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Al) o BRI CIRTFLIERE (FLAE A 0. 45 pm) FHEE LR | 2 (Hp [ 25 48 AL 6 0 B 7)) 5
TSR (4-NP, BUIH R FAL TA R R 5 SUEHEPRIE (V) | £ Z B LN MR TR (EDMA , 7 R ik
FHRARABRAT) s = AL A = H BE Y I RS (TRIM , Acros Organics, USA ) 5 % — 5+ T /i (AIBN,
fe2fal, BigRT) o
1.2 BREWRTHE R Z BB (4-NPES) A

HRAE SCHRARAE [ 19 ] 75 A W 4-NPES , i i 2L/ RE AT H NMR (B R R &0 ) S5 ik B IEL &
Y ast , 25 R 51200 — 2
1.3 MIP {94l

HRAE 2 2 Pl7s RO AL o], F 2 iR &, RS B0 S min, 3l NS min 557 BAP#FEF, SRS 7E60 °C
A HFOINFAZR A 24 by FIWFRARBFER A4, FH BB 05 o 015 2R 38 ~ 75 um MR AW, H
VOHEE):V(ZR) =9:1 BRI SR IR B TCBANR S )5 , ARS8 FH H Bk 2 R, SR G W 0RE T HH i
PR 3 YU HET o NIP R TRIEEAR 43140, AR G s 5 MIP A (]
1.4 BRIW

FREL 100 mg NIP EFRA YT | mL SPE A1, Bl — 2 JTT i v B2 1) 4-NP 3%, A 1 mL SR
W ERETEREAFAY SPE A #2924 1 mL/min, JEHK T 318 nm( ZFE/7K) 8¢ 301. 5 nm (524475 ) A AL
SEWOGRE BRI E (5 AR BUE &5 235 U ( Breakthrough ) i £k , 15w i 50% &b By % 1 i) G AR AR B
A WRT I ) e R FRHACER, AR R AR B ot s vk A3 45 SR A5 1 2 LR o 4t
1.5 BRSR b seIs

3 HIFREL 8 4y 20 mg AP T 8 A~ 10 mL Y EIH T, A S mL () 4-NP @2 £6 22 v %5 (pH =
2.5, W BEVU FEIAE 10 ~1000 mg/L) , B THEEIR G 4 P AE SR TR 12 h o A5 ES .0 (10 min,
10000 r/min ) , - 75 FH S0CFL 8 53 08, 8 Y0k FHI Al 1 5 2 o 5 R R 38— 2 I 0, R 58 A0 ] DL 4D o
JETHAE 318 nm A A INAG RO EE AR O G EETHEA 4-NP 1 &
1.6 EHZFERER

53 BIFREL 4-NP () MIP 1 NIP 100 mg & 1 mL () SPE ¥ FFf- 78 I F W9 it 50 & W64 i bl . 43 E
R 4] A 2 X ( MISPE ) 54 B3 [ AH 25 B ( NISPE) FBERREh 22 v ik (pH =2. 5) 3% 4k 3 ¥, kA 1 mlL,
P29 1 mL/min, SR 1 mL BTtk B2 10 mg/L 4-NP @R ER 2w ik (pH =2.5) AR T AR
MIP FI NIP () SPE # R 1 mL ZJI : R Eh 22 i i (B LE 45:55,pH = 2. 5) 3k Pk, A 1 mL i HY it
BRI EAE DR R A 2 R 1 mL/min) o WCER BRI BEEW , I 520 AT DL A3 S6O6EE TH7E 318 nm
WA AL INAF IR SCRE , 15 4-NP B [EICR
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2.1 Fi NIP Ef#iEIhgE sk

