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Abstract

Purpose: In this study, homogeneous Bi@BiOCl microspheres were synthesized by hydrothermal
method and combined with multiwalled carbon nanotubes (MWNTSs) to prepare Bi@BiOCl/MWNTs
electrode, which was applied to the specific photochemical detection of acetaminophen (AC).
Bi@BiOCI/MWNTs/GCE has a significant photocurrent response for detection of acetaminophen,
which is mainly due to the photogenerated electron (e-) hole (h+*) pair generated by Bi and BiOCl
under visible light, which can adsorb more AC to the electrode surface and oxidize AC, increasing
the photocurrent. MWNTs has strong electrical conductivity, conducts photogenerated electrons
and electrons which AC was oxidized, prevents the recombination of electron hole pairs, absorbs
more AC, further improves the photocurrent, and finally realizes the ultra-sensitive detection of
AC. The concentration range of the photochemical sensor for AC detection was between 0.5 pmol /L
and 300 pmol/L, the detection limit was 0.17 pmol/L, indicating that Bi@BiOCl/MWNTs had a
good catalytic effect on AC. The photochemical sensor has strong specificity, good stability and
high sensitivity and potential significance for the detection of phenolic compounds in biomolecules.
It is expected to have a broad application prospect in the development of biosensors.
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1. 518

X BRI (AC), WAAR MRS, & —F 2 A YIRS, TR, R, SRk,
FIAR J5 PR SRE R AT WL B R (1] [2] [3] [4]. AC [ 24 ERATL I BT LAMARE i ik e 3 PRI 1) R e A 4 i3 1)
AR TSR R A ORI, RIS S A, X BB B II[5]. BARZZERIT P AA
KW R4, BEAREANE AC i, HETKMEM IS 2B S NANFR, R E K
Y5 AN AT REIR 6] [7] [8]- AC HhEEEAT KR Sk . VDR IR B ME S5 i, B B IR12 IR BUA FHE R,
2 AC I 253K FE 8T 200 pg/mL (29 1.3 mM)I, FIi2W N AC HH#[9]. A4h, WAMIbEZ G, TEH
M) AC DLW R S ER S R, T AC B RUFAIKIE A MIBE M, B Ko
MG R 2 —, SR IREEE AR KA [10]. BRIk, JFR—Fhaid . R MEI AC RN Tk
Xof N FR AN B A AR H A = Lo 188 1k, B2 07k HTER I AC, Wi k2R 180E . R IeR
BF. BN KRR 6 IR [11] [12] [13] [14]. Horb, EAL2AO v AT A BRA . wi 2R TR B, R A
P nl /N SR R[15] [16] [17]0 TR 25 %50 A 2 A [k 85 i 7 B2 1) 18] 3 FEUSROPRL () ZEL RO RRE A« DT
e EA T AE 5 A PR AL B 70 1) BB AR R R AR e 20 AT 1R R R A 24 DB ) o

SERFNTESURT GRS R IR DB 2 G BB, SRR GBI B b
WA CRATRI[18]. = 4E - RAEFCAT, MLT—4E. 4e450, mTHAMAES L, Bf
BRI, WERRUEE, REB TR SRS RS, 51T ATERRE 2 1926 [19] [20].

SCERROE ) 3D JZ RS HIK) BIOCH k22 & B K B (K140 K S5 AR [Bi 0,17 426 T ), Tk e gfy K v
BEUESE T BIOCI 1) 2D ~FTiA F T o # i 4 7%, RO MR/ 2 T 8538 [21]. HZREE M 5] E
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B 2%

