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Preparation and adsorption properties of chlorpyrifos molecularly imprinted
polymers based on molecular simulation
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ABSTRACT: Objective To prepare molecularly imprinted adsorbent for chlorpyrifos and investigate its
adsorption performance. Methods Magnetic molecularly imprinted polymers (MMIPs) were prepared by
combining the surface molecular imprinting technique (SMIT) with chlorpyrifos as a template molecule. The
molecular simulation was successfully introduced for the rational design of MMIPs. The adsorption properties and
specific recognition ability of MMIPs for chlorpyrifos were investigated, and the morphology and structure of
MMIPs were characterized by Fourier transform infrared spectroscopy (FT-IR), transmission electron microscopy

(TEM), and vibrating sample magnetometer (VSM) to explore the reaction mechanism. Results The saturation
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magnetization of MMIPs was 55.4 emu/g, its adsorption behavior accorded with the Langmuir adsorption isotherm

model, and the kinetic characteristics conformed to the quasi-second-order kinetic equation. The equilibrium

adsorption capacities of MMIPs were 80.911, 93.465, and 101.321 mg/g at 25, 35, and 45°C, respectively. Selectivity

recognition experiments indicated that MMIPs exhibited excellent adsorption performance for chlorpyrifos and its

analogs. Conclusion The molecularly imprinted material prepared in this study has a good adsorption effect and a

short preparation time, which can provide a reference for the construction of detection methods of thiophosphate

pesticide residues in complex samples and the design of adsorption materials for other categories of pesticides.
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Fig.1 Structural formula of chlorpyrifos and its analogues,
non-analogues
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L1 #RFNAF

fE(fikal, £ Sigma AH]); HEE, RIE+75ke
F = H JE 8 (hexadecyl trimethyl ammonium bromide,
CTAB). IEf:R Y ZFE(silicon tetraacetate, TEOS). fH%&F
T )15 (2,2-azobisisobutyronitrile, AIBN). — 5L 1 4 B2 fis
(triethylene glycol dimethacrylate, TEGDMA), 3-J43& 3t
N PR IR [3-(trimethoxysilyl) propyl methacrylate, MPS], 4-
CIFHIRWTR . AR Fes0,(50Hr4k) . HEERESEML (1%
ali, 2% 99%) . WX G (ko 20 95%). HIksT
T (35 al, 2R 98%) . PIIRBE((AIGal, 4 95%).
T U (CLIRAL, ZUIE 98%) . —SURMEI(E R AL, AL
98%) . RESLIHARIE SN ((LIE AL, Sl 99%)( L BTHL T 4
R R A RAR);, CBE. L. NE(GrHrel, FE2
S REERF A BR A F) .
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Table 1 Dissolution free energy of functional monomers and binding
energy between chlorpyrifos and functional monomers in acetonitrile

TRE A A B fiE/(kcal/mol) %54/ (keal/mol)
4-LIHEER R R -13.461 -9.102
3-CME AR ~6.945 -8.932

CHR IR ~7.436 -8.673
2-ZFHEMEIE -5.68 ~7.862
3-Z RSN -8.096 —7.823

FBEN IR IR 2 L -8.153 —7.201
BRI R -3.891 ~6.588
IR -5.98 —5.743
P -8.708 —5.483
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Fig.2 Fourier transform infrared spectra of MMIPs and the
preparation of intermediate products
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Fig3 Transmission electron microscopy images of Fe;O4 particles (a), Fe;0,@mSiO, (b) and MMIPs (c, d)
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Fig4 Magnetization curves of Fe;O4 nanoparticles and MMIPs

100 | /A.——A——A
o—0—@
/

A

80 ’ -___.-—_.
E\D /
g 60 | —m—25°C
Iz —e—35°C
g M —A— 45°C

20 |

0 C 1 1 1 1 1 1 1

0 05 10 15 20 25 30
TR R (mg/mL)

2.3 IRMFIRLZE

& 5 2 MMIPs 1 MNIPs 7 25, 35. 45°CUgRh2#ih
LR S ATEH, YR FEMBR TR B 7E 2.0 mg/mL
DU, MMIPs W BBl o vk R K Uil 7Y, 2
DR R BT A5 RS A58 4 i, AbTFARIARED, 4
SRR KT 2.0 mg/mL B, HHF IR i B 1
JE i, FRIMFLIE S IR, MR T LA AR A5
MeHh, ARIFE R TR, MMIPs 1 MNIPs 1% -t a1 Ty
TN, F2BFHEAT{E7E MMIPs F1 MNIPs W, ATHERE R
TR EEE YA T AT B SRR BT 5 I B Ao TR, - Hei
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Fig.5 Adsorption thermodynamics curves of MMIPs (a) and MNIPs (b)
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(mg/g); Ky & Langmuir S IR T BESHL ¢ W T 225
WAL Bk BE (mg/mL); K J2& Freundlich KPP H40G n A
Freundlich F¢EWE S48,

