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Abstract: Triazole pesticides are internally absorbent and transfer to other substances easily. Because of triazole
pesticides stable chemical structure, they can stay in plants for a long time. Their residual toxicity can cause endocrine
disorders to humans and animals. The use and residue of triazole pesticides must be regulated and controlled. It is a great
challenge to detect triazole pesticides in trace amount. Molecular imprinting technology has the characteristics of special
recognition and stability. It has been widely used in the pretreatment stage of trace pesticide residues detection, which
greatly improves the accuracy of trace detection. In this paper, the syntheses oftriazole molecular imprinting polymers for
recent 15 years were reviewed according to the following four aspects: template molecule, functional monomer, solvent and
polymerization method. Moreover, the application of triazole molecular imprinting polymers combined with other
techniques for detection is reviewed too. The application status of triazole molecular imprinting polymers in pesticide
residues detection was summarized, which provided some references for the diversified development and application of
triazole molecular imprinting polymers.
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1. 31§

RIS R TR T AR R IR S B T R R
[1], ZBATAREARARRZ 25, 5 A e,
R e A A R . = R R T T TR = R R
RIEALEAFE, H1H-1,2,4- =M, 1H-1,2,3- =M F14H-
1,2,4- = M3 AT A, FHd1H-1,2,4- =P E5 10 1)
NHERR2] ZRRFEFEA AR AR A
TESEREYE, BT N B TR B RS A SR A A (0 L
=R R SRR N R E 708K, gt n
NS it N oy b B 3, B2 51K, Fik, Xt
T IR R T ) (G R IV 2 Il EE B [3]

HAT, R = PSR T R 6 2 5 v S g (4]
OB A (5], RBB[6]. AEIEI[T]. TS B
(8RN G e A M &5 T v o SAHE i . 1 J80BUAH €2 3 A T 3%
SRR . BRAERNGESE, AT AL ER A RO B A
DU FRORE T B2 5 T 0 5 R Y2 AR N o A N 2% 2 SR it vy
{RAEL AT ET %145 [8-9], MELIE

A FENER A (Molecular imprinting technique, MIT)
ARG TR S H bR T KIS 0 R A W & J
MR 77T HZEEEY (Molecular imprinting
polymers, MIPs) [Al 5 245 i 7% [A] 44 B4 FH D e 1R ) A 55
AR H bR T AR . BEr o TS
MIPs 2 [H] 5 5 M IR0 56 R RAVEH L IR BB, LR A Fa
EVELF . A A AT R R ] % R PR R SR S A 10],
TE R 1 JLAE B USSR B . R 5 AR AR
GEABHATARI, B AREE10-11]. B EI[12]. (il
RI13-14) AL 22 AL K[ 15-16]%%, WK Hb IR g T MIT M
F 20 o AR SCEFEAG T B0 1S =R 4 BT R
H W& AR TV, R H 2% T vk S R (0 HT
BT T .

2. ZERERBE IR I A MIPs ) %

=MSOR AP R B AT e, 5 SHEE TR
RS . WETTE R SRR B TR i R A ]
AR TAE, J7 R ST 5 PR Ak A] W] 7 A S S N
SR LIE R T 7 T B 3R A B R BE[17] . MIPsHil] 4 &
B R T DIREHAR . IR A5

2.1. HBRST

MIPsiill # FF A% O R ABEAR BT IE $E, B AR 7 7
— A ER ST, FRNENEE TR R OB HNE
RO IR 73§ TR AR ABLER) 22 A Ak &5 W0 AT i 3 1 AR
[18]. @M 7 T BEM 5 HAR A A rT I s ARSI 4 75
A Gy, s 2y B N R G
s ok, 75 2 BA AR 7 T2 X EIMIPs . @FEAR 7 1
Gt rPABE S A BLIG R & B R RE ] (i e 2 A0y F2 2k
), ZHBHSMERMRERER. ORZRE
REARAEI TR TN RA[19], MU 7N A R AR
SEVE. Hk, WTEHS AR 745 MR B AT KB
Bei o 1 OB, IR B AR AT A AR G A e i P AR

ARV RS v BRI B, O i S AGT I O A TG )

