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NEEER ZCHARA BN BR=F TH A AN
BRI A G B E A 5T ERESY BT LM R
# (FT—IR) .i& 4 2 4L (TEM) VA & 3k 3 A &b B 5% i+ (VSM)
SRS EBHK L BB REETEIE, EREAW.
RAEMERYIKHIH Y, 15 nm kA&, Biw BEST R
X A PR A R B A B R R X TR PR R
S dh, LR A xd B A FLA ARG 68 i M I, Scatchard
F AR 45 M 4F R MIPS s BPA R WL & KA W & 4
126. 44 pmol/g.
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Abstract: Fe; O, magnetic nanoparticles were prepared by coprecipi-
tation method and coated with SiO; via a sol-gel process, then a mag-
netic molecularly imprinted polymers (Fe; O,—MIPS) of bisphenol
A were prepared by emulsion polymerization using BPA as template,
a-methacrylicas as functional monomer, divinylbenzene as cross-lin-
ker, azobisobutyronitrile as initior. The Fe; O,—MIPS were charac-
terized by Fourier transform infrared spectroscopy (FT—IR) , Trans-
mission electron microscopy(TEM) and Sample vibrating magnetom-
etry(VSM) in order to elucidate the morphology, magnetic and other
properties, the results showed that they possessed uniform distribu-
tion of particle size, which was about 15 nm, and with a good mag-

netic property. The results of adsorption experiment indicated that
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the Fe; O, —MIPS have a much higher adsorbability than Fe; O, —
MNIPS, and it had a high selective adsorption for BPA, the Scat-
chard analysis results demonstrate that the maximum apparent ad-
sorption quantity of BPA was 126. 44 pmol/g.
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1 FRLS 5%
L1 AF S
FeCly + 6H,O.FeCl, « 4H, O 40 b, Al mifb L) A&
YNGR
NH; « H,O:25wt % , ¥l B LU R A BR 2 7 5
SDS: fb 27 4, VL 55 7K 5645 4 Ak 24 f A BR 2 )
ERERR Z 1R (TEOS) « 43 B 40, P4 B A6 T 43 A BR A 7 5
W A:2iE>99% , i Aladdin 2 7 ;
TLIREEEDVB) 97% , [ Aladdin 2
A =5 T (AIBN, BT & 45 o b= 4, 1
LT A BRA A
O < TSl KT RS = T
WA LGI-10 B, T 3 2 AR MR A H
B E IR WG S BE PR RS ZNCL-G B, I 2 A Rl

AS

AN

Al K HL: ZWL-LS1-10 B4, #] g ik K 55 35 48 B 4
Kl

AR  LC-20A B, H AR S HA 7 5

R P ST VEAX - KQ-50B Y, B 1L 7l A 75 A 5 A5 B2 Wil 5

5 34 #1455« Philips CM 200 B, faf 22 &R 24 7 5

i HLOE 2D SR AX - Avatar 330 B, % [E #4205

PR B AL ETR 3T« Lakeshore 741 B, | BP9 7T 54 IR
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1.2 BiksEs

%k C AE (WondaCract ODS-2, 250 mm X
4.6 mm,5 pm) JLEIAH A 4K, B NG H A+ B=
60 = 40(V/V) i K 0.8 mL/min, Kzl #5 K 271 nm, #
BERE 10 pL AR IR 40 CUO,

1.3 R@AH*E
L.3.1 Wl A4rFEERE WYl &

(1) SR FEVLTE LD i & 8L M Fes O BT #E ) FR L
FeCl; « 6H,0 9.72 g FeCl, « 4H,0 3. 96 g, T 300 mL i#
4K A BT 500 mL = VBRI E 50 °C Il A R 4
HLZEEIMA NH, « H,O F pH 24 10, # 18+ (350 r/min)
VTR TR T P R £ 7 O B I TR ) 70 °C #AK 30 min, 74
B 7= W)U Z 05 43 50 F B 4k A 2 BE 45 3 vk 5 Ik E
PR R VR T 12 h, (B B R A B AR Fe, O,

