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SN A — 2 MIP, H As® FITERSAR 43, 402 il VR D A oAk, 3 ik 4944 L 8% (SEM) RN BE IS [ (EDS) %
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S AT H AL 2 T A 3 T S ALAE I A CHI

760EHL L2 T AFu (Chen Hua Instruments Co.) 7
HRLA = AR R T, A ITO (4 x 4 mm),
NPG/ITO,MIP/NPG/ITO % # 4 L)% (GE, B 1% 3
mm ) VER TAER R, R SRR 2 e B il A4
22RO (B 0.5 mm, - 34 mm). g A
b1k (EDS) Bl FH L #4547 B it /3 il X 40X
(Bruker XFlash-SDD-5010, f# 5 ) 1) 15 kV 1% Nova
Nano FESEM 450 k15, A Ak 2: L 05 78 % i
T AT

SAALHES (ITO,7 x 4 x 1 mm) I [ R4 R
FWAB A R A JER = KEY (HAUWCI,-
4H,0), MERE, AR 2K A 2K W ¥ i Sig-
ma-Aldrich 28 Bl #4t. i@ # B Acros 28 Al k1S
{14 e Vi 3 A o T 4 J i 45 VA T (1000 mg - L) il %
JeAd A 4 B i, Hh R Hg Cr,
Cd* As* Pb* il Cu. HiAbAk 2= i B 7 g, R
ﬁ#ﬂ%ﬁ@’ﬂj {ﬁﬁﬁ KzHPO4'3H20 ﬂl KH2P04 —FE'J%'
BERR R 22 vi (PBS) , I3l i A HCI 5 NaOH 3
5 PBS 119 pH {H. 555 % BT il H AR S T &
4 5.0 mmol-L* [Fe(CN)s]**,0.1 mol-L* KCI #1 0.1
mol -L* KNOs. ¥ 1.0 g HAuUCI,-3H,0 ¥ it T #i 4l
Kl HAUCL, I (10 mg-mL*),4 °C Nkt
TRAE. SCH0 FHK B R 417K (18 MQ-cm).
1.2 #l& NPG/ITO

TEAE M Z AT, MU AT FH F e, R ] A8 2l 7K s
Fr# A A FE 10 min LIVERR ITO (4x 4 x 1 mm)3k
5 5, W 1A Fis. BARADTRU & 40K
% £.4> (nanoporous gold, NPG) 2% ik i i Tomi-
naka J5¥E® . {1 F Z , H S E S 10 mmol - L?
HAuUCI, #1 10 mmol - L* CuSO, £ 0.5 mol -L* H,SO,
W I 0.15 V AR #1000 s 78 1TO 2 i HL LAY
Au-Cu &4, )5 , 78 0.5 mol - L™ H,S0, Hii i 1.0
V HLE LR HE 2000 s, #E4T Cu BIEA 4, RS ik
FHIK R IE 2678 9 NPG/ITO. NPG/ITO #6271
FARBEEE 1B FiR.
1.3 #/%& MIPs/NPG/ITO

3 78 0.1 mol -L* PBS (pH 7.0) L) 1.0
mmol - Lt As* /E M AR A1 4.0 mmol - Lt 4R — i
Ve RIhBEalA | 75 -0.2 V ~ 0.8 V U Bl N k47 7E
NPG/ITO 1 I i fi - R & il — 2 R G WRE. Tl
JEiEL -0.8 V ~ 0.8V LI, #E 0.1 mol- L™ HCI
HET CV B LAMEIR, BRI AR g
B i H AR E 1Y kA B (& 47 5.0 mmol - L?
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B 1 1TO Ye2=E (A); Hil45 NPG/ITO 562418 (B) ; il 45 MIPS/NPG/ITO iR, Hr. 1ITO(i) ,NPG/ITO(ii) , MIP/NPG/
ITO(iii), A& MIP/NPG/ITO JEf (iv) FIFRAE & (v) As*(C).
Fig. 1 Optical diagram of ITO(A). Preparation of optical map of NPG/ITO (B). Schematic representation of the formation process
of MIPs/NPG/ITO. ITO (i), NPG/ITO (ii), MIP/NPG/ITO (iii), and MIP/NPG/ITO extraction (iv) and binding (v) As* (C).

