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i SR T3 ik -5 S A T it ( BPO) 43 R G| AR &, Je S8l T WY L TR M MR 4 /K il i ( GMA) 7E ok
ST TR B T B 5| R A R A, AR IR, PGMA/SIO,. i #4% K43 T PGMA 3R 4 3L A1 5 5-4 H ok
Wl (ASA) 52 A= T30 SN, 5 /K A 1 4 Pt 5 T B B30 R 0 T U, ) 745 2 BE 4 A BURE SA-PCMA/SI0,, Jf- %
HoAb 54 5 R MR UEAT 1 RAE. H NPT 1 IR UKL SA-PCMA/SiO, 5 i BB A1) 28 1 73 5~ =2 1]
BRI E AR D, WF5E R W, SOk SA-PGMA/SIO, 5 2% il 73 T 2 18] 47 75 A7 58 B U A B8 g (3 HL 0 &0 B AR B AR
F) . AEBEERG b, SR A R A A ST A B B O3 TR A B B R, Al R AR 2 O AR Y T, 2 T
5K H Tk (EGDE) S22, X He A5 78 ik JBe 2 THT 4 2 BB K 23 7 B SA-PGMA JEAT T SR ENGE, il 4% T 2%
B 53 7 2 I EQ B B R MIP-SAP/SI0, , IR A B LTS T HAr TR L. SEU 45 3R W, ARXS T B A 3t R 9
HOh 2SR e 208, B AR MIP-SAP/Si0, X 2808 7> 1 B A 48 5 i IR A0 s 50 15 0 R 45 & 2R A, ARG
TH b AR, B IR RE T 2% B A U R R B R 7. 72.

KGR R ENBIRA K H A, I, RWENE, mmEEREAY, 725U

P (alkaloids ) & — K2 R K AR A HL
aEw, )z s TRZ MY AL b, REZ HA
B IR MR AN G, BAT 0 35 9 2R BTG 5 24
B PE, e AnGT R PR PR B LA R H A 25 5
Dheg' L R A B 2 LA 4 T
ISE A {EL RN R B4 102 98 T, o 2 e 200 i M A )
W I B 5 Al A A e, o552 5. AP Al
ZUrp 4 AR Wy R R IR R AR G e A 3
P Wy IR 52 O (erude extract) . A 3d, HAETE H
LT A BT B AR 55 Ak R R T A% T I R A
V5, PN A B AR IO RO B AR Gk Gl
s AL R B B S 9 ) A B 4

Fh P8 7R 2 Wk i A4 310 1) A ) BOHEL 4 O,
AR o Sk AT RE R IR A AR 2 M A e, OF S A
R W 2R B T, 3o A ) Bk 8 BG4 ik — 25 1Y
oy ey alide, DA B —E 4l B /Y H bR 2R i i
IX S M W A 2 20 vp A5 2R W) TR AR B G B T
1E. BT 8 45 a4k A= W i i O vk A W
(AT HLIE D) ZE I | A g B o B 9 L

=)
N1

B 5 4 B kL H b A B (i 4 B A
AR 4 SR [ AR A U (MIPSPE ) 10
1T 43 F BN A W) (MIPs ) X 524k 43 F HL A 4
S U e B AN R & S SR A A R O ik
A LA, LL MIPs Sy [ 44 26 B i) MIPSPE 3, 7F
WA 43 85 5 Al e AT B R R L T R
T3k . W HE PR A AR T AT el ] ] SR A
Hh i —Fh A e, AT RO T AR G e 2 A R
i T BE 4 I E 2R G0 R IR R G A i A
RIS B AT B 25 AL AT 2R
I 455 A 4y e 4 BB DR 4 T 94T A A LA 751 A% B
O IO O R A B o R N, 3t R
MIPSPE 35 1 1)t sk , 300 47 S 2E Wk D5 43 0 3l R
Yl 5 N H T, AT E R R T — et
G2 BB SR A 45 B R A W O i K £
WAL G TT k.

W55 T EN B A W 1% G2 7 1 R vk
P07tk B T W A kT A 0 R e
AREDIE A1, ED I 280 A 5 5 MR T S % O
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ARAGED I IR A Y OB A A B M A HL STA449 RUARER 43 By A (8 B i 3t 23 =1 ), 23 XK

AN B 23 5T B IR B U Y B S R
HABR X B2 (B 1) 45 & TEBEA W55 73 41,
FT AR BN 38 5 5 W) Sy T SR A4S T R A5 B4 0K, JE S
B, 23 0 LB B, B 2y T4 HERH ok 12
JoH g, AN By 5 U a5 5 . A R iR
R B BT AR BT AN R 64 2 3 T ED S
D7 8 D B S 2 o 8 T TR ORL R T , DA T 2
B TR AR AR B ) T
K S84y ¥ 22 BN 7 ¥R W BT AR HE S T — b
PP BUR A -Ja S IR Y B R g3 1 K T B
IRl DS I S S RNEER /L AW S R A ]
Or T LRI T A P R IRy B AR B T
R IR DNiCE R S @ | FU R/ N o X a2 W U S
i A1 e R A OB DR A A ) 2 R 23 3 T ED 3
BB RS LT 3% 101 BNV B R B0 23 1 U0 4
P E5IRRW] %0 1A T ENIE AL RL, XF o (5]
AW 73 7 HA e S 0 U e R 1R 5 0 S O 4 0
k. ARSCHIBEFE SR, SR H] MIPSPE 32 A4
AU A RO o) S R B e, B 0E T A E Y
2%,

