58 BT ) sp? 244K 55 . Au NPs Z17E 520 nm B st 704 (it J 38 26 T 25 8 1 LR A7 (i
i, Au@BIOBr/MWNTS & &41RHE 254 FiT 520 nm £ B & (1R cig, 8 375 nm A5 —ANEE9E R g i,
S 0%t . MWNTs. Au NPs 1 BiOBr M i, IEseitBHRsh 2 427]

Figure 1. (A) (D) SEM images of BiOBr, (B) (E) SEM images of MWNTSs, (C) (F) Au@BiOBr/
MWNTSs at different magnifications

B 1. REHAEHTHIA) (D) BIOBr MIFIHFREE, (B) (E) MWNTs HIFIHRERE, (C) (F)
Au@BiOBI/MWNTs B3 E $E
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Figure 2. (A) The XDR patterns of Au, BiOBr, MWNTSs, Au@BiOBr/MWNTSs, (B) Ultravio-
let-visible diffuse reflectance spectra (UV-vis) of Au, BiOBr, MWNTs, Au@BiOBr/MWNTSs
2. (A) Au, BiOBr. MWNTSs 1 Au@BiOBr/MWNTSs fi X 5141757, (B) Au. BiOBr.,
MWNTs #1 Au@BiOBIr/MWNTSs B4 ~ AT I IR WAL ]

3.3. Au@BiOBr, MWNTs, Au@BiOBr/MWNTs BB 44 RE

T A AR 22 VI A % S TR R FE R S N R ) L R RS B L, s 3(A)TE 5 mmol/L
Ks[Fe(CN)sl/K4[Fe(CN)e]F1 0.1 mol/L KCI ¥& i1, MWNTS H#% B A 5 K fI AL IE LT, Au@BiOBr/MWNTS
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AR 1 S AL FELE R /5 T Au@BiOBr FiR, X FEZ K MWNTs BA 71 Sk, 40 MWNTs &
T PR AR O3 o 7 FIA . JEIE EIS XS [F] FRR R B A R R R D EAT LA, ] 3(B) A2 il & (1 FLRRAE 5
mM K;[Fe(CN)el/K4[Fe(CN)e]F1 0.1 M KCI ¥ 1) EIS Bizk. 75 EIS B, 23 i B AR 0T DATEAS H H ik
() LT e B HLBEL(RE) RN, R BRI, e 8 BB K. i PT & Au@BiOBr > Au@BiOBI/
MWNTs > MWNTs, HL 745568 KGR, I MWNTs B & m AR 1), X SIEFMA 229
g R —2.

i 2203 Bkt (DPVs) 7t 1 76 1] TGRS T~ Au@BiOBr/GCE.MWNTS/GCE 1 Au@BiOBr/MWNTS/
GCE HItRZEEH 1 mmol/L H,0, 1) PBS Z2 i il i G AL s M n 4] 3(C) . Au@BiIOBI/MWNTS/GCE
FER] WGBS B AGIE FLIAL (07 1196 pnA) EEETE 1B L T A I I (2928 1118 pA) i 78 pA. M\
PE T F R 0B 1Y) -t g Rt TT DLYS 2 W82 BIIX — IR 5] 3(D), FE G IR 44 T, Au@BiOBr/MWNTS/GCE
TR FE S RIS I, T RS SRR, DGR BRI R . AL T Au@BiOBI/GCE 1 MWNTS/GCE,
Au@BiOBr/MWNTS/GCE i/ tH e 5t (11 6 FLIR B T, 3 £ 22 K1Y Au@BiOBr F1 MWNTS 2 [a] 1) H3 [Fl /R
BT — 7, EXREZEME T, Au NPs 2728 Rl aR 1 45 5 T IR, o i L, 1
BiOBr &=z 725700, WA H0, BIHARRMATEMN, Selmmidt—Pitm. »N— .,
MWNTs BA 05 10 T rERe, AR00H B 752 700R 4, AL H0, = EE 2 d1, it

