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FHES| & BEHEE X FES KA PHEMA/SIO,
RES-HZREBEWMINGEETHR"

EES

(bR TRE OKE 030051)

BRE T ENTY RAFE BRR

Catma LB Eak  JLst 100088)

W OE W R R R Or TSN A 8- kv R A B S Ok B BT - =
SRR (AMPS ) X oK 9 Rk IR RoRE #E AT R T B, A A4 BOPE fORE AMPS-Si0, 5 R PR {0k AMPS-Si0, & T
B 5 VA R P B e B TR R A R - RS R R, S T T R TR R R R £ TR (HEMA ) 78 A 2 R0k 2 T A9
BRI KBRS, WIS T BAHOR PHEMA/SIO,. X DL 5-50 1 36-8-42 St ms mk (CHQ) ik, fli g Al iy
PHEMA % 4= K4» F 2 0, SCHLT A ok PHEMA/SIO, (1 8-3% 3k s ik ) g AL 5% 4%, #1158 T &2 & ok HOQ-
PHEMA/SIO,. 5 1 £ %b 5 BOX AN UKL AT T 3RAE, B A BFIE T 8 5 -id SR AR £h F 100 5| A He B 3R i 3R 2R
FHLE, JRATSE T CHQ 53k PHEMA (B 2 2 (8] BUPC SO B g HLIE, B 490 2 % 4% T D RE ok HQ-PHEMA/
SiO, N H &R & TR A WM RE. PSRRI, AR MR R I R R SRR BA RN T &
WP, e (30°C) B AT i 45 2 A 5 (40 g/100g) A AL ok PHEMA/SIO, ;3 CHQ 5454 PHEMA (1) 2
e 2 6] ) TR SN AT Sy 1 Y SO T R, B AR R VA R A R T SO R EAT . BORE HQ-PHEMA/SiO, X
R TERRBRMNE SRS, IR & Ho.

X WRENKBRZR W, 8-, RS KBRS, RPN, Ba 0

B W B AR (R BB WA ), 2 AE ] R
J5F 2 TH A 0 4 U B T L B i R A g
P (oKD ) A RL. A TR LA Z R 288 dn 8-
2 B R T e 20 R A | Schiflt B A | K g
DA A8 e 5 60 25 3 e 245 A gy 4 L AT o 8-
MR — AR A AT Y e, e s
Fe' BT I Ga' ' B F (LA R BOA W ik ok
10 55 10+ e 8- 3 g mpf 780 25 45 W A )
2 T AU, 4B BT (4 BT AR L A
ARA T R T 4 R AR T R 4R
5 [l AR EE ) 4 R BT 4 s 5 Ak LA
TS Fy T 2 100 AR Ll g 4 TR, SR A
AR 3 70 PR 2 TR 8360 4 s W 80 5 45 W R A o
LA ) (R 2 (. -390 S s Wk 26 5 W Y 6
i 25 R i 45 05tk B S TR R R 0 8-
IR Q) Je H A A WAk 2 b 4 T 1 R Ok
L ARG Sk R T R ¥ TS (HEMA)
2 B A T ORI RO 36 T, T B O
PHEMA/SiO, , DA 5-4 W K:-8- 2 JL sk (CHQ) Ky
B, 3 5 A (SRR R ) L 23 HQ

TEFERL R Sy 7 PHEMA Ul 55 (4 58 5, DT ] 75 2
A RS IO AL HQ Ay 8-)% B nds bk AL 2 5 SR
BB HQ-PHEMA/SIO,, CHQ 5 B &% K 40 T
PHEMA [t 5 22 [A] 19 25 22 U B oz o 7, A 3L
RN EZ—.

“HEARE R (grafting onto) B 5 “ i H 7 (grafting
from ) ¥ , 2 75 [ AR SORL 2 THT 42 B0 K 43 1Y) 194 ey ik
AW E R L T B A
O P/ E 5 Ie N R B { F o V- R S e RN
PR R T 51 A 51 Ak P (— ke 106, 78 [ 14 SOR:
LI A G| K B AETE 2 R R MERY ), R
“ M| & HERL” B (surface-initiated grafting) , [y
T ol R WAL T IWORE T, B A R B AR
DG T4 T 2R A LB A T A Ok 3% T A 2 et
(grafting through) BT TR IR AT R B0 R R
BT B R KA IR R S T A
AT R S R ARk e R A A A
AR IR 511) -2 N Ak = HY SR Ak e ( AMIPS ) X fi: JiE
TAORE AT R T SO L 9K i 1 A e AWORE 3% T ) 2 i
55T B 3o R R AR AR AL - R T R R R N
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ST 2R M TR (MAA) 1 & SRR R &
(PMAA (9428 2 30 g/100g) . A 52475 % H
I AEKERAAR R P I T HEMA 9 R W51 &
TR A WA T 5 A A9 A ok PHEMA/
Si0, , I #E— L Wik T % K 10 51 R AR A5
Pl SHEBCR G AL, X2 AR SCHE ST B9 o5 — AT
ES

