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R AET5 CFHERA RN 24 h Ji5, Lh HE 37350808 i B 25 35 95 T 4055 ) 45 45 3 43 B0 300 B (A 28 Bk Ik T
RAEE I MG WA RAFRM A B R T AR R MBS, 25 R R EERERmEHN . ZINEH.
WFFT T e T FE 40 B 08 4 A A BURE 7R SRy = R S8 S0 50 A% i AT A 3R 4 5 A ST 1Y) K AR 1 N A BOME BE . SR
PR LB A 60 min J5 LA 150 oL FFEER o 5 R IR AR 43 F 14 3 AR KE HROBE A L5 43 B IE R (A A IR
XSS 43 1 T S L 45 R S o) G B VG B 3 L 3R I N I KR T i R B S R R R RE T
BRI R 1.5 ~ 8.1 i, X G0 = 19 ZE B LI T 6 = .
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ST ER IR B A4 (molecularly imprinted polymers, MIPs) J2&—Fh A T & i 138 1 45 8 4 7~ S g B {4
N 22 196500 AH AR FH 09 B A = Y2 (8] 25 09 1) 32 0 XPREAR 43 F A “TE " iR e 71, B A 4R
TEFEPER B B B8 4 7 s A0 2R AL & W 1 RE 1 > 5 MITP A g AR 5T 43 B 8 2 A R o o 1R e 4 4
Br s AT 5 AR A B B 03 £ R A R A2 A TUAL B B R R R R B B s AR H i D . MIP 78
SRS B 43 BT o 06 S FTRIE AR SR A5 ) 1D 1 R e Turiel SR 9% B B A0 AT B R A 190
WA T AR G LR 2 P T SRR SRR T =R A B W A B A

I HE A I B 2% B Cstir bar sorptive extraction, SBSE) J& 1999 4F 4% M i) — Fh AL ST AL PR A, iy TH
TR0 R DR 8 7 26 A B BT 5 9 R VR 2 O BF A SBSE K 1 568 o Zhu 25T il 45
T TEN PR IR 2 1R T AR B . {2 SBSE H R 7R PE o AR b gg AR B, 25 5 B R 2 B
Pl FBOEHCE BN T RE . AP LURE T HE R BAR 43 7 » SR T 388 3B T 1 1 4815 1) 43 B0 35 8 A A% B
B IERIEGE T AR Sy =8 28 B AR A B 4 2 A JB A AR P i
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2.1 LB SHA
Shimadzu LC-20A 5 KT € 450 CH A 8 23 7D « HGC-12 R WA (R A 08 B4 e A7 R 2
71 - HIN1006 %3 8 75 3 P A3 (1 M 4 48 75 3 4 1) + by BEBEHE/ AT &3 ([ Supeleo 42 H7 43 38 24
A1)« XL-30 494 ehy T 1 B8 A7 22 R o Tl AT LA AD < Mars-X OB A8 U ([ CEM A FD
BTV ST DU DU B 5 K SN T B T 96, 0% , IR WM A 25T < R (HPLC
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4fi, Sigma-Aldrich A ®)) , Z ) (HPLC 41i, Merck 23 ) s H 3L N R (MAA) A = 5 T g (AIBN) (4
Brat, REER A s =32 P B b = W BE N R FR 8 (TRIMD (95.0% , 36 [ % 1l 8 F)D .
2.2 HFENHEAERENG &

BRI Sy R T HD IIRE AR (MAA) ) (0O IR IR A1, # 8 12 h [ BIMR 4> 7 5 D) g ok
HEAT [ 28, AR5 A (TRIMD 15| %& 7] (AIBND , 3l A N, » B BEA W W N AR 40 91k 0.3.0.5 FiI
1.0 mm, K J£ R 10 em [ 355 F 4045, W o i 2€ % #, 75 C F L 24 he & 58 A A
VHF) :VH,0) =13 BGEW TR 12 h, kR L3 B4, B 1 B L 355 B 408 BB 515 XF
PO o H BT AT UL, B s 3 15 B 40 A BE L S P A5 5%
PR O 5 AT 5 4 1 10 M R BL A5 B S R B T T
K V(CH,0HD : V (HAe) =1:1 B4 v 1 75 1% Uk
R L BOAR 7 2 i WO A U B4 T HE 120 CF
ZAL 3 he NS MIP B (R R RES3 R 1.9 mm (1
LN N

JE4> T BNl 5 A 4 (NIP) 3% {4 46 HUBE 19 & iR
IR 345 T L Ho Ay ik A8 7] MIP 3% (A A% Hi BT SRR ANE BRSOy
2.3 EEISIIN &M Fig. 1 Monolithic bar hefore and after removing silica

T W 10 mL AW AR T g o el

s 3 N . g e a. [ J A7 (before removing silica capillary walls) 5 b. [ 2= J§
M 250 v/ min, JHCA SR T B R R A O HE AT AS .
(after removing silica capillary walls) .