" Au@BiOBr
200 A B e MWNTs
1200 4 Au@BiOBr/MWNTs
Z 100 .
= .t gL
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g z . .
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Figure 3. (A) CVs and (B) EIS of Au@BiOBr, MWNTs, Au@BiOBr/MWNTS electrodes recorded in 5
mmol/L Kz[Fe(CN)gl/K4[Fe(CN)g] + 0.1 mol/L KCI solution, (C) DPVs of Au@BiOBr/MWNTSs electrode
recorded in PBS (pH = 9.0) conataining 1 mmol/L H,O, under visible light and dark environment, (D)
Transient photocurrent density versus time plotted in PBS (pH = 9.0) containing 1 mmol/L H,0, under visi-
ble light illumination. The illumination from a Xe lamp was interrupted every 30 s

& 3. (A) Au@BiOBr. MWNTs, Au@BiOBr/MWNTSs 1&4FEEIRZE 5 mmol/L Ks[Fe(CN)el/Ks[Fe(CN)e]
# 0.1 mol/L KCI AP HIMBIMRRILIN(B) FARMLE, (C) EAXTXEHT, Au@BiOBr/
MWNTs #£& % 1 mmol/L H,0, B PBS (pH = 9.0) FHIZE 7 Bk R L2 #h B, (D) Au@BiOBr. MWNTS,
Au@BiOBI/MWNTSs Z£&%4 1 mM H,0, i PBS (pH = 9.0) R BBRAS Ll AR [ Hhsk, SLiBA AT,
4 30 s FlT—X
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3.4. Au@BiOBr/ MWNTs #&3 H,O, B4k

TSI pH AERT T AR H B ) 4 R A R Ak 2R I B R OGN . A TIRE Au@BIiOBY/
MWNTSs B2 [ Bl 775 R 3, 78 0] OGRS T IT T R 22 A0V 00 pH AE RIS E b S
M. 4 4(A) 2R T Au@BIOBI/MWNTS 7EAN ] pH ¥ AR G HLR I B . IRl 2, B KA f
HLJIHHILAE pH v 9.0 &b, FRILiESE pH Jy 9.0 BHAT S 4RSS . [RIRT, Ak Ry 2 BEBE pH I3 i £t
¥, i BA S Mt R P AR R SR 1R [28], AR 21 J5 2N Epa = —0.0247pH — 0.2265, (R? = 0.9905) (/4]
4(B)).

4(C)%7R T4E 1 mmol/L H,0, ' Au@BiOBr/MWNTSs 7 1] W fEGT T i fR e i 2k, 14
TG Y 20 F 200 mV-s AT DS B A 04 i I B T G I T s 0, 2R R AT FEA 1 (RA) =
11.8137v + 612.6, (R?=0.9949), FHiidE A AE Au@BiOBI/MWNTS/GCE b [ HE 15582 J9 it i A4

#il[29].
E
ilzoo-A 0.32 B
2 .
>
= < -0.36
2 800 Z
Q [
< 5 -0.40
=
)
E 400 -0.44}  Epa=-0.0247pH-0.2265
2 R2=0.9905
2 ol , , o48¢ L
A -0.6 -0.4 0.2 0.0 4 5 6 7 8 9 10
Potential (V) pH
15000 <
§71C S3000] D :
<10000} §2500
p 1
%5000- g
5 %2000-
‘5 or 200 mV s-1 § 1500 Ipa=11.8137v+612.6
25000 Z 1000+ R2=0.9949
g 20mV sl g
:10000 i i i i _: 500 i i i i i
A~ -0.5 0.0 0.5 1.0 R 0 40 80 120 160 200

Potential (V) Potential (V)

