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TR TMITH R . A R0UGE T MIPsH i AR A
JE T H VO L ARPERE SRR AL IR (E )RR
Wi 7 17 FH AR TR], AR SCE83R T MIPsHRHRE) Se ik il 42
REFRME, R T U] 1 A B3 AR S s A i
PEOCHE B, FRAFMIPSHIPE SEPERESE, JFXT BN HE AR
FIRPEHE R AT T .

1 AR T AL B R FIE B A RIS

MIPSTERE S HTAL I AR, EE R AR R et
A B0 500 5 4 A b BRI, AN ST AR A L (solid-
phase extraction, SPE). 43l [##HZ£H (dispersive SPE,
DSPE). 4 AH#EH (magnetic SPE, MSPE). [&AH{##<

Sample pretreatment

Bl 1 (P28 R (2)MIPSTEAF: il FT AL BRANAZ S 14 17 ]

imprinting

IBORMEHE PRI R AE IR DAt o A USRSz fR R
BHGZORIEM MR REFEIER . S2IELr . Sk
UFAE, X EAE AR G A DT A AR B IAGHT  ED
R GHMS. T EALFRRMEE . GORENEE A K
ATPEIEE A R G s hEZ ARSI
s BHGREAEEOR, LIRZER . ZIREHRAR. &
FOUSEAS/ J BEE I A sk ED 328 R AR 25 RT3 25 S i
(1&12),  FTATENTEFNAN R BT B A 5 HAB T H A
ML ]

L1 A RERR RS R R AR

RGN A ARG B TR KR A GRS
A BRI SR A WA R AR RUBE 4341 LUK, T HL
FESAH®, T4 ARE 1 f L5 4 (controlled/living
free radical polymerization, CLRP)FAREAH L Ik
TeFERE . 51 R Fm K FRER K ORI T, AT LUl
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Molecular
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Figure 1 (Color online) Application of MIPs in sample pretreatment and sensors
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Figure 2 (Color online) Imprinting technology and strategy for sample
pretreatment application

Zk, FEMAERIR G 53 AR, S
RA YR S A R SR ) 2 2B o LU
¥R A R A (atom transfer radical polymerization,
ATRP)HI AT - Wr BL5E 54 74 (reversible addition-frag-
mentation chain transfer, RAFT)®R & A H H. Beyazit
2 )\VXFCLRPEEMIPS il £ Fh LA, HEAT 14858, %
TATRPIE, ATHITAEA R AR L E 51 450, il
FERYENE R GG ARIEA MIPs. SR, FK R
FRVEZAES MIPsIY,  DIRE R LR A TR g
IR R M D) R BRI an B T M R 5 ATRPNAEZS,
(%) ) B PR L Y R A4 T P R £ s R b W ARDUE A 5
(i B A kUM R AFTRE 5 R 250 g B A e 7,
J& E AT &) IZ MCLRPEAR. #L4h, HTFRAFTHIL)
RESLI B A B R AW I, W RAFTREM| & HA K
PERIZE Sk i BT 3R .

A k¥ (click  chemistry) 1 Kolb%: A" 17E20014F
FIEM, 20 —FERR G R F AT s
AR, PR AR PRHURN 3k 32 2132 ek, 4R
M, EF20104F, sidifbs A HBEIMIPsHy 6l &, 3
ZLE LS R - N, TER AR
W AL RERE, XA AT et A0 i i D gt
Bonomi&§ AR 4k M s A 4 T EDI R A
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Yy, ZEIRAYEA R AEYAHENE. Awinods
USRI S A, i AR - B R BRI
RVE, VhA-Z BRI IRe AR, 64 T Rk
B AL (13). 2R REAF I 22 151 205 5 AT, R IX
TR T ) AR A R AR A