AL i v AR BRORE ¥ VT R U VT B B R A B .
A I 2 B[] S BB 2 B 5 W 3 THD W B AR 3 00 BN 150 W B R P A A6 A b A 150 WL
P P WG — 5 I ) 5 R 200 L i W2 R AR 43 BT
2.4 BIESWENG

Dikma C, %5 77 H (250 mm x4.6 mm L.D., 5 wm) , £:36 40 °C; @i ZhA0 N V(CH,CN) 1V (H,0) =1:1
TRA VW W R 1.0 mL/min; 2R JH SPD-M20A A% 8 B4 51 46 0 2% » 46: 00 35 1< 2 223 nm
2.5 HAEAEEHE

W — 5 5 AR SRR BT E 60 C TR HETHE T b 0 ORiAZ 0.771 mm) o SRS HERRIFRIL | ¢ ZHR0E
FEHUHE A 30 mL Z i 7€ 60 °C T i $E 0 20 mino 3 48, BEWRAE 40 ~60 C T ZE 1+, 5 mL H
R T T Al I G B0 R AR A U AR I

3 GRS

3.1 HEFHTR

WS bR TG S A o 2 3R S I D A R 19 T ) 20 1 B3 R R A% O o s Bz A A
B2 iz« (O A R ob D) RE S (A HY 6 DN R 5 AR 20 75 T el el 1 ] ) L B A T BE AT 20 7
23 T TSR AA s (2D 72 5¢ 1 H 20 % 9 ¥ W PP in A S IR /5 | 252 500 fof 10028 1A 5 S8 R R AE 75 C R &
A A ]R TRAS BORE T8 R SR W YR A L R v i T 2 BAL R B9 AR s 3D SR V(CH,O0HD
V(HAe) =11 3R & 3 W1E o P B0 A8 7 i B R 5L » 188 20— B0 38 2R 45 0 v 7™ A 5 AR 23 1 R/ T IR A
DC e (9 3244 28 5 CRIRUGIASE 30 o 1) 237 B3 28 5 0y 16 AR A WS B 2 Bt B0 R0 P U000 67 s X = 1
RALE W o T 0B RE R 4r T R/INEL AR S T 8 1 6] 0B A T 5 S5 B v 3 % P A R A O

o ARAF BN 22 B PR v EL A e LA SR 52 0 70 1 B8 8 A A% O , 75 A A T S 0L 0 2
55 LN I [i) 40 9k A5 2R

S RN By SR T AR T R SRR T 6 P D R A D T RE B A, = JCAZHR S TRIM 4
SRR 5 OGRS BRI 2, T H SR N S R TR (EDGMAD AR e A Bt /A ik £ KT 1] 09 58 186 3 5 A1 4 7
L MIP ARl 255 AL B0 o BRSTAE R R RATH 280 0 RS R B oy 745 T B A R AP
F1% 5 A% TR BE i T S by 1 U A TN AR 23 7 5 T RE SRR B 2R AR R B o SR T BEAR 23 T
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Fig.2  Polymerization of terbuthylazine molecularly imprinted monolithic bar

TIRE PR 5 A BRI AR R BB R b (1:4:4.1:4:8.1:4:12.1:4:14.1:4: 16 1:4:18) , I £5 4% {4 % B #E 2 [ (1)
HUAH R B A7 A AR 28 501 4 A2 1560 TRIM T 5 14 R B0 AC LAy 1:40 18 B, B4 2% 0K A2 Ok & B A4 (1 I
e ARG KRBT o SN il 3 S AR 52 17 B[] AN 2 25 3 i ] 7 A R A Jmy T SR R 2R B B R B Tk A%
DO 4 JBCRE 5 T 2 7 ek 8 ok v R 2 T B i) o R ) 2 i T A5 R R A O R AE W L. AE 75 CF RN
24 h, S R ZE BB R G 5T AR EWRR

