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Preparation and application of diethylstilbestrol molecularly
imprinted electrochemical sensor based on multi-walled
carbon nanotubes surface imprinting

SU Ligiang ™" JIANG Guogiang YU Tingting LAN Zhiman WANG Ying HAN Shuang
(College of Chemistry and Chemical Engineering, Qigihar University, Qiqgihar, 161006, China)

Abstract; In this paper, the molecularly imprinted polymer of diethylstilbestrol was prepared by
surface imprinting using acrylamide functionalized multi-walled carbon nanotubes as supporter, and
diethylstilbestrol ( DES) as template molecule. The molecularly imprinted electrochemical sensor was
then constructed by dropping the obtained MIPs onto the surface of glassy carbon electrode ( GCE).
The modified electrode was characterized by cyclic voltammetry ( CV ) and electrochemical
impedance spectroscopy (EIS). The woking conditions of electrode were optimized using differential
pulse voltammetry (DPV). The results showed that the prepared sensor had good selectivity. Under
the optimized conditions, the sensor current response value had a good linear relationship with the
concentration of diethylstilbestrol (1.0x107°—1.0x 107 mol - L™"). The sensor was used for the
determination of diethylstilbestrol in milk samples, and the recoveries were among 96.8% to 98.8%.
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carbon nanotube.

O HER " (DES) & —Ff A T4 BB R | nTVE R 3h i 0 A AR R 39, 8 20 sh ikt ep i 5 36
W, 0 ME TS A7 A RT3 P B9 589 A FL RIS 1 &0 258, T S 35008 MRS 1 4 o) R AH 5 1A 2 [ B 9
S W SEMLAG A s 510 SR — S BUE ). b AL AR5 235 5 SO P i b B 2 e s R B PR i)
PUAEE SR PORAS R R R, DES A7 ik F /R 38 Fn 5 &l b sk A 8 351 Rl 47 0
P 22 12 T B OB A ) B R - R A X e T ik AR R R (AR R iR
£ NG B S PR A

P Ak vk DRSS /NI R AR I 1T A2 BRI 52N B3 B0 32 DT R 40 T ER I 5 R il 4% 1 40
B IR A (MIP) BT St m A2 Ao PR AP S5 45 o, 8 S BB T 1 51 A A2 A R Hh.2018
4F Huang %61 LAZ IR R AR5 T, il 450 T BRI BG40 , i 1 6 16 M Bl ask el A 2 1, ol 4% 27 B
LAk A AL IR | FH T PR FNXS B R i v - R R 4G 2019 4F Alizadeh 251 LUBEZR 4 M BEMR 23 T, il
YKL MIP-ZRERR AR 5 R, T R 7E SR FE AR 2 10T 5 T 25 R R & o FEN ML Ak # AR IES T
TR IR R ) BRBR A ARG 2018 AFZR A5 > SR I AT 338 it G- DT SR B e A o B H R, DAHE A AR
53 F ,Fe,0,/MnO, B4 41 844 (1GO ) MM, #3713 T Fe, 0,/MnO,-MIP@ rGO &1 HL % 1) 43 EP
T EL AL 2 AL RS | F T /K B85 v M — P IR ARG

AR SCLATIREAL 2 BERR A KA R 3 R MERS ( DES) RN T, 455> T Bl BB A0, F Ho 14
SRR AR FR AT R EE T O 0 43 B F A2 A5 B8 FH 1 4 4 v O s R 19 19 000 8 5 1% 45 T s A
L, vk T 5 K

1 SZE 43 ( Experimental section)

1.1 A B

CHI-660D Hifb2% TAEu, (I IRAENES A R, — AR R (B H AR XL s HOR AR 2 Lt
e s IR FELA Ry T AR FEL AR )

U MERS (b all, EI SR aiRAsn ) BRI (AM) (Hrall, REERFB AL A FIT Kol L2
TRE T ELNIETRER (EGDMA ) (43 b4k, BaThr T35 ( i) AR b BRER B (43 B4l , R L Ak 2
BAVAF])  ZEEMRYIKE (MWCNTSs) (99.9% , 46 E R BUBAE A EHA F)) VBRTALH (99% , REETT ik
SARH ) W A (ATl RIBERHE R AR T Lot )  ME T (A el BRI
RT3 SR 43 B 4l ( R AR A /D) SE8 % T K S IR ZE T K.