7S ZAL RS Wil & H AR (hollow porous polymer
synthesis technology) L2 RE4 = ER I AT LI 455
FHRINTR BAR AL BT . has ZLLERE R
il & —MELLSIO,, NFLSI0,, BIEZ Mk N i
PRI e ) 45 B 2, Sdad SRR (HF) 5 Y &
WM (THF 4 N A SIO0, 80 R R M foskiss b, DAl
2 ZALINERT AR Ostovan®E APV'LIAFLSI0, 0 3045
AL, TR BB EOR A TS SNAIRELEZ, SRS
FHHPR SR, A3 T h2s Z24LRELloe =61k
(E14). ZA B LT AR R 1A% -5¢ BRI A RH (1 BT %2
>60 min, WHIARE29.8 mge™), HAHE AL TR
(<30 min) FIHE &5 B 25 (50.0 mg ¢ 7). X FEIHT)
T zs ZAL I ER I PR A3 RO S A S A T 2
PORL b, TR Sk, E5R e 1 B 2R A [ s
WG T BN T EEMIPs[Z5 5 45 .

[& 416 i (solid-phase synthesis)J&—FH I MIPsilil
BHAR, BB o AT AR 2 A I 5 3R 1 LA
il 28 B A, SR T AR E A S A AL AL
TR AN G | AR B R B e th AT 3R A, e Ja A [ e AR
I WS EEREY. B SR BRI
TR H A AR R A ER ), 3R RO U
BRI AT, AR TR TR 255 T A B
R A 1 = NS B S i 757 SRR U
AU SR, i TR AL BB Bk R~ 4
K, —BAET0~100 pm, FEXFEK B RS FEEALA L
FAFR, (731 7r H R TH PR 3 £t i, MIPs
7 AARA (4 ST B B 2R R - MIPs 70.15~0.3 mg). & T
I, Ashley APt —Fha (4 43S A ERSE )ik, 1A
WEPEF ;O 2 KL R FEIFREAR, B TRk HA
A LLERTHAR, I LA 5 FIMIPs = Ha R KAt i, &
L5 L FEER A 25 10 83~1671%.  [EAIA M A M = e
TP ek EIEL . ATEMELE. 5T Ak
SEAR A, AT RS MIPSHY R AL A 7 5 g Y

1.2 [ AT AR RS Y Eesien
Fn AT AL B R AEH BRAE TR T AU SRR
FARYI T I AA% T B EAE . SR, FE bl AL B EAT)
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Figure 3 (Color online) Preparation of boronic acid-functionalized MIN
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Figure 4 (Color online) Preparation of hollow porous MIPs
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template imprinting)5mg, RILAPIA~a A~ H bR M
Ml s MIPsHA AL, FE—ANEL R A AR & 24N
FRBLAR 43 AR A5, RS S B 2R 5 Y [ ef
. 08, ETEE. mmastr. flan, AR
SR FH AR B SR I L 1 65 2 1550 (PAHs) A5
Wi, 45aRMENBE ARG S HER-BER RS H&S T
ZAEHMIPs(mt-MIPs)H1 L. %44 BL %} 16FPAHs 8 H
I S P R o 225 A I 3 ) 285 B e R, B A A SPEK
B3] 25 A GC-MS S B T X i /K Fh 16 FhPAH ) [R] i)
ERRCHR S FEH AR, AL O L6
By ARG YE NN, —S DR AH&S T
mt-MIPsFHYESPESUEL, 454 B4 Ik, W, &t
o P AR IS T TR K K KR
T EI6RI AL AW, Tk, AT L 3Fh i
B A>T, LAR M R R IR i A Ak ER, il e A
SN BE PR S22, 7E LR ARV TR 2 IR A5
mt-MIPs, ¥ HJHTDSPEW 5, 454 HPLC-UV, L3
TG 3R YA EBAYRIN . P bR B
K. R, HuR%dE H, mt-MIPs Ay PEfE: () JE— 5
WA T L) T2 — AR MIPsFAAR, X AR AT AE & i
TREFPARAR A0 45 A 57 1 850 B WA B S 22 PSR 3 T
FHEA RN S8y, 52 F, mt-MIPsHYELRLN /&%
PR 23 B BN PERE AU . I AOEE A A5 2R

