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B OE: BN HT&EIME@EY KE &M BB E % (zine oxide@gold nanocomposites/glassy carbon
electrode, ZnO@AU/GCE)HL fL AL AT W W A HEATHRANAHT . T3k AT ALK TE (zine oxide nano
flower, ZnO)Jf-7E ZnO F A K412k 4:(gold nanocomposites, Au)ifil# T H AN ZnO@Au Ak EESHE ., LU
ZnO@Au MEMikHRl, % F3EmR LAk (glassy carbon electrode, GCE)WIE T ZnO@AW/GCE 1&J88% . 13 %] 22wt
. ZnO@Au M= ILIk, BiE ZnO@AWGCE WAk TAES M, XU A TR AT, R ZnO@Au
AT R M H R RAFAHEIE M, A AR ZnO@AWGCE W R . Wy A W 55 kg
s HILE 0.05~1.00 pmol/L I 1.0~240.0 pmol/L YEFIN R IERR, KithFR(S/N=3)2 0.021 pmol/L, finbsk 45
RG R RO @35k — 8, HiZG RS E M REERr, X E W TIWA Rt THeE ). &ig
ZnO@A/GCE #AEfIH . Pt BER RS, FTR T X0 A B P = o .

KB W A; AR AALPEAR R Kk T

Detection of bisphenol A based on zinc oxide@gold nanocomposites/glassy
carbon electrode electrochemical sensor
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ABSTRACT: Objective To prepare zinc oxide@gold nanocomposites/glassy carbon electrode (ZnO@Au/GCE)
electrochemical sensor for the detection and analysis of bisphenol A. Methods Zinc oxide nano flower (ZnO) was
synthesized and gold nanocomposites (Au) were grown on ZnO to prepare a new type of ZnO@Au nanocomposites.
ZnO@AU/GCE sensor was constructed using ZnO@Au and glassy carbon electrode (GCE). Optimum working
conditions were determined by optimizing the buffer and ZnO@Au for the detection and analysis of bisphenol A.
Results ZnO@Au not only had good conductivity and stability, but also had good catalysis, which could effectively
improve the sensitivity of ZnO@Au/GCE. The sensor exhibited linear relationships between bisphenol A concentration and
oxidation peak current from 0.05 to 1.00 pmol/L and from 1.0 to 240.0 umol/L, the limit of detection was 0.021 pmol/L
(S/N=3), the results of spiked detection were consistent with those of high performance liquid chromatography and the
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sensor had good repeatabilities, stabilities, and had good anti-interference abilities to common interferents. Conclusion

ZnO@Au/GCE is simple, rapid, accurate, and can be used for rapid quantitative analysis of bisphenol A.

KEY WORDS: bisphenol A; electrochemical sensor; zinc oxide nanomaterials; gold nanoparticles
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1.3.1 ZnO@Au #4%] %

(1)ZnO 1131 %

ZnO S SCHR[25 1A T &I RSk sh, A BIFREL 3.0 g
W IREERN 12.0 g MEALENE T 150 mL #IBHRH, A
100 mL 4K, A5 min ff o220, KRG 10 H
HINA 3.0 g I F7 e = LRk 4 50, KRBT
R % SLM-N250 i s i 22 Hh7E 150 °C. 500 r/min(.0
BEAZ 58 mm) ST laABsE 12 h, BJEE EAE e T
M HIS ZnO 9K ATR,

(2)ZnO@Au K%

B 50 mL Bk A 1.0 mg/mL 19 ZnO 430 T 100 mL
HE R, EPIA 0.5 mL Y54 F2(1.0 mg/mL)F1 6.0 mL
FIBRIRER(1.0 mg/mL), TEFHAT. SRJSHE 2000 r/min [5EH
PEREEIET, A 0.5 mL ATEALSIATRI(1.0 mg/mL, e
Bl S AT 0 3 YR K TSRS 12000 t/min 2.0 5 min, ¥
BRI 2 50 mL B HERS (D)3 240 W) Bus 4],
7E 2000 t/min FEEEESE T, A 0.1 mL AY&4:H2(1.0 mg/mL)
1250 pL 1.0 mg/mL FYEERRFERE, BEFE 30 min, TR
R, FeE 12000 t/min FELC 5 min, BFFEA=EIBERE 50 °C
Fs T4, B)S ZnO@Au.

