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Scheme 1
ZH LA

1 SREES

L1 XA EMN=E

AR 5256 2R Y A8 350 X DRy 0 A Al SR A
Bruker 2\ A ) Advance-400 #% ff L 3R 1% 1 Fi
Magna-IR760 LIANCTEAL R IEAL & W B 25 ) 5 R
5 E Waters 23 6] () GPC-2410 I & R & W57+
1 ;% 75 [E Netzstch 2\ &) i) TGA-209F, W% 4y
AR 2H % 5 >R H 7 22 Philip 23 ®] () TEM400 3
T3 UKL 3 HC1 DL WL %<5 R 56 16 Veeco 24 F Y
AFM-3100 i 5E A B #FME 3L, 19580 3
Hz; R H A Kyoco 23w A fish £ I i A 53 ik
J 2RI SR K AR A O (LA 10 Y] 6 45 2R
BIME R HE) .
1.2 SEEdiE

L2125 TR 2-(REBRIE) ZRRA A
AL RO ) = 2 (2238 g,

0.022 mol) 7 Z, i (2. 493 ¢,0.02 mol) f¥) THF
TP 2-1R 5 T I (5. 628 ¢,0. 024 mol ) ,
TN e R e 5 R P RN 24 h. R 45 R A g
SN ) A TTEE I THE PR UTVE (30 mL
x3) EIFAHUM, OE 25 BRI R, 15 2 00 5 A
R R 2-I 5 TR 2'- R S g, W & ik e 2 41,
FEEAN T2% ,H TLC kil (1E O e R g =5¢
1,R =0.4).

FH P 7 T S T 2R S TR 27K 4 TR
(8.1 g,0.03 mol) H1 278 A & JHHRR (10. 08 g,

Synthesis route of polymer brushes constructed on SiO,

0. 033 mol) , Ff- FH UK AKX s 07 W i#E 47 ¥ 0. 3 o 5
HERZTHEZE 50°C, N 3 h; FETFHE % 80°C,
W9 he S 58 e S, B2 22 2 Ui Y S VR B
0°C (YAt AT NaCl 7K ¥ W h R 204 4 10 min, ¢
AT 84S 2 8 AR o R B AR CHLCL, Pk
W3 WA T 60C ST Has T4 12 h, 1521 R
iRy 2-1R 5 T IR 2'-( X il R 5L ) SR, 7= %
1 35% .

"H-NMR (400 MHz, DMSO, §):10.8 (1H,

—S0,H),7.50 (2H,HSO,CCHCH),7.20 (2H,
CHCHCCH,) ,4.31 (2H,CCH,CH,0),2.92 (2H,
CCH,CH,CO),1.83 [6H,C(CH,),Br].
1.2.2 PS-SO;Na & RS RAE 50 mL 2 L
KU CuBr bpy (27 5 TR 2- (X fisi 4
HE) 1 (CuBr: bpy: 2-95 5 T 1R 2'-( % i 4 58 )
R =1:3:1) [BJ7 LR &0 Je /b i DMF, 8%
JEHhE A — AR S W HE AR R T ak B Y
A% P RN R R IFT 110°C R ) 38 h. #4545 %]
MYV T/ s A, i AL O, 4, R
PR S IR R T ) JE I AR o g s R
AT BIR B A TINE (PS-SO,H) T H25 THRAf
T TR PS-SO,H(1 g) ¥ T THF (20 mL)
57K (3 mL) RS W, I AGE i NaOH J5 F
60°C I 5 h, SR 5 SO e 28 H BEDTE , W AE 7 W)
(PS-SO;Na) , TR A4 H.

'"H-NMR (400 MHz, CDCl,,8):7.63 ~7.33
(4H, NaSO,CH,CH,), 7.27 ~ 6.29 ( 715H,
CH,CHC(H,CH,) ,4. 12(H, C;H;CHBr) ,2.03 ~
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1.67(143H, CH,CHC,H,CH,) ,1.67 ~1.00 (286H,
CHCH,CH) ,0.95 ~0.72(6H,C(CH,),).