[Fe(CN)e**,0.1 mol - L KCI #1 0.1 mol L* KNO;)
M MIP JZHEBUR A As®, AR H R E
MIPS/NPG/ITO. 45 MIPSINPG/ITO [ 7 i [&l 1
Kl 1C s, i T Eed, BR T AEnLig iR A ad it rp
A As* 41, SRR IR 7 kil 2 T R R FE)
T REA W) (NIP) B A FLA, , FRA NIPSINPG/ITO.
1.4 BL=EZ

TEREHEW P, 16-0.2V ~0.6 V AL RN L
100 mV -s* (44 3 258 i CV MR A 58 A ]
LA Y L A7 0 . 3B [Fe (CN6]™™ A (R HA Ui
{H, I E XS 1TO AR IRES T RE RS2 | PR
AR AR X As® BCHA ) BT Y 45 G RE . H G
4 MIPs/INPG/ITO 75 As* bR i h % & 10 min,
SR 5 K52 22 Mg e A I 10 S LA e R v
(LI Ny AR S AS® 455 TS I A A0 L
MUAE B (AL, AT AN ] FA B M g, I ST 5
BRI 2 AR 28 AT S | BT A
% @it CV HHE7E 0.1 mol- L HCI H7E -0.8~0.8 V
(I Pl P AR BB A, e T G As®, T 2 G (L FE V7 8
IR, AL #BE BT (EIS) 240 7E [Fe(CN)
YRR ,0.01 Hz ~ 100 kHz fA5 R L N EA 7. BT

AL IE =R FEE 3 K.
2 LWHERET
2.1 ERSHERRIERTESHT

Wt SEM HI EDS FRAIE F A 2% 1T i1 44 R
TEBFICEA L. F 2A BoRERIG ) 1TO FE
1. 556 ITO FH L, VTS 76 1TO RITE L
() NPG ELAT i 4R 4540 (K] 2B), oy 9 K &Y
4 50 ~ 70 nm. EDS ${#iE L 7E 1ITO E A IE AL
NPG, [ A7E NPG/ITO Mot 4L A K& Au
JEERIAFAE (K 2C). 1AM, NPG/ITO #£ 0.5 mol - L*
H,SO, ¥ Wi il i CV Iz 25 Rl 2D fis , 78
0.88 V BT i B Au B4 1, X — 2R Au
WIME AR B AN T . 7E AS AFTE F 5 DR Ak
g L R A — 2 ot NPG/ITO J5 ,NPG 4 IR
SRR AR, R v E RS N3k 2y 80 ~ 100
nm (& 2E), £HIFE NPG £ 18 BT il 4% 25 1 EN il
REGY. I\ EDS JGi&k ] LI H] As 55 Hh
(1 2F). ixX SE% 4 T e R I MIP 3 J5E A D46 1 3]
NPG/ITO 1. NEREYHHEE As* J5, & 2G
7R MIP/NPG/ITO R B /s A (E2G) , iX AT
VA PR T R AR P SRS W W S5 R i A i
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Y. 1 MIP/INPG/ITO i) EDS H i) As 55 (&
2H) W20 ] A LI A MIP/NPG/ITO 1R
2. 1T 45 MIP/NPG/ITO 114 Ha, B84 o i £ s 75
CV /nTI&l 21, HL Lo 3 bifi 45 1 S48 PR 41 1 e
15, R WIAE B AR 1T R R S r SR,
2.2 RV FEMERERIE

ST AT A FR R R R ) R
fh2etkfe, EHREHAWTIEST CV R EIS M. B
Seilat CV M AR et B BRI HL AL 241 T . AN
AR, TERRFFEBEAAMFE MG T, #£1TO
(WA N 0.16 cm?, HiZk b) AL (55 AR
GE(F MmN 0.126 cm?, fi£k a) 1L 2415 5k
JUE, RUITO B & TR MR E L. 7 NPG
DOBUG (i o), i T iE PR A K, Ak
O JE UGS FRLIE B S BN, X R M A AR Y M RE 1Y
HEARGE. HEREAIG, [Fe(CN) P By AL 5

AR I 2 6B NPG/ITO FHAES: L MIP 8 %5
SRR (2R d). 7= Az L BLG A0 JL IR AT DA SRR N
MIP JEE7E F il e 1T 1 R A S8 R T Ly — )23k
WA TR AN, WG HERET Tk A 2 sk
T ARG, T VR R 2% . b5 i
CV 7£ 0.1 mol - L* HCI HH il 3K 5 & 1) 15 ZR RAS AR
Z A AR AH B A AR BB AR 4, I HLT
A B B D [Fe(CN)e]™™ 4t 1 iE A Rl R T
IREIE, FEOEEEREHR B (Mke). X
MIP/NPG/ITO I A& As™ (115 VA W A7 87
B (LR f), X s s fe R R R gE 1 5
As™ BN, As™ TEIT o 4 1) B s v v BEL A Fb i %
THI A FEL -5 7%, DI A5 S A D g H 7 e 1.
XA [ AR AT A2 BHAT S (EIS) U LA
BiE MIP/NPG/ITO R ME it 72 (1 3B). BT
TS A PR ) R 2 e R 11 1 A 1B 5 43

