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LA MLLAOEIEWE S T Bz R NI D) &
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1.1 SKIesr#

Wil Bz 2% ( quercetin ) | fili &z 2% ( naringenin ) , 4[i
JEH) =98% ,BVE ERHEW T LA R A W) 85 R
(baicalein) , 4l [ =98% , B VH 2 =W R A R
W] R NI R (MAA) |, K HE T A 2 150 F 52
iy — W OB WM& R & — BE BR ( EDMA ),
aifiE =98% , g i TARAE; ZRE, 5>
Bral, 25 =98% , REOCE FHCA RA A A
W B LR MK B 35 R T 4 B 4l
FR Y A o TR A P T 5 9 2 TR I 2 BEL SR ).

b T A A e o g (VL5 T 85 2 S e 5 4
ARABRZAF) s H-7650 BLi% 5 L8 ( H S22 7D 5
A Hi FL B QUANTA-200 (18 BRUKER A A ) ; 5
SRI3EOG BT TU-1901 (b 5 3% #rid F AL A% A FR
AL/ H]) s TENSOR-37 7 i HL M- 25 #e 21 4 ol 3%
(8 BRUKER 22 #]) s WE-1 {8 K I8 4k & &%
(KRB MO AR AL RARA ) B TR
(KRBT LE AP ARAA).

1.2 ZEHRERR

N T HFSE quercetin 5 Ni* " [ig 7 ¢ & , 76 T B2
EW & 2 quercetin B ¥k B 4 0. 03 mmol/L, &
RGN N R BC ] quercetin Al Ni* " f 4 i
M2 R 1:0,1:0.3,1:0.5,1:0.7,1:1,1: 2,
1:3, 104/ RAVIR GV W, = iR T & HIE Ik 2
h i 22 38 53 Bo A7, O #3815 min J5 , 4 2% 45 W
HEAT B2 AN G5 A4, A 58 A0 WSO 9 28 k.

DL R s ), 15 n (quercetin) : n (Ni*7)
=1 2WA WO Z R BT, B W i MAA /)
WRE b AR (R 1 05 A A% 20 T R 5 ANl
L.

1.3 BFREHEAHEMER-R(I)2FE
BREW
# 1 mmol # 7 KA 2 mmol L FRELVE T 10

mL PSRRI/ R (V/V = 1:3) IR , 5B
2 h A HFE B, AR E A 4 mmol MAA &5 2
h, fef 4 TIC 5 ) A0 2 RE BR8] SE A0 A S AR S
A 30 mmol EDMA, 4k£E5E % 10 min, i@ &< 30
min J5 525 % B T RS IR RS AR IR R AT H
T AR IR (MIP, |, 56 550 £ 04 15 kGy; MIP, , 48 5
FIHE R 20 kGy; MIP, , 8 5557 £ 24 25 kGy) . 4@ ff
FEMUT MRS R L S RS ER R G4
BT 5 BB Ry PR3 75 o B, T2 G B IO DL
BE/ LR (V/V =8:2) IR & WUk 2= TR AR 1,
BRI 0.2 mmol/L ) EDTA ¥ IE 1 24 h, FH LU
bR 25 R G W N AR 5 4 IO I & TR B T, Z R A
60 C EH2 T4 T .

P IR b 7R 28 BL 07 2 7R 4 R 5 O 20 kGy 5%
PF T 48 25 FLERIE SR & W) NIP (R i 2 = F1 &
PR B ) - [F) F i 45 B 38 - (TR .
1.4 5N EEFR

Wb pe 2 M NG A U B RTS
EIE AW S R G W& IR B 7 HIFE S
FI TENSOR-37 R 57 A5 4 21 4h Sl 33 {30 7 H
LLANIGIE A S LTINS KB AL, BT R G W
4.
1.5 AEEHFNERENER S Y WRMSh N FEH
AT

B 50 mg EJIE RSP A 10 mL ¥ & O 2
mmol/T. {1 #if Bz 3K BC & ¥ % W (n (quercetin )
n(Ni*") =1:2) R ASE B KBRS 245 7 T 25 C
P37 , 4 B — B [A] JBORE , 5 B0 15 min, U
DR, P P A R o R SR A
LA il 2 ik S 00 0 IS ) 09 7 B Uk 4R IR
AR (D) B R EY X IRY 45 G &, P47
TE 3 UGS AH, 2 ) 1 1 25 5 50k iR Y O¢ &R
fh £&.