B AT OE R A& S R T RO M
BN i A i A T I BE 2 A ok HQ-PHEMA/
Si0, , I WURL R LK 8 -5 JE W Bk 5 DA 1Y 5ik 25 45
P55 R I TIORE 9 w85 LU T O IR B9 AL BRSR J3E  AA
FOEVES & T — M, B RE & A RN ES
ST HQ (T HQ S A T AR I 188 15 1)
B R — PG R B 52 B S W B A R A
SR HT RN PR BT AR | B T B IR Y R P A R
S BAT IR AE BB A, ZE BN AT 5T 4 i i S
MR 3 -

1 LIGER4

L1 RXF 508

i (120-160 H 3 B TARA ),
TR 25 -2 N Bk = SR B e ( AMPS, Y 44
KH-540 , i 3l 7 A8 3846 TR b B BR A 6, 20 i
i s B LN 0 IR 72 £ g (HEMA, K HE Ak 2 1050 F
GEIT) 4 A 2k, 1 T AT 28 ek 25 08 B 4l 5 3 B R
B (R R B AR 23R ), 23 B 205 5-54 k-8
FeREE I (CHQ) , LRI 5 v, V-2 Y 1 i
(DMF, Kt gl A T A FR 2 ) ) |, 43 #r 4l ; —
AR (DMSO , K Hin 6 AL 7 i A BR A A ), 20
Bl 5 g B FH R0 2 S i 85 0 235

1700 %I fi 57 0 21 4h St % {X (FTIR, 3
Perkin-Elmer 2\ 5] ) ; 438VP B 47 4 5 7 2 1 55
(SEM, &[5 LEO 73] ) ; THZ-92C iR 18 i Ik &
i (L RSOl A R A " BE Y7 48 ) ) 5 STA449
TR AR 3 A AR (8 i B 2 ) ), a5 AU THIR
N 10 K/min
1.2 RES| & EHERKEH &FERMA PHEMA/

Sio,
1.2.1  H& & FABEE KH-540 %F RE S 31T
2% 1w et

ZIRSCHR (17 ], IR y-28 N 4k = S
ek e X Ak 8 Bk R Ay 2 Tl e, 3 BB RO K 10
g 28T AL A R R SRORE I A 1 100 mL K9 50 v, If:
I 10 mL f IR A -2 R 6 = FF 4 R Ak e, 7

50°CF iy 24 h, B A5 6 J5 3 18T 35 A1 e 5k 1 i
PEROR AMPS-Si0, . SR F R i o2 15 55 Kk H vk
D58 ks AMPS-Si0, 2 I (1) 24 56 % i, A off 90 fiff
FH 0 e PE foRs. AMPS-Si0, % Ti i KH-540 & & K
1. 50 mmol/g, BV PERURL AMPS-SiO, 35 I fY) 24 &
&M 1.50 mmol/g.
1.2.2  7EfERERTIEBR A HEMA

TE 7K WS A A 2R v S it B4R PR RS TR O R %
LTE HEMA (ARG e i gh i 2% L [l
T TR EE TR ORI M A 1.0 g
PR AMPS-Si0, , f 1 A 50 mL DMF Fl 5 mL
Bk HEMA 38 (< 30 min, HEBR 50 A 5 o i 28
LR JE KGR FR R T E 30°C, 1A SR AR & o
A 50 mL #45 0. 0537 g 5] A& 5 i i R &% 1Y) 7K 1
W (PRI O B2 7 335 500 S TR A R, R B L Dy DMF:
H,0 =1:1) fE & T 30°C Jf 76 il $ 55 74 T # 47
HEMA (R M5 KRR A, R 12 h )5, filig,
155 Bk ok PHEMA/Si0, . % 42 8 fok: 75 &[G
4R 28 o R AR 24 b DU 25 B0 A
KRR REY ARG T ES TR EEE.