(1) BIOCI P4 & B3 I T 3G 506G B 7 SO0 4 B9, AT P2 AR AL S R G A PR g o A R DAL RE
AR R eI RE Sy RAF M ERAL A R e YRR AR ) %% AR, 8 BIOCI oA — il R AP IR e AL
[22]. #RTM, REHGUKF 2 AR AR R 1 RS (e iR 2 R 2 R %), RHRWE, fEKE
B R EDT 500 gk, JREMEAE R, g IERE[23]. Bk, sk BIOCH 92K A i RSFA
AT DAH Rt g s ERE . — 7T, BN R T BUA R . S—T5H, RSP4i/N ) BIOCH 4K
AT DL KL R TR, DUR S ROGIEE 1[24]. BIH BT NIE, B4IFR T 2R7 /N1
BiOCI ik fi . Ding S5@il 5 pH A, @ @RS AAIERE, mIhihd p T ¥ BiOCH #iEk,
TR AR 225070 8, RS RTR[25]0 Btk b, [ B4 iR AR AE e S5 A7 4 e 30 SR URR 1) 4% & Bl i
fhe Ay Lt — B4R ke, #iltn Bi@BiOCI 1Ek[26]. H4R Bi@BIiOCI MERTE—EFLME Figvh 7 Hob ik
RE, ER ARG A 22 1 5 M PR 77 JHCPE O R A 2 sl AR S

WM B — MBI S g bl R AR & 2 N . TR, R BRI AR Rk
H 5B EIE G B — DO [27]. BRgoKE B[R 5l 22 EATE AR R, 40 9 S BE B4R K8 70 22 B e
YK [28]. RAPKE (CNT) I BRI 5] T HAE R AWK E E -SRI R, FFAE# B A
B SHEAEMEL SR BB maREE MBI AR T I R[29]. £ 2 BERRAKE
(MWNT)H, BT RRfEEAES] )y, BRIUKE DUREE R A Y 2 (T AFFE, SHBERRGPUKRE AL, £
BETR A T A BRI A2 7 T2 BN [30] b, 22 BERR GRS (193550 43 BRI 58 1) L 1T B 26 )
St K E S AR e DG [31].

APREE T K BGEA BT 251 Bi@BIOCI 143k, 454 MWNTSs, fil& Bi@BiOCI/MWNTSs Hitk, ¥
HMNHT AC IR RSB LRI . SR RAEEARUEH] Bi@BIOCUMWNTS A1k Dhfil 2% . HAURR
(R ER A 2 P Ao L A 0 S ) LA S P o i R I 1 s, R I R b, 7E R IR 1 A T, Bi 55 BiOCI
FEAEAE T () (hW)XT, AT AIRBH AC & FLRR R I oK AUk, BN s 1 MWNTSs BAHL
RIS HER ST, SR T UK AC AN, BB T E S, WIHEZ 1 AC, i
—BR RO EX=EEIERTT, SR AC 15 R 8RR 5 16 F Ak 2 A

=
Bi@BIOCUMWNTS j\ g\p
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Scheme 1. Detection mechanism of the photoelectronchemical sensor
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2. SCIGERSY
2.1, SEIERF

AR SEE6 A FH ) BT R N A T e A R (CsHoNOL) W K H E 25 B AR E R A ], iR —
4N KA YI(NaH,PO,2H,0) . ZREULAT (Ks[Fe(CN)g])« SALAI(KCI) . Ti/K &R 4k (Bi(NOs)s'5H,0).
LA MR (CeHgOp) M 3K H _E¥FRH7 T AE AR AR A FR A 7], 2 B (CeH1,CINO) I S H it i 3 Wik T
RHEARAT, + /KEBRE 8 (Na,HPO,12H,0). EZ(HsPO,). AHER(HNOR) WL H 44 Pa Bk,
T HBR AT, R R (CsHaN,Oz) « &AL (NaCI) . JC 7K 7 % K (CoH106) « L AL 1 =K &4
(K4[Fe(CN)e]-3H,0)« F-FL5#(CeH1206) MK H Fifg 22 se RAE B TR A F] .

