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Abstract

Purpose: In this study, flower-like bismuth bromide oxide and gold nanoparticles (Au NPs) were
synthesized by hydrothermal method, using ultrasonic method to obtain Au@WP5 (water-soluble
column [5] aromatic hydrocarbon) and BiOBr heterojunction composite materials. The photo-
chemical platform for the ultra-sensitive detection of caffeic acid was established based on
Au@WP5/BiOBr. The photocurrent response of Au@WP5/BiOBr in caffeic acid photocatalysis
under visible light irradiation was obviously enhanced because the host-guest complexation be-
tween WP5 and caffeic acid can improve the adsorption of caffeic acid on the Au@WP5/BiOBr un-
der visible light, the localized surface plasmon resonance (LSPR) effect of Au NPs as well as the
BiOBr was benefitted to assist the oxidation of the caffeic acid molecules, and inhibit the recom-
bination of electron-hole pairs and enhance the oxidation current by the high-energy carriers,
thus leading to the excellent detection of caffeic acid. The detection range of the photoelectro-
chemical sensor for caffeic acid was between 1.74 pmol/L and 190 pmol/L, and the detection limit
was 0.58 pmol/L, indicating that Au@WP5/BiOBr had a good detection for caffeic acid. The pho-
tocatalysis has the advantages of high efficiency, prompting response and good stability, and has
potential significance in the analysis of phenolic compounds in organisms. It is expected to have a
broad application prospect in photocatalysis of small biomolecules.
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1. 518

UNHERR (CA)E — R ER RAL SV IIRT A, TR MARAELLIN . S, ok, 3R S
H[1] [2], ATEAHFPUsafe Pl R ZGW5E[3]. SR, WNHERRAE IR PR iAJT AR @ 7 T R L 1
RIFIZGEAERI[4] [5]. #RARGE, MR AE BUAQES 22 T N T 1k AR T B il /SR sk
RE,  BROE B AFTEY 0.3~0.9 g/d [6]. AT, i E R AR th okt AMEAE . Biltn, SRR BT
7 mo/kg R E I FIR RG], ATSBOSBL AN KL RGN RAEFRFI[7]. Ursula Lutz 55
NARIE, B 2% CA 25 A Z BAT/IN B EF IE R AN AT B R A2[8], JF H CA B AN R,
SEI6 AR W EAE U 1S R R LD S ORI G N T 89 AN [9] [101. BRI, 5L AL WHERR (Y
5E V5 B T L s o T 16 i R AR B A B 2R 5 [11] [12]. 3€5 N1k, O V2 U7 ik T ke
(R B I, CLFE A A L RBITESE . A IR . BN KA AT AL SRS [13] [14].
fE BRI HAR A, AT A I R sy WIRPR . SRRSO ATEEVELY . BRAT IR A%
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PE T A5 52 5 R [15] -

s B 2 3 ARSI 2 7 P AR AN PR R At 02 R e iR ) — P B A A R . e ik 2R R A%
JREAE N — M YRR SRR, FABRIER B ROE R N SR R [15]. HAR IR J5
B AE—E s DGR R, RISt &8 . &7 AR ANRERENEE T
PRILIRABL . ST - BN BT RN AR SR MR AR AR SR SR, AT R — 4 A il 28 R
JCHAL TR IR E B A LRI E S BE SERNMCAE S, ATSEIA I+ 1 R
B R I16] [17]. Bk, TFRRAEVIAIAEVEL: . Gl SR RE = R AR W1 Ak 22 A5 IR 1Y) O B
K.

TR AR (R . AR . TSI BR) 2 — BT Y IR 2 A k), BT R L 5 R RO 27
PERE, UCEEAEYE AL ZEAIR 2 )2 B [18]. AR1T BIOCI A kA K, FEARUCE AN, X AT oG N
A2, BIOl X AT WG B RE /) R A7, (B IAUN A v ERR S| 7 520 8, B4l Biol
HH AT, KRR MERHALIR AT Z2EG. M2 T, BAEER AT IG5 e
FRY) BIOBr 532 F AT BR[19]. TERIRAY BiOBr H1F LR AR AN, BRI T H N HEE . 95
TERC g R EE M —4EARIREE M DRI eSS, B R L LR AR, ki $2 miot ik
EVE. {HA2 BIOBr fE N SRMEL, L SREAL, HOAESHB T 5 TEE, Wil 7emhi
2 R R A o