(2) SR FH W JE 5 e 12 ) A7 2% TG A 1 - B | 3 B (A R
0.6 g % T 150 mL 9 HCIC0. 1 mol/L) B 10 min(Hi %
40 kHz, P34 50 W) , 7k 6 2= 47 43 80T 150 mL LB —oK
4 L,V/VORWB P RS N A NHy « H,O 4 mL,
TEOS 6 mL. 5 $ 6 h ZJ5 BU™ ¥ SR U0 0E 2 5 43 31 1 e 4k
M REATEDE 5 WET MR G T 4 12 h 15454 4 Fe, O, —
SiO, ki,
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(3) RMFLBCRA kAT 4y T BV . B 1 mmol Ay
M4+ BPA 5 4 mmol (I B & MAALE T 3 mL %1
Eh B EE 1 h, B Fe, O,—Si0, KT 1 g 32 B 5 DVB
20 mol .+ 75 EE (0. 03 mol/L)0. 5 mL #7 AbH 5 min (B &
40 kHz, Jj % 50 W), #4138 % W — JF Jn A 2 300 mL
0.01 mmol/L 4 SDS ¥ W& . it $# . 38 A MW 10 min Z
Ji S IMABI & F] AIBN 0.5 mmol, XA BT 70 CHPEER A
16 h, P2 Y BERRUUTE 2 J5 43 3 PR 2 K R 2 BE 536 0 5 IR &
R AT 12 h BE A WEIE R A Fe O —
MIPS. FH&4A 10% SR 1Y BV W 200 mL R KR 48 h
B M4 F . R T ARSI BPA 22 80 L) TR B 25 T i 4 1 JE B
IER A Y Fey;O,—NIPS,

13,2 FEMMERME KK ST HH S Fe O, Fes O —
SiO, 1 Fes Oy —MIPS 94 KK F 43 51 56 A SEBHR 25 o (K2
22 cm) REBRG USRS H O, Ik Ed
T R 2 F 5T e % 1 0 4 2 AT M M B A T S

1.3.3 WP PEREM E N T W ERIERAY Fe; O —
MIPS W% B P e FRECERIC R S W MAEE I R & W &
20 mg, A F] 10 mL 7 [F] ¥k B WUy A /9 2 B =0
T 12 h AT W S G DU Z )5 B S WG 0. 22 pm
U G S W 22 5 A 1 0 33 43 T G U T R R T AT I E 3
U BOF M . W R AR LR (D,
(G, —CHXV

m

Q (D

s

Q— WMtk , pmol/g;

Co—BPA K (9144 e B , mmol/L;

Cs— WL B P45 i 7 W BPA 193K B . mmol/L;
V——BPA F IR A, mL;

m REYM iR g.
1.3.4 BAEYEZMNHIKXE MEMARE 20 mg BEY R

FLE T 10 mL ¥ JE N 0.1 mmol/L A BPA ¥ %
1.3, 3 M7 ik 30 47 MR B, o 3 20 W B AR R Y 3RS PR T
10 mL HEE— 2829 : 1.V/V) 50 B8 75 R i I 16 1t 5 Al
LR R VBT 10 min, FHEJE AT T — KR LK, &
ZWH 5 K,

1.3.5  SEZBRAEGAT BRI B EERE S 0.4 g A 25 mL
S BB VR IR A K B 25 mL, AT & S
FALE Y, B8 10 min, W b5 WU A E L 25 & 2 10 2818
i .65 C AT iR 2% IR BA 2 )5 €4 % 10 mL.
HEWARICENIC R A 20 mg, A %] 10 mL # 5 2b B
BB WM 12 h 205 AN A 7 25 LR T A B 11 f
A % 098 BT 26 1 X S R AR o R SR RO XU A BEAT B AR AR B R
W BT ZR R Z I HEEE A ZE 10 mL,H 0. 22 pm T
U R 3 R 22 IS AL
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2.1 HiEREWMERL