4000 +

. < 3000+
H [

B © 2000
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1000 Ag
0

1YL S—
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Kl 2 # ITO(A),NPG/ITO(B),MIP/NPG/ITO 21X As* Z 1 (E)FIZ 5 (G) ) SEM [&. NPG/ITO(C),MIP/NPG/ITO £
B As* Z i (F)FIZ J& (H) B EDS J&3%[&]. NPG/ITO 7E 0.5 mol - L* H,SO, ¥ YRR 2 &1 (D). #E 547 1 mmol - L*
As* Fll 4 mmol - L 828 e TR G T NPGITO 1AL =R G B EMA 22 L (1).
Fig. 2 SEM images of bare ITO (A), NPG/ITO (B), MIP/NPG/ITO before (E) and after (G) extraction of As*. EDS spectra of
NPG/ITO (C), MIP/NPG/ITO before (F) and after (H) extraction of As*. Cyclic voltammograms of NPG/ITO in 0.5 mol-L?*
H,SO, solution (D). Cyclic voltammograms for the electrochemical polymerization of NPG/ITO in a mixed solution con-

taining 1 mmol - L** As* and 4 mmol L* o-phenylenediamine (1).
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& 3 & 3 7EEA 5 mmol-Lt [Fe(CN)e* 114 0.1 mol - L* KCI % H AR FEAR % (A)CV & (RSB R -0.2 B 0.6 V, H14
RN 100 mV-s) F(B)EIS &l (AR M 0.01 Hz % 100 kHz).
Fig. 3 Different electrodes (A) CV (potential ranged from -0.2 to 0.6 V, scan rate was 100 mV -s*) and (B) EIS (Frequency from
0.01 Hz to 100 kHz) in 0.1 mol - L* KCI solution containing 5 mmol - L* [Fe(CN)eJ***.

o I 7 HA o ek R A R A R 40 A . i 3k
Z-view #4484 EIS Nyquist & H 2 7 B4, LU
TR R AR T H AL (Ry). 0l 3B s, 4K
PR ITO AL/ TR (< a) , FHBT R 163.7 Q. HL
U NPG J5 Ry W1 S FEAIK (R, = 82.1 Q) , iIXIH A
FHORETE Rl 5 i AL Tl (4L b). it MIP
A NPG/ITO KM , Ry {8 i 2 1S N 2 2743 Q
(H1Zk o), X EZH TR L4 L% MIP JERLAT T H
e 2 THT 114 FL (5328, fof 4% e Pl BEL(EL 8 35 1 K R
Je EFE U 73 F 2 J5 Wk A LA 11 H 3R L
FEAH 7121 474.63 Q(HhZk d) , A MIHTE L T ER 35
Ji S T A2 e 1) L BEL LM JE FRAIR. bk, 7 As™

A MIPNPG/ITO

before binding of As**

Gan

MIP/NPG/ITO
after binding of As**

As** Binding
—

[Fe(CN)

[Fe(CN)J*

WP MIPINPG/ITO Ji (4 e) , 14 I
FEMEH K 2] 672,59 Q, X AJIH P F As® 8T i 4
TAGIRAS R — LRI LT, T S R
IRHLRERTAT, NI B % B4 FL B S K. EIS 2K
5 CV e —3
2.3 fERESHONRIE ST

E AA S HELAT R FL T I B [Fe(CN)e*™ 7
B R THT A A R A7 B 0 S i LB T As™ HAT
55 FL I, A LA 3R T ) LR IR X [Fe(CN)e)*
(LA IS I AT LA 2B B, MIP R (R B 28
JEE AT LAy 117, 24 As™ (4R TE MIP 1 () BN
A7 JE I As® 35 - [Fe(CN)6]*"* 38 1 F, A% 2 1 1) 18