2.2. SKHafY=R

T HH EBI(SEM: ZEISS Gemini SEM 300)5 &AM RHWIESEAT T RAE. AT OGS TE B
UV-2501 PC 4RI Wt il A BEAT 7 & . F A S5 sp A28 4R Cu K, F8 5 (A = 0.15406 nm)7E D8 Advance
R 1y 1R AR AT (Bruker) B3R 73 7 XRD #4147 A 2 TAEAE 30°~90° (20)7u [ 4, & L H 80 KV«
CHI 660D HiAk 2 TAEuli (g R A FRA =) AT 6 CEL-S500/350/150 (b5t Hh B FHEA IR
AFN)FAT T RA A A & . TR SRR AR Se ) = i R Geidk 4T . PBS 19 PH {E A PH it
(PHSJI-3F)illE . £AM MK TEANH 7R AR (SCE) 3k HL i) (Glass Carbon Electrode, %!*5: 3 mm-L)JyE
H B o sl AR A .

2.3. Lg%

2.3.1. Bi@BiOCI fEka#I&

1 56H 1.455 g [ Bi(NO3)35H,0 1 0.672 g {1 KCI 43 HIIIAZE] 30 mL £ —Eirh, M85 15 2)E
WA . P85 2.8 g ARG MRS Bi(NOs)s-5H,0 ¥, 7E1EE MRAHHE T, BRI KCHER. =
R4S 2 h, K LR 2 50 mL mEEH, 160°CHN#k 12 /M. 2 JE7E I FAE, HRIMDT
TEVI R ALK RN LREIE A TR, SR JG R i £ i BRORE A R T 185 R AE A

2.3.2. MWNTS HosI&

HoE, 1.0 g ZEERRGIKE 7 HZE 50 mL RAHER (68 wtob) 1, i 75 AL 2] 30 min, #AJS1E 150°C
BB INFAENR 5 he BRI F=YHBA/K KRS, B2 pH IER) 7, SRJEH 6148 L7 FFE A R 5
JE R AR -

2.3.3. MWNTs/Bi@BiOCI/GCE Ho#$l&

S5 )5 % 10 b MWNTS(6 mg/mL)F1 Bi@BiOCI (5 mg/mL)VA R ZE Bt Habk, BT 50°CHIZLAMT T4t
F
3. ZR511ie
3.1. HIEMHBERRE

FI S 7 BT (SEM)ERAE TREM TS . 1E 1(A) B (D) SR T AN S MWNTS (1)
SEM Elf%, SEoR T EEMGRZRGER . [ 1(B). & 1(E) NI &1 Bi@BIOCI #£8h, AT LUR I/ N I4N
KR BRI TN Z4e a5 Mok R T, MERR I ™A T &8 Bi, JFSIUI R
SERMIBRAA, RFAIRTEER, 2904 3.5 um. £ MWNTS/Bi@BIiOCI ({4 s 55 T LLA B, Bi@BiOCI
FERE R ST ARECT MWNTs 80K, SZARE T MWNTs £z F (B 1(C). Bl 1(F)).
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Bi@BiOCI at different magnifications
B 1. FEIBABHTH(A) (D) MWNTs BIF3EEEE, (B) (E) Bi@BiOCI HH IR EE, (C) (F)
MWNTs/Bi@BiOCI B33 55 &

3.2. HIEM R AR RAE

TR X SFLATH (XRD) 4T TR S 1 d AR 45 M (B 2(A)). MALERTLUE H, Fr4 e (1ig v BiOCl
(1704 77 4544 (JCPDS No0.06-0249 BiOCI), BiOCI $& 54 [1) i1 5 U HE IAE 20 2 12.0°.22.6°.26.0°.32.7°.33.5°
41.0°, 46.8°. 48.7°. 54.2°. 58.7°4k, XTI T ERI(001). (002). (101). (110). (102). (112). (200).
(113). (104). (212)fw 1 ; Bi SR Kf7EFIE HBLAE 20 Sy 27.2°A1 38.0°4k, 4355 B FE #1(001) F1(002)
M, iFA 7 BIiOCI i Bi ki T HIAEE L. Bi@BIOCI FIEIh 14 . MWNTS (1] X 522 R85 E (B 4%) 41
E7 MWNTs £ 26.0°FI(LIL)HHFEIE, R T MWNTs HIAFAE. JEIRE A~ 0] I8 5 i w54 b4 Al
MWNTs Il Bi@BiOCI WSO HIRE AT T RAE. Wil 2(B)Fi7R, MWNTs Al Bi@BiOCI 437 245 Al
265 nm AL — AN TR, HIEEGT, FEEAH RSN G E, UEY] T MWNTS #1 Bi@BIiOCI i) D il &
[32] [33]-