%%

— M- MIPsHil & AR 73 F 2 W . — R
TR L MR L BRI R A A, e =
RECHE AR T . 20044, 52 SCEE[20]55 1 I LA =1k
BN 4 F, HEENMGER (Methacrylic acid, MAA)
TS BRI 48 T = WEEE-MIPs. — MRS N N JE T 17 78
oK, HAA5emME, TS MAAR R E N
PRV . T AT IR B S 56 T 36 I = e -MIPs A B
FIE LS AR . 20069F, %R RIZH S DL = e S AR
STl 4 T = MEER-MIPs, SEIGERE, = MEfH-MIPsTE0-
Smmol/L AR IR - 5 BEAR 2T 10 fe KW P B v e 1% =
W -MIPs ANE R 1R 50 = WA 43, 38 AT R 1) 2 i f — e
Fit A SR 4> F[17]. 20094F, 2452115 K BL7 Fh =k
BRA T (MR, JGVER . 220, R, e
M, R R OUAS = IR ) ERAEAE TN EURZRIR, ik
52 g W AR ACL (R AT 225 2K Ty R AR 73 7 1] £ AT 22 2K 1) -
MIPs, XK = MR A i (1) R 38 EICHUAREE, S IAALFH AN,
W B R R B e, AT R 7R = MR AR A

2.2. ThEEHAE

DRt in gt b )ik %8, HORBIC N EE . Dike
BRI SRR oy T RV SR B, AR B B K
TERS, o, TRBEER S TR Bl 51EH
I R /NSAT IR B, W H IR AR A N IEIR (Acrylic
acid, AA) . HHEBEI% (Acrylamide, AM) . 2- (=%
L) WM BR (2- (Trifluoromethyl ) acrylic acid ,
TFMAA ) [19] « MAA[22] 1 4- 2 I & b we ( 4-
vinylpyridine, 4-VP) %5. Yang®:[13]LAJ MRz N ARAR 5
T, AMAIMAA R SL A, IR 00 ) % 1 I el e -
MIPs. S5 b i T AMARTMA A P i AS [/ 455 2 1) 3 A B4
BKE, Al B3R SMIPs G #2825 SCER[19]4E
£ = MR -MIPsEY, 3% FH Gaussian03 45 481 5 A4 45 1) %o Y
IAEARAA. AM. TFMAAFIMAABEATHRHL . AAL
MAAG ML R EE BT, TEMAAR =& F3f 2 B A
BR1E, TERESRERE 10, MR, AMERZRE:, TERE R
A /155. HAUUTFMAA N Y RE AR, 456 Remik, 1F
718, TR G ERATRE . RS AR
DAL= D9 AR, MAA K T R B4 i) 4 (1) = W4 i -MIPs
GIERRAZR A S), SFIIRIAR 200 nm; iZ K ER AR
R+ KGR U BEE R R R R o ae 77, &
XTEAR 43 [0 73 B BRI (K1 K 2.4

2.3. B

EEN R A AR, EFIMAE 2R B S
A b o T AR 3 5 L B T I R AR 5 AR 43 T TR R
K ANFIRE R, R KA 1545 A A7 R
WA FHEMBUR., =MK-MIPsZ ZIEIMERSE S, H
REMEIK SEEM, F455 1551k, ik H 55
PRV, SNSRI R, WHER: ORENT7. =
S EAT[6,19)80 F R 131 &Mt BN ). DL
B N AT d R K R B KL A, i E A
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S G DU AT ) v K R B RL R (191 BRI
(23155 ARG B MO B 70 7, AMONDIRE HAA, SR AfA
REER % TMIPs. SEH R 5 AMETE 2 Hridkont =
VERIBEAT IR, S5 IR RN O ) 25 0 i T e -
MIPSZLH B f K, I 75 0 DY S5k A 2L 1R 2B e e 7
BAWES . B LLRE B I AT AMAE 2SR R
RE RN AR URARZEAE ] % =P -MIPst, XTLE 15
Piv WA Ol R P BHIIAER, RIA L
B BRTE RN BN AT, T & e A 2R
HALFIN R EMECE DAL # B B A 45
KIMIPs, A& L7 93 A FIMIPsHLAR 2 £ (1101
R LR & & I .