T TR R, FE A KR P SR R A
BF, TR AR R G & B R A FOoK W
B X5 BB A R ARAR e, BV AE 20°C Y = R oF
15, 7= Wy e 25 B2 R TORE 4 35 SR 4 2 Sk
RIS SO RS R K 5 DMF (9 IR & %,
REA A5 45 T HERCR & IR AT

BUBEERR A RN RN, BRFENR
(B g B[] B B 5] 300 A ) X 42 A SR 5
M. KBr i Fr g ) 42 A GOk 09 20 40 S 3%, RAE
HoAG 22540 (6 3 i B W 3B (SEM) |, W %%
2 B AR A IS R S BBk 8 35 R AR R v
(TGA) il & £ 4% f¥ ki PHEMA/SiO, ) 2% & 72 FF
SEA CHEWORE AMPS-Si0, (9 26 T 504 I 52 4 A
4 & PHEMA/SiO, % 1 PHEMA f#% # ki B
( grafting degree, GD, ¢/100g).
1.3 EHHA PHEMA/SIO, i) 8-#2 B I W Ih &
LT

P2 A FL B G R A% V2 BE DI 4 RO BE T Y
PR, A 0.5 g AU PHEMA/SIO, , F
JA 1.82 g 5-50 H HE-8-F 2 F Mk CHQ £ 20 mL
DMSO, F-id % 90°C , 3 il A 1.5 g Na, CO, (4f R
M)A NS SR R A AR T
PHEMA (B2 5L 5 CHQ Ay 54 Ik 2 0] % AR R A%
AR R B, B F 90°C J fip 6 h. HATH] , [A] g — &
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(R B 1] B 0. 04 mL 52 i WL, #6225, 52 A1 43010t
JEVE (A =251 nm) 2 2 0 F6 4% 1 CHQ ¥
JE RN TR S nz g (8] CHQ /Y 5% 46 38 (% ) M
RORORE 22 11 HQ (19 5 A it (mmol/g) . 45 5
Je g 3B T R, 43 2R 1K TS K 2
Pt B A DR U L B 25 B R BR O BE W S Tl B
gz, S EE A HQ I AR & & ok
HQ-PHEMA/SiO,. % /| KBr JE F ¥ 5 20 41
Tk I AL S5

[ 5 H B 25, 43 ) R 90 b o0 AR 5 R0 L iR
JIE R SONE W) Rt T, 7 5% 3 S X $5 AL PHEMA
B FR AL 5 CHQ Y G H L 2 ] B B g 5% i)
LB 28 385 T SO %A, JF 4 R iy LB
1.4 HQ-PHEMA/SiO,ME£EE FE & KK

TE 2.5 %1077 ~24 x 10~ mol/L 7 [ P9 it 3l
W R I AZR Cu(NO, ), il Ni(NO, ), W, 73
IR HC 20 mL AR Cu® ™ Ni* " B IR, B
T T4 50 mL 1y H ZEHEIE b, A U B Pk R
5T i 292 0.03 ¢ T & & ok HQ-PHEMA/
Si0, , 8K 5 78 4 3 i vh 18 IR 4R O, 10 0 B 38 -
(TSR T W B Bl g 2 S, W R 3 P A7 Y e [R]
4 h) FE B EDTA 4541 E L I E s W
HiCu® NP B F (9 7 45 e B (Cu’ " B 1 L PAN
PR, N B T LSRR R o 5 R ) L 4 X
(1) FFFCu®  Ni* " B F 1S5 W i QL 2 1 45
R

—-c) XM
Q. = m“ (1)

K, Q, o F i W B 5 (mg/g) 5 V R i WK R
(mL) 5¢, HE TR E (mol/L) s¢, B T 11
A vk BE (mol /L) ;m i HQ-PHEMA/SiO, T fig 5
BRI T (g) M o 42 i 1 JBE JR i it ((g/
mol)
2 #R5HE

g & & Rk HQ-PHEMA/SIO, i)l & 13

V(e,

2.1
=
ARG L R W5 R AR A5 KT R
A B B S o7 A5 B A5 T 8 -3 3k s AR R S A TRk
MEF HQ-PHEMA/Si0, : (1) 4477 45 2 3 (1 18 5 57
KH-540 -2 N 3 = W S8 L REBe (AMPS) 38 & 7F fif
Wi FE T, T B A Tk AMPS-Si0), ;5 R J5 1 Tk i 1k
7 % T 11 28 5 5 0 TP 1 Ao A R R 4 B R Ak -1E