1.2 DRt ZRERGAKE 1Y &

SR SCHR [ 13-14 ] TP 48 B 77k, SR DS I IR X 22 BE Rk 98 K A5 AT D RE A i 1 | B Sl 22 BE B M
KAELES R iR alifl 4 hARI 0.2 g glifb )5 i 2 BERR UK T R FR T, A 60 mL ¥ B 2 Al
20 mLYRAH 2, 80 C F MG £ 4 hole F= 9 B 0 VR Uk 2 b M, 1, 15 31 8 3L 1k 22 BE Bk g oK A
(MWCNTs-COOH) . FRHL 0.0453 ¢ MWCNTs-COOH, iLA 5 mL AYSEALERA, [713 24 h, K SRR
F A 10 mL N, N-HEEHERE (012 ¢ PIMEIERE , 76 25 C T B 24 hoB = s Beik, T4,
133 I REAL 2 BERR AN K (MWCNTs-CH=CH, )

1.3 CURMEm 7 T ENE SR A4 (MIP) (R &

FREL 0.2683 g( 1 mmol) T4 MW} ,0.2843 g(4 mmol ) THAEHR AM 0.0400 ¢ MWCNTs-CH = CH, [
JEBEHH A 40 mL Z i, #8745 208 30 min, i F e 8 h, MR F 5 IRER IR T AHE S INA
3.5870 g(20 mmol) ZZHEF] EGDMA ,0.0400 g i HFREL , #8771 2) , A 20 min N, FRE % & 0 IR
160 CARIRRE 24 WREZG K=Y R B LR (9:1, V/V) #4772 IR, B B 7 485
JH P B 20k B A VKSR , L5 T4 1593 MIP.

1.4 ZrFERI B AL AR AR 1 i 45
e AR AT A 1 wm F10.3 pum B AR AR SR , AR U A B R | JC 7K £ B R 7K G 75 T Bk
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5 min, AR T H 1 mol - L™ BRER XS AR AT IE L, ¥ 4 pL 1 mg-mL™" /) MIP ¥ —2 K (& 0.1%57¢ %
W) T VR CE B ik PG R T, £1 AT T, A5 70— Bt i Ak 2 AR SRS
1.5 HfbzEAM

HEMMR 223 (CV) B2 : —0.2—0.8 V, 134 : 100 mV -s™" ; 2243 Ik iR 2292 (DPV ) Hi {37 : —0.2—0.8 V
100 mV-s™ | IFEE .50 mV 5 HLALABHBTHE (EIS) 45% . 10 mHz—100 kHz {5 5 8 . 10 mV.RE K
J% 5 mmol - L™ K, Fe(CN) (A9 PBS 28 whif , fir Mt 34 7 = 78 T kA7
1.6 BRI

A E S M T Y B mL 2R 055 4 mL HEER A S AR BE 10 min  BERE AL 5000 remin™ &5
> 10 min, A FATE BV W BT 11 min, FH PBS #hy i Al

2 255118 (Results and discussion)

2.1 5F BRI AR ) R A T Jer B

3 B0 FR AR i) o KA I S BR AR KT 1 7S, SR FH PRI TG FHe o) 22 BE B 0 K A8 1R AT DR A s, 7 HER
Tl 28 L ME T 53 B SRS ), BRI BSR40 K MIP V5 U 78 3 ok FEUB R 1T, ) 90— B 3 v Ak
FEJEES R FH2Z 43 Ik b 5 43T, #3406 Randles—Seveik 2220 Jdp=K-A-C (Ip: WEHH A AR LT C. 80
Yk e K80 LABREURBI A PR | PR BT B — s I, W vl U 55 B A T AR L. B 38 58 -5 ) 7 K
Bt oy -t A b W R AN [R] ) BT o 4R 0 BN 32 L 7RG A [ A A AR ], LR A W], AT R 47 5 B

3.
ittt A VBt
; Functional é Polymenzation Elution
LEERIDA IHAEAL S Bk KAT AFEERAY
MWCNTs MWCNTs-CH=CH, MIP

LML .

i thcnsc i Adsorption

1 G BV R R o] 8 B A i P

Fig.1 The principle of preparation and detection of molecularly imprinted electrode

