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Abstract

Molecular imprinting technology is a technique for preparing polymers with specific molecular
recognition capabilities. The integration of molecular imprinting with electrochemical technology
has led to the development of molecularly imprinted electrochemical sensors that combine high
selectivity with high sensitivity. These sensors demonstrate significant advantages in rapid, specific
detection and hold substantial application value, finding widespread use in environmental moni-
toring, food safety, and clinical diagnostics. As a sustainable biopolymer, chitosan serves as a func-
tional monomer for molecularly imprinted polymers due to its excellent biocompatibility, biodeg-
radability, non-toxicity, and abundant hydroxyl and amino functional groups. These properties con-
fer stability, affinity, and specificity to the polymers, enhancing their recognition efficiency and ad-
sorption capacity for target molecules. This review summarizes research progress on chitosan-
based molecularly imprinted electrochemical sensors, focusing on their preparation principles,
synthesis methods, advantages of chitosan as a functional monomer, and the mechanism of cross-
linking agents. It also covers applications of chitosan molecularly imprinted electrochemical sen-
sors in environmental detection, food testing, clinical drug screening, and molecular chirality recog-
nition. Finally, the paper outlines future research directions for enhancing sensor performance
from three perspectives: material modification, composite enhancement, and process optimization.
This provides guidance for developing green, efficient, and low-cost molecularly imprinted electro-
chemical sensors.
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1. 5|8

7 F ENIZE B AR (Molecular Imprinting Technology, MIT) 2 M A2~ I M EE, T “Prlfipimk” . “B
MR ” AHEAEH E B —TTHOR[ 1], WTH & RS R i B 0 IR &Y, SRS
YIRS R N o3 F ENEE 5 & W (Molecular Imprinted Polymer, MIP). 43 TEIiZE R &WIRIHI %, TR E&MET
I A BRSO A BAE AR o T S Th e R S ST E B, FIMAZBFIH T BRI R G, <
SR B R 22 BREEAR 7 7, RURTER SR B N 5BR 7 1T AR S AR F v BE UL RS BRI 7 fls, - B
T IERE R RE I B AR TR R 2 5, AR B0 THNEREW(2]. 7 T BN G MR A HoAr 5+
P FIRARE T, W FR e S5 M B SER I, LAASE & IRAS . Gl & S50 a2 M H TR
FEFE S TALEE . B 8. SR A B Bk, LR R 252 A RAEGR 2i4k . TR
ST [3].

IR TR I T 58 SR B (Chitosan, CTS) [ BRs 73 454, AR IR 2 HLAE 43— BIZs S5 i) 78 76 S FH A
B FeEEMERE PRI RREE ARG, KIEFE, AT FREI M E #E I R R RIS,
AFAE TR BB A B b o 52 R NE RA R A A E . DU YE . AR G5 A
Rk, JFHEAREREMEIE, NV 2MREEA S 788, BERRMSEER, B REE E i
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WRETE, 2RI

FAE S TR R GV DI Re AR . ASEIRME N T RE SR 4 (1) 70 T BN SR G B A W& 5 2« VR
EE IR A SR IBE T PN BRG] LUk BWR B — PR ROR, e DA KR A, ST
PLIZFEVER I AR 37 sehh, SeRBERIHEAG TR AW mT R S A RS R, BN T
TR Sy BN S o B A B DD RE SRR ) RAF B KA, R R0 T BN H R IR TG I SCHE[4].

ER T R R, 70 RN R R A A A R R 45 & BA RIS . 7 THIE RS
5 AL 22 AR SR A 25 6 15 2 27 Bk FR AL 22 4% S 28 (Molecularly imprinted electrochemical sensor, MIECS)
AR . AR BB, T H RBUZE (5], e A A AL &3 H il oz T
261 MBS RIT] Ao T 8IRIAT I .

AL N TE TN 53~ B R F AN S A 2 P ) 48 AR I FH V9 77 T %o 8 1 57 SR 1) 43 B ZE A S A IRk
TR, N T FRNEAE 7 T B AL AR AR R A PR, A T 4T BRI IR S AN 43 BN I LA
AR T, G T R R TR A AR RS R A, AR R R TR Rk
Ko
2. RERESFENEBE LA RIFHE
2.1. FFENEREYVEMEE

o T EVEREWE 6 AR TT A SIS A A0, S i 20 AL 70 SRR Wulff S8 A [91 8 3R
A, AT B R RN A T BT R R B DI RE R 2 TN A T BN IS I ) L
BIEHR DT TIREHAR. TRAEMRNS S, BRI T 5IRRAAE SR TRREEW)E, it
A UME IR RE B SR ARG RN, #E— P TERR SR G . ZJaxt REWREATIM, R
TEBR, BLSEREY IR =GB fE[10] (1] 507 BV S A 02 8 1 3 sl A 1 FH 4 i
> T RE12], BEBURR > 15 M BL S b 2 DhRE SR RT AR (U Th BESR AL, B 2 1~ (H sy
TG = YR EIE A i A, RTHEATRS SR AE G (1310 3 T RV R S A SR LS ORI 1

g S
—) —)
s 2

%
—|_ :