2.1.1 ENERAWH FT—IR R AT HEEDICEAY
BIR R 4 Sy, i@ i FT—IR %t Fey O, Fey, O, — SiO, Fil
Fe; O,—MNIPS ¥ #E 47 T H 8 H B9 43 87, 45 2% (B 1O &
A S 0 em Ay OF I MR SR, 1635 em - At (a) FeO, MBSHEE  (b) M4 Fe O, 4PRBFHK
A ETTIHF O H & ik 8h . B B 7 R E A7 7 OH JE 19 TEM [
FEPATT 330 B AR U U A AR P 3R T AR BRI & B LAY by o
1096 com™" A1 949 em ™' 43 IR Si—O—Si Fl Si—OH 44
PR, WX A Fes O, —Si0O, #l Fey O, —MIPS i
THYFAEME T SO, JZ.1 635 cm P 4EF1 1 399 cm !
Ab I 43 5 R C = O Fl C—N WY, Fe, O, i T Fe—O
HETE 562 cm ! b, B AW T Fe—O #E7E 569 cm ' b, [

() BRH Fe;0, (d) R AW Fes0,—MIPS

B o BT Fey O, L1 210 846 LA & BN i 15 52 & W 1) 06 3 I
3 W )N
B 2 Fe,O, #2 Fe; O,—MIPS 4 F ¢ TEM H
130 - Figure 2 The TEM images of Fe; O, and Fe; O,—MIPS
. 1;2 £ 1 Fe;0,.Fe; O,—Si0, # Fe, O, —MIPS
- 7% ol PR BLTF RSB
E % Table 1 The magnetic parameters of Fe; O, , Fe; O,—SiO,
E; 0r and Fe; O, —MIPS nanoparticles
¥ V| (562) WRMBEEE AR )
10 1 (1096) _— Ms/ My g i
: : ! ! : ! ‘ Hei/Oe
3500 3000 2500 2000 1500 1000 500 (emusg V) (emu-g D
W Fe; O, 76. 277 2.377 6 15.742
Wavenumbers/em Fe; O, —Si0, 50. 545 1.115 3 14. 041
B 1 FeOi.Fe0i—Si0; A Fe, O, —MIPS Fe; 0, —MIPS 16. 680 1.063 9 12. 896
s K HF o4 FT—IR B
Figurel FT—IR spectra for Fe; O, ., Fe; O,—SiO, 100 -
and Fe; O, —MIPS 80 L .
2.1.2 Fe,O KENZRA WA b BERA BT 6169 i ol b
A6 TE K 2T 7 4 W — 5 ) 2 05 0 363047 TEM W%, S -
I 2 0L Fe, O, BT SRR TE 15 nm /247 2 5 P B 2l 2 oo,
U AR A7 TR — R 1Y P 2R L OR 22 )5 T A A E o8 A ‘é 40 - biFe;0,-5i0,
P 2 B 48 S 1 00 8 280 254 A B0 50 A Fe, O, T30 Z 60 cHe0MIPs
AT T BR AL 285 4 F B 2 U5 0BT Fe, O, MIPS £ it i L
TEM # 3 ] 7 567 F 22 16 W B 10 8 7 — 2 W R ~30 000 =20 000 ~10 000 0 10 000 20 000 30 000
2.1.3 ENICEREWRMEE ML R 1 RRKSHE AV R
Fe, 0, \Fe, O, —SiO, Fl Fe, O, — MIPS 44 K ki T 8% 1 1k i Field/G
S R T L BT A 0 0 R R A T B3 Fe,O,.Fe,0s—SiO, 4 Fe,O:—MIPS
Fe; 00 Fe; O, —SiO, Ko U & WK, X L N Fe, O 193 T 6 B AR )

AT A6 M LA B 3 B0 570 3ek R {6 45 2 THT AF 14 1 ) Jo I B
I, 2 A WG e BERRAR . 3% 5 Huang™™ F1 Liut'™ &5 14 #F 57 45
BR—2H, ME 3 H FeysO,—MIPS [ # [ 28 & 7] &
AEEEHEHER B LR AREFEAW, £/, & 2.2 BHEsHAHZE

