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Synthesis of Norfloxacin—Zinc (II) Imprinted Polymer by Precipitation
Polymerization and Study on Its Imprinting Form

Sun, Yan Wang, Bing*

(State Key Laboratory of Hollow Fiber Membrane Materials and Processes, Tianjin Polytechnic University, School of Envi-
ronmental and Chemical Engineering, Tianjin Polytechnic University, Tianjin 300160)

Abstract A group of molecularly imprinted polymer (MIP) with specific molecule identification properties for norfloxacin
(NFA) was prepared by precipitation polymerization using norfloxacin-Zn?" as template molecule, ethyleneglycol di-
methacrylant as the cross-linker, methacrylic acid and 4-vinyl pyridine as functional monomer respectively. The coordination
proportion of the template molecule and functional monomer was studied by ultraviolet spectrum and the characterization of
the molecularly imprinted polymer can be achieved by the infrared spectrum analysis. The result indicated that dominant
induction imprinted complex with the ratio 1 : 1 was formed between norfloxacin-Zn>' and methacrylic acid, while the
dominant conjugation imprinted complex was formed by 4-vinyl pyridine as the functional monomer with the ratio of 1 : 2,
and the ChemDraw pictures were used to display the imprinted form of the polymers. Then the scanning electron microscopy
and the particle size distribution were used to characterize the physical properties of the molecularly imprinted polymer, the
result showed irregular holes and porous scattered in the prepared molecularly imprinted polymer and the non-imprinted
polymer surface was dense with no holes, then the particle size of the prepared polymer was less than 100 pm and the average
particle size was 39 um. The adsorption ability of the prepared polymer were researched by the isothermal combined experi-
ment and the result revealed that the prepared molecularly imprinted polymer using 4-vinyl pyridine with the ring space
structure as the functional monomer showed better selectivity recognition ability for norfloxacin than methacrylic acid with
the chain structure, the specificity adsorption was 66.84 pmol/g and the imprinted index was 4.207, and it also showed better
selective ability in the nofloxacin-Zn>" and ofloxacin-Zn®' mixture solution, the recognition factor was 3.408. Meanwhile
the selective experiment displayed that the adsorption capacity of the non-imprinted polymer was small and closed to each
other, therefore the recognition factor was close to 1, this indicated that the recognition ability of the non-imprinted polymer
to the adsorption substrate was non selective.
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Figure 1 Chemical structure of norfloxacin and ofloxacin
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Figure 2 UV-Vis spectra of norfloxacin and Zn®'with different molar

ratios in acetonitrile
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Figure 3 UV-vis spectra of monomer and complexes
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Figure 4 Line of coordination equation of MIP

The functional monomer of MIP; and MIP, were methacrylic-acid and 4-vinyl
pyridine, respectively
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Figure 5 Infrared spectra of norfloxacin (a), MIP; (b) and MIP; (c)

The functional monomer of MIP; and MIP, were methacrylic-acid and 4-vinyl
pyridine, respectively
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The functional monomer of MIP, was 4-vinyl pyridine

24 BEYIWMMERERAR
241 FRsAh WA

e KA DT HTR M O B NFA HILRIRIE T
A46,(0.05~2.5 mmol/L), Wil 10 FrosfEmt 7Tk & i il
W, MIP, 5 MIP, ¥ B 28 # 36 AR 5 Bl As 20 0y 1
JEW R, NIP, 5 NIP, W Y ith 2 2k vE v, HLMIP,
Je NIPy F) 5 s W B 5 2 5 T MIP, 2 NIP,. it B B3k
VAT ST B FE AR IR G AR T, BEAE W Aa e P 1 1
KENIE A4t NFA-Zn® R BB In, {2 MIP, (1)
AR RRNE KT MIP,, RIS 455 R Re.
LAV R AW 45 A i R e 38 n, XT38 2R, R

Acta Chim. Sinica 2012, 70, 1569—1575

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

| #REX
120
100} .
b
_ 80f
B
g 60r
=
QU 4ot
m C
20 |
Fiy
0 . . .

0.0 05 1.0 1.5 2.0 25 30
cO/(mmole'l)

B 10 EnIRA KAREIER A WA 4 A th 2k
Figure 10 Adsorption curve of MIP and NIP under different initial
concentration

NIP, 55 NIP, % NFA-Zn*" Ny ARk BBt e P
wE QFENEER B MiHEPY 0'=0u—0n, B=
Om/On, Z0H Oy Al Oy 2351l A2 MIP I NTP £EAH [ 46 2F
SHASEAR 43 BOWR B . MITP, PR S e B e 9'=65.97
umol/g, EZEFEHCY 3.380. MIP, Ut it & O'=
66.84 pmol/g, ENIEFEECH 4.207.

