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Abstract: Vanillin is an important flavoring agent that is<mainly obtained from the seedpods of the tropical orchid, Vanilla planifolia.
Molecularly imprinted polymer microspheres (MIPs) were synthesized by precipitation polymerization, suspension polymerization, and bulk
polymerization using vanillin as the template molecule, methacrylicracid (MAA) as the functional monomer, ethylene glycol dimethacrylate
(EGDMA) as the cross-linker, and dimethyl sulfoxide as the solvent. The interaction between vanillin and MAA of vanillin in MIPs and the best
molar ratios were studied using UV spectroscopy ‘and Fourier transform infrared spectroscopy (FT-IR). In addition, their microstructure was
observed by transmission electron microscopy (TEM). Equilibrium adsorption and isothermal adsorption experiments were carried out to
investigate the vanillin-binding capacities of the polymers. The results indicated that MAA and vanillin interacted via hydrogen bonding.
Furthermore, the MIPs synthesized by precipitation-polymerization were regularly shaped and had relatively high specificity for the recognition
of vanillin.

Key words: vanillin, precipitation polymerization, molecularly imprinted polymer microspheres, specific recognition

o3 F BN SR AR e A1, i A 5, TR - AR T R AR A @FESIK

ORI 191 BB S Y (MIP) f& — Fft L2
I3 T IR £ R B -1 HA R RIC A2 D e A
FEUNRE AT BT A AR TR, B E
PE R 2 I SR A, TEARZ AU
Bz SR, @ H, MIP O A AR A LU
SASBIEEE, Ot A s N B A EL A
Bty 1 5 A R R D e R A ) D REBRAR A, &, T
ks EHA: 2014-11-12

HeUR: XEHEARFESTEBIR (13JCANJ €02600)

EZE: a4 (1990-), B, Min4E, NESFENESEMR
BiEE: TR (1964-), 5, 81, Hu%, TENESFIRFEMRIAR

132

il EEEAKISIR T, ISR 5 RE AT 3L
X, R T RHA R EEZAL A K
EYIMEEE G, [NEEH, B2y
R T U R, PR IR R S a8
BT 7 SR T o8 VLR =4Ea30%,  RIVRGRIAL
Reo BN HEIE NG HAI AR DI RERE ], RARAR
T T ERILHVR RIS S AR RE

TG (- AR B4R IR T, Vanilling X A4 7
=R BFBNE SR, RE A I HEAER
Yo, fER . ARMEE 2SR IUSAS 2 Z KN,
U0 LT T A B AN E A7), RN R



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

A BRI, HONPUERZG . HAT, AR T
AR A = FEER A A i, o BRI (L%
FRIR) e i ke —, (HIRE H AT A0 %
RFX %, SRR B P9 A 7= 1) L BERRIN A AR T A
m, AP REER, HA SR AR N R K BT (Lt
B EREL A 20 t BRK) S5 I R v AR A B 1A
POV, TR SR > B Rl [ YRR
FMTETEA: BIRR CO, ZEHUE. BEARTRI /B
R WL R T, R gy B R Al I
BCRIIARARLY, HEMRDIAEE S EERE, &%
Z R4 &0, VMRS 2, X sasr=4
KEMIPTCHER . BEE NIRRT H 2
& A rE RO R R OO BRI A 2 2 AR
HER R —. Bk, AT ETEHERRESRDRNEA,
A DI —FEEA RO R R B A g B T —
PRI B [ A RE R A

ASCUAAF R (VAN) B 75 o- S TN A IR
(MAA) R DjREERAR, —HEZ(DMSO) NI, &
T NI IRES(EGDMA) NAS B, R T
HAIBN) N SIURA], AR RTTER G SRS
BRI RGIEA T &SR T B RS (U
BR)o SEEGHHEE T IR AR A L EIZEHLEE DL AL e
KA, WiE T BAEMslS % K%
AMIERE . LTAMEIE | 7 5 BT BN R A i T RALE
HHIEFT T NI SRADIR BH1E fE -

1 RSk

11 ZHestwt

FEEE (VAND, ZiEE 99%, FRHEbILHRAT G
IRAT; a -HENHER(MAA), 18 FRT 758 25085
ZPHERA, KAEMNFRA T o B HEN
IlRlE (EGDMA), ISR A MR AT BR A F];
A H T IB(AIBN); —HETHK (DMSO). 2.
R CIHRR(PVA) R T TT R HEE,
FEETT AR ERF R A TR A A .