2.2 MWCNTs 5REY11) TEM KAk

X B AR i A4 A kA T A S LB T, A SR N R 2 TR MR 2 T RAE HY MWCNTSs A Hzs 4808k
ZEAe 25 MR MIP (9 TEM KL AT LATS 28 /e MWCNTs 21 FFE T SS9k, HLOR: 52 A 3000
AR IERA I 7E MWCNTSs T4 T B R A ).
2.3 B TEIR 5 28 R BH TR AR

KGR 22wk X4 L b R B 43 T 5 F A S MIP H R 0B AT R AE. 25 SR AN & 3A Firzs. MAIE] 3A
Al LLA R A ) A i (B /DN (31.45 WA ), MIP FR A5 W BSR40 I 40 B M) 107 /44 K 4
W, &t T2 RERRGKAST Il T H TR e 8 T BB RO 5 WA B AR AH LG, MIP FR AR fg
N A, 2 H T BRI A W 2 TR A BRI L 7, 388 T R ARG 198 3 e L L AR g oy B G 5 244 WA A
W5, B FL 7B 7, U B 5 F A A 2 ik B0l 5 S0 AR i) 1 (/.
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2 (a) MWCNTs 55 (b) MIP fj TEM [E{%
Fig.2 TEM of (a) MWCNTs and (b) MIP

AU BHATTE FT LS ABs Ui AR 94 St v e i P A2 oA P ) T 04 ik SR G ELT T A v A
D b2 B 2 5, 2 B AR/ | PR A R T 114 R BEL A/ | Bodel ) R P o R AR | O RS Al 2
Ji FLB B MIP FARGHEA T 32 T BB 43 AT, 25 SR an &l 3B . JAIET 3B 1T LA, 45 LA 3847 78 2F [ 35 43
AR IY , LI AL A i A e ph P A 5 R o A e R S G [ 42 A ) BRI 10~ T ELARAROK
Wi I FRL ey e R o A P BELAELAR R P A A, At B AR EL R B AR08 i, S I B T R A R Y
S RUPERE, AT LA R PR R T e AR AR 1 i 4 B I8 R AR, BELAE G0 2 DA Dy LA R A BT AL
IR T ARG AR, A T TR STRIMR A i 4 R — 2L

100 A F 35 LR MIP -400- o .
i 0 B T IS X a
50 After adsorption \ -350} P o
60 L template molecules " P i
-300 .
&= o A ™ . &
40} a =
250 S = a i
20 = A .. ] A A
s of S 200} 4 o L g
E “20F N A D) L] ' Iy
2 ~150F & & o W
-40 + r' .. L
~100+ 2 = WEBEHEHLA IR
-60 F i After adsorption template molecules
sl o EIEHLEE MIP
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—100 A 1 s I \ 1 ! 1 . | 04 I 1 I i L 1
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Fig.3 Cyclic voltammetric (A) and Electrochemical Impedance Spectroscopy (B) of different electrode

2.4 S RAAE

SRy B L A TRt 2 T ) B3 6 A A I 7, P T o R i A o 7 SROME it v U S R M X R
MR RO, G5 R e AR &k 0. 1%, Tl MIP BRI , 1 L F 90 il 7 £ 5 A
ANERAAA M, e BE TR 0.1%.

TRV B T 52 M v, 1 RO R R AR RS 5 H AR Y 45 5 7 AR 2 R 25 4 AR SRR pHL H
R 4.0—8.0 VAR A EL I IV, 45 SR B, FE pH 5.0R, 15 IR A8 A i e A EEL I I R PR I 3 PR VA I
pH 5.0 75255,

5 G R st 100 X6F L S 0 7 ) ST , S5 9 B 76 11 min P, DPVERL 378 PR SO ([ 0] £% 386 o it 386 K
11 min J5 . HL 3000 07 1 6 AR S A= 728 Ak, 3 WA A2 JEatie Xob I A 40 W SR S8 310 R DRI 0, 39 456 K2 R s 1] Ay
11 min.
2.5 AR

AR T R 2203 kR e vk, 5 %¢ DES WeJ& 5 HL IR 0GR, 45 R 181 4 firs. A& 4 T LA
Al R RIS DES W BT ITMI/N 3 & i T BEE DES ik EEHT N, BN AL 2 Wik DES 70115
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I TR A NS o= € L e N A N € O B OB 20 40
107 mol - L™' & 1.0x107° mol - L™ ¥ BE 11 Bl P4, ¢ 1F iy I
LA JFIE LI T( A ) 55 DES HYHE B RHBUS 2 1k 6 &
(4 4@ KD, mIH A T(pA) = 6.1744InC +
34.799 , AHIC %1 0.9829, ki Hi FR 4 6.63x 107" mol « L™
(S/N=3).5 HPLC %575 (£ 1) M HLER, 7 fdi B
26 B -