FE BN o8 A% o B 2 D BB B (multi-functional
monomer imprinting) %} T 55 B A4 R XA AR 23514
VEPEME R ARAE A RE, R (0 F 22 Fh o Al A 5 8
Moy FAFRRBINLEVER, ¥ 2 DiRe st R VE R,
BRI SRR, DT 4R R MITPs TR B ) Ak
P, fihn, Xui APUSRH 2 D RE BAREN TR SRS, LA i
A2 R A REERAA, il 45 T TUER R MIPs, ik
Xof PUBR 2 AT B i B e, BE T AR S e B
PEHBAY B VUBR . Liao% AL HUE AR R (MAA)FiI
IR T (AA) AU BE LA, il 48 T BLASME N0 2R A
Y1, B TIRYEMAAR I D) 5 RYIEDKEIR T & A
i, IR A AR IL S SRR R AR A S,
DIRe R PE ST A, $E T A XS 431 i Wi o
P A D RE BARMIPs HH 45 BA— Zh E B MIPs 78
W B . BERRPEAE Dy T B AL O, [T
AE LRI B B R AR AR, IR B A R AT
JEH AR 85073, SR, Wnfe] 438 M4
B4 PR A B0 1Y Z RO Re s dA, e 15 bkt
BCHT I RE AR, it — A ORI e TR BRSO, #B
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FEAUAEA N3 (dummy imprinting) 2 F7E 4544
JEARFIR/ N E 5 BRI AL 2311 A AR i A7 B
;A BEENiE (segment/fragment imprinting) 2 {# F H R
I3 T E AR E B BRI — &R O B i)V i U
R HEATENE, 38 X B AR A B XA 7 1Y
PO ERAE 2 BARY BT A 454, ik th BRAR Y
Rt o F Tl a8 B 3 7 BEMIPs, - BRI SN — 28 5
A A W] 45 4 5 W) BT R B v AR (R B 4y U
SEVORL SRR T T LA 5 e A IR
14975 G B JHOGH RGN 45 SR 0 90 DA T e DRAS AT it ks 740 1]
B R R T B AR TR & 5. S5
B GV R R IR NS B AR ST 1
PO nOzerd N RIARHE — R — 2,16 g AU
M, il T HEALENIE R G Y)(DMIPs), 455 GC-MS, 5
BT K RE o RhARAE — F R TG (4 R . Xu%E AP
AEER I (TNP) A MR SR, R T e - B I 3R 45
#% T DMIPs, SZEL T XT3 =R JE F R (TNT)KE
211 5 AR, DanFlWang! Vit F XU B B 305 56 s
il 4 T MIPSENEKH BEIR(DA), f FIDARISS AU
I3 I8KE-1,3,5- =R FERR FIH A R A M AU A 7
PER E A B 5t AIDA, il # 170U BEEIEMIPs, XfDA
B GERerE. FRER N AR, S A B R
BLEN A VR 20, AHJRA 3 0 e SRR A R B AR
AIIEPRATI IR — I HE AT

TG A4 BHENTE (magnetic material imprinting, [7] T 3CHY
T R SR e 37 D 30 ) SRS W 7 B 3k A v g | ARG T A
RIHF MIPs & Ui 75 R 1 AA (AN Fe; O 41 1 sk 2 1T 1 1
O3 B R ATBHMMIPs). SRR A4 A A FH s 3 2o
PESF B STEIRE T H AR A W B IR R R
TR, (R ST B B AR R B S A T, IR
AR TR BRI IR I s el B, BRBH
SR U2 DY TR R 45 T 4% FMIMIPs B4 ] 45 B HiAE
MSPEAFHE A RITALFE T I (95, Ansari™ X MMIPs
(65 ST T8 i FIR B0 A7 Hh BMSPE A 3 B A T
TER. R, PR RRUAS HIREE AL RMIPsHE A<
WOy A S 2 FUR 43 Hr v i v T E K.

