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L EPREA . AT SRR I AR T A 2 .
T HE5E BPA IHLALAEM N, AS [ 04 R AR AE R e
ORBIEACKET Y | SAKRRTFEEY T Bk
T/ ARE S A E I -Ce0" . HEE DNA
A RRERR AR M Is e e Rla M e B
FT BPA UK . AR TR T K ls sk 5 e
Bl H Al SRR A B U R Bl e R b -
A BRI S A B R AR A R BPA RGN AT

11 %% (graphene, GR) J&— Rl %5k b1k,
HAEMRS SR, esfoet:, ARG RNT
T AU, GR BARHAIER LT R bR, (A
HFR M R A EE, TR ) A K W
e 8 35 PP AT 2 PSR, A R L B ) GR 7 16 1 i AT
N . R g BER ( polyvinylpyrrolidone,
PVP) JE—FUKIEER G, ¥ PVP 5l A GR i )2
rha] AR 1 GR (954 . N. Ruecha 2 A "4 &
i IR AL BE R AR K ( polyaniline, PANI)
5515 399K k1B GR-PVP-PANI, F44 H ] T H
[ AR ) A5 R B A, SRR, 9k E A AR
TN PVP Al DL B GR B4 B IR
HURR A S H e, AT 2 3 A % B 1 R AR . C
Saengsookwaow % A PO il £ T — R A B A 0 B -
B ARSI — SR 4 18 18 22 I B it s L AR T
W AR LRI B, ARSI 2~300 pmol/L,
KB 0.07 pumol/L. Liu Q. 25 A PV B T8 Z Mk
W BERR — £ 2R 25 T 2 B (dopamine, DA) Hi
EpAE IR, AR IR 2 B AL AT RATR
WAL IEE, HARZHIRMAER (ascorbic acid, AA) Ay
T, ATFEZH LASE 2N A i — A7 B A g
Mg ( glass carbon electrode , GCE) , #il# T
PVP-GR/GCE, I I 1 £ il % o 7] 7 20 8 (4
W, FEm AR S5, AR b i g 5 vk
JEFE 0.02~100.00 pmol/L 715 FBl N & K AF Ik E R &,
KR & 10 nmol/L™., {H:¥% PVP-GR/GCE -+ BPA
FAY ARSI 30 2R WL SCRRAR 18 . A SOKF PVP-GR/GCE 1T
BPA (6, #8157 BPA 7E %46 M B b b i o ko
TR FEALALER, RFE & BPA 7 RIS

2 SCIGERY

2.1 M5B
1) 251
XU AL RIS IE i . A Bk I T [ 25 4

A2 A R A F] s BREARET . SRR e R R A
I F I KA 2= JooK SRR g
DAL TN A BRA s JOKOEE, LR . ZFREN
AR FRTHT (i) Ra AR Bl
KRy EEgeEE Al

2) U

Wi oA, JP-303E 1, JRABILERT 5 Hifksy
TAE%;, CHI660D Y, i RAAUER A A, —H)
1R Z Bl PVP-GR/GCE ( ®3 mm ) iy TAFHLH . 1Al
HoRkHH (saturated calomel electrode, SCE) HZ:[t
HIM . A2 U ARCA X AR, SEB0 % ) RSB IREETT,
SH2601 A, Fi R NEABRA AL 8 BT,
KS-150EI Y, Ui RERLE A B4 Al FHiH
TEHEE, EVO18 &, fl[E4%+] ZEISS.