JR 51 Kk F 70 R I ok 2 18 77 AR A ER 3 5 Rk
BT H 25 & HEMA & AR R A, A
A 5 R EELR A, B U BB PHEMA/
Si0,. (2) e W R 42 F , $2 K 4> F PHEMA
10 I LA A SR A T R, 5 5-G P JE-8- R 3
Wbk CHOQ 114 4 HY 3 22 1] & A 5 A% B B, 8 8-
BRIk HQ 44 F PHEMA &5 , M\ 1fi 3K 45 %
A TR A I HQ /Y T BE MUK AR HQ-
PHEMA/SiO, , H:i g5 i B/ T2 1.

2.2 EHMASINEERANRIE

2.2.1 4N

BIT(A) 41T 3 Biioks (Si0, \AMPS-SiO, il
PHEMA/SiO, ) (4046 1E K B 1(B) Mg5 T
Ty e ok HQ-HEMA/SiO, [ 2T 4h e i 5] .

K 1(A) 5 SiO, fLr #h i M L, 78t v
OB AMPS-SiO, i) 3% & v , 3440 em ™' [T 5 k5%
FEAH I W I 0, L K R ES . 5 I A B AR 2920
em ABHEL T C—H A R xR 46 IR B 0k
W ,690 em ~'4b BT A 3L N—H B9 25 R
Wz i e (A7 F 3350 em ™" BFIT B F R 3 N—H 4
{14 1V 455 41 B Wi A e ol ik R R i U T A 26 ).
AR i 0 R 1) AR A B AR R AMPS 55 R R L R
AT RN, BB A R I MO R T 7 B A Ok
PHEMA/SiO, )& Bl th, 78 1735 em ™' &b H 30 T 1
BRIE C— O [ feh 4 I 2 Wi e 06,y —F B35 5 11 5
A ,3400 em " Aih B W g A5 AN 6, 2945 em T
b C—H 5 0 A 47 i 2l I Ac 0 B B A R X Sk A
fLHEB 754> 25 HEMA © 4 4% 3R A 6 fE e £ 1, 7
BT A ORL PHEMA/SIO,. i B2 U B (9 2, 32
Si0, 5 W TS 5= B9 52 W, I F 30k ( AMPS-Si0, F1
PHEMA/Si0, ) {4 15 47 1IF W2 WSCHR b A5 55 55

B 1(B) ¥, 5 PHEMA/SIO, [ £ 5} 3% 4
It , 75 T i 8ok HQ-PHEMA /SO, fy 3% & i, 4 91
T 3 AN .1630 5 1550 om ™' Ab B4 1% K it g 346
- C= N B RFAE W0 51592 em ™' Ab ) i Sy 2
IR SRR s W e 0. I A I 0 Y AR A TR A B
CHQ iy % H 5L O 5 e B fokn b iy o ik & A
TOEEBAR R R, AR T #EA A HQ M A Ik
ok HQ-PHEMA/SiO0, .

2.2.2  EEUMORLIYIE S

B2 il s T Sio, ok 5 4 ke ok
PHEMA/SiO, (3 B B . WK 2 (a) ThE 3],
FEAG AT Si0, JUkE 2 17 H BORLAS , 191 ™ S 575 fif A
Bl 2(b) AR BB Si0, 0k 3% 1 B b AR 1545
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1. Surface-initiated graft-polymerization of HEMA

(1) Surface modification of silica gel particles with coupling agent AMPS

OCH,
OH + OH,C—Si—CH,CH,CHz
OCH,

OCH,4

|
o —$i—CH,CH,CHy~

OCH;