1.2.3 [ 43814 (Si0,-CBAFS/PS-SO,Na) 1
4% MBS S A TEOS (2.08 g,0.01
mol) , TL/K Z, B (18.7 ¢,0.39 mol) J5F (50 =
2) C A TR 9EFE 30 min, SR 1) e rh 22 1%
A &K (0.0585 g,0.0017 mol) [y 7K %
(9.648 g,0.536 mol). Vi il 5 5 J5 B J L K T
(70 £2) C AP T KM 3 h, % B s
I CBAFS (6.974 g,0.01 mol) Fmk %
(50 £2) °C, BTl 25 41 Si0, ¥R A, i
SEERJE T (70 £ 2) CHAMF RN 3 h, B H B2 =
I, BT UKAR T ORAE 5 . B Si0,-CBAFS ¥ i (2
g ) i N EAS [ e B K 43 F- 19 PS-SO,Na [ THF
(40 mL) ¥, T N o8 5E 5 Ak SR RE ik 1 h,
SR IG5 B 24 h. Si0,-CBAFS/PS-SO,Na ¥} 1 fi 4l
S W3k [9 ]

1.2.4  HUZERZBAH & $ 2 em x3 em
fif i~ T piranha %% (90°C ) H12% 30 min 5 HUH,
A B TR E ekt i3t N, T SR 5K
T T BE B 1R A SI0,-CBAFS ¥ ik v, # &
24 hoBerE R U FHIEK Bt Hak A T 26 v
VeI N, kT, 15 3] Si/Si0,-CBAFS. B Si/
Si0,-CBAFS i A il 5c fiet il & (4 A [R) & B 1y PS-
SO;Na ) THF %y P e 24 h B HHUH J5 # IR
T KO H b B OIF N, W+, 45 B Si/SiO,-
CBAFS/PS-SO,Na [ 214 P2 i

2 @RSt
2.1 SiO,-CBAFS/PS-SO,Na Hy &5 B AL S
o

A% 3% il 4 4l Ak 5 /) Si0,, Si0,-CBAFS,
Si0,-CBAFS/PS-SO,Na 3 Fft ¥y 1A it 47 T 41 41 32
fiIE % H T 76 AS [ R B2 /Y PS-SO,Na (4 F & 0
47000) [ THF 5 ¥ 41 36 15 2] 1 Si0,-CBAFS/
PS-SO,Na ¥} 4 1 IR % [&, an & 1 frf 7. SiO,-
CBAFS T AMEK T 3447 em ™' b Si—OH [y HR1E
I M i 5 Si0, o I A W I 955 , T 2928
1490 em ™" b o F W Wi 06 58 3 R X 44 5, 3% B
CBAFS 5 Si0, 1 Si—OH JZ i, T js 2> 1
Si—OH i, AH N 1% Si—OH 1 Wi 4 i Fi5 9 55
PR sR. th2k (a) . (b)  (c) 752928 Fil 1457
em ™ Ak B RISV B R e 446 i 3 AN 2 il R B G i
JE R Z iR Si0,-CBAFS H5% , JF HF 755

1700 em ™" kb H B FR A HRAE W I i, S B PS-
SO,Na £ £ 41 %% %] Si0,-CBAFS . 3f H 4 PS-
SO;Na VM BEAR UG e, i 2k (a) . (b) . (c)
F 3421 em ' 4b Si—OH Wi 38 BE 5 2928 ¢m ™!
Aab FE S RITTY. FH 5 g 52 WA 0 v 22 AR YU/ I, Pl Ot
HED HE Ca ) A5 5 32 THT 19 o7 0 Il 20 2 1 05 oK, T
(¢) Fe/IN. USR] I Ry iR 22T Ji TG ik (1A
2),24 PS-SO;Na ) THF F M E R 2.5 x 1077
mol/L (a) i, RE WA e 5K 34. 4% , & T B
UL SR AN B A S10, R R SR R
By TR R (M, =2.4 x 10, i & 2
16% )" PRI LA v 21185 ) 7 v T L 7E T AL
YR SBURL R TR 590 15 %% B 1 5 o Tl SR A&
VR R 5 x 10 7 mol/L(b) F110 x 10 > mol/L
(¢) B, HLg 2 B4 R 27. 4% ,22. 1% , 54T 4)
SCREAS BN A A A — B £0 MR BT 45
T Y REW oy T — 8 B AR R IR
T Si0,-CBAFS K 5 43 hill (44 57

5 1457 2028
s

/75
v 5
700 ¢) 10X 107" mol/L

b) 5% 107 mol/L

) 2.5% 107 mol/L

a
Si0,-CBAFS \
3421
SiO,

1 1 1 1 L L L
500 1000 1500 2000 2500 3000 3500
Wavenumber (cm ™)