6t Foe A Th A B R AE MIP ] 45 P ) SE R IR o R 2 BOBEAR 20 T IO 25 MO 5 52 2 , A RE T4 132 40 Uk 11
B I8 IO RE SR , WA ZFUR FH S0 77 1 R 8 5 B AR S RE AR . LA P R 2L 45 0 1 7 1 SR
PEIE A T RE PR, (H 20 B8 7 vk A SE B g FH Hh A2 B4R 22 PRV 2R 1 B il 5 EL TS FE IR [R] 22 AR SCR I NIP
R 0 o 0 7 B A T R LR, NP %) 2 1L 4-VIP 1 MAA 25 18 v -1 45 MIP [ ThRE IR hy Bk
A FI EDMA S58B4, L AIBN 5] % % K DMF SRy, 4> 15 ot 50 B 34 s S 10 3 4 W e
e F DMF 302 B o FF- 45 MIP (948007 . 25 F DMF 285500, A5 DMF X3 18 Rk Ay
SRS R RRE T TR A R E W R A 1.3 W5 ok 45, 40 H L 100 mg NIP R E Y& F
1 mL{ SPE A7 LA o BRI 5 ik i FEAELE 1 NIP P v SR G W 6k 5 B W e A7 Hh 0 W% o T P R
TEALL MIP (e BB, 0 V(K ) s VO ZUBE) = 101 500 v R B T PR SRS 480 NTP By R 00, et e
I HERCE S (X (1) )2 Fhig 7 o B (3045 4) 2 (B) #Y {8 ( Binding ratio, X (2) ) B840 AT AR £
IF,, ( S5 W BRHS h A BSR40 978 4k . AT LA B(H,0-EtOH) {0#: B(NIP) , B ( CHCL, ) B4l MIP ()
PSRRI, X5 Baggiani 25 438 1 BAT BLLF I W B RE 9 NIP X6 779 MIP 45 HAT 1 BL A Bl 5db Ak
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SREESIEARY) G o DRI, AR R TR R O B 3 AR I B L 3 mT LA 00 5 5 v Ty RE B A AR M B A AR
PRI A AR AR T, I 0 e fe D RE AR
IF, = B(MIP)/B(NIP) (1)
Binding ratio = B(CHCI,)/B(H,0-EtOH) (2)
FEASCH WL 9 20 mg/L 4-NP K/ Ll AT 2 BRI 5% NIP J26 o 1) 3R 5 itk A W0 B 512 36
(F1)o MR ATRIE BRI TAEIX 2 FE 50 AP IR L3 7E 0. 6 ~ 12 6 Y N A2k, P LUK &
Yy VI g SRE SR SRS IO LA (12. 6) LLHE 4 DREW) (2- LIREENENE \4- L ARHEMENE | H RN
IR MK A R N AR ) 85 10 A% R IRIZEAT #E— P IRUEAL & 1) VI 4-NP MIP (S D REHIA
x1 BRSTFREWZERIRMILLER
Table 1 Template-polymer binding ratio

Monomer Binding percentage/ % Template-polymer Monomer Binding percentage/ % Template-polymer
CHCI, H, 0-EtOH binding ratio CHCL, H, 0-EtOH binding ratio
1-Vinylimidazole 63.2 5.0 12.6 Methacrylic acid 6.4 7.0 0.9
2-Vinypyridine 7.9 9.2 0.8 Uracanic acid 4.9 7.9 0.6
4-Vinylpyridine 17.2 15.3 1.1

2.2 SFHBEREMARMRL
T B S R S RS T MIP K NIP X HAR 7 7RI B RE ) o K632 2 R SR-GW1E y SPE I Ff
N, 47 SPE B w5 . FM 5 A2
B=(pxV)/m (3)
K, p R HH I LG TR, V B TR A 2 50% BHgE R ER , m S RGP it .
£2 #l& MIP #1 NIP {9 B &2 M B R

Table 2 Composition of the polymerization mixtures used for preparation of MIP and NIP

n( template ) /mmol n( monomer ) /mmol n( crosslinker) /mmol
Polymer . Solvent m(AIBN)/g
4-NPES 4-NP VI 4-VP TRIM EDMA
1 1 4 20 ACN 0.044 8
2 1 4 20 ACN 0.0453
3 1 4 20 CHCL, 0.044 8
4 0.5 2 10 ACN 0.0364
5 1 4 20 ACN 0.0479
6 1 4 20 ACN 0.0452

BN LR BCR & 1 F1 3 1) MIP J NIP Xf 4-NP @Bt RE 1, I EA T oA, B it
LA 1 R M VOK) VLR =11 g BRI PR A8 1.2 4.5 F16 () MIP [z NIP Xf 4-NP
A IR BE AT IR A o 2 REWIRY B FI IR HRAE RN 3 For,

120 120
A B
100 100
80 80
3 S
= =
S 60 S 60
e 2
= =
g 401 é 401 —e— MIP3
o & —
20} —s=— MIP1 20k NIP3
—e— NIPI
0 (S
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
V/mL V/mL