REBWEIKKT, BT ARG EWHEEL. E—EmErsE T, & FREE

S B TR IR AN (LSPR: Localized Surface Plasmon Resonance), %) V2 N H T A5 B JefiEfb.
HLEEE . AIbRIC . BE2RiR T MR SR b S HUH 2 . LSPR RN A& T 24 N 56 IR 5 21 £ 5 4 J8 1) i g0
KK B, Bt @ gNAKRL 1A% 5 B 1 (R AR AR BN A RS S AHULHED ,  AEAS AN KR X0 A
(R RE & AR AR SR RSV E F,  FE N AORL T R 2 THI 23 7 AE 1 5 2 1 L B b R sk FE IR AR B T 50 AR
I TERHT - 2O [20]0 SEAE HLF — 25 O AR F AL B W] 5 Al 43 - R AR AR SR ROSE, 3
FLRIRR., SEBLARI 2 RO DA I . Bh4t, K Au NPs il BiOBr & & Al&ZE BiOBr ¢4 H T - 2%
SIS G B H T B LR 3A, BiOBr M1 Au NPs 766 B Ak 224504 3z i [21], H 2% E &4k
FEARE S A 7 TH W AN A2 [22]

TR BA B, WS R R SRR, 7R R0 e BEAAE — R R T
AR 1 R ANAER], W DA AR 0 R e A I, DRI FAE B R R o TR B
WA IR AR B R A 7925 7 T A2 B i 2 559% [23] . Ogoshi 254738 T R IR EhAE[5] 7512 5 5k5 70 7 1 1 %4k
git, HAMHWARREEAFEBIS S, KGR X & H H i 2 A& 1EH[24], X2l TEmiER I,
W . SREUKAH BAEA . SBIE S Z M ER = A . K05 Bt m] DUVE R 4 JE A1 SRR OR3P
Ao B, Yao S TAEB] Y BABIN CdTe B 5, WINE D A4 I> 1 AT IR [B] 77 A& i ) =
T REEG[25]. SiGRENS. SRR TAREBI RIS, HRX=FF0EE, HEIELHEL
SRR RRER G RIS EAORN[26]. T H., VE 2 AR AN SRR H R AR SR DLKAE AT . Rk
R IR TS e e b B, B S 2L S bR X

AR BHE I K HGEA T BI5IH Au NPs, 8 5k 95 1& (pillar[5]arene)ild 7 B A 15 2% etk i 75 &
IhBe b & 90K BH(Au@WPS), TRk L 5780k BiOBr # 7% 4% Au@WPS/BIOBr 9k 5 &4 K, %
Au@WP5/BiOBr 3 FH T HEfR 14 S PR e H Ak 2 A o an i A2 1] 1 foR, A FE e, WPS kR &
R ERAARGGIER . SRR 77 £ 1) LSPR %N Az BIOBr 78 R] WG R 7™ A 1 0t AR 4 7 AT S A i
W25y, EXR=F 0 REIVER T, R SBT ok £ v R BB0RE R sy S Ml HL AL
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Scheme 1. Detection mechanism of the photoelectrochemical sensor

iz 1. SR F A RIR RN E

2. SCIOERSY
2.1, (FE5iRA

ToKFT IR B(NagCit) . 4 2R (CsHoNO) W K B I 25 82 ML 2= X A R A, IR S K&
(NaH,PO,-2H,0). % L)@k Lili(PVP). WMIMERR(CoHgOu) ERFALHH (K[Fe(CN)g])« SALHR(KC). Tk
HHRHR(BI(NOg)s-5H,0) ) K B _EHgRHr T AR R A R A R, TEAKFT R ER (HsCit) e S 5 il ¢
HEVBHEARAT], 2 B (CeHCINO,) ML H Lifg di WA TR AR AR, + /KA BEREA W
(Na;HPO,-12H,0). IR (HaPOL) I 3K H 2R A PaBledb T A PR A 7], IRER(CsHaN4O3) £ = (CoHgO2)
FALAA(NaCH). TE/KH & HE(CoH1206) TR FAL BT = /K & P0(K4[Fe(CN)g]-3H,0) PIHEER(CaH,0,) 1 I 5
g MR R A F], E AR WA H R A (SCE) 3k Hi i (Glass Carbon Electrode, Y5
3 mm-L)E K H Lo sl A IR A .