— MWNTs B = MWNTSs
— Bi@BiOCl — Bi@BiOCl
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Figure 2. (A) The XRD patterns of MWNTSs, Bi@BIiOCI, (B) Ultraviolet-visible diffuse reflectance spectra (UV-vis) of
MWNTSs, Bi@BiOCI
2. (A) MWNTs. Bi@BiOCI 8 X 834 5754[&, (B) MWNTs. Bi@BiOCI B%k5h - AT I1i8 & 5 itk &
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3.3. Bi@BiOCl, MWNTs #1 Bi@BiOCI/MWNTs BB EFS B L F M RE

N T A U S AL AR SRS, X RRR FEREAT T A . MWNTS ¥R BE7E 2~10 mg/mL
Y R NI E o R 3(A)RTEAE HE, 24 MWNTS 958 6 mg/mL B ' B T8 BIUEAE, FTREZ T4 MWNTS
W ST 6 mg/mL B, PHAS T AC 5 rEfl, s T AR . kAT AL, 6 mg/mL MWNTS
ARSI P ) MWNTS B3R . & 3(B) IR T Bi@BIOCH FIR B X A 2 % S 38 ' v gt i ik
FREZE, A1 MWNTSs K EEAE 1~9 mg/mL YaHE N IE, 7 LLUKBDE A Bi@BiOCI HKE N 5
mg/mL Bk R KA. X2EH T BiI@BIOCI AHEKHIFHYT, M FEF-miiy, B BE 5 < B 0 T o i
Br. B, R 5 mg/mL Bi@BiOCH 1 Aseib ik & .

[ MWNT [ Bi@BiOCl
100 p A 25F B

:_% S0P g; 20F
S e0f 15
£ Sl
s I =
§ 40 § 10p
s 1 s |
= =
~20F ~ s}

(1] 3 oF

2 4 6 8 10 0 2 4 6 8 10
Concentration (mg/mL) Concentration (mg/mL)

Figure 3. (A) The optimization of the concentrations of MWNTS on the photocurrent responses, (B) The optimization of the
concentrations of Bi@BiOCI on the photocurrent responses

3. (A) 4L MWNTs JRE XIS RN RN, (B) 1L Bi@BIOCI AKX S R SN B2 #0520

T8 I A0 BA AR 22 VR F0 I A% R TR O LA RS R IR R A 1 B B I L (1 4(A). 7E 5 mM
K3[Fe(CN)6l/K4[Fe(CN)e]F1 0.1 M KCI &+, MWNTs A EA KSR, X&HT MWNTs
FRGFHF M. Bi@BIOCI HLHK 1A L IE IR 1K, 11 Bi@BiOCI/MWNTS B 51 Bi@BIiOCI Hifl, iX
FEZA MWNTSs (A0SR & 1 MRS H