1 LIGER4

K 5L E
i (100-160 H, % B TAHRAA),
R 95 y-5i N Bk = BT SR ik Be ( MPMS, By i 44
KH-590 , il .17 75 ik 4k TAHBR 2w ), 43t 4l 1
BEVHR TR 4 7K Tl R (GMA, B ¥ v 48 46 T4 R
NI DI VL W S 2R S X L R U=
ZRWEE(BPO, B H AL T ), S b Al 4l
FH T 28 7 45 &b 32 200 25 B ( theophylline , 2 ik ik
FEM A=Yy BL A BRA 7)), 98% 4l 2 5 H il 2 i,
B N 25 Bk ( diprophylline , P4 22 /N % A ) 74 4
A BRAF) ,98% 4 FE ;1% Z: i ( matrine , P4 % /N B
YR A BR A D), 98% 4li i 5 5-F KK i R
(ASA W/ & KR EAEAM THRAF), 5547
4l s £ B 4 K H il Bk (EGDE, JC 8 J5 5@ 1) %t
AR WD) s gl s e B AR 2 0 i 8 23 A
EINEi B

1700 #Y i 57 M 21 4p 5l 3% AL ( FTIR, 3¢ [
Perkin-Elmer /A 7] ) ; 438 VP B 9 3§ d0 7 I 7 5%
(SEM, 3z [& LEO 2% w]) ; P1201 & 280 AH (35 X

1.1

(HPLC, K 3% 4K F 4 73 B AX 4% A7 R 2 7)) 3 UV-

2602 54 AT I AEEE T (AL 2T )

A, FHE B 10 K/min ; Zetasizer Nano-Z %Y zeta
HE A7 M A (9 [E Malvern Instrument 23 &) ) .

1.2 /K458 B 1f 88 8 B R SA-PGMA/SIO,
Bl & 5 RAE

1201 FR GMA T il JIE foRE 2 I Y 51 & $A 3R
AN

FeSCHR [29 ] 7 3A g 2ok F2 , >R 7 57 B 3%
1051 R AR A7, ek s 3% 1T 1R A b S i
PR LY 0 R 4 7K H IR GMA 2 B R &,
RUPAER I . (1) i FH % %5 5 1) | 366 7)) KH-590
Xof e JE SR AT 3 T SO o 0 3 5 A R FRORE 3R T
A5 2 THT AP Y Ak B ROR. MPMS-Si0, 5 (2) i 2
PEROR. MPMS-Si0, 2 1 1) %ii 3% 5 % W h 19 BPO
P CRAL IR SR S| KR Z, LA DMF R #, 78 /A
AU E AR GMA & AR 5 R HRCR A,
13 R OoRE PGMA/SIO, . SR FH 22 J5 vk R AF AL
2 SR I AR OB T PGAM. i B i
1.2.2 2ROk 18 7K A7 18R T B Ak 5 72

FEREAT HL B PR A L Il 30 ¥8 BE A IR B T
PO Ef R A 1S g HERUMOKE PGMA/SIO, , 11
A 30 mL DMF, ¥ ki B ik 12 h A
3.35 g ASA ) 60 mL 1 1B R B 1 K VS T 5E RS
Z R O, T 80 C R IE AT R
b PGMA/SIO, R A IR 5 ASA ZHIHEZ
] B JF B0 S B 3R AT 24 he S5 0 O S, 43 8
W IORL , 43 1 FH B RN ZE AR K Uik, BLzs TR &4
i, B 7K 4 2 78 Ty RE 2 B Ok SA-PGMA/SIO,.
K KBr H R i, W o 2140648, i e Ak 2
SRR A Ak 5 SR FH AR R 9 0 5 T 34 R I T B B A
TR 1 2 7 R B, 45 4 DU R ROk g Sk AT
THRK b R L A 1 S G . AR IR 9 1 2% 5 i 11
TR R 1ok SA-PGMA/Si0, H K 4% i 3k F 11
BN 133 mmol/g (He kL PGMA 1y 3 4 J [ JF
WA SA EEG N 82% ) s ffiFH zeta HL A7 43 #7
A 5 ) e 2 A% SR 7E AN [R] pH B Z5 4 T 11 zeta
HLA, 2276 zeta HEL A7 JHT 45
1.3 Ihee & AL SA-PGMA/SIO, 3t i i &F
BERY 5 F 8 R AE
L3001 FEASTRNE 0 v 154 7 45 Uik W 552 36