3 g H R T HE S BN R AR AR IO (1 R R AR R R B . DN IE 3 R AR U 3R 1 2 B
By« Z2 AL B S5 K6 5 A6 R] 1 18 0 2 BRUZS Sk 0 0005 R 4 T 0 A A OB PN 114 4% T
3.2 EENAMEWREGRNIERE i

4 SR T e AS TR BE B v MIP & A 8% B0 A5 Al 43
FAET ARSI . BB 4 w70, DK RS BV IE T
Jist « LT8R T R WY S 10K WRg SRy 6 U] » MIIP R {2 A% JRORE (1 26 X
RO B8 2% T LA G0 0 H 2R D A0 » A0S B B R o X
JE A KB R S IE T BE R L BERE 5 HE MIP by
AL G LS IR SRS 4 F ¢ T e 5 MIP i) SR A
e SO ZERS 5 QI FAE T MIP 854 07 S0t B3 R T3 7 B 5 i B A% e 2 i e
BT HAE BOR S . Sck [5 TRl AU 5 R A — R
ﬁﬁﬂtﬁfu gff%ﬁﬁ?ﬂ‘]fﬁﬁl&ﬁ% . $'§Q§ﬁ%%&% Eﬁ , %FH Fig.3 Scanning electron micrographs of terbuth-
i ﬁf’ﬁﬁﬂfﬁﬂlﬁﬂ Hﬁﬁ?TﬁE‘]ﬁEl%%% . ylazine-imprinted molecularly imprinted monolith-

PLH 2R 2 BRI, % 52 T 204304404 50, 60, 70 Al
90 min AN [ A% B[] X A TR AR ORI 520 o 45 5 R AL B [E] R 60 min B A B AR 15 .
Tl BB RF T HEAE BUSUER 19 52

Table 1  Effect of extraction solvents on extraction efficiency of terbuthylazine

ic bar

Ll 0 : Zm ETH MR Ik P i
Regent 2 Methanol Ethanol n-Butyl Ethylacetate Tetrahydrofuran ~ Chloroform Toluene
Ui T L
Peak area 0.15 0.46 0.13 0.12 0.38 0.03 1.7 5.5

10"

10 we/L 457 T H AR E I (terbuthylazine standard solution) ; # U [E] Cextraction time) : 1 h; 150 L B (methanol) 5 #8 75 fiff
(desorption with ultrasonic ) : 15 min; JEF#E (injection) : 20 pL.

P ity 385 0 BT BT 8 0 A HORR T 5 0 o 2 AT 00 D 2 B2 7 R A AR L » e WA R A B R 0 ) 1 A
YRR 5 A W 7 R0 () A A0 IC S AR o LR T TR 26 10% 1 50% £ R 1 Y v W (R AR LD X o T it
Sitp W SECR R RE  » 235 SR W e VY IR S i R R A WA SR e e X ol T B T S MIP SR A
TSR T s A7 T R0 TR T 08 WS 5 TN 0T i e Mg i 78 DI o A 0 SR A1

DL A A W 00 43 S0 B R 1031241518 1 20 min ff# W Bk [l 6 AT 1 BIF 55 45 5 s W Ak il g
15 min i i UG 5€ 05 g o K M IR ) A OB T FY vl PO P M R S R G I 5% BR B 1 2 B, R L 5
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NS

SR 197 T 43 ER A TR ELAT A 73 T 0 e 9 0 1 Y
e I O 1 815 KB S0 e AR 0 46 T 2 032005 1.0 mm (9 FECHR e 3
o iSRG AL BRI R BT S 1.0 mm > 0.5 mm > 0.3 mm. £ S2BRAMT T
f e T IR0 407 75 52 58 0 A3 B 40 T ED G A TR o AL B A R
AR5 T L 50 5 500 B 0 43 7 60 2 I M5 0 25 4 % B U B 43
B
3.3 EIMEEHR