2.2. SKBTE

2.2.1. Au@WPS5 oIl &

LS EIRAEE, FrE BRI NIE IR, R PGE R ER & T HR YRR T . 8 0.9 mL #7°
BN 2.1 mL A7 RR44(0.1 mol/L) i 150 mL 7K+, #5iHE 15 min. FEAIA 1 mL & &, Hidk 3 min
S, NUKKARAEL, BRI BAUK ZBNEE, Es TR EIEE 2 #A 10 mL /K%
s

B SCERG R T KIS ARSI S e, B BUP BRI 2 [27] [28]. FAIAHEFIEES Au (2 mL)Y
WP5 (5 mg) & it e 25 14 R Au@WPS 4HKHi+ o

2.2.2. BiOBr Hu#l&

1EIR BiOBr fIfil % 1926 Bi(NOs)s-5H,0 AT 30 mL IR A AR (K 4 1 = 1:5)%, #H 5 UGS
BB W BEETERLAIBEEE T, ¥ 0.40 g IR AL el (PVP) IR A v, FREEAEFE 30 min. 4
R A 50 mL i R EEH, 160°Chn# 3 /N, 2 JETEE T FAE, MBIMTUE Y B AUK R OREE
e 8 UK, SR Gl & U HRE S AR T 188 5 DR AT A FH o
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Scheme 2. Synthesis of WP5
TRAZE 2. WP5 sl &

2.2.3. AU@WP5/BIOBr B4l
N T AR BIOBr IIAEIRGE#), KV FEL B AE BIOBr LN Au@WP5: HX 10.20 mg B4 LA N
A 2mL ] Au@WP5 1, #idk 30 44T, 8 Au@WPS5 3947 11 3 7E BiOBr [ 1H, H4 Au@WP5/BiOBr .,

3. HR5ITR

3.1 HIEM R HRIE

FIFH I 51 H 7 BB (TEM)RAE T &
23y 18 nm, 5158 IIE L(B) AT LAE H, SisAcS0EM, RIFBRIZMEGRR T BA RIFII4 & E

SRR TRIEEZT N 0.234 nm, X 54
Au@WP5/BIiOBr LS. Wil 1(C)Far, IREALELE T JEIRE
N 250 nm. ARG R I H A R A L R AR

PRRLFRIESR . W LA TR, SRR FRIRARR N,

AN

AOARRLT H(L10) T — B A BT 5B (SEM)ZRAL 1 iR S B AT
HRV ALK, RITHEE, RS2
» EACER FHEIEVE OB A FIREZ K, 2

e REAL R e AL FE . A 1(D) AT LSRR, Au@WPS/BIOBr 49KA6 IR ~17E 250 nm 24,
AU@WPS5 $iT- 7 7E BiOBr 44K R

DOI: 10.12677/aac.2021.114023

221

ot


https://doi.org/10.12677/aac.2021.114023

Figure 1. (A) (B) TEM images of AuNPs at different magnifications, (C) SEM images of BiOBr and (D) Au@WP5/BiOBr
El 1. (A) (B) NREIMABH THEMAKTRIESFERE, (C) REMMWAITHEBIRE, (D) Au@WPS/BIOBr Y13
H iR

3.2. HIEM R IR RAE

WA - T WIS AR BIOBr. Au. WP5 HiI Au@WP5/BiOBr Wt i BE J13E4T T %
fiE. Wik 2(A)Fr7~, BiOBr 7E 350~450 nm 2 [H)45 — N %Elé, Au 7E 520 nm &b Hilg, WP5 7E 280 nm 4bH
—NRUE, BiOBr. Au fl Au@WP5/BIOBr =& IR I #RIR 58 « M E AT DA S2 5], Au@WP5/BiOBr
TEZ) 400 nm Kb —AECTEIIR I, 7E 520 nm AbH — AR, BB T BIiOBr M1 Au IR A, B
2 Ak, Au@WPS/BIOBr 7E 289 nm AL W & (WUl FHECT PANI HREVFLLAE, WIREZHIT BiOBr
) B F B 278 ERTIR , Au@WPS 1 BiOBr 2 &4 Au@WPS/BIOBY . JE T X 426475 (XRD)Xf Au.
BiOBr 1 Au@WPS/BIOBr [ iR S5 Ky 3EAT TR AE. M 2(B)HF I LA EE ], Au S5 AT 506 H BRLEE 20
h38°. 440, 64°. TT°hE, Zr RN N FERI(111). (200). (220). (311):0f. BiOBr IATHFIELE 20 4 30°
38°. 46°. 57°. 77°4b. Au@WP5/BIOBr [1) X S ATH A& T Au 1(111). (200). (220). (222)MFE
iEUEFN BIOBTr [1)(110). (212). (310) i i HIFHIEE, KB Au F1 BiOBr I E A -