+ CH;0H

AMPS-Si0,

(2) Production of free radical on surfaces of modified particles

+8,0¢%

OCH;
o i CHyCH,CH~
OCHj

0 —Sli—CHZCHZCHZ— X

OCH;
+ HSO; + SO,
OCH,

(3) Surface intiated graft polyerization of HEMA on silica gel particles

OCH;
O—Sli—CHZCHQCHz— NH +
OCHj

nCH,=C —
|

CH,

_—

Cc=0
|

O—CH,CH,OH

OCH; CH;
| |
O—S$i—CH,CH,CH~ —+ai lz—ﬁw
n
OCH, =0
PHEMA/SiO,  O—CH,CH,0H

2. Nucleophilic substitution between chloromethyl group of CHQ and

group of grafted PHEMA

CHj, CH,CI

|
Qi - 1
n >
(‘:O N
(|'7H3
@ c112—cﬂw
| An
c=0

0O—CH,CH,0H

Scheme 1

h W . BER K AT PHEMA () 32 %06 78 76 F , fif
Tl 2 1 A5 A5 4 A 7 W
2.2.3  ERURORLA AR E T A

B3 Sk ek M kR AMPS-SiO, 1 35 K fak b
PHEMA/SiO, (#4555 . R H] JE ALK & T
P AR RO R L — ok %
3 AT oA, B AT LA vk ok AMPS-
Si0, 5K ki PHEMA/SiO, ¥ 78 150°C [f 3% B
A3 O T (20 R W B K BG4 R G ) O B
KT 735°C A0 Se ¥, R T 11 72% , AH I T 18 Bk

|
0—CH,CH,—0—CH,
-
HQ-PHEMA/SiO, SN |
OH

Reaction process for preparing functional composite particle HQ-PHEMA/SiO,

FAMPS By G 5 5 3 AUROR. T 775°C 43 i 58 52
e H 44, 04% 5 K, It 43 At B 45 ATk PHEMA/
Si0, #E &, H PHEMA $24% % 4 32.32 ¢/100g.
2.3 SE-IHMBRARESIZERREGRZNE
REGHNERSERENSR
2.3.1 BRI K RG] KA R G L

[ 5 HL B A, WO HE R R G IR B R AT R
BA K 4 R A 12 h i, PHEMA 4245 i bt
i [i) A9 28 Ak i 2

MNIEL 4 0] LU B, 45 4 R Bl R He BRI
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PHEMA/SiO,

4000 3500 3000 2500 2000 1500 1000 500
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Fig. 1 (A) IR spectra of SiO, ,AMPS-Si0, and PHEMA/SiO, particles

HQ-HEMA/SiO,

T (%)

PHEMA/SiO,

I 3400

2000 7300

Wavenumber (cm ™)

4000 3500 3000 2500 2000 1500 1000 500

Fig. 1 (B) IR spectra of PHEMA/SiO, and HQ-PHEMA/SiO, particles

Fig. 2 SEM photographs of SiO, (a)

and PHEMA/SiO, (b) particles

Tt L B A B R R T R A AR AL R A, IR R
30°C B, B AT B R 2R (40.98 g/100g). 7~
Ak — B A DR R < e R ROk R T A R
T 12 54 1 AU Ab 30 SR 5 R AR R, BB LR PR AR
o (H1 30°C T B AT AR A5 w8 4 A B ) S g S s, T
DA EX — 4598 ) 1774 B B R0 A -38 5
IO 56 TE A — o G AL e, AR TR B B I 1

1o, Sk - T N ) A g T AL SR AR -3 D
RN SR MR, 45 R R A B g ) R B R,
T A 12 horpofd B A R R O YR E T &
30°C, A AL-IR IR 5| & J o o R T BB AR PR, ok
M= A T KA 3, SR MR A RN
P12 b B R R R B R R VT
MR R S R S 5 1 A kR R 5] &
R 2 A B T G AN RN, Y TR 5 30°C
J&i , T BE VA I R Ak 11 P40 A 3 n MR
t HEMA 9 3 R Gk, 58 4 19 25 51, vl g fii =
58 -1 R 5] K R0 0 3 B R 4 F 8k B kb,
WAE SN2 0 5] & AR A KRR HEMA 1) 5
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100 gz sz == ==z oo to
AMPS-SiO,

g or N T
5
‘s 80F
= <
= <
S 70t 3
3
[~

60 -

50 1 1 1 775?

200 400 600 800

Temperature (°C)

Fig. 3 TGA curves of AMPS-SiO, and PHEMA/SiO,

particles

40t o
S
a

30F

25}

\

15 20 25 30 35 40 45 50 55
Temperature (°C)

GD (g/100g)

Fig. 4 Effect of temperature on grafting degree
HEMA concentration, 6.0% ; Used amount of (NH,),S,

Oy, 1.0% ; Reaction time, 12 h

FECE W Bl R T | A AR G R R
WCAE 12 b v i 2 0 B B T o B R AR
SR T A AR Z, Ry ) A5 A B i 1Y 4 AR K
Ki,30°C Ay il F R

W — % B B RN 5 &
(NH, ), S, Oy ¥ J&£ Jy B ik BT &2 19 1.0% ; 4K
HEMA ) ¥ B % W BT it /9 6. 0% 5 S i B[]
12 h.
2.3.2 o HE A B R A