# 2 5y Langmuir Ml Freundlich FREEIEIZSE.
% 2 AIEH, Langmuir W HH4EIR 7 F25 Freundlich J5 #2AH

Fe, A RBCE R (R™>0.970), 1ML 454 Langmuir
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W AT FE IR AR S, L I SR 30 % i A s LA —
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Table 2 Parameters of Langmuir equation and Freundlich equation
Langmuirfsi 7l Freundlichf57
7/°C R S
On/(mg/g) R KL n R K;
MMIPs 104.792 0.972 1.363 2.168 0.900 53.510
2 MNIPs 27.934 0.920 1.490 2.240 0.819 14.729
MMIPs 120.346 0.971 1.439 2.218 0.895 62.843
» MNIPs 32.025 0.923 1.589 2.309 0.816 17.334
MMIPs 128.310 0.972 1.570 2.307 0.891 69.423
® MNIPs 39.113 0.940 1.509 2.253 0.845 20.755
2.4 WRHEINEF 120
¥l 6 S MMIPs 7 45°C T B3 12 i<k, Hi 6 100 |
AT, 79K B2 (< 50 min), MMIPs A 4 FE 81 0
REBE I R T, SR TARKR, T 2 | -
15 MMIPs R a1 47 (i I 2%, 1T, MMIPs 1 7 Ecof e
ek RAFSHHERMHE L (8, b srema Frokr s 2 |
MMIPs 0, 552 T MMIPs J 4 J2  4- 24 3 =
HIBR 45 #4  19-COOH . RE 5 B FE M 45 14 f -CH3 CH, JE UL 20F
i 10 USRI UO), S 5 WG RS A7 R B R, R S R ok
B S A el L, O R S P A O R . A5 REEW, TE
150 min 24 BT, WEHEPREFTEL) 105.830 me/g, 5 FIWK I 20 (l) slo 1(;0 1;0 2(;0 2;0
5 [a]/min

S, MNIPs W [ #4345 MMIPs AHL, 76 W% B0 44 1 B (<
35 min), W PR R A S Rt B TS, B T
TEHLH R AR50 5 P Oy R S, TR S R B, AR S
FHHEAARE RS, WM EZE/NT MMIPs, H 7
35 min ZEAT LA, BEERIRED, hkaT DL —2
LA MMIPs X 7 S8 AT 51 EA 53 P e S e R 44 A i
{IEas

it PR L B, X MMIPs 1 MNIPs W fh
B AT — S . MEZ R 1A, A SRR 3 it
TRo MFE 3 EIHN, 5 SIS I FFHE 106.230 mg/g AL,
RBERHR AT 2] 1) MMIPs B IR [ 755 112.338 mg/g, H
H 5 e g sl 2 Oy ARRRRL LA B R A G R B(R=0.995),
UL MMIPs X 2 S8R5 I R BT Ry A5 U — sl 1207
P, ZEERAUER MMIPs (W BT Ry F2 B2 A2 B, fh2
W o 3 7Rt Ay 4 W o o R sk e s o A5

6 MMIPs (a) % MNIPs (b){45°CHT A 30 f1 27 £k
Fig 6 Kinetic adsorption curves of MMIPs (a) and MNIPs (b) at 45°C

2.5 EFMIRAEFYE

FESR DI RE TSR T2 43 1 &2 2 R B 45
YA A T4, MMIPs W Bt BB, 4% H 5
FEAUME . FILXTHNE . FILSTRGEE . DNTRERVE N RS
AU, BEBERETH S . = ERIIAE ARG 25,
55 7 MMIPs Fll MNIPs X & {1 B B0 W B e, 2551
nE 7 Win. M 7 AIE H, MMIPs X} #3568 L 5
RIS BN, IR B s 89.210 mg/g; Xif HIKEFEAIEM . H
FEXTORME . F ST AN . ORISR 2L Y R B £
R 65700, 60.479. 58.381. 55.922 mg/g. fHIFHEM
F, MMIPs X i 6 . = SR W AG IR R BB AR L R A0

3 MMIPs 1 MNIPs B0 E—R . EZRIN T FEFEEH@A5°C)
Table 3 Kinetic parameters of the pseudo-first-order and the pseudo-second-order for the adsorption of MMIPs and MNIPs (45°C)

o W =2 8h )12
#H Oexp)/(mg/g)
Ky/min™! O./(mg/g) R Ky/[g/(mg-min)] O/(mg/g)
MMIPs 106.230 0.989 0.082 103.520 0.995 0.001 112.338

MNIPs 39.382 0.972 0.049 40.393 0.923 0.001 45.352
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Fig 7 Competitive adsorption plots of MMIPs and MNIPs
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