Fig. 1 IR spectra of SiO,, SiO,-CBAFS and SiO,-
CBAFS/PS-SO;Na
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Fig. 2 TG curves of Si0,-CBAFS/PS-SO;Na
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2.2 Si0,-CBAFS/PS-SO,Na [0 5843 47
43R Ak 22— Sk o U R A7 2 T A8 A
Bi7 Lk R 2z [a] A A i AT 2. 1 3 (a) HhAl I,
Si0, PR RAR /N H I —" (29 10 nm) {H
JRy P K ] UL 5 R 2 (DR % 7, PRI
X HEA T2 A A3 & 3wk s 16 3 (b) Bl &t
IR 2 1T O A9 B Y Si0,-CBAFS Ji {4 kL
IR ENG OO I AR, (2 TEM 75 ] R 23
(AT R 454 3% 5 Piers' ™ ) 56 T SLRELE (1B ]
et Si0, A7 7F & i 8 R —— R0 5 HCH: A g 3L AR
BT FE 45 A — G B 3 () a3 T PS-
SO,Na(M, =2.9 x10*,2.5 x 10 ~* mol/L) {4 SiO, -
CBAFS A BURL AT = 5 410 3 5k, B0kE L) S
ST IE A TE (29 34 nm). I Ho i R ik 1A
T UL B3 B Y Si0,-CBAFS/PS-SO,Na i ki 2 I
BE T -ZA6ANEE (212 om) , B S5
T2 JEEERAT, I BRS04 F0k: Fh &5 53 ill BHL
B T 52 A3 FBCIR S ABAS SO T TEM R A

Ky ta, i L TEM T Si0, F 1 (14 il R 45449 R
SR S AR 2 7 AT A B ST T AR R SR
P TE A T Sl iR 5k SR DR 20 (PS-NH-SO;Na )
FFI) FH e b 2 2 0 A OB SR T A 3R T 1 0 TR
L JF XS 3 A 1 43 1O R AR S R PS-
SO, Na (14 43 HOFN B ] SR AR B Bt X 22 28 iR
JEF % A R A RE A UM B 2 A
PS-NH-SO,Na HA ¥ 53-IF s it 8 5 PS £77E (HH
FRABAR G LN, B2 HREYRAE
100% JR i HE 2R G, BVA 385y SE R W A7 AE , I itk
2RI B RS W R 100% s fisf R 1 5
BV L W A AE A 43 Al i B R PS 52
i T Si0,-CBAFS 5 PS-NH-SO,Na [ 41 %5 5k 5,
DRI A5 381 P 2 il 285 88 R0 0 PSR A X A 25
TEMCBIFTE Rl b, A SCE LY 100% i itk 2 4 1Y)
PS-SO, Na 205 5 R i, % BURL 0 Bl A1 58 5058 B
.

Fig. 3 TEM images of Si0,(a) ,Si0,-CBAFS (b) and Si0,-CBAFS/PS-S0,Na (c)

The solution concentrations and M, of PS-SO;Na is 2. 5 x 10 =5 mol/L and 2.9 x 10*

2.3 SiO,-CBAFS/PS-SO,Na H 3 5 ZHEH
TR ) 5 i) 2 1 2R

T2l A L6 58 00 T 2 1 P o S A RIS
i HRAAER B E X, W HGE s R
22 42 i o U 2 Xof B 2R TET S 19 1 0 il ) 3R
TPk AE HEATIEN . i 1 AT L, 3 v Rk
(No.0) & It /K 4% fil /4 o 15°; M UL | SiO,-
CBAFS LUJG (No. 1) ,Si 5 B RTIESA Fr ik,
FEAE S0, i 7 TG /K Joe 36 119 3[R/ T il
FET 7K A2 Al Ff1 389K % 45. 7°. 7E Si/Si0,-CBAFS
4% T PS-SO,Na L J5, Si/Si0,-CBAFS/PS-
SO,Na (No.2.3.4.5) [ 1 /K # filk /1 38 K F
45.7° (H/NF2li PS RERG /KA il £ (82°) 17 S
F T A 2R I 20 256 () SR B ) o F AR AR A R T

PSR BRI, B Si/Si0,-CBAFS I %) PS-SO,Na
il (%) K £ AR BE K i £ Si/Si0,-CBAFS/PS-
SO, Na (1)K , PR T A 98 45 21 1) 52 56 5 s /s
F-4fi PS PR /K Ml ff . Si/Si0,-CBAFS/PS-SO,Na
H THF Bfl)5 , R %19 PS-SO,Na L2868k 4, IF
Han S FUR R G Wy 7 B M R Ok 2R 1T, DU 3% 1hT
TRAZ i F 23 T vk B2 P 38 hn e 243 5] 82°.