Q = (cyg—¢c,) xV/m (1)

Kb, Q HIRWTET TENIL R B W) LRSS & 4 it
(pmol/g) ;¢ JIE W) B ) 4 ¥ £ (mmol/L) 5 ¢, 2 W
B J I 0 A 5 W v 8 SF- 4 R B (mmol /L) 5 VSR
FHA I X0 WA R FR (mL) sm Sy B30 5645 ) 19 J5
H(g).
1.6 7[5 i 400 oY IR B 38 35 14 i %2

H 50 mg BRI R A HIIA 10 mL & &%
2 mmol/L ) n ( quercetin) : n(N*") =1:2,
n(baicalein): n(Ni’*) =1:2 K n( naringenin) :
n(Ni*") = 1: 20 F BRI . R BURE 0 50 mg B
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AW, 4y A 10 mL ¥ BE R 2 mmol/L i
quercetin , baicalein £ naringenin H BV K ( ¥ A~
NPT RO R R G A AT A TR B S 56
M RS IS 1] g 24 h, [R] b Tk D 4% 4 3R B W X IR
Pry gl & R AR (2) L (3) R i 2
SIIC R K KAy BT o B ERA WA AR
oy %) TR B T

K =c¢/c, (2)

a = K/K, (3)
AR (2)H e, RREEGYE G IRY KK E
(pmol/g) e, R EEW W 7 4k JE ( mmol/
L) s x20(3) H i Flj 0 5l s B Al 73 1 FE ) 53
FL, M 1= B ,a =1.000.

2 HR5®

WEES Ni'" B& YR LIS

Wik Bz 2R (S5 R XU BT 1) FES5 A b HAT 8 Y
LEERE WL N B T NN I A
FHAE M AR, AT NPT R A
P AR SCAE T R v SR A B R % 4278
TR TR R S NS BB

2.1

Fig. 1 Chemical structures of quercetin

2 Lk a BTR i R AE 256 Fil 378 nm
A 2 AW, 53 B8 T n-m T (A B BT BRI AN
m-m (B ¥R) BT BRIE, 23 i X B 2 A AR (0 A 2H
B 2378 nm WG i AR TG AR € T A R T
256 nm WY Hy 4 HY I A g0 1 AR, s I S
3ot R P AR A B 3R U B R AR L SR MR R Ni
(e . B2 NI*° v B R TR L A T R T
Bk A 3 AT RS H WM I g R A sl (A& 2 B
7R) . T 378 nm AWTLL RS 2 429 nm;aff 11 i
256 nm £1 %% % 307 nm , [FHFHF 1T 3 064 5 14 E A
JE W B W55 . 24 Ni* "/ quercetin =2 [}, 4k 221 A
Ni* " [ T AE 429 nm Kb () IR i B A T
2%, MIAE 388 nm A JE BCHT A4 7 AE W Wi e 5+ 11 Y
JA U S8 AV Rl BRI I HL 181 2 T LU
Qb F4 i R WA IR B W O B AN i T AR R A, T
Wk FE S Ni* B R —F R e B A, B EE R

Fe I AR P A R B B 11 2.
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Fig. 2 UV-Visible spectra of quercetin and Ni** with different

ratios in methanol

HRHE M K 2R 0 45 7 B 58 Ah Ol i A48 4k AT L)
Wr, A RO B BEERE AT B FR A R B R RE A1 3 S
H& B, B 5-F2 5L -4-F 5 37,47 -5 5 4 0
5 ONP® T & A BE A . 5 - -4 -l A7 i 4 2
[T N U SN TR 7 N LR - o (A=
T vERg R, K BT AR A e & B AT e 1 R
A BB BRAE T 1T kA T B M. i
34T NPT W EAER, — kAT
3N A4 R Y AU R S B e K, R
b5 & JE B PR AL E L 5 — i, X T
B IR 31 4" (5[] of A7 A 2 SR, 3 06 R
I A RRAIE UG, 17 T 2 5 5 S i T 1) AR i 0 30 34
THR, 5 R B, BB 37 4 - R IR S
Ni* " & A AR IR R 37,4 - R MR
b T T R A W, X 37,4 -5
J I 56 A T WSO o B S s 55, I iR
JE R TN 332 K -4-H IR A = S AAEH L X
SRR Y 5-3 F-4-l 2 5 WAL IS FEAE — R IS
[ 47 BEL {3 -3 e w1 i Ao -