1.3.2 ZnO@Au/GCE #) %) &

GCE &% U271 B el o, Kb R GCE B
FEARHIRUL 5 min, FiJ5E T 1.0 mol/L FIBERRIE I H HL A,
—1~1 V fE¥K 2 (cyclic voltammetry, CV)FIH 20 Rl HEATTE
RAb PR, FHB A EL 6 pL BN 1.0 mg/mL )
ZnO@Au S HUK, YT INTE IS 4b)5 i GCE i, ERT
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#: ZnO(Z£x20000); ZnO@Au(£7 x200000) .
El 1 ZnO Fl ZnO@Au fi] SEM [
Fig.1 SEM images of ZnO and ZnO@Au

2.2 ZnO@Au/GCE RUE L RIE
Ph 10 mmol/L HYERTFALBI A HL gt BT 5 W 43 3 XF GCE

S aa,

ZnO/GCE #1 ZnO@Au/GCE #4738 ¥t (electrochemical
impedance spectroscopy, EIS)FRALE, Z5R K 2 s,

250

100 200 300 400 500 600 700
Z'/ohm
7E: a: GCE; b: ZnO/GCE; ¢: ZnO@Au/GCE,
K2 AR AR A EIS HiZk
Fig.2 EIS curves of different electrodes

M 2 A1, GCE BIBHAT N 379.15 Q, &4i ZnO 442K
TEJF PR R 181.78 Q, 5 GCE #itt, FHBTHEALT
52.06%, XU ZnO KL HA RAFH) R, REA %
AR BEY . 47 ZnO KX B A Au J5
ZnO@Au/GCE [#{%} 57.20 Q, 5 ZnO/GCE 1 GCE #H LB
Bior BIAR T 68.53%F1 84.91%, X 2HE N Au Kk T4
1A B HAT AR R S, 17 H Y HR FRiA2 /N T S nm B,
JLF AR B, AR T R R e, B
TR, BOSTE ZnO YORAERE T Au 90KK TR
ZnO@Au ] HE— L REAR A A BR BT, B fL ki i) R A
2.3 BPA KIEEHZEITH

LI pH 6.8 [IBEERELEE w4k (phosphate buffer solution,
PBS) LM TATR, 73R ARSI 0 F1 1.0 pmol/L
B9 BPA JE1T22 43 )ik i (differential pulse voltammetry, DPV)
4, FERmE 3 R,

3.0

25 F
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2
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##: a: GCE (0 pmol/L); b: GCE (1.0 pmol/L); ¢: ZnO/GCE (1.0 pmol/L);
d: ZnO@Au/GCE (1.0 pmol/L).
3 BPA /iy DPV ik
Fig.3 DPV curves of BPV

M 3 43Hrnl %, GCE #£ 0 umol/L ) BPA H G4 4k
W77 42, 7E 1.0 pmol/L BPA H () 0.43 V it i 3L T B L%
AL, FLEH KN R 0.946 nA . Y47E GCE L
i ZnO J&i, ZnO/GCE 7£ 1.0 pmol/L 1) BPA H il 75 fity g e,
oA 1.356 pA, 5 GCE MHELIEHIRIR S T 43.34%; M7
GCE &M ZnO@Au 5, ZnO@Auw/GCE 7£ 1.0 umol/L
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BT R R A B e L SRR R R, R A A 3R T
b2 W SRR EREE, 59— Ak & B i 5
HL PR FNAE AR 25, R X AR FAR R B ZnO@ A J5 AT
DA RCHbAIR P A 3R 1T R fb 4 S N R R T, b e T 5 RS
A, A AR e AR 1 R AU

2.4 2% pH KL

Ll pH i 6.2~7.4 1) PBS SN LRSI, S lfEIt 5%
R RH ZnO@Au/GCE % 1.0 pmol/L ) BPA #1T DPV
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4, kWS pH ¥ ZnO@AW/GCE (540 . 453 1] PBS
1 pH X} ZnO@Au/GCE A — & WIRZ IR, 305G K5 Ik
HEa#, H24 pH Jy 6.8 Il HL JidR Kol 2.347 pA, iXJEH
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WHTHE, B4 pH 2 S & ZnO@Au L 14 40Kk
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F AL S RN AR 2R, R T 00 L 5, BRI AR B 1
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200 mV/s FYFHEFERXTXT 1.0 pmol/L () BPA #£47 CV 434,
ST BPA TEHUR R Y SN, 450 ILIEL 4.