W R G RN R I 1) B BE R 0. 5,1.0,2.0,4.0,6.0,10. 0,15. 0,
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Figure 3 The VSM magnetization curves for Fe; O, ,
Fe; O,—Si0; and Fe; O,—MIPS
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25.0 h, L 0. 1 mmol/L A9 X EY A JKPIE W4 10 mL. il A
20 mg WIREPE ENIE WA ¥ (Fe, O,—MIPS) , 5 I T 347 %
B, AR ENIC 3R & #) (Fey, O, —NIPS) 7 M [A] K i A2 40 58, 75
W B R 3 g 2 (U BfE B Fr 2 i 2. m R 4 AT, RA
BPA 0% M PEBE R TARERIE R G 9,

40

351
30

—& Fe,0,~MIPS
~m Fe,0,~NIPS

5 B 4
Adsorption quantity Q/(pmol-g™)
[y}
S

00 02 0.4 0.6 0.8 1.0 1.2
JI e 2
Substrate concentration C/(mmol - 1.™")
B4 FesO,—MIPS 5 Fe; O, —NIPS
W R M Eh S 5wk £
Figure 4 The adsorption kinetics curve of Fe; O,—MIPS
and Fe; O, —NIPS

2.3 ENC B &4 B9 UK BRI 4 A
X T B0 A A0 W B R . — %R Scatchard™'® A5
RO PP Hor R L0 (2) .

(;g:(Q,,me)XK(, 2
v o

QoG AL A B R R B 4 ol /g5

K, — %85G L 5 i A 455 % 8 pmol /L,

EIC R A Y Scatchard MBI SE 45 R LA 5. HE 5
A ENIE R AW X BPA I & B B B AR R 1
WATFEN y=—0.505 4x+70. 266,R* =0. 989 4, K Hji #i
R R BE AT A5 0 . 45 B AL 0y K, =0.559 8 pmol/L,
I KTV 2 Qmax=126. 44 pmol/g.

2.4 BESERN
WGV 4> F BN 35 B8 & W X BPA 4y F 19 1 & 18 45 5 0

80
70
~ 60
50 |
-
< 40 r
% 30 ¢ y=-0.505 4x+70.266
= 20t R*=0.989 4
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0
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W B
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B 5 Fe;O,—MIPS #) Scatchard #& &
Figure 5 Scatchard model of Fe; O,—MIPS

96

F 2, mF2AA.REYAEELEEZMM S W25 R MH&
AR T LUGE B i R Y 91, 26 %0, BE 2k R & 19
WG B R A BT B R SR S W B AT R A A

%£2 Fe,O,—MIPSHIESHEAM

Table2 The reusability of Fe; O,—MIPS

ERRE Q/(pmol« g™ || HARE Q/(umol g 1)

1 15. 21 4 14.72
2 15.16 5 13. 88
3 14.91

2.5 IEFERMIELER

TEIR YW BE X 0. 1 mmol/L W44 T, ENiC B4
Fes O,—MIPS FIAEEIiE B A ¥ Fe, O, —NIPS XF XUHy A #)
W BE A AR K o CEDE T o EEBRPED T T RS R
F 3., fHF 3 A B B BPA B o 5 T 452
Y Of H oo fE3 KT 1, U0 W18 e HE A B R R AW
Fe; O, —MIPS X BPA J I 45 44 25 0L 1) #B A WL Bt o fig A —
TE M ENIC AR A BRI . R A % BPA 1 B0 A0 5 4
— b 7 R O R B A KR RSB RN o (I
FEHE N 53 A AEREREPE WM L 3 S BPA 5 28 1 FAR 4
Ty 30047 35 0 A L 5 SR 3R W, D T R 4B TR T Y T (i X 0
ANT L RTEIR G T . R E Y Fe; O,—MIPS X} BPA 19
PEREPE SR . DL B W] T R M R AR R AW
Y EE A A S R A SR L B
XU A 5 1R 45 4 A DT BE R 45 48 28 8 i, DL 3|
W B 2 A5 AT . 2SR T RE S A DU A YRR R B AR AR
TR v I T M AR I A SR I S 0 M O B
AR W T 33 A A 0% 5% e R T DA 2R R T
3 B