UV-1200 A 40a] WAt EETH (bSR3 4T
R ATE]D; Tensor-37 AUl B HATAMGHEA (18
Bruker A 7] ); H-7650 Y% 5 o 7~ A (H A H °r
Al);s HY-8 [FIEUR A BAR # (S n T S m A #
EHIRAT]): TG16-WS(1650D) 73 B ol L ik
PO UNES AT BR A 7]); KH5200DB ZYHedsitd 7 i i
Peds; DF-101S SRR 1P bk 8% BT
FEE (Rl —ERAEE IR A D,

12 BSEEAR

L DMSO Ayi5, [l 2 VAN IR A 5 mmol/L,
BRI MAA 5, T VAN AT MAA FEEE A 1:04
1:1. 1:2. 1:3. 1:4. 15, 1:6. 1.7 KHRSTER, KA
AR R TR 4 h, HAER, BUREE—
BN A S, 7E 200~400 nm HIEKIEREIN, DU RK
FER MAA BRI, R0l VAN 4G .

1.3 4T EIIE KA A R

1.3.1 iEkbik

HERRFREN 0.1522 g (1 mmol) B VAN: &
F 80 mL DMSO iy JIIA 0.34 mL.(4 mmol) IfjfEH
A MAA, TR TR% 1h, HIREEAREAR T
HER, FRIMAA—7E ERZZHGT EGDMA FliE & 1)
51 &7 AIBNy, GENESR 30 min J5 %35, EESRY
B TN R R, T 50 ClER
TR, WERIES 24 h, BSOER AT ENE
REWHER. BERINREYNERBTER IR
F B 2088 (VIN=9:1) IV Hamee, iR 1
B2 PR R RGN E] VAN ik, SR
SRR S SO, DBRERERMN O, e
RN B A TR TR . A8 THEREYN
H A BRAINER 737 VAN b, HADIRE -,
132 EFkek

FREX 2 g PVA YA T 80 mL 25 17Kk, ¥ 0.1522
g (1 mmoD) 4> VAN F10.34 mL (4 mmol) I}
RE LR MAA BT 7 ml DMSO JE A E] PVA ¥
W, I — 2 ERACELT EGDMA FL&E &5 &7
AIBN, JBAZS 30 min Ja%E, ERSM TET
EERGUEIR AL IS, T 60 CHEMRIEHE
B, WEIRERE 240, BOERAGCH FEHTEREY)
R KSR R A YIAERUE R IR LSS A F
I8 (VN=9:1) HyEmahe, seitts v, EER
I RS2 VAN ik, S5 H
LS G EUR, DB BRI AR, BERNE
TR TR A0 FEER SR % 5
AR 5> 7 VAN 4k, HABIRE E.
133 ARFELE

# 0.1522 g (1 mmob) iR 73+ VAN #10.34 mL

(4 mmol) ThEEHAR MAA 7T 60 mL DMSO H, £F

RAES E I — € G EGDMA FE 21 5|
RFIAIBN, BAESEHE, T 50 CHERE/KB#HAY,
TR R RS 24h, HAGYUREEEY . KHMET

133



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

JRWHER AT 200 HE, #5205 S PIAER IREZI
PR R (VN=9:1) Vs, Bl
s BEFFIERT RS CEHASR] VAN 24
1k, KA AR R UK, DIBR R I IR,
BIFANRZE AT TR A0 THLRA
PRI BR AR 737~ VAN 4k, Hao BRI

14 iR

BRI RT S R ETZE A9 MIP. 25 HEIE R &
NIP KAk 4+ VAN FH KBr & F v #IRE, 78 Tensor-37
FUAH B AR 2T AR A LS SR SR A AN
.

15 B4R B

R EMIMARITK LB, Bl — &R
B, ARG A TR 20 EL 30 min, AAJE
PEEA GRS, TGRS B SRR S
WML, T 24 h, £ ORESE AR A M E S R
BATILEE

16 2 B0 R a4 o RIRAT A B

1.6.1 H-FepidRame R 3h /) 5 F

A3 BIFREL 10 4325 &1 MIP A1 NIP %% 10 mg, &
B3N 5 mL KR EEE A 2 mmol/L 1) VAN-DMSO 7%
W, TEIE N adRG—ErtE (15, 30v 457 60,
75. 90. 120. 150. 180. 240 min)j&i, #F&FHSZNRE
W BB O L0 15 mins<H 1 mL )_E3EHUT
DMSO #iktE| 5 mL, RSN L DMSO
N T S R IRMSCI R I 5 R RO B o 4 B
HEh 2Ry e EfE VAN JU-FATIR I wPAgille 3 K
BCPIME, MRS AT VAN IRERAR L,
HAI (D ATHREWEAFILE X VAN 1456
= Q, LHildiaa QWM IE t AR HE) /)
b2k, WMESER MIPED NIP, $4 M8 [ 22 B3l
TR, TRE T EEEA.