A 5T Ty R HE B ORI $2 B K 4 - SA-
PGMA Xt Ml P 4849 23 7 25 18 0% 1 ] 0 1 4
(52 7% WL BR i, iR L2 %% I, A0 K BB 2K 45 o Ak
, % BB A0 5 H A F 4548 AR ORI 5
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FHZE AR Al XA ), 4 I AE K VB e e
B 3 R R0 b AT T T R H2 R UKL SA-PGMA/
Si0, X 2% Bk (14 55 U W BAE S 4. 2 By e 4 R Ak
X BRI 25 G Bl 0 24T D i TR B 3k O A
(AR ). S5 45 B 3 WP MG B ]S AE 5 h Bk
FEMC TR 1, 7E 3 s 500 b 2 ) AT A T A S
B W RS 06 A AR R IR A T AT R SR AR 4y
DN BB 1 00 W B T S VR B VAR s ek R Y A
b, ZEBEAE 3 Fh 00 v i) 58 SRR AE WL 43 B A
=272 nm(7/K) A =276 nm (& ff5) & A =270 nm
(1) fb.
1.3.2 7€ pH A[a] (4 7K A B o 5 A7 46 T R B 5
Cm

e 1l v B 3R 4] A8 Ak 14 2% BB K VW, OF 4 i
i Eh R 55 EA AL K T, R 5 b A Y A K
W pH AE  TEANF Y pH 200 T 347 D1 B #2243
HERT 245 Bk 1 45 T 2 B S 5, DL 25 4% pHL i X ) R
FEAIORL R B A F 0 5% e, OF 10— 20 5 58 i 5%
Ty e B BORORL 55 25 0 =22 18] 7 45 0 16 2
1.4 UM E K% 5 F KR ®E ED T & R MIP-
SAP/SiO, By #l & 5 R1E

FREL 2 ¢ DIt fok: SA-PGMA/Si0, , & T 100
mL ¥ B 8 8 mmol - L™ ¥ 2% Bl /K 75 P, FH S
AL R TR R 1 pH AL i pH =7, FIR A
WE TER ARG T, IR AR 6 h, i 3R Ok
XoF 25 i ) TR B s AR RN, U8 R BORE , B TR B
1 g ffL TR BT 255 B 1) 2y R ARORE L B T A VR B
1.2 o/L 250k & BE FUK IR & 3 W (R L 1)
o, TR R A pH A, ff pH =8, 1A 10 mL %
AW EGDE 1) L BEE W (MR BE R 8 g/L) , 1E
50 CRHHESN 24 b W S5 5, 1A NaCl
(4 TR 7KV WIS 52 6 W 7 D IR, DA B 26 B A 4
SR PSR A i = R o I IR P S i
211 ED 35 41 B MIP-SA-PGMA/SiO, ( fii 5 & MIP-
SAP/Si0,).
1.5 MIP-SAP/SiO, S MMHIE BRI 5 FHE
A4
151 SFiRES G MR nd e

KA SCHR A3 SR A A5 Bl A
J5 ¥, I 5 2% 187 EQ 3 A4 & MIP-SAP/SiO, Xf 7K A i
ISR 25 G rERE. R AR, Je il g MIP-SAP/SiO,
IR XS 25 1) 45 6 B0 01 2247 O, B 45 A ik 307
M R B (B AE S b BRFE

(1) #AEAE0.2 ~2.0 ¢/L 1 il P A il e

JE RV B ZS IR WL 43 B FE B 20 mL ik R
[F] 1) 5% BB T, T T ELZE R b, I A HER
PRICE) it o 0. 1 g B MIP-SAP/SiO, fkr, 2R 5
TEK IR R IR IR 7 g TR E IR AR 3 5 b, {5 0% B 38
1, >R E b T W A R O A U
AR )RR 456 5 Q. (mg/g) , 2]
A 2 B - B R ) DG R 4, B O AR IR
A

QCZ(CO_CH)V ()

m
P, eo J2 A5 BBV VR I 1) 46 VA BB (/L) 5 e, 2 i ME
PRS- BE (/L) 5 VR AR AR (mL) 5 m 2 B3
fHokr MIP-SA-P/Si0, By i #& (g).

MR TRV 1) T 3%, 4 ) ) 2 245 i 43 1 4% T B3
4K MIP-SAP/Si0, X H I A% Bl F1 3% 2 0 19 55 1
GG 2 VA WD I 2 TR S 0 TR R R
SR A1 A3 B 0 (A A K TR A R AR TR
WA A =275 nm fil A =203 nm).

T A B 2 B — T R R —
T2 ¥, FL Ak 2% 55 48 15 A5 T win i 81 B 2% i 1 43 AH
oL, B2 4 T AR FR L i e R R S R A 2 5 S
2 — 0 A W, R A A 25 i e
PRIAR S AN ] A< AR 50 355 85 T 9ol 245 P 5 2 B A
PRI R, 25 22 i e DR A 40 245 k43 - 2% 1 B
WA R MIP-SAP/SiO, 143 F U e, LA M E
S 7Y A5 8] K /N 5 S5 4 A7 a5 W A 5 T, TR G
Bt MIP-SAP/SiO, fCkL ) 43T PR HLER. i nfk (]
ZEW H I AR B S0 AL 2 2540 Won R 1.

