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Fig. 1 Chemical structures of ursolic acid (a) and oleanic

acid (b)
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1.2 BREHUHAKE

B 0.5 ¢ MWCNTs 1 0. 1 g AIBN 43#(F 30
mL F 2 A 10 min, il % R A 30 min )5,
T5°C L 4 he SR ) ARV R 4 0l )5, 40°C
B TR, 15 2 B0 U M g R A

HLO.45 g B BCPE B 9 K 4 42 BT 50 mL
10 mol/L NaOH H iAW 1 ,60°C T [l 3% 48 h J5
L8 UE Y H 6 mol/L HCI ik = pH =3, Fi H
KB FORER RSP KJF 40C T B T4
12 h, R4S 2 e o0 MR Ak 9 oK A8, b R B ok
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- B 35 [ AR ZE JOFE (MISPE ) . A U 1t # fr N,
AR, 2 I R 0 v R s SO AR S A
Br. S5 AR IR (UA) BEA 245 1Y S5 3R IR
(OA) Myza Wy, HoAb # 85 #n & 1 (b) frR. #%
10 mL BE S iR (2.0 mmol/L) Fl 5 £ J 2 (2.0
mmol/L) {4 1 liE- 7K ¥R & W8 W it ik MISPE A%, 45 ]
Wi~ 0.8 mL/min. X J5 FH 6 mL 100% H {2 g @
T A ARE R A PR T, A R 0.8 mL/
min; fe g 129 (V: V) () SR -H BV W, i 3K
0. 8 mL/min, 43| Wt £ Ik & W A8 JB W, 1] HPLC
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Fig. 2 Procedure for preparing MWCNTs-MIPs
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Fig. 3 Effect of different molar ratios of the functional monomer

to the template on MWCNTs-MIPs adsorption performance
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Fig. 4 IR spectra of crude MWCNTs (a) ,MWCNTs-PVA
(b) and MWCNTs-MIPs (c¢)
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J5 Gy MW CNTSs (1% 49 41 L 55 121 DA T v ] L7 b
F 3] MWCNTs 5 B — fi0 400 > 27 1R 1/ 1 SR,
V22 (B 458 B, B R K292 20 nm. & 5(b) &
MWCNTs-PVA ()47 1t %% &, [R5 BE 75 Jik K 50000
U, ERCAW ST, XRWRLHED
Bio) A B 2 MWCNTs R 1. & 5(c) FE 5(d)
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e, 3 Ut I 3R A W B 35050 b A U ik A K 2 0

Fig. 5 SEM photographs of crude MWCNTs (a) ,MWCNTs-PVA(b) ,MWCNTs-MIPs (c¢) and MWCNTs-NIPs (d)
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Fig. 6 Adsorption isotherms of MWCNTs-MIPs and

MWCNTs-NIPs
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Fig. 7 Adsorption kinetics of MWCNTs-MIPs
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Fig. 8 Effect of recoveries of UA after washed with

different percentage of acetic acid in methanol
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Fig. 9  Chromatograms of UA and OA mixture solution
from MISPE columns (a) washing solution obtained from
MISPE column and (b) eluting solution obtained from
MISPE column



12

T YR 24 - 2 B gk A O 3 TR 9 R TR ED D B 0 I ) B T R AR

1475

22 0 B L [ AR AR JORE L. ACIET 9 (b) FTA H vk

W b & A R UA F b &

iy OA, 3% 3 W

MWCNTs-MIPs %} UA 75 4% 5 3 5] . MWCNTs-
MIPs Xt & HL /R 43 (1 R3] 3 2 ok T B AR 43+
() I /INIRUSE IR 5 A7 19 VG TE . XoF R ok 49 I 45 4
ATELE, AT LA H OA [y 23 (B R~F S5 Ep i« L o<
F/NAELE 1 HAk A B ICHR L, i OA 437

SERm M.

3

LS S

O X 9N W

i

AR SCR AT 73 BN IEHE AR, LUK & 05 B 48

A ) ke 0 DK A Sy R 5 RO R IR B AT R B 4%
P A B S 3R A5 ). R T AL AP I 35 A0 4 F BT 2R
EYIHEAT AL SR R W BN R B )R B A
I B 20 KA 3R T R BRSS9 56 6 W, MWCNTs-MIPs
X R 23 A A ) T2 5 I R B K AR SR R ED
B WIS 2 TR A ORE A, 5 R RO
TEWT 7 A AR AR B R B AT O, i A
MW CNTs-MIPs A% | 5 H: 25 ¥ 41 DL ) 57 3021 R 73
5. MWCNTs-MIPs ¥ 15 73 85 73 Hr 55 68U i
CDNIVAIER -

REFERENCES

Jang S M,Kim M J,Choi M S,Kwon E Y,Lee M K. Metab Clin Exp,2010,59.512 ~519
Spela S H,Majda H,Mojca S, Zeljko K. Food Chem 2003 ,80:275 ~ 282