2% FIEN5E (boronate affinity imprinting)/&7E E[JiE
b FR A8 A A TR LA D RE A, AR e
5 B i X = B A [ AT R R s 2
fEpH=8.50, BRI A+ 5 S EME 5, £
IR T F, eI S A R A lR L R N, 15
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AV R DIRE AR L R R A, Hil&
HHJE 5 5 35 1A B30 )2 AR RIS 3125 IV D I 4 B
23 N %07 B B RO ATE T BN AT 45 AR
M3 F RTINS, 30 o 9 B0 i ] She A 6 45 i 1%
HCENI R IR, 45N A R SRR A 2T BN 2. %07
VEAAN S AL T BN AL R, T ELIE G ), ReasfEsE
RO A R T SRR OB ROMIPs. [RI, A T
SALTE AT SZBRIV T, A 2E e B 3 0 A 4 1)
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OH
HO ,
\B/ ‘ .:_‘-
C 1

L
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FET ES v 5 96 FLARIR A, K-l £ I MIPs U R
FTEO6FLAR L (i id, HEAT T MR e Je 0o 50, SEB
TN H G B RGN, IRl R i s
AR IRESIIEE e S8

AR, XA S SO T AU TR X 1]
BNk, anE 6N, B e LRI T 7Sk = FF Sk
(CTAB) Wb, H145/1FLSI0,, P EHLAT, BE 54t
HL ) BT AR A 3 3 i i A D SRR 52 5, SR 5
TEDIREFIRy- N = C AL REBE(APTES) &AW
PR TCHE A R e AR B SR DU 2 8 3 ik e (TEOS YR
FITF B4, VEBUBIAR, 158IMIPs % A% 02 A5
M- X 4 i) S0 B3y v ) B EL BRI %% e, BN
IR B TR IR SRR & 4.

2 A R AT VR AR S

MIPSTEAZ B i 0 32 B JRAE A I A il
JC, FemtERI S & Bin o1 E A E S, Wit
MIPSTE 53BNl A 8 thafe R 5 DR, Al
S EHLBANTE, b RIS S 2 Ak Ot
o RHFEAL, Hoh, pFEnHLAL . POLRIR
TG SR = HURHME A R TS AL FEAR B I, 38
G R AR A N I ] . ZeEIEE . R,
PEVE RIS SHL A, TEMESeHil & Jr il 1,
A WG A JEHE B BN IR/ SR W e R R Y B A%
JRAS. YIOKENITE (nanoimprinting) 7 A . 3 [ B (sur-
face imprinting)$; R #1452 & #4F}EE (composite materi-
al imprinting) 3 1§ A% h 1 5.

( ;i

Thickness

EEE |

) Template immobilization ))

Oriented imprinting
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Template removal )

%6 Glycoprotein ,:'. Glycan ® Monosaccharide

BT S  (1P4% ROR () BS54 2 i 2 32 7

Figure 5 (Color online) Schematic of boronate affinity controllable-oriented surface imprinting

B Substrate Imprinting layer
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(EtO),-Si
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Figure 6 (Color online) Schematic of the dual-template docking oriented molecular imprinting

K EN I (nanoimprinting )35 AR JEK 20 K A4 L A8 il
FHRGIABIELE AR fl 5 B v, B B
YUERABIZ SEE. TR RE M RHRR IS I K4 =
MR LEER TR, SRHAOKEDIBH AR, 2 RRE a5
T3 EE A A et R G ) 8 AR L ARASHIR A Rzl R
FSERIL MBI . X501 ER il H Ak 2 A5 8, 20
A KA BB R, SR 5 78 H A 2 18 ) #5 70— EN b
J55, W B AR B G R LRk
(RN o o B I EE/ TP S A SEAMNIE S ¢ =27 3
AR AR 0 Fe R T AR TR A R T R A S S
HLPERE, A KR i 1A% e i) R A

IAERE, oy BRIl AR s A Sk, Ffe ELMIPs
() rR PRI R SCRT I v R, A E RN
I3 B S AR SRS AR 7 WL SR WG, 43 Bk
FCALIEERR TR AR, 7 2500 g %),
SRAKFES AR AR5 | B AL,
T B () 2ok B R s A0 A KA Rl s B, A
HYPKRER . YR -2 KRERGEEDIT AL, fRdefl
ES R | = 21100 AN B NOIR | E VR /S S N7 9 p SR R
SPEA T AR T B R AR A A BT
KIK ) A% -7 BAMIP s 2 44 2K B 308 43 A RN 1T B (sur-
face imprinting) 5 AL A 974, — M3k HAPKRRL T,
nSi0,", Fey0," At 457Vl B HE R,
FEICRIAIEATENE, 48 A BN 2 )L 2= L8
KIERETE R N, REREEAR 73Fo8  5BR, BT 5
TR, 78 BAraF a6, BABIRIE TR,
FEIE H TR IS HT