Q:(CO_Ct)XV D)

m

HF Q AoTFHERAMAT VAN #9446F (umol/g);
Co & VAN-DMSO & 694044 R E (mmol/L); ¢, 2 MK A
VAN-DMSO 323% 44T #7RE (mmol/L); V 4 P i 64 mliRiak
AR (mL); m ASTHEREMRZE (g).
1.6.2 TPk RAME FIRAM 21

I3 HIFREUEEL 10 mg f) MIP A NIP - 10 4 25 mil
HIEEMEEIF, 2R (0.25. 0.5, 0.75. 1. 2. 3.
4. 5, 6. 7mmol/L) VAN -DMSO H=#EZE % 5 ml,

134

fHiRIRY 12 h J5, ¥EBRE.RE T, 1£ 4500
r/min, B0 15 min, FHEE, W ERFEIRAEH S
IR bRE - 2835 E B E VAN FPATREE,
RIELSESREART VAN IRERA L, HHEES
SPANFIARFE VAN I B &, FRARAE Q EZ:MH] VAN 5
RAEVNSGEFRS . WHIEPER MIP A1 NIP, %
B 25 BN 20 I e 22, TR nT B AH A .
1.6.3 4T Pk AW RIR A B R T A
FREUERGY 10 mg ENZESRA4) E F25 mk HIEHETE
i, A 5 mL 2 mmol/L AN AV S
PR ER AN ZE I AE 1Y) DMSO ¥ N H iRk ast T
R FIRY 5 h, 8 IR 5 BN R AW
Mgt 3 HsRk S IR K K BT a
SN [ A SR et O AR AR () M
Ki koG 2)

a:‘l =

K. C
j s
AR (2) R¥: CrRAMLESRMAKE, umol/g ;
Coit MBI B R HRE, mmol/L; j-&k#4F, FFH

NG MR, afdh 1 i-HEHRaT
2 #R5ie

218 AN K A

061 a 1:0
b—1:1
c—1:2
04+ d—1:3
¥ e—1:4
< f——1:5
02r g— L6
h—1:7

0.0r

200 250 300 350 400
A/nm

&1 VAN 5 MAA R[EIEE/REE B ZRSMLIETE]
Fig.1 UV-Vis spectra of Vanillin and MAAwith different ratios in
DMSO

[Fl5E VAN FOIRBEAAE, Wi MAA IKRIE, 755
—RIVEINROETE R, i 1 PR, BRI,
IMAThBE AR ELBIROR, WO BRI, Ui B 7
TSR RV 70, HIXME s, 7
AR VAN & B/ b . B AR 1 A Ee s R
WA A OB IR A, AR 731 5 ThRe B AR
BERHRT 1:4 1, AkeR@inThg ks, ol
ISR AAC AN I T HE—EVEREIN, H9RT)
RESARIELR], WAL 715 Dh e A A



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

HBGIFEIEAT, (HI B RO LT . X &,
— 7T, DHREERAAIR IS KA = A AR 2 2SI D e
PRIRTTRAE, 223G RENZEER G I 2 (A R
SEEAIRL, TIEREERAA SR MRS S—
JiTH, DIResR B S KA A B8 S, SEUGE
LR ] 78 HIE BN £, 38K BRSSP SR B
FEIFH . BRIk, P33R 8RR AR E I EE
REY), ARk R 715 Thie AR ) BE R
tbh 1:4.

