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An Electrochemical Sensor for Tetrabromobisphenol A Determination Based
on Functionalized Graphene

WU Shengli,LIU Yi,SUN Yanjuan,CAO Yuan ,ZOU Jing’
School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: An efficient electrochemical sensor based on the functionalized ultra-thin graphene nanosheets was
fabricated, where the graphene nanosheets were prepared by an exfoliating technique with the exfoliation solvent
(N, N-dimethylformamide) and the auxiliary agent (sodium citrate). The resulting samples were characterized
by transmission electron microscopy. The result indicated that in comparison with bulk materials, the resulting
samples were thinner graphene nanosheets with monolayer or few layers. Tetrabromobisphenol A (TBBPA)
electrochemical sensor with high sensitivity was developed by using the functionalized graphene nanosheets after
a series of optimization of the ultrasonic time, graphene mass concentration and solution pH . Electrochemical
impedance spectroscopy showed that the electrochemical sensor exhibited a faster electron transfer rate.
Moreover, the functionalized graphene nanosheets electrochemical sensor displayed linear range (0.1 wmol/L-
14 pmol/L) and a lower limit of detection [ 5x10™ mol/L (S/N=3) ] for TBBPA, respectively. And the fabricated
electrochemical sensor was successfully applied in the detection of real water samples, and the recoveries were
between 98% and 101% . In addition, this electrochemical sensor also exhibited good accuracy sensitivity,
selectivity and stability.

Keywords: graphene; exfoliation; NV, N-dimethylformamide ; tetrabromobisphenol A ;electrochemical sensor

Wr#s H #3:2017-08-28

EETE - EHAKARBEREA (21471122) TR 2058 4 QDR 2 42 (2016171)

PEZ B A SR, AR 55 4. E-mail : 807886988 @qq.com

HEWAEE AL W, WL HUR L5 A S 0. E—mail : jingzou@ wit.edu.cn

SR A, XL, IMHELE L 45 D RB AL AT SRR DU RS A 1 e AL 2P A T 9E L) ). RO AR R4 31) ,2017,39(5)
432-437.
WU S L,LIU Y,SUN Y J, et al. An electrochemical sensor for tetrabromobisphenol A determination based on
functionalized graphene[ J]. Journal of Wuhan Institute of Technology,2017,39(5) :432-437.



551

SR, A DR A SR 0 DU TR XU A B4 AL AL TS 433

A1 550 s PRSP TR PR Bl D K A Y
JORI 4 A%, 2 BB S )z R 4k
S5 R AT FL T 1 2 TRl G A R B R e FDG S
B BTz M TR AR A
25 A= W S 0 A . 2008 4F, Shang 45 1 UCTE
fif b 2R A P 51 i AR 51 A9 A0 5806 - (graphene
nanosheets, GNSS) , I Fi T il 45 £ X e 1% 1% 28 7.
SRR R T R A2 30 D S A A 28 0 4 1 A B
W 8 K B F AR, SCHR > SR P VROAF R 5 A 2B 11
T3 ki o5 A A0 R T VRORE R S 1k ) B A
Pl A, BRAR R B BT A 0 SR R AL A TERE R
O e ) 3 A R L ARAE R R LA 4 Al 2

PO XL A (tetrabromobisphenol A, TBBPA) ,
e — MR AL BELA R, Tz T 3RS RO R Y RN
ASTNGRL SR, AR Y TBBPA AR 75 5 ik 5% 31 26
e, o I AR R 0 /0N il UKL B 28 0T BT B
PR LR KIS U8 B A Sl A R 2K o
T TR G & BT TBBPA ™. K TBBPA (¥ 7 kA
Zo T, 3 T B i $ 2 3% 7k (surface enhancement
of Raman scattering, SERS) " AUMH 633 - I 135 Bk
% (gas chromatography tandem mass spectrometry,
GC-MS)™ AR (@3- TSI 4L AR (high-performance
liquid chromatography tandem mass spectrometry,
HPLC-MS) = | & 2% W AH € 3% - A 15k o 3 ik
(high-performance liquid chromatography spectrometry
tandem mass spectrometry tandem mass spectrometry,
HPLC-MS-MS) = R B & 2R B9 FEAR =20 4R, X
67 1 52 B TR o T Ak B I 2 I, R Y DL i
T AL AR B R A, SRR R A RS AR
A2 3 7 . AR, HA A G R  R B )
REAL AT 25065 1 1 L AR 2 ] T TBBPA A% B 5 ik R
DLARIE.

