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Abstract In order to effectively separate the active natural flavonoids kaempferol (KAE), a molecularly imprinted
polymer (MIP) microsphere was prepared in acetonitrile using KAE, 4-vinyl pyridine (4-VP) and ethylene glycol
dimethacrylate (EDMA) as the template, functional monomer and cross-linker respectively. Afterwards, the synthesized
MIP was analyzed by SEM, FTIR and TG. The parameters studied for kaempferol include adsorption kinetics and
adsorption isotherm. The optimum synthesis conditions of the MIP microsphere were as follows: synthesis temperature
was at 60 C ,the ratio of functional monomer to solvent was 1 : 20,and the ratio of template to functional monomer was
1 : 8. The experimental results showed that the MIP exhibited a favorable affinity for kaempferol, and the saturated
capacity could reach to 1. 053 mg/g. The Scatchard analysis revealed that the specific adsorption of kaempferols
existed in MIP.
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H) 3 £ B H BN & R B (EDMAD |, 43t 46 (6 [H
Acros AED A 5% T & (AIBN) , 43 Hr 4l (F 25
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2.1 WIEBENEREY (MIP) B &l &

FREGE 5 B0 47+ KAE FIj g ik 4-VP i
fift T—E A NG EREWCE T = 0
Rk 3 hJa i AGE & 32 BKGH EDMA Rl | &
A AIBN, 584 1R #0230 min, 8 = R % B .
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WA VR A BR LR o, TR B E &, G R
YL FEIER G (MIP) . = RS
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2.3 \LIZEENIT IR & W R BR B R AE R UR B 1 B U E
2.3.1 Réhikie

ARG RN AT . AL EBEEY
fBR SR 45 6 W 7 B L xR AR SR i MIP
A NIP 1) 2 18 A& AT 0 Hr W5

K KBr e R ilFE AE 3 BE% 4 em ™', 4 000~
400 em ' DX [] YA fEE BL o AR e 2T A0 O 5 AL 4T A
MIP F1 NIP (W% i .

K H Perkin-Elmer Pyris-1 Y 8 43 #r4, 0
AR - 3 B /AU FHR R 10 °C/min,
2.3.2 KW HFaE

FREL— Z 51 255 i MIP (B4 30 mg) , & T &%
FLAETE I s 23 00 A [ ¥ B2 1) KAE 2B
fE IR 47 K 2 P IR 3% - IR 95 JF B s 3, 4 00 A 3.
5.10.20.30,40.50,60,80.120.,240 F1 300 min B}
I 7 20 T A [ 0 B B[] iy MIP % KAE f) 12 Fff
i DA B Q PR RIER . IR AR

q= G V%;) XV
b Q AWt & . mg/g: C) AL IG T ik mg/Ls
Co R P R mg/L sV IR LW
W o 90 1 o L g
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FREL 30 ¢ MIP I NIP 4% 10 {3, & T H#E B
HL B 10 mL JFRE W EE R 1.2.3.4.5.6.7.8,
9 il 10 mg/L KAE Z, %5 W, 15 18 3% K % 14 3R %
24 hJg, B, W EVEW T 370 nm b H i A
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Table 1 Effect of different reaction temperature on MIP synthesis
B4H5W) Polymer MIP 1 MIP 2 MIP 3 MIP 4
M+ KAE/(mmol.) Template molecule kaempferol 0.5 0.5 0.5 0.5
I E AR 4-VP/(mmol.) Functional monomer 4-vinyl pyridine 2.0 2.0 2.0 2.0
BWH M /mL Solvent acetonitrile 40 40 40 40
JZ W iR /°C Synthesis temperature 55 60 65 70
0. 507 0.315

I SO 10 B i / (mg/g) Maximum adsorption capacity

B FEAR . 2845 LB OL, R IR e HE o 60 °C.
3.1.2 BERFe R

BEPELL LG AR L BRER 2 B BOR T I R
HEAY .2 930 MIP 5 MIP 6 ,MIP 7 } MIP
8, I HEE T 4 T R A Wy I di R A B

Hi1% 2 nT L B 0 S B ok R 5

Yy 114 e T A T R R T 38 KL S T BE R S R
FURFLL N 1 s 20 A1 1 = 25 B, J5 RSP 17 1 B ek 2
SRR . HAF MR MIP 5 F1 MIP 6 J5i i
A, A HODR A B R 3547, U I I ) 2 Y
BN o SR 5 BRI s AR T IR 9 . It LA
LA B R R SIE R A E R 1t 20,

®2 AREBFEX MIP & 5 H 0

Table 2

Effect of different dosage solvent on MIP synthesis

BEY Polymer

M 4> F KAE/(mmoL.) Template molecule kaempferol

g PR 4-VP/(mmol.) Functional monomer 4-vinyl pyridine

% 2 & /mL Solvent acetonitrile
V(I REBAAR) /V (54K FL) Functional monomer/solvent
JZ W ik B /°C Synthesis temperature