XFF o F BNl o el s, Bewy UL IR PR — 5t
BT IR (B, B—{F S U HIE A KA %
i, MG EE D Z R B . 2R R A
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3 Rod-shaped micelle @ Molecularly |mpr_|rjted
mesoporous silica
%

(EtO)s=SiPhB(OH),
EtO),~SineNH,

Oriented
imprinting

Template
removal
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BURIE . AMERIREE KR i £ S5 AR A Z R R
oM, O EAH S B2 A — B iR 2. T4E
K, HRTO R LRI, RO — Rk
T, FEAEWA LS, A BAsYIE, PIAL &SGR %
TR L & R A AR Ak, B OO S B AR
LA R, LUIIE BARY). X NTER H RAME AT
FRAREL 2= T bR AR B AR ZE B2, DT A5 20 5 R
2 RO LR EET I AR T B A5 R i il
bR, A B L B3RO AL AR, RE s A
1) RALEE, FERT LA BRI T T AR A, BRI L6
PENAL AR (A 75 2242 & A A KL ENIE (composite
material imprinting) Mg, AP PRUES R KA REAEE]D
LR AN A F I DIRE, SR AL AR i —
KEKAL.

T IR BE L FL (FRET)HLIE A 43 F-ER3k e
RPICAL ISR, &R, EH AR Z AR 2
RHEEL. Pk, BRI JE R R ARGk (A
10 nmIN), FrAGKERITH: AR 0T 1Y, R, SRAIER
TET B3 320 552 A 1] B A% - 770 45 K 1) B0 300 b A 2 BHLARL ) 2
ARG FERETS I, ISEOEYRINBD Jfi
RGBT RS2 RO, LIIKSIO %S
IR, R A ELB R & T ILA 0K B B ER I
&), YEiEEn SR EE AR, HHANBD
PENRAENER, A2 AR (2O 2G5, it
L3RG IA AR A B SN 3 i 2 1.

SN LR AL Bl 9 AR A, R4
Z 05 FERIE LRI RS, BN A R & A P
FIAN[A) A T R}, Horp—AN R S AR EE 5
BRI O, 10— &SR s B R E N2 1L,
DR RS S B AR AT i AL AR BRI At
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Figure 7 (Color online) Schematic illustration for the preparation process and possible detection principle of core-shell structured molecular

. L. . . [95]
imprinting ratiometric fluorescent sensor

FE, AAIRAIE S Lo B (R AN, SR % A
IR, — BT, SR PR 2 He 5 et
(T Bk ZOLYRE) 5 Binar T, (AN
BESZMA LA R I, 14, SiOFIVEALIR M BHE AR Y
PEFE, EERN D EBeriI A —E RN, fE
BEL1E PR A 2 A 2 YA RS 5 ARG B AR 32 fok HL ik
g & g B, BRGSO FE I L
B SRR ENSEA, 7EEDE AR P InA S —Fho
MR T S0, B 2OLYURE) 2 H5E)
T, 11452 B8 LR MIPsIE R g, A iiizn 1),
WL AR TSSO N M B, a1 SR
ZHAES, SOIOEYRINBD N HRAIES, APTESH
UIfEIR, 2,4-—FARA LIRQ,4-D)y NN ST, it

