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Recent Advances Molecularly-imprinted Electrochemical Sensors
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Abstract: With growing concerns regarding food safety, pesticide residues in agricultural products have become a core
issue. In recent years, new molecularly imprinted electrochemical sensors (MIECS), formed by integrating molecular
imprinting technology (MIT) with electrochemical sensors, have become a leading approach in the detection of pesticide
residues in food due to their high selectivity, convenience, and efficiency. The preparation methods of molecularly
imprinted polymers (MIPs) and the fundamental principles and types of MIECS are reviewed in this paper. Building on this
foundation, the research progress of MIECS in pesticide residue detection is focused on encompassing molecularly
imprinted amperometric sensors, molecularly imprinted electrochemical impedance sensors and molecularly imprinted
electrochemiluminescence sensors from the perspective of electrochemical analysis. The applications of different
electrochemical analysis methods are also summarized. It is demonstrated that the selectivity of MIECS for target pesticides
can be significantly enhanced through optimization of MIPs synthesis strategies. Additionally, detection signals can be
effectively amplified by electrode modification materials exhibiting high electrochemical activity. Crucially, the
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achievement of specific detection is critically determined by the selection of appropriate electrochemical analysis

techniques tailored to the distinct electrochemical properties of different pesticides. Looking ahead, the development of

MIECS for rapid pesticide residue detection towards enhanced portability, automation, and detection efficiency still

confronts significant challenges.
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Fig.1 Molecularly imprinted polymer synthesis and recognition process
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Fig.2 Molecularly imprinted electrochemical sensor fabrication and application



- 482 -

B Tk B4 2026 4F 4 A

AL I RS AR AR HRAG I AT 58 1 Bl 7 1l Sk — KA

FIFFETT T

TER AL AL IR I A eI A b, FE S BRI
XA H AR A28 AR, F S R s 1,
SRS SRR FR B T IR EEAT G, TR HARY
PEATREIN HL B 90 H A, JLF-3%A UV H T MIECS
HIBTFEH . 7E MIPs HEL i AL . MIPs HE Ak~ FH

YU AL RS W 58 b B T 98 MR 22 7% (Cyclic
Voltammetry, CV) . #8043 Ik v 4K 22 1: ( Differential
Pulse Voltammetry, DPV) ., J57fk 2522 (Square Wave
Voltammetry, SWV) Fl Hi, £t 2% BH 370 1% ( Electroche-
mical Impedance Spectroscopy, EIS), iX L& i fb 2453
PTHARSA R, W H T 2RO R 5, FE0L
2 1. MIPs A=A OB I 2455 5 0

1 BT R RN U AL A% R AR AR AR SR AGIN v 14910
Table 1 Molecularly imprinted amperometric sensor pesticide residue detection application
A% T sl KA v PSS S ) S 3
PRI TIhg ik %) (TR REFE LAIEEEER o BR S0k
T
LIEERE S F LR SMTMIPs/GCE FARATE cv 0.89x10°° mol/L [41]
ZHR A MIPs/GCE ML R Gk cv 2.13x10°* mol/L [45]
fEe X A MIPs/AuNPs/GCE AL RETE cv 3.3x107" g/L [56]
O it MIPs/AuE LR Gk DPV 5x107 g/L [571
ot I Dinron Mibs Z00/ R R DPV 412x10 " molL  [58]
T RN TR EGMRA MIPs/GR/GCE R R Gk DPV. EIS 4.3x107 mol/L [59]
A — g AR
IR R ?M*%;bfﬁﬁg MIPS/GCE ML R AT CV. SWV 3.0x10" mol/L [60]
e AL AR MIPS/F63O4G%§102@MPS/ KN CV.DPV 1.3%10"* mol/L [61]
WE bk LR T MIPs/AgNPs/SPE SRR cv [47]
ik HRL AR R MIPs/Auw/GCE R R AT CV.DPV 11072 mol/L [62]
AR AT H. N e
WER 7@%?%%3* MIPSCMWCNTs-CS/GCE HUESBATE  CV.SWV  33x10°moll  [63]
- T s 2R A 0.1x107* mol/L.
AARIR SRR ISR MIPs/AuNPs/AuE MACERAL CVUEIS.DPV. % 0 o L (48]
A EaS AR p% MIPs/rGO/GCE Wb R Gk CV.DPV 2x10" mol/L [64]
ZRR L R %ﬁ‘ﬁ%&? HKUST-1@MIPs-GE FMEN TR CV.EIS.DPV  2x107° mol/L [65]
4 X M MIPs/PGE ML R Gk DPV. EIS 2.75x107 g/L [66]
TR g MIPs@GO/GCE DPV 1.1x107° mol/L
HH 0 ES) MIPs/N-GS/AuE ML R Gk cv 1x10°* g/L [55]
S b
4'{%"2';%"‘ " e eMIPs/SPEC HALER AL CV. DPV., EIS [67]
e A MIPs/GR-IL-Au/CS- . ; y
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74/GCE
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Fig.3 Molecularly imprinted electrochemical sensor for glyphosate detection by electrochemical impedance spectroscopy!
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Fig.4 Molecularly imprinted electrochemiluminescence sensor