2.2 PVP-GR E4YHHI&

ZHCHK [14], DA ER A RAR A E. 50
mg LA BT 100 mL B2k, 16 7S D
VAL AR 2 h, BEIEERE N 0.5 g/L AT
o8 A BB A ( graphene oxide, GO) . ¥ 20.0
mL FiRHI45H GO 5 10.0 mg PVP 7ERIR IR S,
F N 10 min, FRATA 20 pL it 73 50O 80%
7K A E TR 80 wL ot 43 BCH 25% MUK, T
95CILI 1 he J &5 I 34 AP, ikl
W BRI A PVP-GR 2 i, HAT7E = I T o g A7 2
Ao ER AT PVP #4 GR LU F X ke
S
2.3 (&R H &

# GCE (®3 mm) FHi4EH 0.05 um [ ALO, il
ek AL IR, TR GCE JB)m & T 281k . ok
LT, ZEBK &A1 min, HETHEA, M
SHEFEHL S uL PVP-GR 2 i T GCE £ 1fi, 41
SMT R HET, B4 PVP-GR/GCE., % bR 5 il 4%
GR/GCE X Hb 525
24 REHE

TR L A% PVP-GR BIOUE S T
RAE, TAEHRER 30 kV. RHTEFR ZIEXT PVP-
GR/GCE [HAbA# 0 TRAE, LAWKEE R 1.0 mmol/L 1Y
K, [Fe(CN) ] W WA H AR 2 R, M R 0.1 mol/L
(1) KCH WA Ry SR A 0T, FEL A DX (R R —0.2~0.8
V, FHER R 0.1 Vs,

2.5 BPA #il&EHME

R RSN T 1 R R, R B S Rk



€1 %= = #§ PACKAGING JOURNAL
2018 &£ 55 10 % 25 3 H VOL. 10 No. 3 May 2018

FARER AL XRS5 A TRk, 1) % %8 PVP-GR
BN BPA AAbIEHL R . K GCE itk 2
Ji, RS AR BIRSEL 3, 5, 8, 10 uL ) PVP-GR
MBI T GCE Rifi, ZLAMT FHET, Kbl
PVP-GR/GCE TEMIA 26 F T ( AVEEEH 0.1 mol/L
1) HyPO, VS WRAE I R fif i, & hoV, &
ARIFIE] R 120 s, HLAZEHEIXE R 0.2~1.0 V, i
FH 0.1 Vs ) KEE R 10 pmol/L 1 BPA, 43#T
HAAARIE T . 2 ) FBEESCRFHLR BRI ZEXT BPA Afb
WA FRL UL R SR o SR HALARR BT 40 0l R R R 22 vPi ( pH
{4 2.0~9.0 ) . HAc—NaAc Z& /i ( pH H 4 3.0~6.0 ) |
HAc-NH,Ac 2% tf i (pH {E } 3.0~6.0) . VA1 iR -
WA TR 2% bl (pH fE°M 3.0~6.0) . (CH,)N,~HCl
Z il (pHAE M 3.0~6.0) DU K ¥ &4 0.1 mol/L [
HCIO,. H,SO,. HCl. H,PO,. HAc Fil KCl A, 3)
BPA £ 61 v M 2 11 1) A0 Ak o i A W R o, 0kt
AR A SRR R T TR, BN E AR
LA (-0.3~0.3 V) &4 120's, %2 BPA %A 1L Ig
Hif. BTSN 0V FEHEARBHE (30~180
s) , MI%E BPA [ ALIGHT
2.6 FRifEd&ERYZH

FREX 0.228 ¢ BPA, Flidife CWERsf#, FEAEESE
HERZE 100 mL, BB R 1 x 107 mol/L iR
HERA AT, LB TAREIRTTE 4 CRITKFET IR AE
FHR 55 T B I — 2 1Y) BPA ARifE B &5, FHE
K BERMRRELR, MHRWELE R 0.1x107°~1.0
mmol/L AARME TAEW . FHW i B HER RE I — 2 1Y)
AN[AHR B2 1 BPA B TAEWRIN A 2= HLfift i, I m
A 1.0 mL ¥4 1 mol/L ) HyPO, ¥ A hy S F5 e
I, FIMAGE SEBAKFEREE 10 mL, 58] —R5)
AN T e B AR vEINR I . A PVP-GR/GCE A T AFEH
e, SCE RS HHitl, 22 il b X B Al 4 — Ha
WARZR , B = BGE AR A AR A, AR =
MG A BB AEI R, T 0V IR E 4 120 s,
FE Ss, LL0.1 Vs [EFEAE 0.2~1.0 V Y HL R
IWHFTFAR R, e B s ket 2
TE SRR [R] R B 1) BPA B VA VRO IO 1 S Ak L 3 {1