S AT LA, A WF 5 A {48 B ) KH-570,
B y-(F LTS M Mk 4 ) 79 5k — R SRSk ik o (MIPS)
A5 P Ok MPS-Si0, (22 T4 A7 7T 58 4 WUeE ) .
MO MPS-Si0, 32 1 1) MPS 45 &8 1. 50
mmol/g( 5 2P OB AMPS-Si0, 25 [ AMPS [y
AR 7R SR R Y &4 R, 4l T MPS-Si0,
Fl AMPS-Si0, 2 Fp BT, 43 59 i 47 T HEMA 1) 3%
KR A, il & T BB ok PHEMA/SIO,. % T LA
MPS-Si0, by 3 Jit i) 7 3=, T B2 R 30°C 1), $E A 2R

BRI HOK R B3R = 2 60°C. B 5 4y
T PR AR R PHEMA $2 8¢ 1 B A ] i) 22 £ it
2.

IELS Rl DL A b 7 B, b R P b A R
BRZ T SR PR O IORE 2 TET A 5 5] ( MPS
H1AMPS ) 5t & £ AH ], 2 0 2% 1 A A ], LD
MPS-Si0, 2y H 5T 1) 422 B 2R G 1 & 1Y B i B2
60°C , {H LI AMPS-SiO, Ky % & B, 2 i 12 h,
PHEMA [ 42 4 B 29 % 41.3 ¢/100g, 1 L MPS-
Si0, Jy BBt i, R 20 h, PHEMA B 43 8¢ i 24 28
14.7 ¢/100g, 5853 S 7R T 28 J6 4o ik 92 66 3% T 422 R
RO RO B R AN

a0l AMPS(KH-540) _o—0 =
30°C /
35t F
i~ 16 MPS(KH-570)
5 3
b= 30+ 151 6()°C/n—|:|—|:|
a B 14+ o
A 25f o 8t /
G RPN
o
20} 8l
10+
15F m} 92 ! L !
10 1520 25 30
[?/l 1 1 1 Tlme gll) 1
4 6 8 10 12 14 16
Time (h)

Fig. 5  Variation curves of PHEMA grafting degree with
time for two systems

HEMA concentration, 6.0% ; Used amount of (NH,),S,
Oy, 1.0%

LA AMPS-Si0, Sy 3 T B, A B iR 2 T Y
S8 55 U W TP I A B TR R A AR AL A -AA TR | R AR
F TR RE R BB FR 10 23 P A K A i 3, 5] R LA
HEMA 75 8 I8 26 10 5 4 & AR H R R A, 78 46 1 )
P, ROk 3R TR 23 T8 UK B 4 A 1 R A Wi, 3 3L
R R R, fH R, 2 L MPS-Si0, i I I
R ek B R R B e A R A AR R R 5 R
VS VR B AR B R — B R G
Yy el L, Yk B (3 ) [ E BT R A R ORE
FA, A BEAE MPS 23 rp 1 SUE & A I R A I
N TE B BB A WA, AR B RLR A R 2
BRI, 7 — 2 AL N SRORE 2R 18P iR HE A R G
W BE R E A R, SR T IRk
2.4 FEREVEERNS-EEEWMIIGELE
5 R B9 = M R 2 R AL 38
2.4.1 [ERIEE CHQ LB M-S S 1 [ T

fEs
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TE SR Z o, [ E CHQ A ¥R (CHQ fY &
YT & R 9.4 mmol) , el A8 $2 A gk PHEMA/
Si0, (i 1 , B 808 35 4 K 43 F PHEMA (1) B
R A =, A R RN SRR, AT T
PHEMA/SiO, 5 CHQ 2 [a] #4 25 &% B s i, /6
T CHQ %% 4k 3 5 B 5L B AN & 22 18] 1 ¢
ENIES