G CH; C|H3 .
! OYN N
[ )
HyeN N
o]

O N
Theophylline

O
Caffaine

CH,

Diprophylline Matrine

Scheme 1 Chemical structure of caffeine, theophylline,

diprophylline and matrine

(2) & EIRAMT ¥ 2.036 g 1Y ELE
ik MIP-SAP/SiO, 25 7E N2k 10 mm [ B 5 45
W, A I e A B R R (bed volume , BV) 2 2 mL.
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WEHe S 1 g L BSR4 BV -h B
3 E S SR, L 2 BV i 8] B 4R A e, T
SE IR 2 BRI TR L el sh A s A k. R
[, I 5 MIP-SAP/SIO, Xt 2 Fihoxoh HE 491 14 5 2 4%
k.
1.5.2 S5a kSR

KT HE— 2 ¥R R BT 5 B M B MIP-SAP/
Si0, XF 2% Bk ) 45 45 #5 P, #E 4T T MIP-SAP/SIO,
25 B/ 2 0 G R 2R 5 e g B S B
e 3 49 6 mmol /L 2555 H i 4% B o IR v
Wi, B2 20 mL IR R T B SEHE IR R A
FRIE(92Y 1.0 g [ B30 0K A4 BE MIP-SAP/SIO, ,
TE R AR % 2 R S b, o I B Sk 3 - 47, 0
Sy B I SE b TV PP S 0 i 4 A A S vk
R JH 725 280 AL €0 33 o D00 R b 395 9 oD 1T 3 1A vk
BE) AR (2) 35 2 R B Syl R 0

=

K, = (2)

Hp K, (mL/g) J& B2 9 5 19 4 B & 40 ¢, (mg/
mL) 2 I A O R Q, (mg/g) S
A IO A 4

FT 25 055 IS B 3 T R ORI R R
K (3) , 1H5 B Ok A1 L MIP-SAP/SiO, X 4% B
ik BEPE R AR

)

_ K, (theophylline) (3)
K,(diprophylline)
A, Ko 2 i BT 70 S 22 80, 2 AR T 0 1
YT, BN A1 MIP-SAP/Si0, it 2% B 11 16 4
FH kA R/ S A BN BB MIP-SAP/SIO,
KAWL £t

2 HR5IE

2.1 H FIheEE B M SA-PGMA/SIO, K
Fitig

i o T, S AT RS B 1A Ok
PGMA/SIO, , #R J& K5 7K A% B 2k A1 51 A2 B ORE 32
T, 75 21 AT BE S AR 1) 0 1 7 A o i P R S50 BRE AT
BAE 09T RE AL ORE SA-PGMA /S0, (1) 5E{f
P28 8 K 57 MPMS 45 LA 3 T o4 P B9 fik JC A0k
MPMS-Si0, , 5% i+ 1) BPO #4 i i 5 -BPO % fk
B TR F TR ORGSR OB 2 1T 7™ A= A H 5, A
IS0 AR GMA B 3R T 51 & e & R A, 15 %

Kok PGMA/SI0," 5 (2) L 5-4 3K 1 2 b X
WA F (i HE A% K 4> F PGMA [ 3 4 & A4 IR 3
FRE, ¥ K AR (SA) 1y — Ty il ik A 5 5 72 HE AL
KArF PGMA (¥l 4 , JE 1 T BE £z KL 130k SA-
PGMA/SiO,. AL fO i 2 Wos 2 18 2.
2.2 IfEEEERBIE SA-PGMA/SIO, By &1
2.2.1 AN

12 HE K Mok PGMA/SIO, 5 T fig #2 b
ki SA-PGMA/SIO, B 21 4P itk. 18 B2 A% ks
PGMA/SiO, (4 £1 5b i &, F 908 cm ™' Ab 0l
1740 cm ™" 4h 4351 S PGMA 1) 4 4 5 [ 11 il o 3
FEAE R 3 W 0 T 7E ASA-PGMA/SIO, FY 2L 4 it
B Hr, 7E 1589 ,1496 F1 1460 em ' 25 &b H B T 2K 2R
4 F R R 2 W i 0, B R BB JE: 908 em T Ak
PR AEHE AT 0 A 0 A 0 91 2%, FLAE 3440 em ' b
BT RR Y iR 2 I AU, I AR S W SO 1 AR Ak
TR, ASA B 5 KT PGMA (1 3 4 ik
P % T TF 3R N 5 7K A 18 35 A B B A N 3 T
T e A WORE SA-PGMA/SIO,. #3458 1 11
S, BT A2 Si0, SRS S S22 M GORL Y 1
REAE R AT S A5 55 55
2.2.2  Zeta Hifi 4k

T BRI ) e 2 A O SA-PGMA/SiO,
XoF IR R A 5 B 23 %) WA AR ML ofF
zeta L A3 AT A0 3000 78 T #E B RORE PGMA/SIO,
FIh e B ok SA-PGMA/SIO, 7E A [A) pH 4k 4
T zeta HLA I 2 25 SRR TR 2. M AT i A
WA B (1) FER KM pH G B W, 38Ok
PGMA/SiO, [ zeta H v JE A Ay 4 X AE AR /1N 1) 7
{8, 5% & Ui Tk PGMA/SIO, J A R 4 A H i ;
(2) A WOk 4 7K A R o e Ak ek 1 5, RIJE 1 2
REHE B IORL SA-PGMA/SIO, J5 , zeta HL 7 B4 T
SRR AR AL, TEAR KA pH B VS [ A, flOKL SA-
PGMA/SiO, [ zeta Hi {37 Jfy 4 Xt {8 %58 K B8 (5 (7K
R PR 5 vl B T B ), R AR R ROR: R T A
o B B 0 R A (O R AE TRk S )
2.3 IheEEER A SA-PGMA/SIO, 5 i M E
ERYHFZEMHEEER