(CRRAMREEMN & 3 k), FHAR Al f i ) P X (0 A

HENRIR vk BEAEZ: HlbniE i e, 75 2 Sty B S
TBR
27 mFHER

TEW SN 10 umol/L [ BPA i i 75 & b 43 3l

AANFEREE T, R ER 544 Il %E BPA
AALIERTE, ST BPA B4 A1 i i X
o, TERVIHEXFIRZE N + 5% TR, HASF T
VI e 5 BPA WRIEY UM,
2.8 Hmiaim

MR T W 3K T R Ak R iR ( polycarbonate, PC )
BT B B2 4 DLW 3 A K, SRS & M (polyvinyl
chloride, PVC) # 5T i /K LRI S A2 4% 4 Rl g}
WS Ay Igns R 1,2, 3, 40 AR SCHk [13] Hr s,
il & FE SRV B 0.5 mL FESHAET, A 1 mL ¥
JE24 1.0 mol/L 1) H;PO, ¥k, E4AZE 10 mL, R
TR B LA AR A BPA L.

3 HRSIE

3.1 PVP-GR BHRIER S EH

B 1l GR AR EILT GR B rE A A St
BB, WORSCHESE PVP B GR 7E KB B 9 43 8L
PEfE. 15 GR. PVP-GR HIESFAE KA Herk A .
I AT 1 )RR GRIRA 248 R GR AT B SRR
W] PVP-GR 1247 GR MI%#; 2) GR Zr# oK
wirh, JLRJE R ITIRE LS 3) PVP-GR LT
KPR R BRI S, B PVP-GR 787K
W B e RE L T GR.

1 um

a) PVP-GR 43l 51K

b) GR 7HHllA

1 PVP-GR MESRIEER GR. PVP-GR B HRE

Fig.1 Morphology characterization of PYP-GR and the
dispersion of GR and PVP-GR

¢) PVP-GR 4k
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32 AREGBRBHBLERT

& 2 Je A 1.0 mmol/L Y Ky [Fe(CN)] ISR E
GCE. PVP/GCE, GR/GCE #il PVP-GR/GCE I [¥] i
IR, EATAL: 1) 722D GCE Ry TAEHAR 15
IMRAEHRZE b, AT B — X ] 3 1) Ak A i
PHIGHLNT 22 AE, 77 0.109 V, S ALIEHLT i, A 504
LI i, 205910 1.403 pA Fi1 1.478 pA; 2) 4 LA PVP/
GCE N TAEHAME, AE, HIIZE 0.287 V, i, /D,
XFHW] PVP / GCE AR THLFRYEE; 3) 2L) GR/
GCE y TAEHLA T, Ky[Fe(CN)G] Y i, A1 i, 53T,
S3IHENEE 28.260 pA F132.430 pA i, HAE, 4 0.093
V, X% GR/GCE fgA % Ml T R, 4)
24 DL PVP-GR/GCE A T H ] B}, K;[Fe(CN),] 7E
PVP-GR/GCE ¥ i,, Ho#£ GR/GCE 1Y iy, #E—238 1,
X ULEH PVP 238 T GR WK, Hfb2pthaE
B

03 04 05 06 07 08

E/V
a: GCE; b: PVP/GCE; c¢: GR/GCE; d: PVP-GR/GCE
2 REEFA 1 mmol/L B K,[Fe(CN),| &
AREHBER LHERKZE

Fig. 2 Cyeclic voltammograms of 1 mol/L K;[Fe(CN),] on

-60 .
-02 =01 0

01 02

modified different electrodes

3.3 BPAEARREMBERLHZMSHEERREK
RITHA

B S R M A AR 2 R — T A
RSB R, AT DLER & e & 4 B 09 52 6508 3k
Bk B 18 3 O BPA 1E 4 FORTE TR (GCE,
PVP/GCE, GR/GCE Al PVP-GR/GCE ) ] [ &
Btk E . mE 3 A% 1) #ELL GCE
TAEHRARES, Wik a s, BPA F0.912 V i H 3
— 53R kg, i, 4 1.781 pA, XKW BPA 7£ GCE
SR %, 2) 4L PVP/GCE Ry T4
HLRRERE, ANARZR b 7R, BPA B4R AL I HL RS A7 38 0,
E, 50892V, i, 3844 uA; 3) %Ll GR/GCE K
TAERMES, iz ¢ Fin, BPA 7829 0.846 V AbAT