DL 4t RV Fe, O, 90K T, R T IE M 2 )5
VE Ry BEAZ o 2R 43 F B B AR A BT % XU A AT W B A

®3 BWEUHK, o« MIHHHEER

Table 3 The K, ,a and I results of different substrates
% Bt Kq/(mL-+g™ D
‘ K2 a I
7 MIPS NIPS
BPA 2 358.12 1 579.66 1.48 1.00
Lol »
N 556. 95 406.53 1.37 0.93
W% B
LB ARy 687. 40 667. 38 1.03 0.69
BPA 2117.45 1 043.08 2.03 1.00
weREtE AW 833.44  478.99 1.74 0. 86
Wk BPA 1932.74 818. 96 2.36 1.00
4B A By 927. 31 626. 56 1.48 0.63
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REY Fe, O,—MIPS, i 3 %14 T LU R & W = 40E L 45
KW . BEY Fe,; O,—MIPS [ F ¥R 42 R 15 nm , 85 1] £&
FUA A0 R RG o BE L WG 6F BT A 4% B R 46. 680 emu/g.
1.063 9 emu/g.12.896 G, RA Y BPA £ B 1 Y W Fff
I L5 R F W] . Fe, O, —MIPS %} BPA Y W Bff 3 & K T AR ED
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MIPS %I BPA 143 W fix K W% i 5 2 126. 44 pmol/gs T B ]
MPE i B 32 B, 38 A W ZEXT BPA 47 T 5 W BE =2 J5 47 4%
AT LK 3 1 O W BFE R Y 91, 26 %6 328 B T B 1 A 36 0 — 2 43
TR AR A B R S A BB AR G Y kAT ik R
Gy B,

S % 3k

1 AR, T 00 5 F M. LBy A X b [ bR R K R R R
PERORE[T], A S TR, 2009, 4(3) : 408~414.

2 Tyl R W,Myers C B,Marr M C,et al. Two-generation reproduc-
tive toxicity study of dietary bisphenol A (BPA) in CD-1 (Swiss)
mice[ ] ]. Toxicol. Sci. » 2008,104(2): 362~384.

3 Jose Luis Vilchez, Alberto Zafra, Antonio Gonzalez-Gasado, et
al. Determination of trace amounts of Bisphenol F, Bisphenol A
and their diglycidyl ethers in wastewater by gas chromatography
mass spectrometry[ J]. Analytica chimica acta, 2001, 431; 31~
40.

4 AR BRI AR S BRIRE B P b B A XUBE A0 43 BT O Tk

L] At Tl K344, 2004, 30(3) : 348~353.

TakgE. BRIEEEIAE A YRS LS P R eh i [N

itk 22 ), 2010 —12—05(001).

(&2}

6 Tsuda T,Suga K,Kaneda E,et al. Determination of 4-nonylphe-
nol, nonylphenol monoethoxylate, nonylphenol diethoxylate and
other alkylphenols in fish and shellfish by highperformance liquid
chromatography with fluorescence detection[ J]. Chromatogr. B:
Biomedical Sciences and Applications, 2000, 746(2): 305~309.

7 Maragou N C,Lampi E N, Thomaidis N S,et al. Determination of
bisphenol A in milk by solid phase extraction and liquid chroma-
tography — mass spectrometry[ J]. Chromatogr. A, 2006,1 129
(2): 165~173.

8 Hegnerova K,Pi liarikl M, Tyinbachov M, et al. Detection of bi-
sphenol A using a novel surface Plasmon resonance biosensor[J].
Analytical and Bioanalytical Chemistry, 2010, 398: 1 963 ~
1966.