B 4] 5, BEE TR R A SR BPA 19 A Ak G L it
B R, HAAARE RO IERS, AMIEHLR Ip AR
VIR R, LR N [p=0.0524V-0.2529 (+*=0.9992),
X UL BPA 7£ ZnO@AWGCE % Ifi i HL Ak 27 S I A2 57 W fff
il fG, 5 3CHR[29-3014E — 54,
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Fig.4 CV curves of BPA at different scanning rates
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1.5¢
5 2.8 ZnO@Aw/GCE EE MM E MR
2100 K &4 ZnO@AWGCE %t 1.0 umol/L 1) BPA %45
051 DPV 4734 10 YOO HH IV TIITY, 458 R 10 WL
AR bR AE 2 (relative standard deviations, RSDs)A 1.92%,

0
B S & BH & F &
NI R i
T4
# 5 FHWX ZnO@Aw/GCE BN (n=3)
Fig.5 Effects of interferents on ZnO@Au/GCE (n=3)
ME s A, & TR ZnO@AWGCE (5 7E
1.41%~4.93%2 0], o RIRZE/NT 5%, KRR A FEY
) B T B N R SRR R (AR [R], CHE — 2 14 B R 34

Ui ZnO@AWGCE (& PEHT il & 11 ZnO@AWGCE
TE 0~10 °CA1F R B ML 30 d J5%t 1.0 pmol/L 4 BPA #E£ 7
DPV $4ili, ZIH: 30 d J5HXt BPA BYAIIBCRAT AT ik 2
BWIM 95.82%, BLWIHI450 ZnO@AWGCE Fa:E My,
AL E AR

2.9 trifEZR LR

TEFAESAT T 238 5% 0.05~240.0 pmol/L 1) BPA #47
DPV #9944, 45K ILE 6.
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5l 6 BPA W5 50 fhude f 3 A 19 0 2R i 42

Fig.6 Relationship curves between concentratiosn of BPA and oxidation peak currents

ME 6 B, BPA ¥k B 5 4 Ak 0% H R 43 0 AE
0.05~1.00 pmol/L F1 1.0~240.0 pmol/L JEEIN LR, £k
PEIFFRAF TN Ip=2.441C+0.012 (¥=0.9976)F1 Ip=0.2441C+
1.051 (7=0.9968), & HiFR(S/N=3)7 0.021 pmol/L, £
R TE, At BRARCAIG, Tl A X6 S B b AR R I 5 5K, 7T
FELBRRE S 5 AT
2.10 SERRHESRIN

TER ARSI 2514 40 R ZnO@AW/GCE SR
AH %5 (high performance liquid chromatography, HPLC)
X SEBRRE SRR 43T, BIARAGH BPA, SRJ5 [ Ao
A BPA i HEE /R #4314 0.1, 10.0 A1 100.0 pmol/L, %}
FHAT bR BICR 28, AR 1,

MZ 1 A, ZnO@AW/GCE Xf BPA -2 [l i 75

96.54%~102.5%2 8], 5 HPLC [ -3 [m i 245 5| — 35,
HXF 3 AR R INPRIRZEIR AN 3.46%, /NT 5%, BiHIH:
AME RS, R TR .

3 & 1

AT T HEE ZnO@Au WIKE SR, i
#T ZnO@AU/GCE. #1451 ZnO@Au Tt ffbitd
UF, AT R AR I 1 R AU . ZnO@AWGCE HAT [T
ke . A MERBTTHRE S, X BPA RUAINZE L
B8 KBRS AR R B . AN 38 6 SRR
SYMT R, HSEBRRE SR ES RS HPLC —8, vIfE
R, HIEH ZnO@AW/GCE v ik 71645 05 st A TR AR
K. ERAEIRB B, S BPA (R E B iR gt T —Fh
B %, AT BPA B HRURG I 4347 .

#F 1 BPA BIFHEIRRLER (n=3)

Table 1 Results of average recoveries of BPA (n=3)
Trik JNbR e BE/(umol/L) 520 e JEE/(umol/L) SPH % /% RSDs/%
0.1 0.1025 102.50 1.89
ZnO@Au/GCE 10.0 9.7630 97.63 0.97
100.0 96.5400 96.54 2.01
0.1 0.0989 98.90 1.74
HPLC 10.0 9.9230 99.23 1.13
100.0 97.2500 97.25 0.95
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