2.2 WREEN " RREAGR=-TESWHLE
S 5 4

& 3 R A ] quercetin-Ni** /MAA (1) %8 &)
W 3% (Ni**/quercetin = 2). B % 2 f 2 14
MAA 4 19 34 50, quercetin-Ni** £ 307 nm &b 1y
WU W5 #% 2 291 nm, WO FE Y 0. 43 Z G K
F] 0. 48 ;7% 388 nm Ab (R I IELL L 2 436 nm, IE
SGREFR 0. 12 8 K 3 0. 21. H W8 W Ab 1% 1%
O RE BEA S S 1G ke #e. R DA R 3 58 Ah -] I
JGiE Y & & AT LLE 1 7E 301 F 326 nm 4b i 3R
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Fig. 3 UV-Visible spectra of quercetin-Ni** and MAA

with different ratios in methanol

2 AN S, X U B quercetin-Ni® T S A ) 5
MAA Z [EJE T = o0 i B AR .
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&l 4 Ryt He 25 ARG W 20 At i Kl 4
AT LUE i NIP 5 HT g MIP (354 a 5 d) fH—
U YA f W U HR A AE 2959 em T YR AT C—
H {145 35 2 W Ui %, 1724 em ™' 2 MAA Fl EDMA
di C=0 145330 W Y%, 1157 em ™'y EDMA
R C—O—C [/ 45 I% 2l WL IS 0 5 LE 3L 26 a
MbAHL,CY S/ =0 ARG W E L v
Ja 12k b 5 NIP 205 8 LT 3 22 5. 45
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AL )G AR T B R AL R, H R &
Je R 43 AT DAR 4, 28 R S Y BRI IR 5 )
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Fig. 4 Infrared spectra of quercetin, quercetin-Ni’* complexes
and MIP: (a) NIP, (b) MIP after elution, (c¢) quercetin-

Ni** complexes, (d) MIP before elution and (e) quercetin
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C=0 HHL T 2 %5 B B, MO 3 1) 1 45 I 2 %
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g 0 AF G 7, BV p AR R TP B 3R AR TE R A Y
DL bk g AR AL Ui B MAA T EDMA R 45 J5 8 Bl
WA T BT A 1 2 ROk, I LT LS B 3 4y
TRV BE, Sk VR0 P BB 3 A

1 DA 1 2R A1 (LT A T 43 A 245 SR 1T 4 W, B 3
I 1A R 2 SO B HLER AN IR 5 s
24 AEESHFNEMINTEASWEH TEM &
SEM 43 #f

FERR R A AR v, o R G A 1k A Rk
o7 3 B E A G T R 4 I TR O A A A R A
TEAR L RO R RN e R O B
5 GRS ) 6 T A B T R Y B B R
FIE 25 B AL 43 A (5% i, R 37 554 rl 5 2 44
FL BT 3 A [ 4 5 AR i A MUIP 47 2% (an &
6 ME 7 Him).

H1 TEM & SEM & 5 m 1, Jif il 45 9 3 #f MIP
FEIEZS 1A 25 WAt A 22 ). 224 6 S 50 e /N B,
O 490 B9 WS A9 e R X D /L R R | R SR A
A, YR G RS, RS T as A g, &8
B 00 £ A G A A (UL 6 () ), BN SRA W %
M 7(a)) FEERZ RS —1L, BRES
GER FLRCERAN , 78 22 WL A 1 5 Bl R R /N L BL
R B AT L B R R, A B B 2 O S ) A e K
B, 5207 4 P9 WS AT 1) KL IO 8, B A R % A st
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Fig. 5 Schematic diagram of quercetin-Ni** molecular imprinting process
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(e) )BT KRB 5 HERUEE A, 4R (OHL 240
A B R AW R R (N T () BNV,
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I A BT S BURRE W B 5 25 e AT IR
w5 R S A ROR SR H Y.
2.5 WHEFEXEEREWRMBNFEEED
5

I 5E TR 5 1 Bl 2 R T ot R T 5 R 2l
TR — 2T B, B RO T MR Q B

&) e AW AR AL OC &R BB WX R AR 2 1 1Y
2y 77 2 Wi B it et [ 8

M8 iTLAF i, (a), (b)), (c)3 KL
PC, B SR A MIP, B W B b T 2%, )
PN B AT 5 MLIP % 3k 88 R, 7 5 94 s ] 9 D
BB AT P 00 A 18] 90 PR P ) e R T R
/N MIP, FR 46 0 B 4. 3 A R X O X 4
S5 300 R ORI SR W ) SR R ey ol D I
Fu AR TR 25 N R T L N A T, R R R %
18, MR B 8 5 di /0 5 2 4 SR R R /N I b R A A
FARL, He R AU, 23 Iz BELA /S, il 255 0 3 5
TR AT, W R 3 R B R i TR R RS
TR, BEAR T DS RS W B K 980 TR R A
BN 0 235 07 e P9 S0 o A5 JEL A B A
71478 S 5 4 T v I T SR R P O A A 1 3R