9 Navarro-Villoslada F, Vicente Blanca San, Moreno-Bondi Maria
C. Application of multivariate analysis to the screening of molec-
ularly imprinted polymers for bisphenol A[J]. Analytica Chimica
Acta, 2004, 504(1):149~162.

10 Ji Yong-sheng, Yin Juan-juan,Xu Zhi-gang,et al. Preparation of

magnetic molecularly imprinted polymer for rapid determination
of bisphenol A in environmental water and milk samples [J]. A-
nal Bioanal Chem. ,2009, 395:1 125~1 133.

11 Bstik . FhEE. Fes Oy @M A0 K KL T 09 2 900 08 1 ) & B 52 [0 . B
AL T ,2009,38(2) :226~228.

12 Xu Zhou, Ding Li, Long Yan-jiao, et al. Preparation and evalu-
ation of superparamagnetic surface molecularly imprinted poly-
mer nanoparticles for selective extraction of bisphenol A in
packed food[J]. Anal. Methods, 2011, 3. 1 737~1 744.

13 R E TR, PO, S W A ST B IR A W 0 A R A
TEKAR AW BHPERELT DL f6 T3 44 .2011.31(2) . 167~171.

14 VRaR0g, X5, BT IE. XUEY A B 43 F % BN A i a Fgs A
FRPERBESELT ] oh il 2 22 4 (1 SR 24 R 2 2005, 44 (3) 153~
57.

15 Shen Xing-can, Fang Xiu-zhou, Zhou Ying-hua, et al, Synthesis
and Characterization of 3-Aminopropyltriethoxysilane-modified
superparamagnet magnetite nanoparticles[ J]. Chemisty Letters.
2004,33(11):1 468~1 469.

16  Huang Zhong-bing, Tang Fang-qiong. Preparation, structure,
and magnetic properties of mesoporous magnetite hollw spheres
[J]. Journal of Colloid and Interface Science, 2005, 281432 ~
436.

17 LiuZ L, Ding Z H, Yao K L,et al. Preparation and character-
ization of polymer-coated core-shell structured magnetic mi-
crobeads[J]. Magn Magn Mater,2003,265:98~105.

18 WX JEPR, ZETCE L BRBT AR, . UM A 43 B3l 3R A 04 i & R0
PUNE R BT 72 [T, 155 45 2 Kb 27 2 412, 2003, 24 (7)1 204~
1206.

(L% 82 7)

7 LiY G, Tanner G, Larkin P. The DMACA-HCI protocol and
the threshold proanthocyanidin content for bloat safety in forage
legumes[ J]. Journal of the Science of Food and Agriculture,
1996, 70 (1).: 89~101.

8 Orak H H. Total antioxidant activities, phenolics, anthocya-
nins, polyphenol oxidase activities of selected red grape cultivars
and their correlations[ ]J]. Scientia Horticulturae, 2007, 111(3):
235~241.

9 Brandwilliams W, Cuvelier M E, Berset C. Use of a {ree-radical
method to evaluate antioxidant activity[J]. LWT-Food Science
and Technology, 1995, 28(1): 25~30.

10  Apak R, Guclu K, Ozyurek M, et al. Novel total antioxidant

capacity index for dietary polyphenols and vitamins C and E, u-
sing their cupricion reducing capability in the presence of neocu-
proine: CUPRAC method [[J]. Journal of Agricultural and
Food Chemistry, 2004, 52(26): 7 970~7 981.

11 Takayoshi Y, Seok T J, Nami G Y, et al. Effects of tempera-
ture on anthocyanin biosynthesis in grape berry skins[J]. A-
merican Journal of Enology and Viticulture, 2006, 57(1) . 54~59,

12 Hess S. Exploring high altitude viticulture[ EB/OL]. (2007—
10—04) [ 2014—07—10]. http://www. theelevationofwine.
org/press.

13 Radovanovié B, Radovanovié A. Free radical scavenging activity
and anthocyanin profile of Cabernet Sauvignon wines from the

Balkan region[J]. Molecules, 2010, 15(6): 4 213~4 226.
97