24. BEFE
MIPsf I & 7%k E Ay N BIAERES, IR T8
AMFHEENBEA .

BIAREGEEH: RMESHMEMEE. KMEEE
FIR Az, HaRfEf e, HE MR, EXEGER
BMR, DR LA G, WHE RN E R . IR
BAE24) K Je LR AN AISRIME . AM LR g —
FEE N B2 e (Ethyleneglycol dimethacrylate, EGDMA )
LA AT IR, A5 3 v bR 5 P I TR M 4 B 3 [
FHACHUIEE ,  f /I 22 ke v Jig ol P 0 [l i, el iie 22k )

86%. XIZEUF[25]1LA = MEEE HBIAR , MAA N DI fE 4%,
FRONEFLFIR F AR R A0 & T = MEEL-MIPs. Atk
REPEAED, Ao Re SRR o T R E,
T PR B R o BRI 55, TR m R AT R R KA
EERETR R, A ED RN, 15 2 A MIP IR B P 47
{HBRLTC RN o 5 ARG AR, HEEE O
TENITRS . X261 CA = MR AR 71, M
+ e NIE R, R R R A% T = EFE-MIPs.

BROWAL 7R AP OB VT RAVE, ZH
RS RIT T %, by —, ArhE. EREHE
HIEA, BUERS S A, EREMEZE. SRR
5 B AR AR 2> T, EDMAHRCBER, 2R 5 A i
PR YUUTE A VLM % T G B ME-MIPs. LA B M -MIPs
WEONIETEAE, CISH Nk, 7EZRIEAHZE U 1 3%
JF A R TS i e B, &5 SR I LI B R 4

ZTHT EP 28 5 A & — PRt 09 ER e A AL 2% 7 vk, FL A
# LB R, BT 5 Dhe B ARTE KR kA
FA, MIEEKBER AL )& R R A e /K- ST
b, fEKEH P EES S S AT B, Rk TS
Hil & s R IR I IR . IR, T DAY AR 4y S 1]
A, R OK G 1] 24 I R SCR] B i PR AT 1), AHZ g v
DIRE AR RERER, FRANE H T B DR Sk [28].
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3. =E-MIPsHN A

MITS H A ARG S, Wi EWE HMIPs5 H bx
DFMEAEEN, H5 LT HEARB: FEAHER. 4
WL EEREAR,

S FENIEEAHFE AR (Molecularly imprinted solid-
phase extraction, MISPE) 454G | MITHI ik £ PE S
AHAEEN (Solid-phase extraction, SPE) FJ#/E 6 ¥ 5 %
SERE R[29], AR H ARSNGB R TR S ) A 1
AU o A R 85 [30], FEMHEL. RE SRS
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AR PRI BRI A 2 Al 5 [31]. HAl, 2% =m
2-MIPs B #5236 70 75 [ AH R HONFE A, 1 5 #E 47 HPLCAS,
TFEEGH I E AR T S 2R . Hu%E[3]LAMAARI4-
VP A FE Hik i £ 1 TR M EE-MIPs, T MISPE 5 HPLC4S
AR R B . R R R KRR S S =
Zhao %5 32K FULTE WA VAN & 7 — M -MIPs, Hit#z

=R TR 2 1 B R S WD ) o B HL N P 2 e

W2, K =R -MIPsTN NFE AR, JE Rk, b
FERIGE B, K e B LC-MS/MS 2 #r, e [ it ik
F182.3-117.6% o 7o SCHL 2 [33 ]38 i 7 1 B3k 3] AH A% B B¢
ARG S R 3 b F B T A L T R O = IR AT
R, I A A g [T AR T 21)3590.88%

o
o o \. 4 o e (o)
Y Sub” °
PR’PO]_V_' o vy o - Polyme- Removal of Adsorption
@ Jnerizationy, o @ ® rization | template assessmen
) @ \ - Lemprate o, 4& o
¢ ] Y 1 |
) \ -
Triadimefon > ® |
(TDF) TDF-MIP J
McCN MeCN-H,0 MeCN-H,0
and H,0 (20:80, v/v) '8 (20:80. v/v) MeCN ™
Q e 7 L — ¥=- e hinibeit e [mpurity
® Triazoles
TDF-MIP ?
MISPE 6 6
column Activation Loading Washing Elution

B2 =M R TRMISPE[3].