BTEBREY

Figure 1. Synthesis principles and recognition of molecularly imprinted polymers
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2.2. RRE(EATIRERGSHS FENEREY

e s A2 o 1 BN S G & RE A M B By, SE BB O B R A T A A R AR O 12 e £ G
EA AR TR AR ThRE Ak . % 7 BV R S G W BT s I D e S A4 5 2 R I B 4% 5 AR 4 FAF
HIEeTT, AREARBFAIRKAEREG R NIEE S, Tre RIS AHass. &5, WS e aednT
DA [ 36 /2 X PR A2 1 Pl DA SR BB RS AR Lt R 43 1 B R G W I D RE B AA . 52 SRBE AR N Th e B A4
GG FEHERAYIRS, 0] ATE T BRs NI VE B 2RI R, Jd e R T Dh e = A B I B R v 2R
B YIRS 73 1 BN R RIS AN RE T [ 14]0 S SEBEAE N IhRE ARG ) 7 F BV AW, FTLAH T4
PGSR E F T 4151 [16], RARWEWI171[18], &JBE TF[19] [201% 2R HERYIRR, s 1
FiR. TEFRRMES TENERAMIIH &P A AMERE . VUERE ABRE . 8RR A RIMNE. Hk
- B ST

Table 1. Chitosan as a functional monomer for the synthesis of molecularly imprinted polymers

= 1. REREEATIREFERS FENEREY

H =45 PR 5T E R
IRIES Y DBP [15] ¥ 7 R FER DBP VR A 7E PBS ZEiPiaitih, i FHACIEAIA o T e R &
RN B R EREEERRVETN 3-MCPD JoK ZEEER A 5 R pH {E, A EE
oG 3-MCPD [16] A T A
B 7 B CRRVETR P T VAR & I I GN-CNTs-IL Z &40k, BHIMALL

ARG =] \ R .
Gy [17] WEFR 5 i gy T BN SR
¥ BC-AgNP BB BIIR AN R - RERFEGHERS, HRAL

RIE R ) > , ) S 01 o
FIRMEI ARRREIS] g i P02

SEET PB2*[19] H4 CTS/Pb WG HEHUR N T Bebi AR R T,  IMAZEBAE s T BN R &
. . TESCIENE. CsCl il SBA-15-CHO FIEA R IIAZEECA, I B 2 5
EEET Cs* [20] T A

2.3. 3B O F R & MHI R

SEHRFAE 7 RN o T ENIE SRS & b e G AR R, ATREm B AR . A Re ). el Re
FERRER R EME . FE IR G IR A2 TG AT LAKE Ty i S Ak ] s EARAR 40 b, (18- LA BB SR &Y )5 %
BRI 2 7 A v AT T HL 25 A BIZE = JEs R WP SR S (2110 S IR 2 B Wil 41~ B30 R 0 D) 2% 65 ) )
K, 45 3G VIR SR I T AN AR &, RIIE T R ERIAEE[22]. FE5r T ENIE ISP
4, % " (Glutaric Dialdehyde, GA)F1 2 % — FH 3 75 4% 2 6 (Ethylene Glycol Dimethacrylate, EGDMA)
R A Bk o

I AR AR FRAE S [ 58 SEME 1) 73 1 BN TR A = rh R I tH AN o] AR 35 o 1E 7 SR 73 1 B AR Skt
o R AN R RE RS 5 7 MR BN AN R R KA Schiff B R, TR, AT SE SR BE B 4y
THEEERGEOR, M RTRE R e ai R, AR E R ST BIAnE E a7 T AT FE 23], B
LRI TR BRI N S BRI S P A S 2% R L M 2 MY R (0.01~200.0 pM)FHAERAS: HE FR(6 nM).
[ RE, TENE BRAS I, SR SE RN T RESEAA L I I8 N A2 B 551 1) 46 P A% Jk s S 7t et ) S AT L 4717
PUPERE[24]0 AMX G, % =R A TR N 2 1 B 4> FERE SR G4, ERe S B B 5T L
LA, ST R R R . — TR ST TS SR RN R BB S KR T AR, IR T A AN [
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AR (BTG BSAL HSA Z5) (R IRa%, 1 A FH 5 6 (0 X AL TR SR O e A 5 SR M AR R [25]. 5T
PRFR/IN S GERE TR IR/ 71T 5 EZE 25 s (R 3 R 225 i - EGDMA. T2 ST I 585 D) 285 i B A K
ENECE, & T IR RIS 7139 /Ny T 1 FEN R SR &0 . ) 12 BT 2 RN o1 IR Eize A%
AR, SR =REL26]. MERER27]). BELIRTR[28]. EESHEE29]. &FHR[301%.