T -BE Rkl £ 1 BRIl 2 (1K18),  BifidE 2,4-Dk BE (13
K, RGO MREZ 24k, ZOGH A B LA
Sggte, ST 2,4-DI AT ARSI . AE BRI A L eT
JIACTAB, il HA RFLBUAFR A FLARE, BT
P AUORFLEEA A B T4 & Bhr o T i 55, M
TR e A SR A OO A, i I STO LI Y
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Molecularly imprinted polymers (MIPs) prepared by molecular imprinting technology (MIT) are polymers with specific recognition sites
matching the shape, size and functional groups of template molecules, which can selectively identify and enrich target analytes (template
molecules), and have been widely used in sample pretreatment, chemical/biological sensing and other fields. However, in the processes of
preparation and applications of MIPs, there are still some problems, such as difficult elution of template molecules, fewer effective recognition
sites, low binding capacity, low mass transfer rate and poor recognition in aqueous media. As a multidisciplinary technology, MIT has developed
rapidly by borrowing and integrating related advanced technologies/strategies of other fields. Consequently, a variety of new imprinting
technologies and strategies have continuously emerged, which not only effectively solve the abovementioned problems but also push forwards
the development of novel MIPs and widen their applications. In this paper, orienting the applications of MIPs in sample pretreatment, sensors and
stimuli responses, some advanced preparation technologies and strategies for MIPs materials are highlighted, including ingenious imprinting
technologies (surface imprinting, nanoimprinting; controlled/living polymerization, solid-phase synthesis, etc.), special imprinting strategies
(multi-template/monomer imprinting, dummy imprinting, boronate affinity imprinting, etc.), and stimuli-responsive imprinting (magnetic,
temperature, pH responsive, etc.). Fundamental features of the advanced imprinting technologies/strategies and their utilizations for MIPs
preparations along with representative applications are described in details, involving important issues and research challenges.

Firstly, a comprehensive overview of main imprinting technologies and strategies for MIPs preparation in sample pretreatment application is
provided. In this regard, MIPs are used as selective adsorbents of various extraction technologies such as solid-phase extraction (SPE), dispersive
SPE and magnetic SPE. Aiming at high selectivity and high adsorption capacity, the MIPs should have ideal morphology, uniform size and
excellent surface properties. Besides conventional preparative methods, it is required to introduce new imprinting technologies and strategies,
mainly including the ingenious imprinting technologies of surface imprinting, nanoimprinting, controlled/living free radical polymerization
(CLRP), click chemistry, hollow porous polymer synthesis technology and solid-phase synthesis, and the special imprinting strategies of multi-
template/monomer imprinting, dummy/segment imprinting, magnetic material and boronate affinity imprinting. Surface imprinting and
nanoimprinting technologies are usually adopted by coupling with the abovementioned imprinting technologies and strategies.

Secondly, advanced imprinting technologies and strategies for the construction of MIPs-based sensors are summarized. For the sensors, the
MIPs as recognition elements can specifically bind target analytes and as transduction elements can generate output signals for detection.
Typically, the output detection signals can be classified into three types, electrochemical, optical and piezoelectric types according to the
transduction mechanism; molecular imprinting based electrochemistry, fluorescence and surface enhanced Raman scattering sensors are the
research hotspots. For sensing applications, it is necessary to consider the main parameters such as response time, linear dynamic range,
sensitivity, selectivity and reproducibility. Therefore, the MIPs should have excellent interface properties by employing appropriate preparative
technologies and strategies. Nanoimprinting, surface imprinting and composite material imprinting strategy have become the preferences.
Herein, constructions of molecular imprinting fluorescence sensors are emphatically introduced, especially ratiometric fluorescence ones.

Thirdly, the imprinting technologies and strategies orienting stimuli-responsive application are briefly introduced, for preparing stimuli-
responsive MIPs (SR-MIPs) with specific recognition ability toward targeted molecules under stimuli-regulation and thereby achieving
intelligent control. SR-MIPs are able to sensitively respond to specific external physicochemical/biological stimuli with a considerable and
reversible change in their properties, such as molecular chain structure, solubility, swelling or dissociation behavior, resulting in regular changes
of imprinting properties. The most reported magnetic, temperature, photonic and pH sensitive SR-MIPs and their dual or multi stimuli responsive
SR-MIPs are reviewed. The rapid development of smart ecofriendly SR-MIPs and their stimuli-responsive application will accelerate the drug
delivery application and assist the widely carried out sample pretreatment and sensors applications.

Lastly, future perspectives of MIT and MIPs are proposed. In order to solve the core issues of selectivity, mass transfer rate and adsorption
capacity of MIPs, it is imperative to rationally combine various imprinting technologies and strategies. The ingenious fusion of MIT and various
advanced technologies should be continuously strengthened to promote the preparation of MIPs materials.

molecularly imprinted polymers, imprinting technology, imprinting strategy, sample pretreatment, sensor, stimuli-
responsive imprinting
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