4 A T R B R A B 3R (T e R TR AL o3 T B R A W SRR B PR RE AT 5T 531

Fig. 6 TEM images of polymers a with different radiation doses: (a) MIP, for 15 kGy, (b) MIP, for 20 kGy and

(¢) MIP, for 25 kGy

Fig. 7 SEM images of polymers with different radiation doses: (a) MIP, for 15 kGy, (b) MIP, for 20 kGy and (c)

MIP, for 25 kGy
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Fig. 8 Adsorption dynamic curves of MIP and NIP: (a)

MIP, for 15 kGy, (b) MIP, for 20 kGy, (c¢) MIP; for 25

kGy and (d) NIP for 20 kGy

G A I 2 WA RS A O A, T TP, 1 1 B %%
HRK.

W) Bf A8 i £ (b) "] LLFE i, MIP, Xf
Quercetin-Ni** (25 A B A6 1 h NG I N, 2 )5
BEAESV 2%, 76 2 h J5 B AV, 45 45 H TEM
Bl 43 BT, 302 BT 3R G 0 T O ST AR 2 XS A
HAY A R A] BB 58 42 350, AL o R A b SR AE A
L5 BRI N M TR AW quercetin-Ni®
(10 T R, T L2 W B 52 56 T e B B S 300 AR PR A T
A 3 . {E 2 e AL Bk W B 6 A1, quercetin-Ni® [

RAL A% B AF e — 72 A9 L BH , 5 B0 B3 B2
LGS G AR DB G2 P B FEAS R4 A R AL
e UL TR AW R A A R 1 T DL i Y 3
i, L — PR E T A R AR BN R A
F1 3o 2 v A 5 o 2R A R, 0 Y
e 59 700 A AT LA SR DR B2 L RDIRE 25 Bk 2D
B30 25 B A S ] P A58 5 0 0 R
W0, B U R AR 23 1 i 4 A LR, i NIP
F1% 82 R ot 2 () AR 1 R AR G A% 0 7 8 B A A
W Btk g5 /0n , B NTP X quercetin-Ni®* hy 3E 2% £ 1
W W A B e S B B R W, MIP, i1 4R
S5 (20 kGy) hfetE.
2.6 FEBEHANENS FHNEREYTRIH
pri e

Ny — 2 25 B B R A W AR 70 1 I 4%
W BEBE 1, 8 A Bz 3R B0 25 K 2 0L ) B 5 R
il B 2% (Al AN P 9 ) S ok B T 496 P A R 52 5

OH
HO\Q;O‘J“‘\Q/

OH O

Naringenin

OH O

Baicalein

Fig. 9 Chemical structures of quercetin’ s structural analogues
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Table 1 Values of K and « of different substrates on MIP, ,MIP, ,MIP; and NIP
MIP, MIP, MIP, NIP
Substrates
K a K o K a K o
Quercetin-Ni” * 20. 596 1. 000 51.745 1. 000 16. 089 1. 000 7.839 1. 000
Baicalein-Ni** 9.333 2.207 13.216 3.915 6.931 2.321 6.427 1.219
Naringenin-Ni* 7.719 2. 668 9.506 5.443 6.163 2.611 6.901 1. 135
Quercetin 10. 383 1. 000 12. 126 1. 000 8.294 1. 000 6.943 1. 000
Baicalein 9.245 1.123 10. 549 1. 149 6.498 1.276 7.102 0.978
Naringenin 7.936 1.308 9.380 1.292 6.258 1.358 6. 028 1.152
. SERCEUA. T 3 A MIP ZE A A NI (1 3 ¥ o X
801 R = Baicalein-Ni baicalel ) e b .
B mmomecne | baicalein A naringenin 475 9 T 82/, 56 K T
oo . . . NS . . . . N N
%gg 727 Naringenin-Ni>* 1, U404 MIP %} baicalein A1 naringenin 4 4F 1% £ 1
60 K] v N o S
_ W IR 0 R A G
o0 K] N o
E VeI IS MIP H 25 7RI 45 6 15 R IS I, 3 4
S 40} KRXS g A .
2 i 2 S 2 L C B R & L 6 — B
==X . N N
2 =2 B, A BRI C IRASFEAR T ] — i 2 P, JE2s i 4
i 553 N N " :
= S L B Al BB 4E T quercetin
: = NI MR E % 7 B £ 2. NIP 3 L
MIP, MIP, NI ol JE 00 ) TR A 6 2 A/ EL G O3 B IR 7 B 4 T
. o . I e 7 e b S D SR R R DO e (S R 6
ig. 10 Selective adsorption capacity for substances with Ni