22 &R G ML CIE R AT

PRYFLT ANt Bl SRS o B L ST TR
H AR AL S e e B RG22, DR
BREMILTAN LR, AT A — D0 TR 2
T 5 Ih g Ak 2 1) R A R B RE R DL R R A e
o B 2 2T AT ENZE SR A (a)  BEAR 20+ 7 B (D)
Vel BN R AHI(C)~ 25 A BN R AL A
K. 7E VAN [RZL5MEE T (18 2b), 3200 em™ 22455
-OH (R ZERBIR I, 1670 cm™ /& A AL REFE A i
PRI, 1260 cm™ Zi A R Fy R FE IS RSN
W, TEARKR A TH MIP FIZLAMGE (R 2a) o
ALLEH, FERAF VAN 7E 1670 cm™ Abff) C=0
8 4 R 205 41 0 IR AT D6 3% A 1) v R BB RS Bh & 1730
cm™ 7247, 2B VAN 4 T C=0 2 Al i 5 MAA
H1ff) COOH ISR TR T S8 — ANt A1 s
JEHEHR 3T VAN | 3200 cm™ 4b19-OH {HZR$E S
e 5 75 51 3400 em™ 247, IXANAs ] VAN 5 IMAA
TR A TR FIAMER J7, 453k W VAN
ZERH)-OH AT MAAGE I C=0 AT RER AL T ik
(SR, X gl B RS B SR — S
Fi4k, HHE 2c F01E] 2d RTAT GRS I MIP AT NIP 1
LI EAFAEIEAR—FE, 48 MIP P IR 437 VAN
WEEE, B N TSR RS A DT 2= /a4 o

= =]

Transmittance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber / cm’!
& 2 TEREVIRILINEE
Fig.2 Infrared spectra of polymers
7E: (@)MIP before elution; (b) Template molecule; (c) MIP

after adsorption; (d) NIP .

FEHFT) DMSO 1, BT VAN S5Ifgsk
MAA SR AEER .. SRS TR R 5
i ) — Ak >TSS AR D, g TR E
e i EE AT EAHEAER, SR T
ANV A AR D) 2 Ta) ol T A R O ON A2 R
EGDMA Fl5| K57 AIBN JE 4, BEATHRE A SR,
AR T = AR AT = e S E o TR A
Yo, Z et AT 3 R, KRR 7 i 7R 2,
FH T U B = R L = TR R T
XFEAE R TN KRR T, e
TR AL 73 5 A 25 B R 11 AR A B0 A T ek R e s 7y
THAN, ATLASENE T KA R O . L,
HIRADGEE,  ZLAMGRE X T LR 45 A AT LA
7 EH A e 70 BT SR S PR I ALK 5 BSR4
3 fl7i:

Il |
I
7 oud

Vanillin-MAA complex

/
OH 0//\(’\/(\ OHO S 1o
_— + ‘I" B kY e
> Qo L S >/ L T
MAA Vanillin o

e i EGDMA
Polymerization | AIBN

0 Removal of the

W template molecul

& 3 BER S FENERSHIENTH FEE
Fig.3 Schematic diagram of Vanillin molecular imprinting process

23 FHERIER G EA B ELIN

T EIE R O FEA, VTR B R R
ERILEBERER, RSB EF, BRIFIAEE
A ARG, XE—EfRE FEmEREY)
IO o

A R F 726 B R SR A B R
o Hodr, KB da FIE 4b NPLERGESG K. K 4c
A 4d HRIFREVE R, B 4e FIE] 4F AR S
FEEB. WNEHFATLLEH, ARIZEEITEG B
REMAAAFMLEES . AMERETA RIIENZT
REMRIIEATNEE . KD LINHURE . BE
MG EHR, B2 RARE. [Fr, BeEsin
W& RS 712 S AP ™ B 2, M DARE e
FESE G IR 2t AR I R 1 IR R, S 4552
Ho B RIUNFEY) R H %L, e 115 F
F B BEEVEAE — 8 5 N R A W15 BB UK 45
¥, (EERFEAEE, SrBCAs—, H) i f dod s 22

135



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

A EGH], Hr 2% DHEREEE IR &
PIASE A 5, HANTR 10 SN 2 s i
7l Horfas, ISR EIE R S YRR 5 R EROIRE,
1), AL A R BN RSB (. SRR AR
KW, VOERA IR EEE =B B
SURGGI RIS AR TSR AR AN S
IR SREREE R > TRERE K, HARES:
AP AREREAR, ik R SRR, AR B
MHESARFITIE LR, BRI BIaREYI
Z B A TR, ISR, 2
AMERIRMITIROR, SR I R S kK -

e f
B4 5 FENTEREIMBERRE
Fig.4 Electron microscope images of polymers

24 F TR AR b

24.1 PP IRAMAT AL BRI B ) FATH

DUFE 731 ENZE B IR 51 73 2B B 252 1F 7
RN A1 22— N EET B Bk TR Q (Qu
SE SORHE— I ZII M) BEE IR R] ¢ AL OR R o
N T WHFE=MAFE D5 & R BN R S 45 &80 /1
AP, AER SRR TG I A

136

MIEOLT, TE T AN RIS Z15R SRR 70 (B B
o DIEMHEXIRIER, SRsh ek, AT
FL T B SR SRR T, SEIR e 1 AREN
IREVIIRHERR LR, W1l 5 Fs.