M AT DL & B0, 76 A [R] 9 520z s ) 9 CHQ
(14 7 Ak FE LT S 32 i 3 35 o 10 52 i), BV B e
N R 5 A ORI B R JE . BAR,S-
e T R ST SN e
PHEMA (1 555 5 22 18] 1) BUAR B 07 T B 43 1 AR
FRE Sy 1. i AR e 3 A% AR B g T 8 716 1 AL 3 R
S\l I S\ 2, 52 B S A5 M R AR K. Sy 1
(R 5F5 — A5 R ik 1F B 7 T B, 3K 2 G B L B, TP
) ot B 1F B T R AR, B AT R T RN 4% Sy 1
(DA AT . Z IR Ir T4 PHEMA | o 5k
Pt 2 R 1) 3 X, CHOQ S H 2 1y C—CI S ¢
I S e o I A LB S O 3 e
sp 2R AL E R AS p HUIE S KIS L w B &
AR R HL TR, R SRR I
1F HE A5 B A 0, PR R S O B R R o R
() SR T B TG Sy 1 A HLEE.

95

90+

85+ O D/D\D

Conversion (%)

80+

75+

5 20 25 30 35 40 45
Added total amount of hydroxyl group (mmol)

Fig. 6 Conversion of CHQ versus total added amount of
hydroxyl group of grafted PHEMA
Reaction time, 7 h; Reaction temperature, 90°C ; Solvent,

DMSO

2.4.2  FSFIRCHE 0 R

K AR VAN ] 1 4 5 0] IR 6 9 0], 0l i
177 3k ok PHEMA/SIO, 5 CHQ 2 [1] i1 Bt
JLRE . Bl A B 7 59 S — B AR ( DMSO) (N, N-
U i (DMF ) (6iF B2 (nitrobenzene ) K& IR
A VAR DMSO + DMF(V:V=1:1).

E Eiid 2012 4F
1.8} /V—V
1.6 /—A—A
1.4} =

’ o o

T 12l /0/—’

5 L v

=]

£ 10t / o

~ A D/_ e
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Fig. 7  Variation of bonding amount of HQ with reaction
time using different solvents
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STUDIES ON PREARATION OF GRAFTED PARTICLES
OF PHEMA/SiO, AND THEIR
8-HYDROXYQUINOLINE-FUNCTIONALIZATION TRANSFORM

. . . . . 2 . 2 .
Xiao-lin Fang', Bao-jiao Gao', Xiao-wei Huang’, Yong-qi Zhang’, Lai-yuan Gu'
(" Department of Chemical Engineering, North University of China, Taiyuan 030051)
(* General Research Institute for Nonferrous Metals, Beijing 100088 )

Abstract Micron-sized silica gel particles were surface-modified with coupling agent -
aminopropyltrimethoxysilane ( AMPS) , obtaining the modified particles AMPS-SiO,. A redox initiating system
was constituted by the amino groups on the surface of AMPS-Si0O, particles and persulfate in the solution, and
the surface-initiated graft-polymerization of 2-hydroethyl methacrylate was performed, resulting in the grafted
particles PHEMA/Si0,. Subsequently, a polymer reaction of the grafted PHEMA was carried out,and it was the
nucleophilic substitution reaction between the hydroxyl group of the grafted PHEMA and the chloromethyl
group of 5-chloromethyl-8-hydroxyquinoline ( CHQ ). As a result, the 8-hydroxyquinoline-functionalization
transform of the grafted PHEMA was realized , obtaining the functional composite particles HQ-PHEMA/SiO, .
The two kinds of particles were characterized by several methods. In this work, the graft-polymerization
mechanism for the amino group-persulfate initiation system was mainly investigated ,and the mechanism of the
substitution reaction between the hydroxyl group of the grafted PHEMA and the chloromethyl group of CHQ was
also explored in depth. Finally,the chelating adsorption property of HQ-PHEMA/Si0, for heavy metal ions was
preliminarily examined. The experimental results show that the amino group-persulfate initiation system has
very high initiation activity, and it can effectively initiates the graft-polymerization of HEMA on silica gel
particles. At room temperature (30°C ) ,the grafted particles PHEMA/SiO, with high grafting degree (40 g/
100 g) can obtained. The substitution reaction between the hydroxyl groups of the grafted PHEMA and CHQ
has a reaction mechanism of Sy1,and using the solvent with strong polarity is advantageous to the reaction. The
functional particles HQ-PHEMA/SiO, possess very strong chelating adsorption ability for heavy metal ions. The
functional composite particles are promising and potential in the analysis and separation fields.

Keywords 2-Hydroethyl methacrylate, 8-Hydroxyquinoline, Surface-initiated graft-polymerization

Nucleophilic substitution reaction, Chelation adsorption