AL, V2 5 I 41 N R A P F T K IR BE (R I K AR IR B R PRF & & [31]. CAMEm R
BoKRERE 321 A0, 100 B S Bk 7 MR S5 /K MO, 7R /K A0 P B AR L (0 Y Pk e D 2 AR 28 1 5
{H EGDMA ZZIIE K R A W& K 1), FEIXFE KA R85 o N ROR & KT 3. B DATE i 46 7 R b
53T B30 R A 2 TR S 3 T Y () A BRI A IR T, O SR T R v e SR A ) 4 I 4% 5 T T [
AT L e, LA AR SRR S A S P TR A B A

2.4. SFENERALFAREFOHIE

HLAL 22 AR AR e — PR R LA B S ROV E S E, MR BT —RER, HARA
6. R vk BT 5 THAESRA33]. B AR RS S HE R o AME 5 e 4
ARG, HIFEHEK AT E T g R0 B R RS, AR R 2 5 BN T A A LA F R
M RME S, FHHIEH B ARG SRAACARE S, B ST B IO A 3 15 21 Sk B2
FISE R, X AT & MR E B T [34] [35].

FLAL AR IR AR K 2 W AR = AR R G, T R R G R S o - G . AR MR (fR I s AR R
RO BAR), =R RGSFINGIANS . TR B RS H bR & A Bk S S FLA 5
XFHR S TAEBAREC G, MR, MO e s S BRI TR NMEr. S
(I EFA S fl, TR AT B T AE AR A AL, 8 S AR SRS H R AE AR AL, AT 8 T B P s e PR R 2%
PRV . 55T ENZE AL S AR RS 1 B AR, 2 Bl R A A RS N TG E  TAE AR kAT 4Bl
REVIE, DR S R LE R AR SRR B AR 8 M RE 2536

FERMEAE R TN Re R G, S5E50 0 TERR G, BEAMEERM. SR 5T
Gy T ORI Re il e DRI, 437 SRR 20 7 BZEARE, 43— BV I8 JEE (1 G RSO A SR 25 P ) 0
HEEMAIEF[14]. 1E52RNE T ENZE AL A8 BER 1 A FE v, 38 A P Fh g n] ik £ . —Fiidsk
I TR B R R A RS W 7E AR sl b, P R A A0S Bl b R SRS AT A B[ 15] [16] [18]
[19]; 53— FiRITEBMR T TR BB AR P NN, Ao TEHBR A, F¥ 5
F BRI R A Y I T AR AR B [17] [20].

3. REESFINTBR U FERIZINOMNA
3.1. R

FEEERE S T O H AL AL S R L R IR E e . T E IR B A A A, W] DASSEIN B 2 FR
BE A H AR ) e 0 R R e R ARSI, A T e TR ER B Hh (G WL AN G e B S

KTENITHYD, (LB 58K IRdh « B RARAE AL BB TR [37], 725 1 EN L Bk 2%
LIRS FH TR PR 558 40 W T Ay A, A% I3 B 58 2 1 5 6 (0.005~100 pM) « AERAR IR (0.28 nM)
RIFHHTT PR AR AR E 1, H ISR A PIARAERIEE N 98.0% % 105.2%, FHXT bR 2=
(RSD)A 3.45%% 5.69%. Juan Hidalgo %5 ANJF K[ E & 52 F0E 4+ BIZE Bk 22 A% S 3 FH T IR B it b ol
ZHFE IR I[38], AGH PRAN REBUE M 254 0.57 + 0.01 nM M 6.63 nA/nM, ZeIETEE N 2.70 % 6.50
nM, [EIER N 98.72%, T HARARIE 1 FH T35 A Il AL 25 8 . T 7EIR B AR08 — F R — T BRI AS
M 1, Qingteng Zhou & A\l % (1152 SHE 43T ENIZE MLk 25 A5 2R 194 0.0026 uM AT HHFR[15], T HAth
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WFFLHT 0.06 uM [39]F1 0.08 pM [40].