RLAFIETE R A, i, o4 20.220 pA; 4) 7ELL PVP-
GR/GCE i T fE Wit BF, 4nh 2k d fr 7k, BPA T
0.880 V &by A HAAJRBLIETIE () A fbIE, i, N 78.690
uA. X it B PVP-GR/GCE 7t %> & # T PVP 1 GR
BRI, (A5 A B i A X BPA HLAT B R 1)
AL TEE

P I c
< 120 \/

0 . . . . . . .
02 03 04 05 06 07 08 09 1.0
E
a: GCE; b: PVP/GCE; c: GR/GCE; d: PVP-GR/GCE

3 10 pmol/L BPA ZEARRHMEMR R /Y
“HESHEERARRRE
Fig.3 Second-order derivative linear scan
voltammograms of 10 pmol/L BPA recorded
at different electrodes

3.4 BPA B{LFEREHE

TE MR FE A 0.1 mol/L () HyPO, iF R, AR
ML TAEANR AR, WEH 10 pmol/L
f) BPA i i f£ PVP-GR/GCE | (1) H1 fb 22 47 M.
M4 2 20 mVesT A0 F] 200 mVesT B
BPA W) iy, 2T (WLIE 4) , TR i,=
0.011 6v+2.942 4, L& 1L JF R=0.992 2, 1% %
BPA (1) FL A S0 52 W A ] S A B, B A il
N, BPA BEALIERNL £, (EF%. H E,, BEFIHE
BRI BUE In v LA (WEIS) , &ty
TN E,=25.74Inv+763.5, R*=0.994 8, XI T /A nf il
(A FE, 1 Laviron A2 P AT, E,, 5 Inv 28
PER R RN RT/onF, b o Jy e a6 55 225,
R N PEEIRSAKH K (8314 J- (mol'K)™"') , T HIF/R
SCIREE, n AL TR E, F LR 5 (96 480
C/mol ) . TESEAA WA S AP a 3l 5 R 0.5,
R AT 145 n~ 2, Bl BPA 7£ PVP-GR/GCE | 1Y%
FEII R 2 FFZ 5 0 U o
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4 RUERZESHEEEXRE
Fig. 4 Relationship between oxidation peak
current and scan rate

910

900 £ =25.74Inv+763.5, R=0.9948 .
890+ ..

880r | 4

E /mV
pe
%
~
S
\
[N

8501 4

840

830 . . - . .
25 3.0 35 4.0 45 5.0 55
Inv

Es5 SCERESHERENHHXRE
Fig. 5 Relationship between peak potential and

napierian logarithm of scan rate

3.5 M FMMIL

L BPA 11 i, VE R 5, Duf 7 I 550 (42
FEREME ML . RSN S B AR ARE SERT ) |
BRI T AR A MORME M R X BPA 1 iy, 952
W, M4&ifie R S ul B, BPA (i, (EHE K, MW
R 5T AR SR L% T Y BPA 7R
PVP-GR/GCE Wil M pif5%5, Z5HREW], BPATE
WeE 4 0.10 mol/L 1) HiPO, I Hh I TE fe it HL i, (E
B R E SRR 4 0.10 mol/L Y H,PO, I Wi 1E
h BPA E S AT I SRR, RGBS T B AR
Vs AL )X BPA SR AL HL IR 1 5E i, 2 B0 2%
T, ME LA -0.30~0.30 V I [l AR LT,
BPA 1 iy, (AT, X BEH]w R RN BPA 1 4,
EICREM; 4w SRR 3E e, BPA 9 4, (34K,
M AERTE] N 120 s BPIEHLIR BRI R, QR s
SERFIA], i, AEAEAS K, X1 BPA 7 H AR 5 1 (A I