0.6

a. MIPNPG/ITO

brfore binding with As®
b. MIP/NPG/ITO

after binding with As*
¢. NIP/NPG/ITO

brfore binding with As™
d. NIP/NPG/ITO

alftcr binding witrln AS

0.4 0.6

-03r

0.2
E/IV

-0.2 0.0

4 (ARSI s (B)1ES As™ 454 Z HiFIZ 5 MIP/INPG/ITO il NIP/NPG/ITO HIFEERMA LA
Fig. 4 (A) Detection schematic diagram. (B) Cyclic voltammograms of MIP/NPG/ITO and NIP/NPG/ITO before and after bind-

ing with As®.
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18, [Fe(CN)e]>"* 7 Hi M 4 T B2 S A AR i ) T AR
B BRI, [Fe(CN)e]*" 1Y 48 Ak i Jit e (B Fi, 3k P A1
H W 7 R AT (L) TR,

Fe(CN)& === Fe(CN)" (1)

2 AST RIS E, K I HR 2 (E
POWEER. R , B 1 ER AL F AR w2 LAUGE L Ik 25
(HANZEGAE MIP Y As® (e BE 22 Ta] 8 7 A ¢
PE. 1M Ks[Fe(CN)s] Hil K[Fe(CN)e] Z ] ) S i 3 A
T 3 A A 0 B A R0 P U 25 1 (AL RIS
FER R AS* )&, i il R
As™ 1 R R IREF MR RE , AT T3 77k 40
TR B, SREFES AT LIRS 55 05 1Rk
H T 456 MNZ fi 5 0 e SR e b &2 2B
SRR T N7 2,

A=\ g - 1 g (2)

KBRS AR LZMT, & @
oA RV B A 40T R AT R AN R FEL AR (R 25 45 i
1. FE S BIMR S A Z AT M Z )5 ,MIP/INPG/ITO #1
NIP/NPG/ITO 7E #8515 W it £R *2¢ e iz 4 5] 4B
fts. w] LIWEZ F] MIP/NPG/ITO(87 A ) [ i i/ 78
T NIP/NPG/ITO(20 pA), Bt T MIP Jl5fit) B %L
YEHI.
2.4 fRAL#I% MIP/NPG/ITO RYSRLG &4
2.4.1 RALRAVEWN pHAE

AWFGE T LUK 8y AR OR 1 4B
Je RN 22 L A M B D RE SRR 2 5 & il As™ Bl
() MIP. 7L R At f v, 1 S fE A 5 B A 1) g
IRH(T:M) N a4, B HFEIA 10 min 19 55400 F G
1k pH (H. A FIHREL As® )5, FIRTR] MIP A& M
F14) FEL AR ARG AR RT3 2 ) As®*(1.0 x 107 mol - L) - HL.

50
A

—n—o-phenylenediamine
4() |- —*—o-aminophenol %
—a—Dopamine /!

/ \\
< —v—Resorcinol /o \ /:\
= 3( |} —*pyrrole e % N\

= S/ %N\
E 2/ 7 /N \\\\

20F 7, //: %4 ’\\\éi

& Y 8 \’ i \
" f/;/’/ She ii\
o ki

50 55 6.0 6.5 7.0 7.5 8.0 85 9.0 9.5
pH

FELS B AS™ Z T Z 5 B AT 8 504 L i O £%
(A HFP-Ak A AR Rz 7K SF-. 4n & 5A BRSP4
FLORWy e (R R | IR RN A 2 e Y e
i& pH 4351k 7.5 .6.5.7.5.7.0 #1 7.0.
2.4.2 B R R LAk

EL A 5 AR I LE X MIP AE 2 rp i B 30
23 s ) i EAT S 2D S SR A 3R
15 T B A B I FB 90 AR ). IRt T:M
TEAS A MR pH (R EF X AR AR SET T HE Ak, 1
5B 2% B & A Q1K e/ i B AR () MIPINPG/ITO
£ T:M h 1:4 H pH {HR 7.0 BFXF As® 114 i Jif
K. RIS 82 5256 25 LA AR 2R — i T BE B A F
HIIRe s SR 4> Lol 1:4,pH = 7.0. A<
SCHTHl A B T ER IR R G AT VR 25 A
1) ) R B A ] 1C . MIP AR IR 1 e Sk
PO BE ) 2R T D Rg SR SR 43 22 [R] 1) &
B K AH TR BG4 7 25 SR RS AH B
VERT B TAS SO A8 A% e h e A AT B A AH B
ER D FZEFETFRAEYTHERLS As®* ZHJE L
(VI AEAE 3 DL K N-H S HE R S As® Z[HDE
JSC P L R 5
2.5 FAREERNRIm