FE4& 8 B Tk 77 T, Hamada 55 NS0T ET 84 n] 45 B2 0SS B 52 S0 2 1 BRI SR A Py ml S il 15 6
SR A A CA(ID FI EILEE R 99.03%, As(V)IIEIURZEN 99.06% [41]. X T PB* ffarill, 5¢5KE 4> 1-En
TE AL 2B A AR R H PR 6.5074 uM L [19], AT gRoR BURLAS MV (P A HE FR 12,661 puM [42]. 7 £ 85
NS5 B Rl B 7041 [20],  BL SBA-15 ALK, FEIMENIIREERAR . Cs NN 1l % [ Ha5 1
ENIESREAY), I HS PVC. BN SE et 3h 2 S B MRk bl M3 T —Pioln B 46 55 7 F (VA% TR 3%
AR IR S TN R AV, SRR TR CsTRIERPEIRAIRE /), AF IR0 Lit Na®y
K", Rb'. Cu?*. AP, Mg?. Ca? S LA7s 7k #etE RECYTE 102~104 FE %, RIH RGPt
8770 TESEBRFE AT A, AL EES I AR KR Cs I e 45 5 5 1ICP-MS B Rr—hE, [Ffick
1k 92.8%~93.4% H RSD /NT 1.5%, ©/nth RIFHHERMERISCHYE, O T HAhst 7 PAB &I IR YIME
JEER A Y BIR 10 pM [43]6

3.2. RN

FERME Sy 7 EZE AL AL R AR & A AR N )32, EEATARMPUAE R . RAGKE. &
A AN IR BN 5 B 5 LR . e B E R RN G4 T I0RE,  Beigd it 4 1 BN AR H AR 0 1
O RE TV BRI 2, AT E 52 4% P06 ot 25 o SR TOGT I 0 P v e 5 M A o 2R S A

AT £ T 70 TN 7 B8 A A SRR A I £ i P I S B (3-MCPD) [16], AR KA 3-
MCPD iyt H FR 0.018 pM, LR 7RI T AR Fh (R B8 UE 2 7 [ U 260 80.63%~127.00%, T4 2
FEIE W Py S 0 KA IR 2 R R 0.010 M [44 105 A6 I 75 1 G HE BR 0.543 pM [45]

FERBE T T O IR AL AR IR AR T T TR SR 2245 P T SRR A T [17], BRAR A
IR TS 58, K HHBRKE 6 nM, [EIURFAN 93.40%~97.70%, 1 HikFbeicm. EIMEL. faett
£, AT HARSE 5T A WL BRI U (s H PR 0.016 uM [46 | R AL B 8/ 2 BE B 9K & 2 G AR
HEAL 22 AR ISR B A HE B 0.014 uM [47].

3.3. IEKREZMZZEM

BT 50 BRI o3 T ERE AL A% SRS E G R B2 2 AN 25 22 A0 R I T R M B AT 5, R T2
PRSI DA S F- 20 R . KRR B PLAAb . PURTE. PUIR . IRm %z WEER, WTHTEIT
FFPE, W5E SRR S R AR R R A — @ PR o B S ANTEWE TR 4% T R IIAC R B R )
TR T EN I eEAL AR IR B[ 18], K IRy 7.12 nM H kR EICE A 91.76%~102.37%, 1T HAP-CNT
AV AR RS A HE PR 0.08 M [48]F1 i Ak AH/GN-CNTs HE AL 225 BA8 1A HE PR 0.009 [49].

TEFHEZGWI IR BT TH, AR T R R A T AR BEs R S MR (0 T R A i 5
H 0T B AR T i S R T 22 5, SEERT BLAAR FRE B IR [S0] o AR IRERTEARAL 264 T B R
Rt SEE M, 5 AR ORI PRI 228 1.68%. 1ESZPRFE ARSI 7T, 1245 s R A T
X 93 2 e AAG e 2 H B, o0 A i B (IR/ISYIE 1.42, WG B ARk medA L A7 e i i AR il g

i ST S N BRIE T A BT 348 R P A WU LA T Y T P 1 68 SRR (Tep) % WA 1 2R 0/ 52 SR B 2 &
EIE AL AR IR AR (S 1], EB T L-Trp b6 D-Trp B A4 58 & I HAAL 22 B, B R 43 - 254 B e IR 2 2 4tk o
TS AR ) TR B AL T

4. RE

Br 7L, SERMED TR AL AR A A AN L A e LA FH T SR 0 T e A B
(1707 BN I S IR E M R, S BOR AL i AT Bk A% AR B AR Rl ROR AN Tl AR . BT,
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RTHE RS FE IR o5 5, W5\ MOF #BHEINSLER R, 3) MALEMITE, It THLEEY
AN LA 22 A TR (X T
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