A R E M, R R MRS, 5 H
A o s 055 ) 9 AH AR T 4ess , OF B S84
Fr 5 Z A B i YA AR ) 2 5y e A R AR AT
HOME T K S i P B A AL R L 3 25 A0 B 0 1 2
— T MO, 3 B T AR R B IR, Sy 1 FE o K
PRI BAERE , JF ot He R L T (A4 e i
fifp PE AR R R o HOPE A ), 0 ATOR A S M 2R AT
AR TR A, A SCRL N, N- R T i (Y
N-dimethylformamide , DMF) Ay 3 55 175 7] , 2 11 15 1k
FVFT A IR 50 hy W 3R, WAL 75 %0 B A A0 3RS T
PP IR G- A1 35 05 52 5 A KB, Bk T A B0 1Y
IR I & T S RE A AT SR AR B A e . KB

i B T H AL 22 A T TBBPA , J7 325 fi B, K6 ) 52
MO, B R ARSI R

1 SCIGERSY
11 B R5F

%5 5 B F 12 3 8% (transmission electron micro-
scope,TEM) :JSM-2100, H AW F; 6 XN EHEE O
BL:TG-16, KPP PR ALRAT BRZA ] 5 v 23 A
K : JAT003N, b 5T HE 2 i 7 A 2 2R Ge AT BR A 7] 5
B A 7K 4% : PGUV-10-AS, BT a0 {4 3 % A R
N S BB IR £ QC31200, Wb o 2 1 ek B4 14 4%
A R ) 5 HL AR A AR : CHI660E , |1 RAEAN 25
AR A

A1 R0 AR PR R BB BR 2 7] s AP B A
AR, [ 25 4L WA 2R A BR A 7 s DMF, AR, [ 2}
A AL 27 iR AT BR 2 ) 5 R Sl — 4 e i R — &
B, AR, [ 25 4R L 2= R A PR W)L SE g K 8y
FAEK.

12 1&iER R F &

MR ) £ T vk - FRIBOGE 5 9 A0 S5 M AT 1 mg Fr
B AN T/NGER T A S mL DMF, B A5 — &
IR, BPAS 30 89 A S8 I B M . [RIAE BRI 1 mg 7
BB AN T/NGER AR5 mL DMF, #8745 — &
Bf ], BDAS DMF &40 9

£ B Wk B A% (glassy carbon electrode, GCE) H
0.05 pm [ ALO: il SRy T B | FHIC 7K £ I L livk
PV VE 5 min, £ AUSRT 48 1.

WS WL bR A8 M VR 531 X S T A TIAL PR G
1) GCE HL Ak T |, 7E 2L AR KT T Bt RO A5 AH B 11
T RE A AT S M 48 1 i B B2 DMF 8 A v A

2 ER5iTi8

2.1 AZEHHTEM RIE

L1 Sk 0 2w FEE S R B 3 h S A A
(G@3h) 1 TEM &, 1 & 1 o] LA 3 88 05 A
S 0 JEE I AR P N T )R U LR S A
Y
2.2 TBBPA%E G@3h/DMF/GCE LI F1TH

& 2 & GCE,DMF/GCE Fl G@3h/DMF/GCE 7&
5 mmol/L [ [Fe(CN )] F10.1 mol/L i) KC1 ¥ W
TR BH T R G@3h/DMF/GCE Y 52 i BH 3T B & /1N
F GCE Fl DMF/GCE, i} ] G@3h/DMF/GCE B4 1
PR L B T

&1 3 2 TBBPA 7 A [m] H Al b 1) 1 R 4K %2 5]
ZE W N pH=6.5 19 0.1 mol/L W 2 2% wh i L , iy



434 R T AR KA

o539 4

500 nm

500 nm

E1 BEKBTEME: (0)XFE,Db) MER
Fig. 1 TEM images of graphene: (a) before exfoliation and

(b) after exfoliation
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Fig. 2 Nyquist plots of different electrodes in
5 mmol/L [ Fe (CN) > solution containing 0.1mol/L KCI
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Fig. 3 Cyclic voltammograms of different electrodes in
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Fig. 4 Electrochemical oxidation progress of TBBPA
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