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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.

Keywords

Pillar[5]arene, BiOBr, Au NPs, Photocatalysis, Biomolecules

Copyright © 2021 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. 5|15

MHEER (CA) 2 — P RS IRIATAEY), EESAMALIN, g2k, i, ER%E . gHmmEY
[1] [2], WTUAHFHEM PU . HREGWEE[3]. Tk, MIMEBRTENG ARG IT AR T H R T R4
25 ERAEF[4] [5]. PRARIE, WIHERRTE RIS S iz B Tk AE ST ARk MRS SE, 5
EHEBAERN 0.3~0.9 g/d [6]. AT, TEEHMBRBSI NEAE. i, SZEREAEDT 7 mg/kg 4
HERE], TSRO, AR IRk SO SRR 98 5[ 7], Ursula Lutz 5 AHRGE, R
1 29%01) CA 2175 K& BN/ BRI s AT B 9 A2 [8], JF H. CA B ER N SRR, S R I e AE A
H )& B A BEE LU SRR N B I T8 hn[9] [10]. BRIk, EESrA R i BR (1 o2 1 g B bl 2
BN AN I B AR 45 [11] [12]. 324 ik, O W2 7T BR (1 & A, At
P MAIESE . BN OCEE . BN AR F A SR [13] [14]. fE LRI BIA R, ik
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JPER R m . R, SRR RAMIG . TERMRLT . BRAE RS AT A A2 R [15].

It B 22 AT A 2 E P AR A A PR R At g8 R R RS R () — Mol R A I 4R . D Bk 2 R A%
B EA— MRS AR SRR, BAEAERI B SO EEER . NR AR R [15] o HAB BRI IR
HURE— @ s rDERE T, FIABMMTHM S & R, 5h. 27 ASEANREERNEE T
IRILIRBSL . AT - X, BRI E SRR AR R RS, AT e — P4 Al 8 R
HHA T RIR BT A RN E S . BE SN EE S, WIS A7 1 R
BRCMERTIN[16] [17]. BRI, FRARAEMIAARVEL: . Ja Ak 22 PERE 6 A BRI 1] F Ak 25 A5 B 1) DG
K% .

TR AR (FUEA R . B AL ER) 2 — 2B B ) SR R, B R I H 45 IR
PERE, UCETE R AR 2 B 2 M HI[18]. ARTT BIOCH Hifi K, EERBCE MG, XA WG R
AL, BIiOl X a] WG REGE ) R AT, (H AN RIEE v FERR S 7 1520485, Hal Biol
H &I ATRE, XL R R AR SLhrig A 2 BIERG . M, HAEER TR H AT WOt R Ge
SR BiOBr B A2 B AT EBR[19]. TiERR K BiOBr HiF LR A/, BRI T H N R #Hi3
TERC e R EE M. Z4EARIREE M D IERFN BRI eSS, B R L LR A, ki $e miot sk
ST, 2 BIOBr fEAE S EL, By RRBIK, HeAR /M5 TEE, Rl 7T EmEhd
A R o

REBUWEAKKT, BT HTHLEE S VBTG E—EmEreiE T, & FRE

S TR ILIR AR (LSPR: Localized Surface Plasmon Resonance), %) V2 i FH T4 . etk 6
FLERIE . AIMObRIC . BE2A0A 7 AN TR SR 2 BUAT 45 . LSPR RN 45 24 N GRS 21t 5t 4 Jm A i gl
KB LB, StaBAKR 4% T 7 1 BARIR S AN A AR VLT, A ARk X NI
(R RE &= AR BRI E R, ARG KRL T R R T 2 77 A e i BE 1) PR R v R B2 R 0 AR i+ 5 e AR
I TR - 7 [20]. HAEHLF - 2O E G FELAE B ] S5 AR I 43 R AR S AR SR OB, ol
HLRIR R, SEBLAFI 2 R DA I . Bh4t, K Au NPs fi1 BiOBr &4 Al9§4% BiOBr 64 H T - X
SIS G B H T BA B3, BiOBr i1 Au NPs 766 Ak 22450k 32 B [21], {H 2% E &4k
PEARE SR RS 77 T B AN J2 [22] 6