of MIP: MIP, for 15 kGy, MIP, and NIP for 20 kGy and MIP,

for 25 kGy

M 10 Fik 1 F 3 FoAs [6] 4 5 00 & 0
MIP X} quercetin-NiN R T A= O
baicalein-Ni** | naringenin-Ni>" f% W [ &, H
MIP, (4 5 77 5 45 Jy & 3& ) XF quercetin-Ni* " [ I
Fff /= v 35 82.22 wmol/g, X baicalein-Ni** I
naringenin-l\ﬁ2+ B 43 B8 IR de K, 43 0 A 3. 915 il
5.443 Ui ] MIP, X5l 43 F 19 JE £ PE 08 T MIP,
A MIP,. Al B 3 Bl MIP 78 & A Ni*° 3 W xF
baicalein F1 naringenin At 73 55 [A T ¥ K F K n A
Ni* " Y9 0 43 B IR, U NG 7 S B 4 L)
RS TR A SIEM S quercetin BL AL JF
JF 5140 quercetin HE A MIP (1) 45 5 4 25 [i] £L 18

SRS Al NIP XF 6 Fift i ) A 182 A s 2 A i
PEIER).

3 #Hit

AR TR s B HL T AR G SR AR U 4 T
Quercetin-Ni"" 4 J& Wit {7 4> F ED il A 4. b it
Fe# NS AR R MAA 3 i 4 @ B3
XIE W T =0l &Y, SEM, TEM J3 #r [ it % Pk
W F 38 6 9 W 68 555 7] 2 6T B8 2R 5 0 1% O o 1 i
A 25, HL 4 B Oy =K A 1 43 B
RE WAl UL T S5 5 Y Bk 5 52 T ik v
VAR HEAT 43 - U0 U0 R B B T R AR )
T R GE. A S A 1Y 42 8 53 1 BRIk 3R A W)k
Mt R A RAF AR MR e 0, BA T
JO7 I if 5
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PREPARATION OF QUERCETIN-NI( [l ) IMPRINTED POLYMER BY
ELECTRON BEAM RADIATION POLYMERIZATION AND ITS
RECOGNITION CHARACTERISTICS

. 1 . 1 2.
Yu-jie Wang , Bing Wang , Wei™ Liu
(' State Key Laboratory of Hollow Fiber Membrane Materials and Processes ( Tianjin Polytechnic University)
School of Environmental and Chemical Engineering, Tianjin Polytechnic University, Tianjin 300387)

(* Tianjin Institute of Technical Physics, Tianjin 300192)

Abstract A series of molecularly imprinted polymers were synthesized via the electron beam radiation
polymerization of functional monomer (methacrylic acid) and crosslinking agent (ethylene glycol
dimethacrylate) in the presence of quercetin-Ni ( Il ) as template and were used as a highly selective
separation material for quercetin which is an important active ingredient of Chinese herbs. The interaction
between quercetin and Ni( [l ) was investigated with UV-Visible spectroscopy, which reveals the formation of
1:2 complex in the system. At the same time, the ternary complexation of quercetin,Ni( [l ) and methacrylic
acid was verified by similar methods. The characterization of the molecularly imprinted polymer prepared and
pure quercetin was analyzed by Fourier transform infrared spectra. The result indicated that the template
molecule could be fixed in molecularly imprinted polymer and also could achieve being eluted. Furthermore,
the transmission electron microscopy and adsorption dynamic experiments were used to characterize the effect
of radiation dose on the morphology and adsorption capacity of molecularly imprinted polymer. The result
showed that the three-dimensional cross-linked network structure of the molecularly imprinted polymer prepared
in condition of 20 kGy radiation dose was more uniform, and the presence of these internal pores greatly
increased the surface area of molecularly imprinted polymer and reduced the embedding of imprinting sites,
which was conducive to adsorb the template molecule. In addition, the selective adsorption experiments showed
that the molecularly imprinted polymer prepared exhibited significant adsorption selectivity for quercetin
compared with the quercetin’ s structural analogs ( baicalein and naringenin) in the presence of Ni( Il ) and
the max adsorption amount reached 82.22 pumol/g. The separation factors were 3.915 and 5.443,
respectively.

Keywords  Electron beam radiation polymerization, Radiation dose, Metal coordination, Molecularly

imprinted polymer, Quercetin-Ni( II )