M 1 Aa] UL, YRS W e B v T 2.5
x 10 ~° mol/L Hf, Si/Si0,-CBAFS/PS-SO,Na [#) 3%
K FEAML AR B 511 No. 2 FF i A0 X5 [l o B 38
KIS/ BB DR PS5 A No. 2 KRR TE
ANIEHe B PS-SO;Na Hif) AFM & F- (1€ 4) g 4
U0 fR B LR AR, Si/Si0,-CBAFS/PS-SO,Na 4k
TREYMEW , >4 PS-SO, Na K /N T —
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SE R, 7355 LUAFDOH R ) JE R TR XU 7
P2 6] E AT, 3R A W R B S ke A 52
i JC R AR ST R o R e vy, e 2 T 2
e O RLER B 2, ] 180 17 23 il 3 38 g
SR, AL AR i 110 1 X AR BB K, B ] 4 o
(b) \(e) Fas, A # i (Si/Si0,-CBAFS) - # RIAE
J&H 2.1 nm, B #dh (197 X HLEE S 3.8 nm, C
BESLEEPRIES B 4. 4 nm. B4R IE , R A 2L 4
ERAE YT HEAS LA SRS 0 1R, S 9 nm,
REY TN 1.2 x10° i, HAR T HDRE 28 i
292 1.3 nm"' AR SC AFMF 0 B B0 £ T %
38 ; 2 PS-SO; Na ¥ vk 5 i — & BUELI , o
WA VAT e P2 B 9 O L 3, B 22 R 5 W)
R i PR RE AP B0 B, DR ahg A 3 1 2 2 ) TC L2k
VAR /0 HL S Wi R A, 2H e bt R i 1) 2R

1.5 um
©

Gk 2 I — Rl RS, &l 4 (d) B
7, AP HHURE BEA R 1.2 nm, 3R B2 B2 () 3R
BRI E 2N IE A FURL/ e b 2 10T 41 Il
F3. BE o i i, b No. 3 4.5 FE 3R
TRIZE R AR AE A A AR U B, JH i DR 5 3 v
X T 7K 2 fioh 1 52 e 3 RL. b, FEE] 4 (a) |
(b) () (d) Hra] WLER 3 X A 7E AT R —
5 T2 R T T R 2 T 0% 15 20— Il ot R R AN
KR E— e P R MO RS B—T
T, A S0 B B0 Si0,-CBAFS YifZE Si K I, i
& 3(b) H1A] I, Si0,-CBAFS ki /7 4F —E FEEE 1Y
125, 1l PS-SO,Na 212 7F Si/Si0,-CBAFS [)5R )2
b (R W SRRt A A A SR ASURL ) , 1 77 T8 1) A
EX=3)INLESE S P C I K 7 N (£ w7 N i
B RAEV A AR R MAAEAE , Qi 3 (e) PR,

1.5um
(b)

1.0

1.50m
(d

Fig. 4 AFM images of Si/Si0,-CBAFS/PS-SO;Na at the concentrations of 0 mol/L (a), 2.5 x10 mol/L (b),

5x10 > mol/L (¢) and 10 x 10 S mol/L (d)

H B A KR 1 A L, SR 5 WD WO FE S
nFEARE, 4 %EF Si/Si0,-CBAFS I )4 1 4%
REBWAR, FH I FRIE S 2 AR, AR
(R P v 43— il ) v B N AN [ 422 ik £ o S ]
(2 iy P VR ARG S IR 1 3 43 Il P 7 i S A e
JE) . 7 S U 2 TR0 AG) SR 48 v 8 FE B A R OB S
() 3l L PR IR AR it %) B2 fih £ B501E 1 R W] g
23 820 Ktk 1 hEREW S FRMANT 1.5
x10" ~3.6 x 10" Z[a], B AW iR WOk JE R A T
2.5%x107° ~5 %10~ mol/L Z[a] }'H.

ST 431 Rl B4 D S ER T e R A
R FEIRIEEZ , I HA T B 23 Il ) 5198
LI A S C R (S e o N W 2= B (EEZ 2T
5 8 SR e R T R R EEAS
19, SRR IR S D S PR AR A I A i A i
G5 1) B B AR SCHIFSE B 52 G R 3R AT e
o RV PR ) 3 DAL ISR P 2 T 7K 22 fih £
N5 T e R 2 2B M SR o 1 R ) L
# 11 No.2.3.4.5 frzniy b A BT 1% a Ak
PHTT % T A ok Ay 1 A [ B2 BE G R B X
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FEEREM THEAZ PS A REEH— KA,
FIMAILIE 55 705 Rl WAL o A5 J= A2 30, T LA 4%
R il R TR i R 29 A AN R R BE Y R e (ER
FERIREE AN K, ¥ 435 B N2 1L, i i ik T2
DLSCHRAE A, o i T T A 52 7 THE 2
IR LSS AT A R T K R Ak 16° A A7