2.3.1 IIREHEABBORIAE 3 Fh A 5 R A 2K B8 T
F1% 82 R 17

A5 ol e BRI 9 i o AL, e AT BE
TR K Sl XCRE I T A5 55 SR R v ) b
TEIK T e GAT5 3 Rk RS R] (kv 300 v, 23 1
17T DIRe ok SA-PGMA/SiO, X 255 Bl At 25 0 W Joht
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(1) Production of free radical on surfaces of modified particles MPMS-SiO,

(|)CH3 |C|) |C|)
@ O—Si—CHCH,CH—SH + @C_O_O_CQ
OCH,
o
MPMS-SiO (l)CH3 (|)|—OH y:—o'
2 @ O—?i—CHZCHZCHZ—S' + @C n @
OCH,

(2) Surface-initiated graft polymerization of GMA on silica gel particles

(|)CH3 1|4 (|:H3

@ O—Si—CH,CH,C—S" + nCH,=C
| | /\
OCH; 0=C—HO—CH,—HC—CH,

n

ety

4»‘— —Sl—CHzCHzC
OCH3 0
PGMA/SIO, 0— CHZ_HC Hz

(3) Ring-opening reaction between epoxy group of grafted PGMA and 5-ASA

NH,

+
‘ { } 0
/' \ OH COOH
O—CHZ—HC—CHZ cn,
e Yo
0=C " oy
|
O—CH,—CH—CH,—H oH
SA-PGMA/SIO, COOH

Scheme 2 Reaction process of preparing functional graft particles SA-PGMA/SiO,

10}
. 20+
. VAP O,
é SA-PGMA/SiO; PGMA/SIOs
3 ~ OF---- [ R ed €Ty WU
g E 0 5, ~S0—=0—=o—o—o0—o0—o
£ < T 90 g
§ § PGMA/SiO, \D
- \ i .
& _40l D\u SA-PGMA/SiO,
[ ~o =
?\r -60+ \D\D-D e
4000 3500 3000 2500 2000 1500 1000 500 2 4 pg 8 10 12

Wavenumber (cm ™)

. . ) . Fig. 2 Zeta potential curves of grafted particles PGMA/
Fig. 1 IR spectra of grafted particles PGMA/SiO, and

Si0, and functional grafted particles SA-PGMA/SiO,
functional particles SA-PGMA/SiO,

Si0, X 45 9 B 458 5m 11 W% Bf . AERE 1
A T R &jﬁéTﬁﬁ?ﬁ%i@ﬁ*gﬁ;%i-
W 3 T A A e, SAPoM A, TR R T TR A
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PGMA/SiO, [4k2 2540 73 Bt , 76 S 05 /v B, SA-
PGMA/Si0, X 215 5% 119 Wz B 8K 2 75 2 68 2 &0 A
H AR (CZB80 55 0 AU SO e N7 DL B
5O JEF TR N S 2R Ok SA-PGMA/
Si0, K MI/K A% R 5 A 1 ¥ 3k KR 60 3 2 4E
AHELAIR) .

25+ g—B—a—b—0
D/
20 + /
[m]
2 5} / o—0——0—0—0—0
£ d o
10} / _a—A—A—A—A—A
g A —0—H,0
EI/A/ 2
st /o —0—CHCl;
a —2—CyHsOH
0K \ ) . !
0 0.4 0.8 1.2 1.6
¢ (g/L)
Fig. 3 Adsorption isotherms of SA-PGMA/SiO, for

theophylline in three mediums

Temperature; 30 C; pH = 9 (in aqueous medium)

RIS NI 3 HgR Al & Y, 78 S A T, SA-
PGMA/Si0, X %% il 1) W Bk 25 1t 3 A8 & 05 A T
TN X BTV R o S8 A I R . £
4y 75 SA-PGMA Ko T4 I (0 58 3 K 2 3 2 1)
R AL 7= A i ) SR A B AR R (Y Sk A 3 T B
F SR ZR) 33 SA-PGMA/SIO, Uk 3 M
(35 VB AL 55 8 £ B2 43 T o 4l 18 500 4 1 5 &)
V18 T 4 I R, 2 . 2 b 00 740 255 6 ) 2 B, S BOCHE I
Bk 2% 2 B4 sk /N

{HMNIE 3 Hom] 5 48 1 & B, 76 K A v, SA-
PGMA/Si0, X % i (1) W B 25 ot 325 =5 T 76 & A5 A
JE b e B AR . 5 SRS TR SR A A A B
VEF 7K 53 F R 0] 7 A 5 B s 4 W, 2 Rt
Hu A SA-PGMA/SiO, X 2% 8 43 F 1 &V B 1
{HAEIK A BT SA-PGMA/SiO, U Xof 45 ik 21 g
A AR Y WL B R, 2R B AE K A iR SA-PGMA/
Si0, fUkL 5 A5 4 F 2Z 18], B 2 -7 1k 2 [i] 34 77 7
FoAh I 2 43 RIAE 0, AR T Ry 3% 02 i e
MEAEH. KA T, 84 Ko 7 sk oK
M2 LA R B S R A B AR D, ELRE pH 3% K,
AT 43 B B 2% 3T A8 Ay 5 4 e S, DT i 0K % T
o7t 2 B AR fer (DL BT 2) 5 TS B A3 1 iy 4 A
e 3 R T4 B A T AR for IE HL L AR T 2
[F] 2 7 A ik B A B R AR A, S 0T R 1 R