AT FRPFFTIR 1 Bi@BIOCl. MWNTSs il BiI@BIOCI/MWNTs HARZ I Hr ke, = MEtid ik H T
T8I ZE 5y ki AR 222 (DPVs) FIIE IR 221 (CVs) g & A 100 pmol/LAC ¥ . E14 4(C)FE 4(D)H, 5
Bi@BiOCI/GCE 1 MWNTS/GCE #f{Lt, Bi@BiOCI/MWNTS/GCE Hi#; b (R4 G i e o 3% F 2
Bi@BIiOCI f##k 1l MWNTs Z [B P E/E I 51 H . —J71, fEr WERES T, Bi &5 BIOCI F=AE LA
TE)ZR(YN, AT E 2 H) AC R HEEREITFAAL, ISR, 5—J7H, MWNTs HA %R
MFHAe), ST AC BEM AR HRT, bSO ME S, WIHEZR AC,
— IR EEHER. Mk, B Bi@BIOC/MWNTSs (S HMERH MWNTs i, (H2 B0 ] oG
N, Bi@BIOCI/MWNTSs KRR 7oA AC SR IR ISR o 2 EAITEOG IR 2644 B AC e ISR
W ATIE B IX — 55 (14 4(B)). Bi@BiOCI/MWNTS/GCE 7E 74 100 pumol/L AC [1] PBS ZZ i (pH = 7.0)H
(10 22 4 Rk AR 2 i 4 BT Hho 858 380 1) o e A A D FRRE O N 2900 190.4 pA,  FUTE SBIE 264 N (CEJE F 4R
124.6 pA)iEr 65.8 pA.
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Figure 4. (A) CVs of Bi@BiOCI, MWNTSs, Bi@BiOCI/MWNTSs electrodes recorded in 1 mmol/L Ks[Fe(CN)g]/
K4[Fe(CN)] + 0.1 mol/L KCI solution, (B) DPVs of Bi@BiOCI/MWNTSs electrode recorded in 0.1 mol/L PBS
(pH = 7.0) containing 100 pmol/L AC under visible light and dark environment, (C) DPVs and (D) CVs of
Bi@BiOCI, MWNTs and Bi@BiOCI/MWNTs electrodes recorded in 0.1 mol/L PBS (pH = 7.0) containing 100

umol/L AC

B 4. (A) Bi@BiOCl, MWNTs, Bi@BiOCI/MWNTSs ZE 1 mmol/L Ks[Fe(CN)gl/Ka[Fe(CN)e]Fa 0.1 mol/L KCI
BRI R TR IMA R HhEk B, BIMARNZE, (B) EANMINMEMT, Bi@BIOCIMWNTs S
A 100 umol/L X} Z B EEE}AY PBS Z A& (pH = 7.0)h RV E D BoR R ZEHZk[E; Bi@BIiOCI, MWNTs,

Bi@BiOCI/MWNTs ZE&H 100 umol/L 33 Z Bt S EEHY PBS ZEHiF M (pH = 7.0)F#I(C) EMRohR=ithsk
E#(D) fEIRZRENZE

3.4. pH AR R FHE M A9 R0

TAE FRR 4 4R 2 ANV pH B2 5 Bk 2% e MO AR R GBER F . A THRE BiI@BIOCI/MWNTS
PE R J1 25 N 2, AE W] WOGHRS R 9T 7 A RE A pH BRI AC B2 . 14 5(A)
7R TAE 100 pmol/LAC ¥R, FEFAF 4 2 175 Fl A 20~200 mV-s ™ i} Bi@BiOCI/MWNTS/GCE )£t
FARGR A HIZR(LSV) o 1T AR I AR 0 PR (1) P 55 08 B2 ) B84 0 A A S 38 o, %o 82 PR e [ U 7 A2
N 1 (MA) = 0.7507v + 25.4308, (R*=0.9976) (/4 5(B)), M Bi@BiOCI/MWNTs Fll AC 2 [F]ff) BT 5%
AR TS 5 A RN, AR AL 2 W B i B ) 1 [34] - ¥ 5(C) 7 T Bi@BIOCI/MWNTS/GCE
TEANTA] pH R (pH a1 A 4.0 21 9.0) 1 16 HLAE I B o BEALER, B KA UE FBLH ILPE pH 7.0 &b. [HI,
SEALIE BT BE pH BN GRS, AR 2R T RN Epe = —0.0595 pH + 0.7082, (R* = 0.9922) (/4] 5(D)),
HRE T 59 mV/pH IRENHREE, KX PEC RBLE AN FFIH AN T2 I e Mg FE[35]
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Figure 5. (A) The LSVs of scan rates of the Bi@BiOCI/MWNTSs/GCE from 20 to 200 mV-s * in 100 pmol/L
AC, (B) The corresponding plots of anodic and cathode oxidation peak photocurrent densities versus the scan
rates, (C) The CVs of the Bi@BiOCI/MWNTs/GCE in 0.1 mol/L PBS solution containing 100 pmol/L AC under
visible-light illumination at various pH values from 4 to 9, (D) Peak potential versus pH values