K I B B s ahi, WA A Fred 2R GER, HO7 R iR B E — e &R T
CARIEEN 31 R A AR, PT DASEEUO AR 20 1 B e ksl DRIE e B AR R 0 F3R%E . 4
WA SRR s A 70 45 7 THT 52 )0 %2 560 [23]. Ogoshi Z54R3HE T BRIR EhFE[5] 7518 5 40 20 -1 %4k
iy, HAHWAFRREEFEBITE, KIEVAEB] X & IE B %A EH24], X2l TEmiER .
AT SEBUKAHEAERH . S E RS2 PER A . bR D5 Rt mT AVE R 48 A1 SRR SR
7o BN, Yao ZEHil#& T A RABMGR CdTe fE7 A%, WNINE WA R 7 ol k&2 A [5] 05 B 1t &
T REEA[25]. B RENE. SR TR BRI R, FRX=FAUEE, BEAEEHRA
SVERE . SRR B E A R 26]. T HL, V2 AR AN SR H R S E R DUKAE IR R
KA IRE TS e e B, B EE R ShRE o

AU RE L KL A BT HBI5TH Au NPs, B L 54 195 /& (pillar[5]arene)iE /5 & A 15 B 50 R A 75 &
B & 90 KA BHAU@WPS), TR L 578k BiOBr #7514 Au@WPS/BIOBr 91k E &4k, %
Au@WPS5/BiOBr 37 T BIMERR (145 5 PR B AL A8 o i 1 o, A A e, WS S5minmkg
B EREEGER . S90KRF 7= E 1) LSPR 25 K BiOBr £ 1] WG R 7= A 16 A2 2 7 T A A i
BT, TEXR=FH WP EIERR, K Sealnd wim e BR ) s R 8RN s e e kol e i e
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Scheme 1. Detection mechanism of the photoelectrochemical sensor
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2. SCIOERSY
2.1, (FE5iRA

ToIKATIE IR B(NagCit) . 73 ZU R (CsHoNOL) T K 1 [H 254 AL =R A A PR A =], 85 — & — K&
(NaH,PO,-2H,0). % L)@k Lili(PVP). WMIMERR(CoHgOu) ERFALHH (K[Fe(CN)g])« SALHR(KC). Tk
A TR B (Bi(NOg)s-5HO) I K H IR+ T AE (LB e A PR A, TE/K T IR (H5Cit) M 3K H Fe i K5
AVRHARAT, 2 EE(CeHLCINO) WK H Rilg Hi WAL TR AR AR, + /KA BHRE M
(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
LR M AR IR A =], AR AR HATH ok U (SCE) « B it (Glass Carbon Electrode, 745
3mm-L)EEH Fighi RS S A R A A

2.2. SKBTE

2.2.1. AU@WP5 By &

DAREE N REL, BRI BRI IR R, R BOE i 4% 7 B &40 KR 1. 4 0.9 mL 7
BEERAN 2.1 mL AFIEEREN(0.1 mol/L) N 150 mL /KA, #idE 15 min. B 1 mL & &/, i+ 3 min
Ja o TRNVKIK A, 15 2Ty B AUK R CREE e, TEBEE TR CLERITEY 7 14 10 mL /K%
W

S SR A R T KIS EERE IS5, G OB BT 2 [27] [28]. FERUTREFS M Au (2 mL)5
WP5 (5 mg) & % 7e 45 /4R (1) Au@WP5 9K b1

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
FERIER . BEIGTEREITEFET . B 0.40 g 58 LML el (PVP) ID NV GV, FFER+E 30 min. K
RS A 50 mL mEEH, 160°CHN# 3 /NN, Z SRR FAED, 153 BUTHE Y Al KR LS
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. BR5WiE
3.1 HIEM R HRIE