YERL. FTRAUE , ZE7K A B SA-PGMA/SiO, fUkr %
2 R 1 VR T 4 30 g 2 e R R BV S SR A BLAE
FHEUME, ELAT# & 0K sh 1. B2, D RB A i
KL SA-PGMA/SiO, 5 A=Wt 5 F 50 2 [ fE 72 &
AR 5 0 U B T, X Sy SR T AS TR 2 T Y
“SRHE AR G- ST SC IR BRI ) T 3R 1 B T i, A
i e IOV 2 T ST i 2% 98 43— 1Y) 9 THT B3 B T AR
53 B FE A
2.3.2 v )i pH {EXF DI REfICK: AS-PGMA/SiO, W
B PE R 119 52 T

5 2 BB W pH fE, f SA-PGMA/SIO,
FERTE pH S48 T X5 4% 0 1 47 55 I B, &1 4 Oy
ANIF pH Z 0 R & Q5 pH M E R i
2. WKL 4 ] LLE 3, 0k SA-PGMA/SIO, X%
B ) R B i, B pHL Y T R S S B R )
(s Ak 78 pH = 7, BIZEh s Wb BA &
T I 75 (29 mg/g). b A 0 AR Ak R AT 5
R SA-PGMA/SIO, 5 25 6d 43 140 B.AE H J1 Bl
pH AY7E 1k

ol /D\
oh D/j
26} \
o
241 4
o
by)

Fig. 4 Effect of pH value on adsorption property of SA-
PGMA/SiO,

Temperature; 30 C

4 pH (ERACE, B AR 0l 4 7 P 1 e 3 N
JE A i B T AR S (H K A R 3 P R 3 L
PR KA BB OB SA-PGMA/SIO, 5 25 1k 4 T
22 1R) (1 e PR B AR AR 55, 5 SO 0 W B 75, it
I Ty B TR 0T 45 B8 1Y) W B 32 202 Hy SRR AR T
B A pH I THE KA R Jk A1 #2 Bk 1) H 2 R
K, fOBE SA-PGMA/SIO, 5 A5 B8 43 1 22 [8] (1) i
AHE A R R, S AR KSR A7 A8, 5 35 1 B
[F] 5 0 o 75 o L G K5 B pHL B TR 450
4y F BRI T AR B R W, AN F T K
Rz ] s AR, 24 pH < 7 B, 35K 67 T 5% 1
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RIS pH > 7 J5 , 3 1 55 76 1 0
4 0 5 Ok, S BOW R A B pH 1y T e
W BRI AR R W], 2 pH 7E 7 B, )
AEfURE SA-PGMA/SIO, 5 A543 F = [H] (4 YR A
T3 e, A5 SR Sk St 43 3% T BRSO T 1Y
pH &AL T 2%
2.4 UnHEEE K Y S F R EED R MIP-
SAP/SiO, By #l & it 72
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PGMA/Si0, X ufi M P 425 A% 4 4% B 43 - =2 [a] 1) 3
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[ 5 C
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3 H®

®CH; O @
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Removing template

Theophylline-imprintedcave

TR BRI 5 SR J K % 25% B I B 2 3K 1 R 1 fROR
T CEERKIR G W, I ASSHE R & —FE 46 K
H A, SR S IR R 43 b R AR A S B R R
- SA-PGMA Il 5 1) 7K #7 R ¥R HE Z 6] (¥ FF 3 [
B, R RS> 7 SA-PGMA 52 16, 2% 8 43 1 I %
F BEAE I 45 e, DT S 3 T 20 1) 43 1 B 328 5
Ve AR T 5, 16 i 1 1) R A W2
R T K R0 45 o T T 2% e K I 4y T
E 300 44 A1 MIP-SAP/Si0,. 3 1 B[ 305 A4 %} 1) ] 45 3k
AR B R BE 3 RoRZ.

Q 0=C OH
(R= O—CH;—CH—CH,—NH)

0O Crossling and impriting

9
OH ,o OH
<0 =0)

Scheme 3 Chemical reaction process to prepare molecular surface-imprinting material MIP-SAP/Si0O,

2.5 MIP-SAP/SiO, st M E &K% o5 FH &
A
2.5.1 FREEALEIARE G

i FH ) e 80, SA-PGMA/Si0, 54> F Bl ik #4
Bl MIP-SAP/SiO,, 1 % % H ## & ¥ ( batch
method ) , 73 1% 7K A 0T A 08 25 655 T I 2% Btk A T
T AR SR, K5 44T SA-PGMA/SIO, X
2 iy BT ) A5 IR I B £, B 6 45t T MIP-SAP/
Si0, XF 2 By ot ) 4 IR 25 G 4R

K5 8o, Pk ok SA-PGMA/SiO0, X} 2

TP ) Jo A EL A e ) R R e (Rl T E I S
Oy T, WO B A AR R ) R A
VERE . IR A A DR A0 T A, R AR T
Re A ok SA-PGMA/SiO, 52 H: Wyt 4% F 2 [
FEAEA SRR )