Figure 4. (A) The DPVs of the Au@BiOBr/MWNTs/GCE in PBS solution containing 1 mmol/L H,O, under
visible light illumination at various pH values from 4 to 10, (B) The linear relationship between oxidation peak
potential versus pH values, (C) The LSVs of scan rates of the Au@BiOBr/MWNTSs/GCE from 20 to 200
mV-s *in 1 mmol/L H,0,, (D) The linear relationship between oxidation peak current and scanning rate

B 4. (A) EXET, Au@BIOBI/MWNTS/GCE ZE&H 1 mmol/L H,0, &Y PBS £&4% * A FIEHE E T (pH
=4, 5. 6. 7\ 8\ 9\ 10)MESFMAREILE, (B) HNAEWIEELIF pH Z BRI MEXRE, (C)
X T, AuU@BIOBI/MWNTS/GCE #EF AR E A [E](20~200 mV-s™) AR MR REhLE, (D) 18
RIS LI B R AR 2 [B R0 1t X R E

35 LHHMER, REM, MTHENHR

T A 5 2SO FEL IR AT 8] i (i-8) AR AL AT WG SN Au@BiOBI/MWNTS i A [ ¥ 25 1 i S8 AL &L
PEC PhRE. Wil 5(A) TN, JEHIREEREE H0, R EM 5 umol/L 3N E] 60 pmol/L 1MitE5H. & 5(B)A
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EALIE R AR ] H 0, W FE 2 T IR &, RPERIAJ5FE N | = 0.3259C + 12.8834, (R®=0.915), it
SR H R A 1.7 pmol/L.

T i-t 2Rk 7t Au@BiIOBI/MWNTS/GCE £ 5 umol/L H 0, ) PBS 22 il it AL - 1 B .
W 5(C)FR, TSRS T, Au@BIOBI/MWNTS/GCE HLf ZEW A, oSG, HREE T
B, B U A CIBELE T, Au@BIiOBI/MWNTS/GCE A&:illid 44k & H i e i 2x 1o, AE22 it %2
WHTE - K25, HHREELFREEALE, K Au@BiOBI/MWNTS/GCE H A 1fa e .

PUF M S g% o b 0 — AN B B IARAE, BT REAZ B FERE T R B R . FE BT I S
o, GEEL T IR L AR NPT, A Rl AT BE(GIu). RER(UA). PR IMER(AA). NaCl. 41
THEEE(BSA). H DPVs Kl Au@BiOBr/MWNTS/GCE Lot HLifi M S 1p AT Ipa frIAH A2 1k i 28 (1p/1pa.,
Ip 7& H O, Vi i A IE FLIR,  1pa 29 HoO, IR BT HR 55 1 A i FL i) . PT DARER B, FEIA
AFEBTF S, Au@BIOBI/MWNTS/GCE (4L IE IR AR AR T/, SR IS I Bt LA B 4
A L5 0, ] Au@BIOBr/MWNTS/GCE BA L5 fIHT T3k
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Figure 5. (A) I-t curves of Au@BiOBr/MWNTSs in PBS buffer containing different concentrations of H,O,.
The illumination from a Xe lamp was interrupted every 30 s, (B) Corresponding calibration curve, (C) I-t curve
of Au@BiOBr/MWNTs in PBS buffer containing 5 umol/L H,0,, (D) Relative analytical response (Ip/Ipa) for
5 umol/L H,0, in presence of compounds. The potential interferents are 50 umol/L AA, BSA, Glu, NaCl, UA,
respectively

& 5. (A) Au@BiOBI/MWNTs £ 2 B EIRE H.0, #Y PBS ZMiRTHY i-t iZkE, XRATLKT, BF
30s FE—Xk, (B) HNHIBLERZ, (C) AU@BIOBI/MWNTS &% 5 umol/L H,0, B PBS 224 Y
i-t BiZ%[E, (D) 5 pmol/L H,0, FMEFZE TN RATAMET IR (E, TR AA 50 umol/L AA
(ascorbic acid HTIFMER), BSA (bovine serum aloumin £-M;E&EH), Glu (Glucose EZi#E), NaCl, UA (Uric
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