——BiOBr
A Au B
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Figure 2. (A) Ultraviolet-visible diffuse reflectance spectra (UV-vis) of Au, WP5, BiOBr, Au@WP5/BiOBr; (B) The XRD
patterns of Au@WP5/BiOBr

[# 2. (A) Aus WP5. BiOBr. Au@WP5/BiOBr BY%:5h - AT I8 R 51E1EE; (B) Au. BiOBr. Au@WP5/BiOBr #J X
SEEATHE

3.3. Au, BiOBr. Au@WP5, Au@WP5/BiOBr BB {LFEFYEERLFERE
B E AL 22 BB AR IR 5T T B B AE 1 mmol/L Ks[Fe(CN)gl/K4[Fe(CN)e]#1 0.1 mol/L KCI fibRHEE
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0 L R S I . 14 3(A) 4 Au/GCE. BIOBr/GCE . Au@WP5/GCE . Au@WP5/BiOBr/GCE 7 1 mmol/L
Ks[Fe(CN)e]/Ka[Fe(CN)s]#1 0.1 mol/L KCI HArAE R H PR T EIIE(EIS). B Fws, #hE ARSI
IR B2 AN S S AR TR R O R AR I, AR N ) 2 [ R AR 2 B AR, R RNE
18T HLF AR B P (Ret) o 2 [ [ 9IGER /)N, 2 B F 1 i far iz B I o AR FRL 40L& I T 545 5401, Au/GCE
BiOBr/GCE. Au@WP5/GCE. Au@WP5/BiOBI/GCE JFHHIE (Rct) 77N 266 Q, 1445 Q, 3256 Q, 3494
Q, ULHENI LIS R SR IIEES, 1T Au NPs HL - s i i

= Au B & 600 Au
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Figure 3. (A) EIS of Au, BiOBr, Au@WP5 and Au@WP5/BiOBr electrodes recorded in 1 mmol/L K3[Fe(CN)gl/K4[Fe(CN)g]
+ 0.1 mol/L KCI solution and (B) CVs record in 0.1 mol/L PBS (pH = 2.0) containing 0.5 mmol/L caffeic acid, (C) CVs of
Au@WP5/BIiOBr electrode recorded in 0.1 mol/L PBS (pH = 2.0) containing 0.5 mmol/L caffeic acid under visible light and
dark environment, (D) Transient photocurrent density versus time plotted in 0.1 mol/L PBS containing 0.5 mmol/L caffeic acid
under visiblelight illumination. The illumination from a Xe lamp was interrupted every 20 s

[# 3. (A) Au. BiOBr. Au@WP5, Au@WP5/BiOBr #£ 1 mmol/L K3[Fe(CN)g]/K4[Fe(CN)e]FA 0.1 mol/L KCI HIFRHEAR
FRIFEMEFI(B) &F 0.5 mmol/L WIHEESRY PBS ZEMIARTPHEIMARIMLZE, (C) EEXMIALHNELT,
Au@WP5/BiOBr £ 0.5 mmol/L MIMEERHY PBS & MiA G IEIMAREIZE, (D) & %F 0.5 mmol/L MIMKES A
PBS & MR R P HIBRS B R AT E Lk, KIEATAT, §20s PH—X

IS PR R 2 th £632:(CV) KR T Au/GCE. BIOBI/GCE. Au@WP5/GCE. Au@WP5/BIOBI/GCE 7£ 1
mmol/L K3[Fe(CN)g/K4[Fe(CN)s]F1 0.1 mol/L KCI fbrHEA M IS R B, Wil 3(B)Fiw, Au/GCE.
BiOBI/GCE. Au@WP5/GCE. Au@WP5/BiOBI/GCE 14 fbIg FL i % FE i i K, H Au@WPS/GCE Al
Au@WP5/BIOBI/GCE 5 Ll itz KT Au/GCE 1 BiOBr/GCE [ fLI% L. Au@WPS/BIOBI/GCE
SRR AR EAT B KRG R, ARG R E LN 562.29 pA-em 2o X AT B2 H Tl & 102 &40k}
AT MRS, ERTDUMIMERRI FER T R 1 FAL S ERE . AR AR BTERCR, HEHT
PEEHOSE AL T R EER R, I H AR L Au LUK BiOBr P24 [ HL 7 (1845, 1820 T BiOBr Hi
T - B E A, WPS X T IINMERR 1) & B AR L A E W T umHERR, G FTunHEER 4% BiOBr F1 Au I
IEH A RIS A PR EAT N HERR B A S 4 (G Hgima . R FH AR IR 22 i 3 (CVIIR T T 1EA
FICHHIZE R, Au@WPS/BIOBI/GCE 7E545 0.5 mmol/L MIHERR ) PBS 22 it H it A 2.