H2 & 6 17 4 b R A5 4 7 K 1
EJ 525 T 8 8 14 B 36 44 8 MIP-SAP/Si0, , % H il 4%
BB ) 45 25 e 20 ORI/ (e KW 2t R 35 mg/
g FEE] 6 mg/g) , B W] LA, BN 44 kL MIP-SAP/
Si0, Xt H M ZS 0 A AN BE £ R P NG A
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Fig. 5  Adsorption isotherms of functional particles SA- 0 0.3 0.6 0.9 1.2 1.5
PGMA/SiO, for two substances c. (ZL)
Temperature: 30 °C ; pH =7 Fig. 7 Adsorption isotherm and binding isotherm of
matrine

L ——a—u—n
30 ./-
/
24+ .
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£ 18} w —m—Theophylline
g» / —o— Diprophylline
12+
]
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0 = ! L 1 1 1
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Fig. 6 Binding isotherms of imprinted particles MIP-SAP/
Si0, for two substances

Temperature: 30 °C ; pH =7

X F A0, AL T RO & 245 G 48 i, i HLid
A PP (e W 29 mg/g B TH R 31 mg/
g) 15 48 b 25 B, MIP-SAP/Si0, X 4% i B A7 1) 4%
SR R R R A 5 G

1300 facks MIP-SAP/Si0, i MR AW 2
W, A0 AR K AR 43 19 BRI L 5, 3k 48258 7R
FRUSF RN (25 [v) 5 46 RV A5 0 45 7 T8 5 2% Bl 43
T B DT, O B AR 4 A B LA R S
BUNRE ), AR &S GEH, S 3R B 25 &
Z5 0 5 16 T H I 2R B T, B AR TE 23 ) 45 4 R
FAAT 2585 J7 T, BN 25 AL T 5 i 2% B 2 4
VERC A (W B 1) HSRE RS RNy, Hol
A0 1 A PR BB 25 40 1 K, 5% B 8 28 o
TR H 25 08 5 i ACH A R B3 2 okt
HA IR B AN P 5 A S5, R BARML A 45
B

78T 53— Fh O IR A 206, TR D) RE IR

Temperature; 30 °C ; pH =7

K7 Wk, T REURE SA-PGMA/SIO, Xf 1
L AT AR S 0% W BEE A, 8 B A R Ak 85 mg/g
(&S5 FHEA 2 AE N BT, A 85
TS 4 A N R BCE AR R AR ) G D) Be
fICRL SA-PGMA/Si0, Xif 5 2 11 W [ 7% 2 4 0 it
BT RSB R M A ) . (HR W B T 4k
2L 52RO AR ORI (MR R L), AR
R 25 9 CHE 25 [B) 45 48 R AL 6 55 7 T8 5 5 2 0
JERUC LY, BRI S0k MIP-SAP/ SO, X 5 57
ITRREANPN GG A1, 8L G5 5 AR
£ 19 mg/g.

ABIE5E R FH 3 45 1 (column method ) , 43 1]
XF 7K AN BT H B S 005 2 B AT T A T B S
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H o
0.8 4/
/ ¢}
06} /” /
3 o}
E} P
o 04f / O
o
02r I]/ Vs
/ P —o— Theophylline
0} ooooooooooooBoo®  —o— Diprophylline
0 10 20 30 40 50 60 70
Number of bed volumes
Fig. 8 Dynamic adsorption curves of functional particles

SA-PGMA/Si0, for two substances

Temperature ; 30 °C ; pH =7; Initial concentration; 1 g/L;
Flow rate; 4 BV/h
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Fig. 9 Dynamic binding curves of imprinted particles MIP-
SAP/Si0, for two substances

Temperature; 30 °C ; pH =7 Initial concentration: 1 g/L;
Flow rate: 4 BV/h

FE B8 55 1519, 24 H il 2% B i W LA4 BV /h

P 75 3L 4 1) 306 375 3 1F SA-PGMA/Si0, % MIP-SAP/
Si0, 3 5 A 5, Wi U A By 30 BV Jd /> = 4 BV,
F0 43 7S 28 0 B R A R T AT X I 2 e AR
PEFE AR NG5G 5 TR B U A o) 35 3 i
SA-PGMA/SiO, } MIP-SAP/SiO, 3 75 K B, Mt I
PRFRER PR R 55 s W B0, Bl i 5 — S se A i, it
TR FGE A Fir i m , By 24 BV 35K % 28 BV, 74>
I L S B 0 BRI 7 AT 0 25 B EL A R S AR
FBEREME S0 R 45 A SR AT
2.5.2  MIP-SAP/SiO, X uinfl B2 AR 4 o 7 1) i
PEPE R B

e, ) 255 B 5 T AS B s IR A W, 1
ASHREN A4 KL MIP-SAP/Si0, , #E4T T 38 4 W Fff 55
U5 250805 T Ik 2 ) 25 A it o R A BOR H
5 B0V 0T 3 6 b N VR AT A B AR A PR
Ty Jo B4) 1 8 R, H G B AT 20 I AR ALK
HETT A5 3 B A4k MIP-SAP/SiO, (AHXF T H il %
) Xt TS B0 PE B R AR kA OCE i WLk 1.