Bl 110 mg/L 4-NP ZJEH EAEREW 1(A) REY 3(B) BT 2
Fig. 1 Breakthrough curves of 10 mg/L 4-NP in acetonitrile by polymers 1(A) and 3(B)
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B L 35000 Z R FE s D9 3R G HGHI I B SR S W0 s T 2, 181 1A Al RS54 1 rp NIP EE MIP
Ho BT, W] MIP Xf 4-NP BA RS M. K 1B, &Y 3 h MIP [t NIP 55 B, WiV R &Y 3
Hh MIP XF 4-NP 3cA Fesidh e I 3 aT LI H, I A0S 05 11 0 2R 45 700 I B A3 R & 0y 1, 0331 o
1O 0.7 R ULARAR A7) G005 1 0 S5 T 50 IR T A5 3R 5 e BV S8R, , ot g mT LAHE D B4R 5
IRE SR Z 18] AR LA T LR TR0 0 o o IR, e SRR R G

*3 RAWBLER &SR R ER TSR
Table 3 Binding capacities and imprinting factor obtained from breakthrough curves for polymers
B/(mg-g~! B e
Polymer MIP e NIP F Polymer MIP e NIP o
1 0.6(0.2) " 0.4(0.2) " 1.5(1.0) " 4 0.7 0.4 1.7
0.3 0.4 0.8 5 0.4 0.4 1.0
3 0.2° 0.3% 0.7 6 1.3 1.2 1.1

* For loading solvent is acetonitrile and ethanol ; water for other’s.

M3 ATLIE T, 2 EDMACRGW) 2.5) NS 1F B/ T 1, A BB CR o i TRIM (R &
Y1 1.4) SRR IR, 735002 1.5 17l WL 4-NP B SR W5l 4 o TRIM 25 38 #9525, i
il % MIP ZJ5 , BUA RUEARARMER: 3R & 1 b iR 73 1 2RI B , S 5% B 78 MIP R It Bl 19 23
FEAE L, B AR AN TR B4R 201 45 1) 3R 54 1 (4-NPES Syt Jr1) Al 4 (4-NP Syt sr1) 19 1F, 1
MR PEREE S, It ] 4-NP OB 1o F R EW) 4 5 6 JEAT LLEL, nl A2 4-VP Jy I RE RIS Y 1F,
(L 1) e &9 VI g DR SR i IF, (1. 7) /0N, ENTECR AN, BE— AP UEWIAE 4-NP 73T BSR4
il &AL S VI iR ERE SR . UG RSEIR e R G 4 BT,
2.3 SFENEEHEZEE (MISPE) B 4L
2.3.1  EAEAleRE mT DA RSB T5 R AW Z AR R AR BA BRI Xt
EREZRPFEAT A . BEET LRGN VIZEE) :VOK) =101 BERRERZE v i) pH fEL(2.5 ~9.0) X
4-NP WERHRE Ty p 52, 5 R WL 20 3024 pH (ELE TN, MIP FT NIP X 4-NP g - 38 0K, TF 4
W Z 3R, R B A ENIEOCR o 3 T RESE i T 3R G W B Y DI BE SR VI SR, fERRTE A1 T 35k
T 4-NP 5REY)Z W A RREEH, NI MIP R ViR 21 7§, e pH =2. 5 24 tE pH {H.

1.4 1.4 QNIP
am Q MIP
R 1.2 EE Ratio
T a
®Lof 10 6 =
2 2 5 2
= 08 0.8 < T
2 2 Sl
£ 06 0.6 £ 3 2
g & 5
2 . -
;é 041 0.4 1 g
[+ 0 3
0.2f Jo.2 HO B
0 0 50%EtOH
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EtOH

QNIP

B2 BREEA pH (EXT 3R G W i W B £ B 52
FRE )
Fig. 2

capacities and imprinting factors

Effect of pH of loading solvents on binding

B3 AR £l 0] S5 1 W B i R B 8
CRACEAL
Fig.3 Effect of the ethanol content in loading solvents

on binding capacities and imprinting factors

NI FEEET pH =2.5 W, FAERH o 5 B0 SRS MR 73 745 5 BE I B2 i . 45 2R L
B 3R, K Bk LI 8 B 08N RS WU W R R N o 2 BRI DN pH =2, 5 ZREREIRER 2% vhirs
B MIP A1 NIP 275 4-NP FEBUAR 22 1 W B RE S ANEB AR o« AR BRI O pH = 2. 5 YRR £ 2% ot
VAVRINS , MIP % i 35 3 5.8 mg/g WA HE AR R S0% (AU 40) S B AY 1.2 mg/g FIl &I
0.1 mg/giiyZ . FTLAERERHA] pH =2. 5 IR MR ICN LA o