operation mechanism
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Table 2 Molecularly imprinted electrochemiluminescence sensor pesticide residue detection application

ECLHLI V-/H Iz 137 7] Kerii#) YIREpik LI HeriiF 275 30Tk
g-C;N,NSs RESEIS MAA 1.0x10"*~1.0x10"* mol/L 5x10"* mol/L [106]
TR AgBiS,/Bi,S; e AR 1.0x1072~5.0x10 " mol/L.  2.3x10™> mol/L [107]
Ag/Sn0, 2,4-D MAA 3%107°~3x107° mol/L 1.13x107" mol/L [108]
Au@Cu:Tb-MOFs  Au@Cu:Tb-MOFs Eial W 1x102~107" g/L 2.9x107% g/L [105]
Au@Cu:ZIF-8 Cu** T RIR BDTD 1x102°~1x10™* g/L 1.8x102 g/L [109]
Tb-Ru-MOG CeO,NPs AL 0-PD. p-ATP 1x107~1x10"° mol/L 1.37x10™° mol/L [110]
S R oKk Te-CdS@Mn,0, 2,4-D 0-PD 1x10°~1x10"* mol/L 6.3x107"° mol/L [111]
oKk Mn@NC VB EA 5x107°~1x107° g/L L1x10° g/L [112]
oKk Fe/Cu-N-C [AYELE EDGMA 1.0x107°~5.0x10 g/L 3.9x102 g/L [113]
AuNCs TEA HRipE BEW) 2.16x107° g/L [114]
MIL@Ru K,S,04 PUFRER 0-PD 1x10~1x10" mol/L 8x10™ mol/L [115]
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Fig.5 Molecularly imprinted photoelectrochemical sensor detection operating mechanism schematic
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Table 3 Molecularly imprinted photoelectrochemical sensor pesticide residue detection application
ialllLY] JGHLBTR b DIREEA =g e B SZBRHE A E =B UN
IRAR Ag,S/SnS, FTO o-PD 1x10™"'~1x10"* mol/L  5.9x107* mol/L A [126]
SR PCN-224(Zn)/Nb,C, ITO 0-PD 1x107°~1x10° mol/L  2.61x107% mol/L L/ ARTIFIN [127)]
UIBZS Zn0/C FTO 0-PD 10"'~1.0x10"" mol/L 7x107'2 mol/L A4 FREEK [128]
2,4-D BiOINFs FTO Nk 4x107 g/L +35 [129]
2,4-D TiO, NTs TiE g 5x107~1.3x10"° mol/L 110 mol/L 4R K K [130]
RESLIR B-TiO, NRs FTO @A) 1x10*~1x10"* g/L 7.4x107 g/L 4K | oK [131]
LIEZS CDs@PCN-224 ITO MAA 1x1072~1x10 " mol/L ~ 3.72x10™" mol/L B EIRIHBK [132]
IR NHAMIL-125(TD-TIO,  ITO 0-PD 1x107°~1x10"° mol/L 6x107* mol/L LT [133]
U7 CDs/COFs ITO MAA 5%1072~1x1075 mol/L 6x107 mol/L WK (FE IR ) [134]
ARRE ZnShGO GCE  SFC, ik 1x10752x10°mol/L ~ 3.5x10"°mol/L W b, fEA5%. 49165 [135]
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