—

S

00 1 1 1 L1 L 1 ]
=22 =20 -18 -16 -14
In¢{mol-L™")

W T HELEN I L RS T DES B etk e ' 0 ' 03 ' 0
5O S M AR (DL U A FIME — A 3 T 3k w
Wy S LT 432 . SR 22 40 Ik R 2 2 0 2 o B4 EDFEERHY DPY i K T
Wl | 2 N 2 T BEA 4y 745 T 40 0 10 5 ik v Fig4 DPV curves and working curves of
BEHCR 11 B WS AN T 2.26% , HERAY T 5 the imprinted sensor

HA Y B e B A 3 1:100 B, JHom )i 48 4k A2
7 4.13%F1 6.4% UEBH MIP A% 8% %) N3 40~HA & BE I se Bk , T e 86 00 B AR 2 1.

R 1 AGITER ISR

Table 1 Comparison of analysis parameters of traditional methods

Tk LM K i FR 225 Wik
Method Linear range/(pg-L™") LOD/ (pg L") Reference
HPLC 5—300 0.5 [5]

UPLC-MS/MS 1—50 1.3 pg kg™ [6]

HPLC 1x10*—5x10° 0.058 [15]

HPLC 5—5x10° 5 [16]

R 2 DES O FHLBE LN T & DES HA

Table 2 DES molecular imprinted sensor for detection of interference and DES

T ST T TR TR B L HL AR AR

Interferent Analyte-interferent Mass concentration ratio Change in current response/%

1:1 0.8

W} A Bisphenol A 1:10 3.53

1:100 4.13

1:1 2.26

Wt % Estradiol 1:10 4.95

1:100 6.4

2.7 EMMESRENE

HFIZAE T, FATHI 8 5 A0 F BNl AR IR XHR BE R 5%1077 mol - L™ 1) DES ¥ Wi i2E 47 W% B
Jei , (220 ik i AR 220 5 FL I AL, FH AP 40 B L A2 A% T2 1) E B 45 SR R I, L DAL A A
XEBRIER 2% (RSD) 20° 3.42% . 32 B Z A% IR 0 T BUME R4 sLAh, W 2R (9:1,V/V) A A TR
W, AT AR AR R 25 SRR AR AR T IS 11 D

IR B RS E P S P 7 FH (%) 2 PR 2 8 B AR AE 25 3R N A T % AT B0 TP X DES I
AT IS, 15 FH 2 53 Ik b AR 22 0 0 P T A 455 SR 3R I SR, B e FR AR 4y e O S B ATR 1 2.65% . 2 W
ZH A R R AR .
2.8 SEBREE SN

FEPRACSRAE T (8 B Bt AT 22 s vl S T 5 %) A W & v B 10 I B A T DT A 3L, AT A, A
A AT 3 VK, AR o 2 B O B . 6T 2R WA S R AT 0 T WSS 56, DA IE 7 vk e il e, 25 SR
% 3 R AR ECRAE 96.8%—98.8% 2 8] ,RSD /N T 3.6%.
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F 3 LBRFEA T DES (v B K mbs Rl

Table 3 Concentration of DES and spiked recovery in actual samples

ot ks i K i SR i iR e
B b i vkt PR mRECE HxHR
) Background/ Added/ Found/ Average .
Samples o 4 o RSD/ %
(pg-L7) (pg-L7) (pg-L7) recovery/ %
26.83 26.18 97.6 3.6
Milk A 33.54 33.13 98.8 3.1
40.24 38.95 96.8 2.5

2518 ( Conclusion)

SR R BB AR Al #6531 EGEE SR A R s DR AE e rU R R 0T, 1 9 1 A e 201 BN i

AL RS SRS W] Z AL IRISTE DES W 1.0x107° mol - L' & 1.0x10™° mol - L™' Ji [l , A B IF 194k
PR R KRR 6.63x107" mol - L™, [AlH Xt DES HA B U e£EME B FLN H T4 5L 5 v DES (1946
W AR ECRALE 96.8%—98.8% 2 6] ,RSD /N T 3.6%.
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