FIIZE S T BB (TEM)RAL T &9 FIRES. W LA)FTR, S40KR0 TR, RF
2979 18 nm, 5150 I L(B) T UG H, SR S0EM, RIEILHSARR T HA BRIP4 WE,
mmAg AIFEZ0N 0.234 nm, X 5E&PKRF Q1) M —2. FIHAR B RS (SEM)RAE T IRA LR
Au@WP5/BIOBr FIIILIES . Wl L(C)FR, AR A EIRE AR IRAL, R, R4
4 250 nm. ARIREFE L EABORMILER T, X ACE R T3E v O Ie A R TR E 2 00k, #hfi
PERTRAE R R =TSR . S 1(D) R Al LAVEEEE], Au@WPS/BIOBr 44K S 7E 250 nm 47,
AU@WPS5 Fi ¥ 13 1E BiOBr 4 KL -
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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 Z B4 — N %Elé, Au 7E 520 nm &b HilgE, WP5 7E 280 nm 4bH
—/NRIE, BiOBr. Au fl Au@WP5/BiOBr =& I g #RIR 58 « M AT DA E2 5], Au@WP5/BiOBr
TEZ) 400 nm Kb — AN DE RIS, 7F 520 nm Abf —AMIRUIE, B8R T BiOBr M1 Au SR A, B
2 Ak, Au@WPS/BIOBr 7E 289 nm AL B & (WIS, HHELT PANI HREVFLLAE, WIREZHIT BiOBr
() BE 0 B 7 EFTIR , Au@WPS 1 BiOBr 25 &4 Au@WPS/BiOBr . i X S 275 (XRD)XF Aus
BiOBr 1 Au@WPS/BIOBr [ fi R S5 M BT 7R AE. M 2(B) R AT LAMEZ2 3, Au S 7 7 5 0 HE ERLTE 20
h38°. 440, 64°. TT°RE, Zr RN N FERI(111). (200). (220). (311)&hif . BiOBr AT IEZE 20 4 30°.
38°. 46°. 57°. 77°4b. Au@WP5S/BIOBr [ X STZATH EIHFES T Au [1)(111). (200). (220). (222)1)%FF
{iEUEFN BIOBr [1)(110). (212). (310) i M HIFHIENE, KB Au F1 BiOBr I E A -
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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) Auy, WP5, BiOBr. Au@WP5/BiOBr HI££5h - AT ILB R T E; (B) Aus BiOBr. Au@WP5/BiOBr iy X
ST E

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 2 600 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 7£ 1 mmol/L K3[Fe(CN)sl/K[Fe(CN)s]FA 0.1 mol/L KCI BIARAER &
FRIBRIEFI(B) &8 0.5 mmol/L MIMEEREY PBS &MiAiR P B ARILE, (C) EAEXRMEXMELGT,
Au@WP5/BIOBr £ 8 0.5 mmol/L MIMEERAY PBS iR R P HIEIMA R E, (D) £ F 0.5 mmol/L MIMEERAY
PBS & HiA &R P HIBS L RAMET B L, YERATL, & 20s hE—Xx

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 fhIg FL i % FE iz 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.
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3(C)h AT AMEER], FERGMIMNHERZE,, Au@WPS/BIOBI/GCE 7E4 Y2644 N M AL I it i T I 6 2 A
THIEAIE I, A T OGRS T, Au@WPS/BIOBI/GCE %I 25 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 [ HLiL % BB i K, Au@WPS/BIOBI/GCE X WM ERR HIAS I HAT S 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
R pH AT 2.0 ) 7.0 SEEIA , Au@WPS/BIOBI/GCE 1E4 43 MNMERR (117 ¥ rh pH B AH N i L7 25 i
MISEI . 45 FRIATE pH 4.0 BPA BOGRIREE, FUIbERZ pH 37 /5805550 . MBI H T LR 2,
pH {E7E 2.0~7.0 Z [d], SFAUE R B 2 A m i A%, B SRS RE Fhll B i 7 1 12 . S A i34 (Ep)
N pH Z A5 RUNEE 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
it PASGE SR R S R AR e M G R o S HL SRR A B B ZRYE RN T FE A Lpa(pA) = 1.4897v
(mV-s™) +73.067 (R* = 0.9911), i Ji b EL 70 A58 P O 2R 1k [V 5 R s 1e(nA) = —0.5463v (Vs ™) +
4.24 (R? = 0.9965) ik &[] )5 75 15 15 B Au@WPS/BiOBr FIMMHERR 2 8] )y T3 % i A v T2 5w
2B RN, %R SE R B I AR 2 I [30]

35 LUK MIR, REM, MTHENTR

T ZE 43 BRI AR £ E(DPVIR T 1A F] WG RE S T WinHERR 1)k FE AT Au@WPS/BIOBI/GCE (148 AU Hidi
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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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