35 e e AMIP
— BIFEAMIP
30 = EHEEMIP
—o— ITIE RANIP
25 F e BIFEANIP
o= AR EANIP

Q/(pmol/g)
s

0 50 100 150 200 250
t/ min

E 5 RAYIRMHENAF L%
Fig.5 Adsorption dynamic curves of polymers

&l ST, W Bl 2R g —
THaG, WM AR (8] BT R, Bk —E
WA S, W BN RIS, AR T X
Te RN TEMR B IR IE B, ENIZE SR AR AR K &
SR A SRILRC LR S T, MIP il ix L
RIS PR S SR T &R, il
BB MIP X B 1 PR R R IOR s BRI PR R
AT, ARMFLN G B R S AL TR,
M b PR, ERX LR LN S T
THURIG , B 5l 1) 701 ETEE S A WA R LY B
FAE—EHMETRE ), SEORFEZRRN, WHEE]
AT AMEG Y, DTIE IR G % 1R BT R S P AR
W ¥ AR R RE VAR T I E ATk, X2
MU R AEATHIEN MIP 2ERIE HRLAR 7 A1 )
&), BRI T XA T IR . S AMERE R,
MIP PR 73— AR PR 2 B O ey T AR RN 1) NP £
WRR R, XU MIP SR 735~ HAT e O B
HEo
242 HRREVITELEEM FIRA

0 SRS VI S TR PR e H I T Ui R &
VIR VIR I Be e it — B =R R G715
PSS VX R b Be 70, Skarh, e
VAN-DMSO VABCAWNBNE, ERE IR T, #Em
PRI — A A R ) > T B R &, R irdia
BIRKIITVENE T VAN HIE6HEE A 0.25~7 mmol/L )
Y0 [l B SR S - IR B Q BT VAN JaRik
FERARA, BRI SE EATTRANFIAREE (1) VAN PRI B 8,
HH SR I0ACHE AR BB VAN IRFEVER, il B a5
IiZk. 91 HE T e R S IR, S5 1]
FEIE 1 AREMEIR S VIR, & 6.



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

- BIFEANIP

35 e HE R AMIP
—o- AR ANIP

- BIFHEAMIP
30 = EHEEMIP
—o— ITIE RANIP

Q/ (umol/g)
S

0 1 2 3 4 5 6 7 8
¢/ (mmol/L)

6 EMiZE4>-F VAN 7E MIP F1 NIP _ERIRMIZRL
Fig.6 Adsorption isotherm of imprinting molecule on MIP and NIP

M 6 HETLLE , 7R AR VG A, MIP
X VAN W45 &S5 REAT & Langmuir 5373 JE I s
AU B MIP SRR 2 & Bt T AR 5 (8 KT
HER, BAERIREZVEHE N, WME TR, 3FH MIP
XA 75~ VAN FRIVE R AR 2 BT KT NIP R B
5, MIP % NIP %I VAN FIH 51 5 R B
XA RS - B R A B R A 2R
BRAM BB T 1 B A [l 2 TSR/ < B AL
AGPINE PO EIIVINGE A& 2 S EST YT R | N TSR
EHFIRIERER] . BB > THEA AL, i
Forb B RER AR BIES S E M. T T NIP, i
THEAEHENZELLI, RERNE KR 5K
Wi rE s SERIE RER], HE RE RS Z TR
1, BTSRRI R, A RS
TIHERAEL,  POGE SR E R BT 2R S VMR AR
I3 SR AR, IX B MIP AT A
SRR T I A T S 5, FL7 A B SR 7 TR EE
TNULES, W RCR B AREE LT
243 BRI MHIRIT T Bl R 4941 R
M 52 3

HO 0] OH

i 7 ‘
O o]
Vanillin Ferulic Acid

~ . o

Naproxen |
&7 BEREKHEERAEOIINERK

Fig.7 Chemical structures of vanillin and its structural analogues

IS IR =R IR TR T U BN S S )
MIEEE,  RIR DT SEEE G U I 2 & WPkiAE
5] HWR N RCR A it — B S D T0E IR A ikl 46
(I ENZE SR SRR o T IR BRI S S RE )y, ik
B 5 B8 43 - 25 5 8 (Vanillin) 25 #4) FH AUk ) i 24 1R

(Ferulic Acid)FHZE5 AN [A] (12554 (Naproxen) (& 7)
PERII, SR 45 5 5236075 %8 MIPs AT NIPs XX
MR, SR RN 1.