5.(A) JE&RT, Bi@BiOCI/MWNTS/GCE #EF#iREA[E(20~200 mV-s AT AL M AR REh L B, (B)
TR E LIS FE AR R 2 [B A X R E, (C) SeBRAY, Bi@BIOCI/MWNTS/GCE £ & A 100 pmol/L
T ERE AR Y PBS ZMA kP A EIESHEEE (0.1 mol/L PBS pH = 4. 5. 6. 7. 8. 9)HIESEHMRZRE
%[E, (D) |EIEEBERA pH BVZ X R E

35 LHMER, FREM, MTRENFR

T Ik 72 4y kb AR 22 th 26 K 1K) Bi@BIOCIH/MWNTS 4% J8 5 6 AN [ ¥R B AC (1) PEC ATt fE - 4 1] 6(A)
Fir, JGHGEEE AC KM 0.5 pmol/L 3% 300 pmol/L ijZkihitbsgm . 2k [m )35 FE(% 6(B) A Iy =
2191C + 121.4 (R? = 0.9969) (0.5 pmol/L < C < 40 pmol/L), I, =10.8097C + 191.2 (R? = 0.9938) (40 umol/L <
C <300 pmol/L), 5 PRy 0.17 pmol/L.

T v Bi@BiOCI/MWNTS A% I #5376 1] WL RE S T X AC &I i AP, £ 5 100 pmol/L AC ]
PBS HH{EIR %30 434 Bi@BIOCI/MWNTS i 100 FE . 7E14 6(C)Hh, 100 Pl frt) S Ak U6 mi i #5 F Ho A
i, B Bi@BIOCI/MWNTs HLILEA BRI Atk T i Bi@BIOCI/MWNTS/GCE 5f AC 43 #T )
IEFEPE, IEFRISINEAG M AL T 25 B TR L h LA 1 2 ELZ(DA), FIIR IR (AA), NaCl, JRER(UA),
HHHE(GIu), BEB(GA), LAWE(Gal)ENTH. Bi@BIOC/MWNTS/GCE - HLmRL Ip Al 1y, FIAHRN
A (lpa 53352 100 pmol/L AC K H1 IR S8 AG IR FRLIAR, 1p 2 AC H 43 IR A 100 pmol/L 1) DAL AA. Nacl.
UA. Glu. GA. Gal JaJ%LIgHR) DPV iEllE. FTLUEIL, EIMAARFRKTIYIE)E, Bi@BiOCH
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Figure 6. (A) The DPVs of Bi@BiOCI/MWNTSs/GCE in 0.1 mol/L PBS (pH = 7.0) solution containing different
concentrations of AC from 0.5 to 300 pmol/L, (B) The plots of the oxidation photocurrent densities versus the
concentration of AC, (C) CVs of Bi@BiOCI/MWNTSs/GCE in 0.1 mol/L PBS (pH = 7.0) solution containing 100
umol/L AC under visible-light illumination, (D) Relative analytical response (I,/l,) for 100 pmol/L AC in pres-
ence of compounds. The potential interferents are DA, AA, NaCl, UA, Glu, GA, Gal, respectively
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