TE5y T BV E W H & R rh, AT AWM
R o B S S W ] e I TR () 2 1) = 4 4 ) &4
4, T R R R B8 SR G R ASEAR 43 1R 45
Hri. R MIP, 5 MIP, I ERZE 77 AT %1, MIP, ' MAA
5 NFA-Zo* T T 101 =0 a9, T MAA 1)
SRR, SECFIBCALEh 101 BIERG)
lC & Ae e A R AR R Al e, Yel R &
WA 5 I B R A 2 IS G R, A B TR 4 (1)
454, (AR NIP, P [AFEAA(E IR 2 I AR IR RE I 45 6 7 A1,
B AR EREE R R IR . T MIP, o NIP [ 5 i W i
W& 1 MIP, J NIP,. 1fij 4-VP [{14> TARFRECK, S
W TR A 102, HIBR A A28 A A
R, AR TAFNICAZ [ 2 = Y451, (oDl b 2
W 705 B R AT o0 1 U B R 0 1 A A 5 4,
MIP, [P ENEFEH 5 T MIP,.

242 RABRT IRESMGIAANEEAR

EIV e 5 5 40 1) 32 P PR I PR B ) A TR B v R T e 1
BRI HAADL. BEWAES Zo® BKAEH Zo* IR A
PR NFA RS S55000 00 F On; REWES
" BANEAT 2o IR AP X Ofloxacin (/WK P
MR Oy Qs BT E XA K\'=01/05; Ky'=
0,/Q4. R 1 LR IR, BRGNP EE W 1)
NFA K Ofloxacin ¥4 W, {HXF NFA [0 b 12 0 {211
5T Ofloxacin, MIP, % NFA {0 &1 MIP, {HX]
Ofloxacin [ ff AR T MIP,, H. K"}y 3.408 =T MIP,,
VLI MIP, 7RI A 3 PR BV T MIPy. [ B i
BEYIHESAT Zo* WP 6T NFA W B ] 8 7ok

http://sioc-journal.cn 1573



W F F R

MR

BN Zo T (R B, B Zn® AERE PR B o
EE TR L ARG IR, £ S NFA BUA7 )5 915140 NFA
HEN B B S W (ks 52 1 22 TRl AL Hh 5 R ). T K
MMEIME KT 1 BB S PI%S Ofloxacin YR
FRIEFENERT. MR 1 PR B SR  00 e 0 AR B e 22
BN HILPO A B8 T 1, BRI 2 58
TRV 7 RN, Al KRBV R S
P TR (¥ W B U AR IR P 1.

K1 AT LR A VIR SR B R RN R T
Table 1 Values of Q and K of polymers for mixed substrates

Polymer 0 o)’ o5 0. K’ Ky’
MIP, 55.864 24376 19201 18.983 2909  1.284
MIP, 59.927 20.703 17.583 18394 3.408  1.125
NIP, 20.316 21.108 20.874 21259 0973  0.993

NIP, 18.065 17.837 17.992 18.521 1.004 0.963

“ Capacity of the polymer for norfloxacin in the mixture solution with Zn*';
® capacity of the polymer for norfloxacin in the mixture solution without Zn*";
¢ capacity of the polymer for ofloxacin in the mixture solution with Zn®';

4 capacity of the polymer for ofloxacin in the mixture solution without Zn*".
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Table 2 Composition of the imprinted polymer

Polymer Template (n) Monomer (1)
MIP, Norfloxacin-Zn (1 : 1) MAA“ (4)
MIP, Norfloxacin-Zn (1 : 1) 4-VP’ (6)
NIP, — MAA (4)
NIP, — 4-VP (6)

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Methacrylic acid, ® 4-vinyl pyridine.

43 LIS

KR b B ENIE SR 1) MIP,, MIP, H] KBr J&
PHIFE, fE TENSOR37 Tl Lt AR 21 A F 4
SR IMEE.
4.4 FEEESH

B> FENR A MIP, M2 NIP,, 3J5) FhbrE S o
e b, B4 hIREE, BT QUANTA-200 14 Hi B3 W 4¢3
[RZ 8
45 BEVIEEHERR
451 FIRAM LR

U K 0.5~2.5 mmol/L Y& [ ] NFA-Zn> & f1
0.5 mL 0.1 mol/L PR ZHEHH(50 mL), =ik 43 7 B
MIP,, MIP,, NIP, F1 NIP, (5 mg)H4 725 W5 B i 56 1% b
BFIA) A 24 h. 38 I 58 7100 e v v W B i i 1R e 3 A
b, WA O=(Co—Co)Vim v 5L &, L 3 UCFAT
Mre g, X 0 NEW4EE & i (umol/g), Co HIRYIIT
146 R B (mmol/L), C. 4 W B )i J65 0 1) 1 i 94 i
(mmol/L), V I AR (mL), m 2 MIP [1))5T i (g).
452 RALIRTRFHIAA F

7y BIEL MIP,, MIP,, NIP, I NIP, (5 mg)n A

Acta Chim. Sinica 2012, 70, 1569—1575



W F F R

n(NFA) : n(Zn*")=1 : 1 } n(Ofloxacin) : n(Zn*")=1:1
(K7 A% (2.5 mmol/L, 50 mL), FEFREESE 5 (1) MIP, A1
MIP, 344 A& 45 NFA F Ofloxacin (1) [R5 2.
W, AT S IR B SEEG R B IS TR) A 24 b, 4% B3R T
THE L 5
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