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Abstract: We used surface imprinting polymerization to prepare the sensing material HNTs@IIPs modified by
hyperbranched imprinting polymers (HNTs=halloysite nanotubes). Fourier transform infrared spectroscopy (FTIR),
XRD, SEM, nuclear magnetic and thermogravimetry proved that HNTs@IIPs was successfully synthesized. Then,
we used cyclic voltammetry, differential pulse voltammetry and electrochemical impedance spectroscopy to
investigate the electrochemical properties and specific sensing properties to cadmium ion of HNTs@IIPs. The

results showed that when ¢_»<0.125 pmol- L, the peak current of the sensing material had a good quantitative

relationship with ¢, and the detection limit is 0.026 pwmol-L™". The imprinting factor was 5.97 and the selective

cd’™
factor was 4.97, which indicates that the HNTs@IIPs have specificity and strong selective adsorption to Cd**. Tt
suggests that HNTs@IIPs can be used to detect the concentration of Cd**. The equivalent electrical circuit model
of the sensor was obtained by fitting the results of impedance spectrum analysis and the sensing mechanism was

analyzed and illustrated.
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Fig.1 Preparation and specific adsorption mechanism of HNTs@IIPs
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Table 1 Infrared peak assignment of raw materials, intermediates and final products

Functional group Vibration type Wavenumber / cm™ Functional group Vibration type Wavenumber / cm™
Al-OH Stretching vibration 3 690~3 623 CH, Bending vibration 1 490~1 380
N-H Stretching vibration 3 500~3 300 Si-0 Stretching vibration 1 300~900
CH, Stretching vibration 3 000~2 800 -OH Bending vibration 955~915
C=0 (ester group) Stretching vibration 1 770~1 710 Si-0-Si Bending vibration 490~450
-OH (water) Stretching vibration 1 600~1 650 N-H Bending vibration 1 650~1 550
-OH Stretching vibration 3 500~3 200
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Fig.3 XRD patterns of HNTs (a), HNTs-G1 (b) and
HNTs@IIPs (c)
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HEZEAWRREINSR  KAKE 60%, il GeElx 1 Al-
OH MY EAEHIAN, A R IZ B Y & 2 5K I 1Y

B T IR X — B Bk A i 4 HNTs@IIPs 7
250~600 CH KL 70%I1) 2K | 2K 4 HNTs-G3 ™
iR E AN IR R G R EN i R AW )5
TS SR S RO R MR R AR 3
AR E R Y EE AT HNTs MR & W Be J5 5%
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(F 2)FT A HNTs 1Y 3R MHE B L) 8% ¢ &
AN i A

m,—m,
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Fig.4 TG curves of HNTs (a), HNTs-APTES (b),
HNTs-G3 (c) and HNTs@IIPs (d)

% 2 HNTs-APTES.HNTs-G3 % HNTs@IIPs 895 %% &
Table 2 Grafting ratios of HNTs-APTES, HNTs-G3
and HNTs@IIPs

Grafting ratio (G) / %

Sample
Experimental value Theoretical value
HNTs-APTES 28 37
HNTs-G3 41 55
HNTs@IIPs 43 59

TR SE Z AU W RO ), AR S R R R
HNTs-G1 F1 HNTs-G3 *F H i A7 4%k =00k i o, ]
5(a) Fl(b) 73 1) hy 22 5 e viig M 43 F- & HNTs-G1 FI 22
B iy 73 15 HNTs-G3 MRG0 B & 5(a) . (b)
ST A H HNTs-G1 (9 '"H NMR ' 6=4.0 1 HNTs-
G3 1 '"H NMR ' 6=4.1 ¥ £ I -CH,-H i 7 #%
i i 0% | LI 5(a) ™ HNTs-G3 19-CH,- ) 5 T R
WP iR, HNTs-G1 9 '"H NMR ' 6=1.4 F1
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(a) Bare GCE; (b) (e) F-CNTs/GCE; (c) (HHNTs@IIPs/F-CNTs/GCE; (d) HNTs@N-IIPs/F-CNTs/GCE
K6 2% i M e i i 4 il vl B

Fig.6 SEM images of different electrodes and electrochemical sensors
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(a) Bare GCE; (b) F-CNTs/GCE; (c) HNTs@IIPs/F-CNTs/GCE;
(d) HNTs@N-IIPs/F-CNTs/GCE; Scan rate: 0.1 V-s™
K7 RIE AR S AL s i eV

Fig.7 Cyclic voltammetric responses at different

electrodes and electrochemical sensors
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Table 3 Linear fitting equation of square root of scan rate vs the peak current for HNTs@IIPs/F-CNTs/GCE

Type of peak current Fitting equation r SD N P
Red [=-2.587x10™"%+9.503x10° 0.999 8 9.044 6x107 10 <0.000 1
Ox [=3.142x10™'*-1.062x10° 0.999 7 1.398 3x10° 10 <0.000 1
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Table 4 Equivalent circuit component parameters of different electrodes/sensors

CPE, / CPE, /
Electrode/sensor R, /1Q A n R,/ Q n R;/ Q
(wF-cm?) (WF-cm?)
Bare GCE 130.5 0.001 2 0.956 3 2 756 1.065 1 0.565 5 1.563 5x10"
F-CNTs/GCE 105.4 0.040 2 0.755 6 345 1.565 5 0.354 7 6.565 1x10°
HNTs@IIPs/F-CNTs/GCE 105.1 0.874 5 0.456 2 132 1.735'5 0.468 2 4.689 7x10°
HNTs@N-IIPs/F-CNTs/GCE 104.3 0.196 5 0.561 2 101 1.665 4 0.302 7 5.659 6x10"
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Fig.12  Adsorption curves of Cd* at HNTs@IIPs/F-CNTs/
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Table 5 Adsorption kinetic parameters of Cd** at HNTs@IIPs/F-CNTs/GCE and HNTs@N-IIPs/F-CNTs/GCE

Model Electrode/Electrochemical sensor Fitting equation AL,/ pA k / min™ R?
First-order HNTs@IIPs/F-CNTs/GCE ¥=0.270 0-0.037 4x 1.862 1 0.086 1 0.953 8
kinetic model HNTs@N-IIPs/F-CNTs/GCE y=—0.506 0-0.077 7x 03119 0.178 9 0.960 2
Second-order HNTs@IIPs/F-CNTs/GCE ¥y=2.398 1+0.330 Ix 3.029 4 0.045 4 0.937 1
kinetic model HNTs@N-IIPs/F-CNTs/GCE ¥=35.054 3+5.510 Ix 0.181'5 0.866 0 0.929 3
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Table 6 Detection of actual samples by ion imprinting sensor (n=5)

Added concentration / Concentration found by

Concentration found by
Recovery / %

(pmol - L) sensor / (mol - L) AAS / (pmol - L)
0.000 0.030+0.011 0.021+0.008 —
0.020 0.045+0.010 0.038+0.006 90.0
0.040 0.068+0.013 0.072+0.009 97.1
0.060 0.099+0.012 0.095+0.010 110.0
0.080 0.126+0.009 1.011+0.009 114.5
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