FH [Fe(CN)e** V&b E b ik JEHR £, i i CV
WF5E T 45350 MIP/INPG/ITO BS540 I s 78
& 6A Hr. FIH AR M\ 10 5] 200 mV -s?, B F1RH
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Fig. 5 (A) Optimization of pH of polymerization solution. (B) Optimize the optimal molar ratio of template to monomer.
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Fig. 6 (A) Cyclic voltammograms of MIP/NPG/ITO at the scan rate from 10 to 200 mV -s™. (B) The anodic and cathodic peak cur-

rents versus square-root of scan rate plot.
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Fig. 7 (A) Cyclic voltammetry of different concentrations of As* standard solution detected by MIP/NPG/ITO. (B) Calibration
curve of logarithmic fitting of oxidation peak current change (A7) and As* concentration (IgC).
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Tab. 1 Determination of As™ in several real samples by the proposed method (n=3).

Sample Addeda/(pg- LY Total found/(pg-L?)? Recovery/%

- 7.92 +0.22 -

10 17.87 + 0.06 99.36

Landscape river water

20 2819+ 0.13 103.41
30 37.23+0.15 91.29
- 8.67 + 0.14 -

10 18.96 + 0.07 103.34

Groundwater

20 27.98 £ 0.12 92.04
30 39.47 £ 0.04 109.23
- 4.87 £0.09 -

10 14.98 + 0.03 102.26

Tap Water

20 24.39 £ 0.05 90.14
30 35.31+0.16 109.03
- 6.27 £0.18 -

10 15.62 + 0.27 89.63

Domestic sewage

20 26.78 + 0.04 108.13
30 36.24 £0.12 99.52

a Mean value + S.D.
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Novel Electrochemical Sensor Based on Integration of
Nanoporous Gold with Molecularly Imprinted Polymer for
Detection of Arsenic Ion(IIl)

MA Wu-wei*?, CHANG Qi-gang", SHI Xiong-fang®, TONG Yan-bin‘,
ZHOU Li%, YE Bang-ce*? LU Jian-jiang', ZHAO Jin-hu!
(1. Key Laboraiory for Green Processing of Chemical Engineering of Xinjiang Production and Construction
Corps/School of Chemistry and Chemical Engineering, Shihezi University, Shihezi 832000, Ching,
2. State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology,
Shanghai, 200237, China; 3. Xinjiang Xiangsheng New Material Technology Co., Lid.
Hami Xinjiang 839000, China)

Abstract: Arsenic, a toxic chemical element, is detrimental to environment and human health in particular. Therefore, the develop-
ment of simple, fast, and accurate arsenic ion (As*) detection methods has attracted extensive attention. In this work, an electro-
chemical sensor based on molecular imprinted polymer (MIP) and nano-porous gold (NPG) modified indium tin oxide (ITO) elec-
trode (MIP/NPG/ITO) was developed for determination of As* in water with different quality. NPG with high conductivity, large
specific surface area and high biocompatibility was prepared in situ on ITO surface by a green electrodeposition method using sim-
ple and controllable steps. Then, a layer of MIP was synthesized in situ on NPG surface by electropolymerization, in which As* was
used as a template molecule and mphenylenediamine as a functional monomer. The preparation process of MIP/NPG/ITO was mon-
itored by scanning electron microscope (SEM) and energy-dispersive X-ray spectroscope (EDS). The potassium ferricyanide and
potassium ferrocyanide chelates were used as electrochemical probes to generate signals. The electrochemical behavior of
MIP/NPG/ITO was studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). After optimizing the
experimental conditions, As* was quantitatively detected by cyclic voltammetry. The linear range of As* was measured from 2.0 x
10™ to 9.0x10° mol - L%, and the lower detection limit was 7.1x10% mol - L™ (S/N = 3). The detection limit of the constructed sensor
is far below 10 ppb, which meets the drinking water standards set by the World Health Organization (WHO) and Environmental
Protection Agency (EPA). In addition, the sensor has the advantages of simple preparation, simple procedure of determination, good
repeatability, excellent reproducibility and stability. It is worth mentioning that the prepared sensor has been successfully applied to
the As* measurements of four water qualities, including landscape river water, groundwater, tap water and domestic sewage. It can
be predicted that the reported simple and cheap sensor has potential practical applications in environmental monitoring, food analy-
sis and clinical diagnosis.

Key words: electrochemical sensor; arsenic; nanoporous gold; molecularly imprinted polymer
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