486 AN I = o531 %

2.3.2 mkkikedik B O TGN MISPE R R L —Me R BEIRGHEAT TR SEES . 548 pH =2.5 i
AR Fe B T B L6 G2 i O 7 FAER S W) BRI BEIE L . S5 R L3R 4, R BERh & &
Fstis), MIP i NIP (AR Ai 0 25 AN K, B 3 = BF MIP 1 NIP AT | 4-NP (3 s i AR K. AT Il
WG & A LR, MIP £ SPE i) 4-NP ANBER I RE M. 1T 26 22 o 8 AR R bk VR, R B
F OISR MIP 1 NIP #% | 4-NP (1998 J 35 K, (E& B NIP B 3A 58 43+ AH DC IE A9 25
JCIMB i L MIP (K, T 1 MIP X} 4-NP R30HRE P o AT G & i S i MIP A F % 4-NP o
WRPE K, BT LAE F I8 < BEFR R 2% Mh s Y (AR FHLL 45255, pH =2.5) ikl . X% %8 T I BE o =
W (100 mg/L 19 4-NP 57 ) LRERT FIRGETE O , & B R 3 4351 MIP 2y 2.5% ,NIP 2 25. 0% ,
UEHISR ] N6 IR R 2 vh I W (AR EL 45255 ,pH = 2. 5) W] LA Tk B EAERYTE DL, 7T DL OB -
PR AR 2% WS TR 4-NP 1) MISPE 53 2 b (1) S A I R I
F4 LURELGIH Z B Z B4 A i i MIP # NIP ik [ %

Table 4 Washing recoveries of 4NP in different washing solvents *

Volume percentage Washing recovery/% Volume percentage Washing recovery/%
of ethanol/% MIP NIP of acetonitrile/ % MIP NIP
50 0 0 20 0 0
60 0.03 4.2 45 1.9 16.9
70 11.1 12.6 48 3.4 30.7
80 21.6 42.1 50 11.9 46.8

* The concentration of the loading solution is 10 mg/L.
2.4 EMEREWEITRERE
TEAWTFE T, 38848 5 25 B S 38 o8 A ST A A 31 19 4-NP B8 5 5 49y 14 % B 1 RE 47 i — 2P O 3
o SRAT pH =2. 5 (AR 28 wh i N WM 9256 h (1935 79 o 51 Langmuir 20212
1/B = 1/(B,,.K) x1/p + 1/B,,. (4)
A, B WP B A I B A, B RO i p ol 4-NP TR e X R R B, K OS5 A
o A R AR AR L AR ORI B A, DO K5 K O B 80 B ROC &R L THRAS MIP AN
NIP P8 ffE 5 8 80 K, 5390k 36. 4 Fi120. 1 mg/L,
IF = K,(MIP)/K,(NIP) (5)
MR DR EO T A (K(S) ) TS IF = 1.8, AT AN 4-NP EE RS W)7E pH =2. 5 1BEIREh 22 vy
IR 4-NP HATBOR A B HE 50, FoA B Y ENIERCR o
2.5 EFMESLE
X 4-NP &ALy, Gk} S W (4CP) FIE; (PHN) 7 MIP il NIP |9 4R B (B 0500 B 5 4-NP
BT HE (£ 5) o R B 4-NP £ MIP [ {19 [RISCR K E] 96. 0 % , Hb PHN 1 4CP (1) [a] Y 46 77. 8% \78. 9%
FER o 3 A L p D) B 5 AR B 2 SR A < 55— FE MIP b =4k 25 IS5 B PHN &
4CP ZiFADLRC, R BEAL R PHN 55 4CP Xk tE B o 10 NIP L, i T NIP A EA XS 4-NP Ff 5
(28 XA R R AE MU TR A A2 T s 5 ., 4-NP 45 F b 110 5 e H 25 DA i S (7 4-NP 72 B 92544
U BA BRI TR . B DX SEZ5 0 R LR AL 5 90 5 R 5 AR AT R IR AVE R S 5
4-NPHILS 5 RE 105 , MIP 7 MISPE 53 2% 4-NP 3L BefErE AR a1
RS 4-NP 5HZEMY 7 EHEZER Py m g 2
Table 5 Recoveries of 4-NP and its analogs on SPE