R 1 MIPs FONIPs SARRMSERY A RSBETF
Table 1 Values of K and « of different substrates on MIPs and NIPs

MIPs NIPs
Substrates
o K o
Vanillin 10.60 1.00 213 1.00
Ferulic Acid 330 321 189 1.13
Naproxen 268 3.96 2.17 .0.98

MZE LHRTLLEH, B, MIPs X Fs 1 /e
R K PR AT 52554, B MIPs X F sy
RV LA R I EA T R8I 5254 . IX I
NENE R A PITEVE SRR 5, NRBER T R SR
A Rase G 1R P DhgE SE R S8 21 S AAH)
RUFHVG AT Y ERGZE 2570 B TENIZ RN Ik, MIPs
X B IR 525 AR BT o ¥R T 1, T NIPs X
FZRRR FNZS AR B I FI8aa T 1, XUt H
A B SR A et B B BRI 5 25 AR I B e
JUPAHIEL BRI ARRr S B, T MIPs X5
TS 1) S PRI AR S R B, LA SR 21 P e %
PERIME R S

3 4hip

ASSCRI AR 7)1 G (VAN) R DO RE LA o H
I IFIR(MAA) TR B, Js I =R E K
THEERE ) THIEREYI(ER). SR8, it
VTRV & (K A G 7T BV R S W) S SRR 4
Ky, KRGS, I HAEE 2551 R BLH ERR
Oy TR PERE, A T ERAIIIE R A
I VAN GRS T —FESE = RN 7

BH K

[1] Lai Y F, Zhang G F, Yao Y J. Principle of molecular
imprinting technique and its application of pharmaceutical
analysis [J]. Strait Pharmaceutical Journal, 2009, 21(6): 4-8

[21 Wang Y, Li N. Molecular imprinting technology and its
application [J]. Chemical Industry and Engineering Progress,
2010, 29(12): 2315-2323

[3] ‘Yang HH, Zhou W H, Guo X C, et al. Molecular imprinted
polymer as SPE sorbent for selective extraction of melamine
in dairy products [J]. Talanta, 2009, 80: 821-825

[4] Dhana Lakshmi, Bhim Bali Prasad, Piyush Sindhu Sharma.
Creatinine sensor based on a molecularly imprinted

polymer-modified hanging mercury drop electrode [J]. Talanta,

137



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

[5]

(6]

[7]

(8]

(9]

138

2006, 70(2): 272-280

D Silvestri, N Barbani, C Cristallini, et al. Molecularly
imprinted membranes for an improved recognition of
biomolecules in aqueous medium [J]. Journal of Membrane
Science, 2006, 282: 284-295

Hwang C, Lee W. Chromatographic characteristics of
cholesterol-imprinted polymers prepared by covalent and
non-covalent  imprinting  methods
Chromatography A, 2002, 962: 69-78
Linden D B, James N C, Peter K. Molecularly imprinted

[J].  Journal  of

polymers for tobacco mosaic virus
Biomaterials, 2006, 27: 4165-4168
Hawkins D M, Trache A, Ellis E A, et al. Quantification and

confocal imaging of protein specific molecularly imprinted

recognition  [J].

polymers [J]. Biomacromolecules, 2006, 7(9): 2560

RITT T2, T LS B ZR G SR R[] AT
HiAR 571 %,2006, 35(2): 6-11

WU Fang-ning, DING Xing-mei, DING Min, et al. Synthesis

[10]

[11]

[12]

methods of wvanillin and its technology progress [J].
Technology & Development of Chemical Industry, 2006,
35(2): 6-11
B, AR R, A PRAL, S5 RFLIR BRI A B o
S BCR). KE4R{E T, 2005, 22(6): 458-460
WANG Chang-lu, LI Shi-lian, ZHOU Qing-li, et al.
Extraction of vanillin in fermented broth by macroporous
adsorption resin [J]. Fine Chemicals, 2005, 22(6): 458-460
T3 B 2L R E S B A LA 5T %,2002,31(3):
24-27
ZHANG ling. Synthesis and separat ion technology of
vanillin - [J].
Industry, 2002, 31(3): 24-27
Zhang Z L, Wang B. Synthesis of highly D-naproxen

Technology& Development of Chemical

imprinted polymer and investigation of their specific
performance [J]. Journal of Applied Polymer Science, 2009,
113: 1050-1062