B IR B) T, SOt E A 0V, RfE
AR 120 . JEZeSR 0 TE FiRE A EA I T #k1 7,
3.6 LR 1ETE R Fnah iR

TERALBIRIN ST, SR F o A A R
LE T BPA 1Y i, SR c ZMIMIRHR, 45%K
B: BPA I i, 5 ¢ #£ 0.01~0.40 pmol/L 1 0.40~60.00
umol/L i [l N 2 RAF M4tk C & (anl&l 6 fos )
MRS N ,
21.643¢+1.312, R=0.9938,0.01<¢<0.40 ;
{7.4370 +6.613, R=0.9985,0.40 < ¢ < 60.00°

LR, 1207 BRSEFR A 8.0 nmol/L( f5ME LR 3 ).

lpa

12
i =21.643¢+1.312, R*>=0.993 8
T S
7
4
'
8t .
rd
< e
\:- 6 I
- |
=~ ”
4t .-’
Xr
o M
.
| ]
0 0.1 0.2 0.3 0.4 0.5
¢/(umol/L)
a) ¢ >N 0.01~0.40 umol/L
500
i =7437¢+6.613, R*=0.998 5 R
400 -
’
rd
e
s
300+ ”
< P
=< s
— 7’
200+ s
rd
rd
“a
rd
100} .‘/ -
"
- \ . . . .
0 10 20 30 40 50 60

¢/(umol/L)
b) ¢4 0.40~60.00 umol/L
6 BPA MIRESELIERTHXRME
Fig. 6 Linear relationship between oxidation peak
current and different concentrations of BPA
3.7 PVP-GR/GCE E¥tt. BIERMEE MK
1) PVP-GR/GCE HH# i
%1 KA 1 32 PVP-GR/GCE Hi H %} ¥ J% 4 10
umol/L () BPA 4 LM 7 A5 o 3% 1 AT AL,
FXTAR R 22 (relative standard deviation, RSD) Ky
3.95%, 459 W% PVP-GR/GCE HiH HAT #5471
I
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#1 PVP-GR/GCE HYEIM
Table 1 The repeatability of PVP-GR/GCE for
determination of BPA

A YK HLIE /A
1 78.79
2 75.58
3 73.28
4 75.45
5 78.76
6 82.69
7 76.91
SEHE 7735
RSD/% 3.95

2 ) PVP-GR/GCE FHE{ M,
%2 7 % PVP-GR/GCE Hi % 43 51 i 38 %o [] —
WP BPA VR 4
#2 PVP-GR/GCE MBI

Table 2 The reproducibility of PVP-GR/GCE for
determination of BPA

i AR L /nA
1 78.24
2 74.13
3 73.27
4 73.28
5 71.76
6 81.69
7 80.91
SFH{E 77.04
RSD/% 4.60

HH3 2 A %0, RSD N 4.6%, Wi 45 5 % 8%

PVP-GR/GCE HLM AT R Pk

3 ) PVP-GR/GCE Fa & i

M 1 % PVP-GR/GCE X} ¥ & & 10 umol/L [
BPA 3% 21l 72 200 U<, FLHL I e L SR A R AR,
PVP-GR/GCE T ZE il N T, 1 dEEN
%€, 1 J& )5 PVP-GR/GCE i Jij B, 37 1] Iy B 9 B9
93.2%, 1/ H J& Wi b HL I A W) IR LAY 90.1%. 45
RRW, PVP-GR/GCE H HAT#AF g, wJ
AR F 52 PR BPA BRI
3.8 MTFHER

b1 #%% PVP-GR/GCE fHL T4, 7w
ST, T 5 W ICHLE 7 KA WL X BPA
Rl T G5RRM, EARVTHXRER £ 5% 38
RN, 100 £/ K°, Na", Ca™", Mg™", Cd™, AI'",
Mn*", Zn*". Cu’", Fe’'. Co™". CI'. SO,”. NO”",
10 fEAIXTAS JER My . SPAN SRy . ISR My . X
R, S ARRXTE SR M SE R R . SRR
My, BT BPA BN
3.9 H&aH