Pl 4 2 MIP 55 NIP {5 ) 5 O E A PE T 3007 = W AL A0 09 G P8 B 4 77 MIP ¢
e X 7 = (A R 0 0T NTP AEIOHR o T4 K B 0P T T T T e 5
T MIP (5 9540 B NIP [ 8. 1.7.316.9.5. 4 fifs X -5 = WK B 00 40135 T 0 70 v 45
T MTP (T HE 350 B NP (9 5. 304,515 455 22003 TP A€ B HE X 0 = W 55 B 90 ) i 8- 1 B
T = W 5 . MIP o 0T AR D 2 0 37 P2 74 85 1 MIP 30 48 B - A T 8 MIP 3
A IR X B A3 T4 T Vi B HL M S 00 = K B 0 L 45 52 0 5 TRy« LB 3 B e
AT 0% PR 5 T LA B T B« TR T 7 S e 4 A L0 K T AR
SR T E T AE LR 0K TR D 0 A SR T AR 58 T i — 5 02 R 5% T T
1305 e S P 7 52 2 R Bt PR Bt WA A 0 1 5 B RISy o PR S L T SR o A
10 /L = VSR 7 M P Y R TR 28 NTP IR 1 MLIP A€ ISURR 3 5 57 965 10 €3 Pl P S
T A SR PR 5 i, O MG 1 0 K D) = W 25l 4 95 NTP AU 770 B 51 4
B AR 2%« MIP 8 B £ S PR =0 256 {45 9 W B 0 i R 7 S 0 290 1 4 7
F11 3052 S 50 5 5 R A e LA 5B D B«
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Fig.4 Chromatogram of triazines extracted by molecularly
imprinted polymer ( MIP) and non-imprinted polymer
(NIP) monolithic bhar

a. 10 pg/L 7 Fl = R IR AR B 4% UEFE (injection of 7 triazines stand-
ard solution) ; b. NIP #£ Hit J5 i#E k£ Cextracted by NIP) ; ¢. MIP
2R ERE (extracted by MIP) o 1. P4 ¥t (simazine) 5 2. P4
B (simetryn ) 5 3. 38 22 1t (atrazine) 5 4. 35 K 4+ (ametryn) ;
5. fh K H: (propazine) ; 6. ¥ T It (terbuthylazine ) 5 7. 45T i
(terbutryn) # U 1 42 (diameter of extraction bar) 1.0 mm, #%
Wt fE] Cextraction time) 1 h, 150 pL F 588 75 fif 1 (desorption

with ultrasonic in methanol) 15 min, ¥ £ (injection) 20 pL.

Fig.5 Chromatogram of triazines in spiked lettuce sample
a. MIP 2500 10 /T JER W Cspiked sample with 10 g/, tria-
zines by MTP) : b. NIP ZEHX 10 we/L AR (spiked sample with
10 pg/L triazines by NIP) :c. A= 3¢ faf I 32 WO 1 42 UF B Ctria-
zines spiked microwave assisted extraction solution of lettuce) ; d.
10 we/L =188 2% Bk 71 5 IR & b 1 B 32 JE #E (direct injection of
triazines standard solution) o 5 1 ~7 [A] ¥ 4 (peak 1 =7 are the

same a in Fig. 4) .
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Preparation of Terbuthylazine Molecularly Imprinted Monolithic
Bar and its Extraction Property

HU Yu-Ling™ , ZHU Fei, LI Jia-Wei, Li Gong-Ke
(School of Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 510275)

Abstract The molecularly imprinted monolithic bar was prepared by blocking-tube polymerization at 75 °C
for 24 h using terbuthylazine as template, methacrylic acid (MAA) as monomer and trimethylolpropane trime-
thacrylate (TRIM) as cross-linker respectively. Preparing material and conditions were researched. The sur-
face structure of the monolithic bar was investigated by scanning electron micrograph and it showed a porous
structure. The extraction conditions and properties of the molecularly imprinted monolithic bar for enrichment
of triazines was investigated. Extraction was performed in toluene for 60 min and the analytes were then
desorbed by 150 WL methanol. Results indicated special selectivity towards terbuthylazine and its analogs such
as simazine, simetryn, atrazine, ametryn, propazine and terbutryn was obtained for the molecularly imprinted
monolithic bar compared to the non-imprinted monolithic bar. The enrichment efficiency of the molecularly
imprinted monolithic bar for triazines was 1.5 to 8.1 times as that of the non-imprinted monolithic bar. Better
selectivity was obtained for chlorotriazines than that of thiotrizaines. The molecularly imprinted monolithic bar
was effective and selective for the enrichment of spiked lettuce. It showed potential application to the analysis
of trace triazines in complex matrix.

Keywords Molecularly imprinted polymer, terbuthylazine, monolithic bar, triazines
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