I T (it 4/ (mg/g) Maximum adsorption capacity

MIP 5 MIP 6 MIP 7 MIP 8
0.5 0.5 0.5 0.5
2.0 2.0 2.0 2.0
20 30 40 50

1:10 1:15 1:20 1:25
60 60 60 60

0.262 0. 407 0.515 0.526

3.1.3 BBy TFAAREKRTEERILGXIELER
WHRE IHHE . ERBEREY. /5 5id

S MIP 9 .MIP 10 . MIP 11 & MIP 12,3 %% T 4
b BB W 1) e RS- 78 T o

®3 BIESDFRINEEAMEREEREX MIP & A5 06

Table 3

Effect of ratio of template to functional monomer on MIP synthesis

B4 Y Polymer

M 4> F KAE/(mmol.) Template molecule kaempferol

g Bk 4-VP/(mmol.) Functional monomer 4-vinyl pyridine

AR T/ Ty BE B4R BE /K 1 Template/functional monomer
¥ £ i /mL Solvent acetonitrile

JZ v iR )% /°C Synthesis temperature

F SO (i 1 / (mg/g) Maximum adsorption capacity

MIP 9 MIP 10 MIP 11 MIP 12
0.5 0.5 0.5 0.5
2.0 3.0 4.0 5.0
1:4 1:6 1:8 1:10

40 40 40 40
60 60 60 60
0.797 0.863 1.052 0.936

12 3 AT LUA Hh B 23 1~ 1 2 E A 1A B /K L
Je 1 8 I BT A Y R A W Y B A K 8 B
1.052 mg/g., DIE A BRI R BT
W IR AR KAE s 4 st o-f iy
BRI A0 b BRI IE B o 7 9 AR 3,74

f14 By 0 5 22 5 PR A L 5 B D) RE AR 4-VIP T AR
RAE (A D 2 4-VP HIE Ay Z 3 B AR
PR ARAE /0 s BEAR 53 5 AN BE I8 7 » i A W B b A
s EIR 4-VP &b oK w i AR B R ARG
B« BATICAZ B 23 57 BVl 55 W i 2 o 5 B
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Fig.1 Proposed interaction between monomer (KAE)

and the template (4-VP)
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Fig. 2 Surface morphologies of MIP
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Fig.3 FTIR spectra of MIP and NIP
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Fig. 5 Dynamic curves for KAE adsorption
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A A LA L MIP X KAE Y I B & 78 40
min P3G AIAR PR Bl 25 W B0 FsF D % 38, JHG 0 i 2
TR WG . 7E 80 min J5 IR A, X 2 1T B
R TRAEWRIEMNILH A TREWX KAE 1
PR R B DAL 1T A T 4 B B 2R W 1 W B R AR A
16 40 min W R EXF] 70% L b B 2w ALk
S W B A L KAE [0 A 90 AL 4% i 32 5]
— 5 WY BEL S o IR B 3 RE T L R R I TR] S A B
PP . N 4 1T LLE H . MIP S £l 0% 55 5k 5
1. 052 mg/g.
3.2.5 AMFEREMNT

W B 45 Tl 2 BE AR 4 Y s B BRI B
RES' L W 5T MIP Xt 1l 43 W (1 45 & 4 55 0, 4% B
2.3.3 W43 R F MIP K NIP %} 10 Ff A [R]
A7) ey T 8 0 L 2 T T VIR AT I B IR K
25 RANE 6 FTR

ML 6 AT LU M X T AH [ e 5 A 1L 2 1 R
FIURA L 9 25 4 6 BE 9 40 E s MITP %) W% B 1L 5
R B F MIP AW F AR F IR B BT
F18) R0 L 55 ) R F AR X 8 B4 S A2 1 4 o 3l e X
$E 23 5, MIP AR Al 43 247 45 S P R 5 9K 1T
ZHBAY NIP A %A mA &5, A
REW AR EA X Fh R S5 PR RE ) AL
W2 6 337 Sy =l e S e R R o WA B 6 T G AEAR
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6 MIP 5 NIP W Bif &8 & il 2
Fig. 6 Adsorption isotherm of MIP and NIP
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Fig. 7 Scatchard plots of KAE on MIP and NIP
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Table 4 Results of scatchard analysis

%454 7 24 Binding site 2 J7 F2 Linear equation Kp/(mmol/L) Qux/(mg/g)
B £ M7 High alfinity binding Y=—0.961 2X-+0.002 9(R*=0.994 6) 1. 040 0.858 9
& 3E#1J) Low affinity binding Y=—0.240 5X40.001 3(R*=0.925 9) 4.158 1.4315
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) Kp {68 1. 040 mmol/L AKEFMAL 1Y Kp {64
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Fig. 8 Similar structures of kaempferol and quercetin
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Table 5 Adsorption capabilities of MIP and NIP

to kaempferol and quercetin

W B 1t/ (mg/ @)
BoY Adsorption capacity
Polymer  wgem W&
Kaempferol Quercetin
MIP 1. 26 0.72 1.75 1. 65
NIP 0. 35 0.33 1. 06 —
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