53 F BN % J& 48 (Molecularly Imprinted Sensors,
MIS) FEUTFEXMITHE M E iz —, LGS ER 5MIT
W GRS T ZF RS, R AL B 0 P 455 20 14 1) ARk
FIMIPsT H A5 73 1 (R e R, 32 s IR e A2 e i)
IS, SRAN 7 AL SR AR FIMIPS AN 2 o MISF 53 Ny
LA 2 A S« Ol 2 A IR N o B AU A IR B [27,34-35]
73 F EEE AL A A IR A T SR T H AR LR 4y T
L0y HOE N ERRE R E, SMIPs K AR VRS
A, RIEMIPsH; 7 1 455 B 5 i iAE 5 Al 58 Box
F bR SRR A . QiSE 361 4% 1 LR ) 731~ ED
AL AR S, ST R B AR BURL (AuNPs) 1EN
Bl A )0 (SH-G) A AR R I S IBesT], H 8 Ll
(PB) 5 AuNPsH: FUTAE N AL 248 /R A, G55SR R
FEREFRAM T, SH-GHIGI IG5 | LR85 10 R BUZ, [H
EIPBIRAT I 1 AL S5 S, Bk 7 HEA RIFHIE
LA R 0T T M T £ e e B . MIPSOG AR IR E 250 N
MIPs 7% G HR AT MMIPs 7614k, Al v H AR A AU
I FESRE SR IMIPs R AR 45 & 5, %
PRI AR 2 R AL RO KA B EIG O, K I AN 5 5 e
NERIG IR AT WAL AE 5, SEBIN B AR S A
YIRS . XIT ™ PE[37] LAFe304,CsN AT AuNPs = Fh 45 K 4
BN SAR, o3 A0 A% R R AT 7 RN 2 e A Ak
B, A& 1 Al RS 35 2 A A = R AR SR ) 43 1 B
ARG .

3 FEIEE i (Molecularly imprinted membrance, MIM )
BEHL AT 23 B8 R 1w S SR AL R A FIMIPs & — M 18U 1Y)
Rl HRTEMRHSUE P 32 2 72 RIE[32]. 701 ENZEE

H: B, BARBEME A B, a7 B 7R A
BAREAEH % DA RSN, mMAEMEH. 5
TH[381%5 LA o7 FEL 3R B v 7 FEL AW 7R T 1) 46 L JEE v 42 1 Pk 2
Ay FENIERE, E HAR R T U R 4 40 K JOREAE A 35 JEC il 4%
T ENERE, B 7RSI M ) R AR N . e S
PR [39-40] 43 7 K F JE I 66 F1 58 4R 2K — i /41 4 5 Iy
(OPD/OAP) & & [ Ay 56 e i1l £ 3 b A [ 1D B0 32 T A5t
H—, PLEI66 NIREIE, BB 7T (BEIK = i —
A= G RS G E Iz [ AH RS, w22 Fp = 2
MR AR TR, et FIti. 2, DL=mkN
AR 4> F, OPDAIOAP AR A Thag Hifk, 7FH AR H
RKEHROPD/OAPE A1, JRA FARIE S 7 MR H Ax
ST EIRAIRE S, BA R RIRIESE . R R R M

R

4. b 5REH

ZMESRIR TR T2 AT 2Bk AR A OK R TR
—, MHE-EAEZREEN, 707 EEEORR =R
R TR S A () 2P IS T AR Kt 2D, Je A X R 2
BEBURE i rh = SRR PR R T AR O 1 AT AR BT B
RRFEAR 7B T, A4S R AT 5. xS
=MESR-MIPs W7 EERE TR > T ThBe ik, ¥
A il g AR T 2T AR, ] R
PEDE S BIMIPs,  FF AL T BN RGN T % . B34
FEFR 73 1) 5 22 5 BHAN BB AL -
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(1) =R FIMRE L, MATEER I TR R A

JARTF 1050, #15 =M2-MIPs K% H REAL I 3-4Ff
ZR AR . AR A BOSE AR B (4n1,2,4-
ZIRER) i E]— A MIPs F] 1H B 2 B = k2R R,
KR PR S8 A

BT, 28 H SV X MIPsHEAT B TAE,
HA IR TR R AR T AN I e B E b 5 1A 77 e %
EHEEEA, JETTESI R . EIFEAL A R E
TR A BB AR, W4k SRR R AT S 5] K575
AT MIPs [ 52

15 = 2R -MIPs . H 5 TH IS F /R, 2 85 A
R S R, AT 210 TEE RS 53
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