R T VU e H R A S B R T, R I
T HUBHRE 5 BPA IR, BT i L 2.8 Y, SR
FHARE I AGESEA AN, 15K 97.3%~105.2%
R TR TR RS, SR R SO €85 12 [
AR HEA TR, P A IS5 SR e 3 R, ik
AL, PRI TR R A R AR — 2, X 3R] PVP-
GR/GCE I F T SZBRFE i o BPA AN

®3 BPAEXHFHEMPHMFEKIRESHAHGERUSR

Table 3 Determination of BPA in plastic samples

e K E */(umol/L) HASE /(umol/L) JIAE S ASHIAE */(umol/L) [T /% HPLC I */(umol/L)
1 0.342(+0.012) 0.50 0.868( + 0.036) 105.2 0.371( + 0.020)
2 0.458( + 0.024) 0.50 0.963( + 0.042) 101.0 0.417(+0.016)
3 2.241( +0.076) 2.00 4.309( +0.172) 103.4 2.264( + 0.045)
4 1.072( + 0.036) 1.00 2.045( + 0.049) 97.3 1.058( + 0.043)
H: Fhra. b FORKNECNFIE « BEXE, BEEN 95%
4 ZEiE unmol/L ({ZM:H N 3) . IRl PVP-GR/GCE HAT [

T B PR RIS BT T LR T, Wl F TRk &
AL 45 T PVP-GR/GCE, #5371 BPA 1

) - BPA &t A
B AGI 5 E. SR o S R e T AR e %
Frifil % B9 PVP-GR/GCE #1755, F1LA BPA A Hx P —

ST, WESE T2 R E I . IR E T

S 4R ], PVP-GR/GCE X} BPA [ HL Ak 2446
BT B 1 R U RN T e MEVa I, 2R PEa I
0.01~0.40 pmol/L F1 0.40~60.00 umol/L, #lFR 4 8.0
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Polyvinylpyrrolidone-Graphene Composite Modified Glassy Carbon Electrode for

Electrochemical Determination of Bisphenol A in Plastic Products

HE Quanguo', LIU Xiaopeng', DENG Peihong®, LIU Jun', LI Fuzhi', LI Guangli'

(1. College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Department of Chemistry and Material Science, Hengyang Normal University, Hengyang Hunan 421008, China )

Abstract: A electroanalytical method was proposed for the determination of bisphenol A (BPA) based on
polyvinylpyrrolidone-graphene composite modified glassy carbon electrode (PVP-GR/GCE). Morphology and
property of PVP-GR/GCE were examined by scanning electron microscopy and cyclic voltammetry. Electrochemical
performance of PVP-GR/GCE for detection of BPA has been investigated by second-order derivative linear sweep
voltammetry. The linearity range, detection limit, repeatability, reproducibility, stability, selectivity and sample adding
standard recovery under the optimal condition were researched. The PVP-GR/GCE showed enhancement effect on the
detection of BPA. Influencing factors including the amount of casted PVP-GR, pH of buffered solution, accumulation
potential as well as time were optimized. The results showed PVP-GR was of the properties of GR, with the
dispersibility in water solution better than that of GR; the oxidation peak current of K;[Fe(CN),] was greatest in PVP-
GR/GCE, which indicated the adding of PVP improved GR water solution, and enhanced the electrochemical property.
Under optimal conditions, a linear relationship between concentration of BPA and response current was obtained in the
range of 0.01~0.40 pmol/L and 0.40~60.00 pmol/L with the detection limit of 8.0 nmol/L (S/N: 3). The PVP-GR/GCE
exhibited good selectivity, sensitivity, reproducibility and high stability. The PVP-GR/GCE was successfully applied in
the determination of BPA in real samples with the recovery of 97.3%~105.2 %.

Keywords: polyvinylpyrrolidone; graphene; bisphenol A; second-order derivative linear sweep voltammetry;
plastic products
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