DOI: 10.12677/aac.2021.114023 223 it it e


https://doi.org/10.12677/aac.2021.114023

3(C)h AT AMEER], FERGMIMNHERZE,, Au@WPS/BIOBI/GCE 7E4 Y2644 N M AL I it i T I 6 2 A
THIEAIE . A T OGRS T, Au@WPS/BIOBI/GCE I 2 B A 562.69 pA-em 2, 1ETC
FHIES S, LRI N 334.31 pA-cm 2. iZEHZE R BALE AT WOLIEET T, Au@WPS/BIOBr/GCE {5
AL EEPERE, AT T ] I HE T nmMERR (¥ AL 22 . 1] 3(D)27E S 0.5 mmol/L WIHERR (1) PBS
5 Ve R TR R B S O FR R B TR i 22, NIRRT BUK B, Au/GCE . BiOBr/GCE. Au@WP5/GCE .
Au@WP5/BIOBI/GCE [1]HLiL % BB i K, Au@WPS/BIOBI/GCE X WM ERR HIAS I HAT B K6 FaiAL
FULIE R 28 16.34 pA-cm 2. %45 A 3(B)45 R —3, FH] Au@WP5/BIOBr HitkZ: & 7 =kt
BHAOLSA, 70T WL P A I E R B A B P ' LA 2 M

3.4. Au@WP5/BiOBr StHE{LIIEFER A9 S 1L

TR pH R R S SIS A, R A G Ak S VR A EERR R AR R AR 2 i
LRI T PBS ZErVAN pH E%T Au@WPS/BIOBr/GCE A&l nMERL (520 . 40 /& 4(A) s, AT
IR pH AT 2.0 ) 7.0 SEEIA , Au@WPS/BIOBI/GCE 7E-5 43 MNMERR (117 W rh pH B AH S i L7 25 i
MISEI . 45 FRIATE pH O 4.0 BHA BOGRIRE T, FUIbiEFZ pH 37585550 . BT LUE 2,
pH {E7E 2.0~7.0 2 [d], A AR B 2 A m i #%, B ROSOERE Rl S i e 1 72 . S A i34 (Ep)
N pH Z A5 RN 4B)FiR, 12 HFEWIR : Ep=—0.0564 pH + 0.6584 (R® = 0.9867), JifEH
RN R N 56.4, Z%AH 5 RENTRF T RE TR AE 25°C I (¥ 59 mV/pH AT, T iZ% Bk A I N i 2 5 B ) H T
A5 T4 BB AR AR [29]
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Figure 4. (A) The CVs of the Au@WP5/BiOBr/GCE in 0.1 mol/L PBS solution containing 0.5 mM caffeic acid under visi-
ble-light illumination at various pH values from 2 to 7; (B) Peak potential versus pH values; (C) CVs of scan rates from 20 to
200 mV s * in 0.5 mM caffeic acid; (D) The corresponding plots of anodic and cathode oxidation peak photocurrent densities
versus the scan rates

4. (A) JtEBEY, Au@WPS/BIOBI/GCE £ &% 0.5 mmol/L WIFER% Y PBS 2847 % o A [FIESHEE T5(0.1 mol/L PBS pH
=2\ 3\ 4. 5, 6. 7) MIEIMARENEZLE; (B) SALIEERFN pH B MEXRE; (C) HHEEREREFERHEIMAR M
%[E; (D) HEMNEHIEERFAMERZ ERZ% M X RE
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W 4C) o, FIRPEIR 2t ZEmE 78 7 A A T AES A 0.5 mmol/L kR ¥ 2 i I 1 6
XN Au@WPS/BIOBI/GCE ar I B ' FRLIAL 2 FEE R 2 0] o A A e RT3 2 b 5 41 el %) 189 i 52 ek
BN, 5 R A I A T R T S 2D, A H AT IR I A . ] 4(D) A
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Figure 5. (A) The DPVs of Au@WP5/BiOBr in 0.1 mol/L PBS (pH = 4.0) solution containing different concentrations of
caffeic acid from 1.74 to 190 umol/L; (B) the plots of the oxidation photocurrent densities versus the concentration of caffeic
acid; (C) Time based photocurrent response of the immunoassay duplicated for every 20 s with several on/off illumination
cycles for 500 s; (D) Relative analytical response (Ipa/Ip) for 0.1 mmol/L CA in presence of compounds. The potential in-
terferents are DA, AA, NaCl, UA, Glu, GA, CTA, respectively
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