Liu H,Shi Y, Wang D, Yang G,Yu A, Zhang H. ] Pharm Biomed Anal,2003 32479 ~485

Yang Weihai( 4% T0% ) , Yan Shoulei( J%5F7 ) , Wei Chen( Tf2) , Wang Qinzhang( T J5 2 ) . Acta Polymerica Sinica( 2543 F2£##) ,2010,

(10) :1163 ~ 1169

Hugon-Chapuis F, Mullot J U, Tuffal G, Hennion M C,Pichon V. ] Chromatogr A ,2008,1196-1197 ;73 ~ 80
Javanbakht M, Namjumanesh M H, Akbari-adergani B. Talanta,2009 ,80(1) :133 ~ 138

Moullec S L, Truong L, Montauban C,Begos A, Pichon V, Bellier B. ] Chromatogr A ,2007,1139:171 ~ 177

Zhang Zhaohui ( # 8] ) , Liu Li( XIfi ) , Nie Lihua( ZHi#E) . Acta Polymerica Sinica( 4> 72248 ) ,2010,(6) :677 ~ 683

Sun Z, Schiissler W, Sengl M, Niessner R, Knopp D. Anal Chim Acta,2008 ,620 .73 ~ 81

Chang Huaichun (% M%) , Han Guangxi( &6 ) ,Bai Ke( [1F7) , Gao Wenbin( % 33it) . Acta Polymerica Sinica (4% T 224§ ) ,2011,

(4) 1340 ~ 346
Yang Lvwen( #% f 3 ) , Liu Hanmao ( XI| % % ) , Qu Hemi ( Ji %% %

), Zeng Songjun ( ¥4 ¥A %% ) , Xiong Yuanqin ( & it 4K ) , Xu Weijian

(%) - Chinese Journal of Applied Chemistry (i Fifb2%) ,2008,25(2) :137 ~ 141
Chen P Y,Nien P C,Hu C W,Ho K C. Sens Actuators,B,2010,146 (4) :466 ~471
Gao R X,Kong X,Su F X,He X W,Chen L X,Zhang Y K. ] Chromatogr A,2010,1217:8095 ~ 8102

Zhang W,Qin L,He X W,Li W Y,Zhang Y K. ] Chromatogr A,2008

J1187(1-2) :94 ~ 102

Jiang X M,Zhao C D, Jiang N,Zhang H X ,Liu M C. Food Chem,2008,108:1061 ~ 1067

Rachkov A ,Minoura N.J Chromatogr A ,2000,889:111 ~118
Zhang N,Suleiman J S,He M,Hu B. Talanta,2008,75(2) :536 ~543



1476 A e 2011 4F

I
RS

PREPARATION OF URSOLIC ACID IMPRINTED POLYMERS BASED
ON MULTI-WALLED CARBON NANOTUBES AND THEIR
APPLICATION IN SOLID PHASE EXTRACTION

ZHANG Zhaohui'?, YANG Xiao' , ZHANG Huabin', ZHANG Minglei' ,
LUO Lijuan', CHEN Xing', NIE Lihua’

(' College of Chemistry and Chemical Engineering, Jishou University, Jishou 416000 )
(*State Key Laboratory of Chemo Biosensing and Chemometrics, Hunan University, Changsha 410082)

Abstract A novel surface molecularly imprinted polymer was synthesized using poly( vinyl alcohol) modified
multi-walled carbon nanotubes (MWCNTSs) as supporting matrix , ursolic acid (UA) as the template molecule,
methacrylic acid (MAA) as the functional monomer and ethylene glycol dimethacrylate ( EGDMA) as the
cross-linking agent. Effect of different molar ratios of the functional monomer to the template on the
performance of the synthesized MWCNTs-MIPs was discussed and the results showed that the optimum ratio
was 4 : 1. The multi-walled carbon nanotubes-molecularly imprinted polymers ( MWCNTs-MIPs ) were
characterized by Fourier transform infrared spectroscopy ( FTIR) and scanning electron microscopy (SEM).
The results showed that a stable imprinted layer was grafted on the MWCNTs surface successfully. The
adsorption properties were demonstrated by static adsorption and adsorption kinetic experiments. The results
demonstrated that the MWCNTs-MIPs had specific selectivity for UA , yielding a maximum adsorption capacity
of 53. 1 wmol/g and the equilibrium time took about 60 min. Solid phase extraction condition was optimized,
and the optimal condition was washing with 100% methanol and eluting with 10% acetic acid methanol
solution. The solid-phase extraction column packed with MWCNTs-MIPs could be applied to separate ursolic
acid (UA) from similar structure oleanolic acid (OA).

Keywords Surface molecular imprinting, Carbon nanotubes, Solid-phase extraction, Ursolic acid