Table 1  Distribution coefficient and selectivity coefficient data

SA-PGMA/Si0,

Adsorb material

MIP-SAP/ SiO,

adsorbate

Theophylline

Diprophylline

Theophylline Diprophylline

K,(mL/g) 26. 87
k 0.81

33.17 30.27 3.92

7.72

F 1 REAERWT, (1) AT H A 6, 2 ae
THORE (IR ERSZR B4 B ) SA-PGMA /S0, Xf 45 B 1 1% ¢
PEZRBC K 0.81, 338 T 1, X E k% SA-PGMA/
Si0, X} 2 Fh ¥y 5 A W B BE 0 AR AH G, ke 2 BEBE M
(2) {2, 6 H 9 2% B, 2% 06k 528 44k MIP-
SAP/Si0, X 2508 i) A e B R EGE 7. 72, WoR =
AR e R b 3R T A P S 0 Bl T AR R
Wi PR A 4 5% B 43 - % 1D B 30 A4 E MIP-SAP/
Si0, Xt TR s F B A R 5 4 G B

A DATRUAR 25 DU B AR W e A A 43, 475 LA
TR KL OB SA-PGMA/SiO, Sk B i 36 it , R
AR ST 6 4R, IR T A5 s il A T A e
O3 F 1 2% T ER 35 A4 R a3 %k TR 8 4H 4 A A
Hb B 4 2 G R L LA B B S M.

DL NaCl (1 3 92 7K ¥ WA Ve B, 32647 Uk i
SR 25 SR R B, W45 A A BD 3 A4 BE MIP-SAP/
Si0, 2% [ A 280853, T 40 A 7 ik i fOkE 2% 1
MR A Y2 b AR 25 5 & A= flt AR, B3R

TE B[S fRORE A4 R MIP-SAP/Si0, HA I K i1 FF4E
506 PR RE

3 #ig

JeLh S-a Rk Ag W o R X 4RO R 2
PR M TR 44 7K H ik T 9 B B2 R PGMA/Si0, BE 4T
e B o 7K A R P B A FE R 1 I 5
il 755 21 RE $2 A% TORE SA-PGMA/Si0, . 3% I iE # A%
TORE 55 WA R DR 5 A ) 24 B 20 5 22 [ A 7= A 58 R IR
Wk )y (e 5 SR AR D) . A B kAl B LA
M R A Q) 2 B A AR T, £ B A K CH
ik Sy SRR, SR B B9 3 T 1 B AR, R
FETEE JE 2 10 S 1 A 73 5 19 R I BRI T il 45
¥ BB B4 kL MIP-SAP/SIO, , H 4 i (¥ 2R & Wi )=
PR3 A A R 8 285 Bl B 38 25 7, DAL T X 2% i 3 R
HH AR S B TR R R O R 4 A R R R
AR BIT 5 45 R DA S il A= ) e 1 ) 2 T B Bt T
NI S R 4 WY i EC RN
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PREPARATION OF MOLECULARLY SURFACE-IMPRINTED MATERIAL
OF CAFFEINE SUBSTITUTION (THEOPHYLLINE) AND ITS
MOLECULE RECOGNITION CHARACTER

Xue-jun Shi, Bao-jiao Gao, Xing-long Zhao

( Chemical Engineering Department, North University of China, Taiyuan 030051)

Abstract By adopting sulfydryl-benzoyl peroxide redox initiating system, the surface-initiated graft-
polymerization of glycidyl methacrylate (GMA) on micron-sized silica gel particles was first realized , obtaining
grafted particles PGMA/Si0, with a high grafting degree, and then the ring-opening reaction of the epoxy
groups of the grafting macromolecule PGMA with 5-aminosalicylic acid ( ASA) was carried out, leading to
bonding salicylic acid (SA) onto the side chains of the grafting macromolecule PGMA and resulting in the
functional grafting particles SA-PGMA/Si0,. The chemical structure and surface-electrical property of SA-
PGMA/SiO, particles were characterized. The interaction between the functional grafting particles SA-PGMA/
Si0, and theophylline molecule as the substitute of caffeine was examined in depth. The investigation result
shows that there exist strong secondary bond forces between the functional grafting particles SA-PGMA/Si0O,
and theophylline molecules, including electrostatic interaction and hydrogen bonding. On that basis, the
molecular imprinting towards the grafted SA-PGMA was performed with theophylline as template molecule and
ethylene glycol diglycidyl ether (EGDE) as crosslinking agent by using the novel surface-molecular imprinting
technique established by our research group,and the theophylline molecule-imprinted material MIP-SAP/SiO,
was prepared. With diprophylline and matrine as two contrast compounds, both static and dynamic methods
were adopted to investigate the binding properties and molecule recognition character of MIP-SAP/SiO, for
theophylline molecule. The experiment results show that MIP-SAP/SiO, have specific recognition selectivity
and excellent binding affinity for theophylline. Relative to the contrast substance, diprophylline, the coefficient
of recognition selectivity of the imprinted material MIP-SAP/SiO, for theophylline is equal to 7. 72, displaying
excellent recognition selectivity for the template molecule.

Keywords Poly ( glycidyl methacrylate ), Silica gel, Molecular surface-Imprinting, Caffeine substitute,

Molecule recognition