(9 B AR SO 43 il ik BRE BE ) (0 B el T
R FHCHET5 35 45 MR PS-SO;Na g 100% i it 112
BREGY, K Si0, WOk 2R AR m T U
Or T . AN RIS AR AT, A A 3
T RE ) 2 [/ ST KCH Ak £ B(EL T /DN 124G
Bk 1A SCRR R 5 23 W HAT 2

Table 1 Water contact angles of Si/SiO,-CBAFS/PS-SO;Na at different M, and molar concentrations of polymer solution and environments

Water contact angles® (°)/ Water contact angles” (°)

Mn,GPC . .
No. M,/M, Si/Si0,-CBAFS/PS-S0; Na
(1x10%) Si Si/Si0,-CBAFS
A (2.5%x10 Pmol/L) B (5x10 mol/L)  C (10 x 10 > mol/L)

0 — — 15 — — — —

1 — — — 45.7 — — —
2420 15 1.42 — — 66.2/62. 4 68.1/65.4 65.9/63. 1
34/3P 29 1.45 — — 79.2/76.5 75.5/72.0 74.5/70.9
42/4> 36 1.39 — — 74.0/70.7 69.9/68. 1 68.7/68.2
54/5b 47 1.36 — — 71.4/69.5 68.9/— 68.0/—

* Samples were immersed in THF for 24 h and rinsed with THF for three times; > The samples of * a were immersed in H, O for 10 min

3 #ig

AR S 3o CHE 52 3 7 1 4 T PS-SO,Na,
SR T P 25 v A O R A 7 4 TR 0 4
MR 15 B (1 1 4L A 2 e T ik 34.4%
BB S BUSCRF. 11 215 RE 0 22 T 7K
Hefil U (79. 2°) 54l PS I (82°) I AR 4.

TEAM SRR TR T, 2% 7K 42 fih £ £5 4 0 3 il
TE4° LI, A B i A B i 2 6 1. pF o vh &
I, AW R B WO BE i v B IR
TEM R =l R I, Y T AR MRS
Yo Fih 1.5 x 10" ~3.6 x 10° B, %0 B A
T 2.5%x107° ~5 x 10 " mol/L W} Al 3715 ELA &5
21 2 5 A R AR B ) v 43
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SYNTHESIS AND CHARACTERIZATION OF POLYMER BRUSHES
CONSTRUCTED ON SiO, SURFACES BY ELECTROSTATIC-ASSEMBLY

SHI Bo'?, HUANG Junzuo', ZHANG Yunsheng’, LIANG Liang'

(" Institute of Chemical and Environmental Technology, Maoming University, Maoming 525000)
(? Institute of Materials Science and Engineering, South of China University and Technology, Guangzhou 510640)
(P Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract  Sodium sulfonate terminated polystyrene ( PS-SO;Na) was synthesized by atom transfer radical
polymerization of styrene with 2’'-( p-sulfophenyl)ethyl 2-bromoisobutyrate ao initiator, and the resulting
polymer reacted with NaOH. The initiator was lyntheaized from 2-phenylethanol and 2-bromoisobutyryl
bromide. Polymer brushes constructed on the surface of cationically functionalized SiO, ( SiO,-CBAFS) were
prepared via electrostatic-assembly between PS-SO,Na and SiO,-CBAFS. IR,'H-NMR, TG, TEM, AFM , GPC
and water contact angle were used to characterize the structure ,the assembly amount and the regularity of the
assembly system. The results show that PS-SO;Na can be synthesized with 2'-(p-sulfophenyl) ethyl 2-
bromoisobutyrate successfully,the assembly efficiency is increased in some extent with the polymer terminated
100% sodium sulfonate, and the amount of polymer brushes assembled on the surface of SiO, is as high as
34. 4% ;white layers can be observed at the surface of SiO, colloid particles with TEM , and the dispersion of
Si0, is modified obviously; the descent of water contact angles of the samples below 4° when the rinsed
solvents altered from THF to H,O; the decorate effect of SiO, is preferable when the molecular weight of PS-
SO, Na range from 1.5 x 10* to 3. 6 x 10* and the molar concentration of polymer solutions range from 2.5 x
10 °mol/L to 5 x 10 mol/L with the analysis of the results of TG, AFM and water contact angles.

Keywords Polymer brushes, Electrostatic-assembly, Assembly behavior, Silica particles