MIP NIP
Loading/ % Washing/ % Elution/ % Loading/ % Washing/ % Elution/%
4-NP 0 4.0 96.0 0 14.9 84.0
PHN 1.2 21.0 77.8 0.7 27.0 72.3
4-Cp 2.0 19.2 78.8 0 18.8 81.2

2.6 H3RKiFmH 4-NP BJlE
N T UEW] SPE TEB 2 R Z vt B i AR s SR A, 25 %8 1 MIP A NIP X [ R KR il Hh 4-NP
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YAEIR I A o SR AR SE 8 3 1) A R OK L EE 10 mg/L 4-NP I ROK B R ER 2% vh i (pH = 2.5 ) %
VLA T E T MIP R NIP /) SPE A K BEAIBER A B 1. 6 Wb —5. f)oitiaiz MIP &5
NIP X [ SR K 9 A€ ISR o W5 B L A 20 B vp MIP AR NIP R AT LS8 4 W B 1 ok 2K R o
4-NP, FEPGEALBR H MIP AE A NIP A (990 [l i3 73 510 6. 8% 11 18. 2% , m] WLk P ey st fo¢ NIP A |
[ 4-NP B LI IR E I o 7EVERG D R b MIP i [ e 3R 35 51 93. 1% (RSD = 1.2% ) , 1fiy NIP /2 81. 6%
(RSD =4. 8% ) ,fRUEMRZERI/INT 5% o SEHRE R AT AL, 1% 4-NP (Y ENE IR 5 WIS 4-NP BA K 55 PRI K
AT AR KAE T 4-NP 1) SPE 73 B

3 45 @

LA4-NP S5t sy, Xt MIP (93 s D0 AL A7 264 T 09T, il NIP 20 108 i A 5490 VI Dy i
HEHRE AR 3 3 B0 25 B S e 4% 1 2 5 0 TRIM. 3@ 4 B9 3B A i 50 A2 6 5) o 9 HL X MISPE 5 7%
HEATOUALBIESE , 264 pH =2. 5 BYBRRRER S wh A WO LRI R | QN - BEIREE 22 wh 7 W (AR 1L 45: 55,
pH =2.5) ikt DAl & (X AR W 73 1 ED IR SR A W T A ROKEE AL 4-NP R P2 U
[T IR FN 93. 1% ,RSD Sy 1. 2% o A EVl 2R & W0 128 0t e i A 1) s 12 000 R PP ARE AR S8 v - UK LAAIE
S, 7R AVEAUE BTSRRI AL & 1 T2 7 BN SRS i & BB A 4

Z % x M
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Screening the Best Functional Monomer for Preparation of
Molecularly Imprinted Polymer of 4-Nitrophenol and Its
Application on Solid Phase Extraction of Water Sample

MUHAMMAD Kipayem, MUHAMMAD Turghun“, TURAHUN Yunusjan, YAKUP Burabiye
(College of Chemisiry & Chemical Engineering ,Xinjiang University ,Key Laboratory of
Oil and Gas Fine Chemicals , Educational Ministry of China , Urumqi 830046 , China)

Abstract A new method for rational design of molecularly imprinted polymer( MIP) of 4-nitrophenol (4-NP)
was established. Using the method, nonimprinted polymer(NIP) library screening, vinylimidazole was selected
as the best functional monomer. Acetonitrile and trimethylolpropane trimethacrylate ( TRIM ) were the best
polymerization solvent and crosslinker, respectively. Through the optimization of the solid phase extraction
(SPE) profile, the best imprinting effect was achieved in pH =2. 5 phosphate buffer, washing with the buffer
containing 45% acetonitrile and eluting with methanol. The maximum adsorption capacity of the polymer was
5.8 mg/g. Extraction recoveries of imprinted polymers for 4-NP and its analogs, phenol and 4-chlorophenol,
were found to be 96.0% , 78.8% and 77.8% , respectively, proving its high selectivity. It was also
successfully used for SPE of 4-NP from spiked tap water with a recovery of 93. 1% . The method is proved to
be effective and fast for the preparation of MIPs.

Keywords molecularly imprinted polymer, solid phase extraction, nitrophenol , monomer screening, dummy-
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