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Theoretical M, was calculated by M, = Mgy +

x M oMy
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where 1

RAFT ¢ kg and f

are the initial molar concentration of initiator and RAFT agent the
dissociation rate constant of initiator and the initiation efficiency
respectively Mpapr My M o x and ¢ are the molecular weight

of RAFT agent the molecular weight of monomer the initial monomer

concentration monomer conversion and the polymerization time
respectivetly f=0.8. a=1 for St a =2 for MMA
RAFT
1.4 2c
RAFT



702

2007
0 ?H3 $H3 i (|:H3 0 $H3 (|:H3 C|H3
Il 2 [
C,Hi—O——C—S S + 'C—C— C—— C,Hi—O——C—S S—C—C—C——
o 0 \.7 | | o N ] B
¢ SN ¢ c C
N 7N
A H
|CH3 H C|H3
O CH; 2
I S —C—C— C—
cHe—o—LcH + \\C/S L (';\
VRS Va
O/ (|) O/ (F
CH; CH;
B C
Scheme 2 Reversible addition-fragmentation transfer reaction of MMA in the presence of RAFT agent
24 h .
2.0F
24 h s
RAFT @ 150
7.3nm. 3 a =
x 1.0F
z
=
3 0.5+ Ols .
d M_/’-‘l—"/\ SlsziZ
XPS 8§~9 P
0.0F I
nm 1 1 1 1 1 L
1200 1000 800 600 400 200 0
3b 3¢ o
Binding energy (eV)
b Ols
1.2
) —_ Cls
14.8 <
o 0.8
12.5 nm. z
S
1 £ 04t M
3
5}
@]
19
0 0.0F
1 1 1 1 1 1
s L‘ONA 1200 1000 800 600 400 200 0
= M, Binding energy (eV)
c
L (O Cls
PSt 1.02 g/em’ PMMA Oy,
2k
1.18 g/em’  poly MMA-co-St 1.18 2
g/em’ N, M, ‘”g
X
g
=)
Table 1 Comparison of grafting densities of PSt  PMMA and 2
@]
poly MMA-co-St \_\
M, of PDI L nm 0 o 1 1 1 1 1 1
polymer chains/nm? 1200 1000 800 600 400 200 0
Si-PSt 20000 135 7.3 0.21 Binding energy (V)
Si-PMMA 308410  1.71 14.8 0.03
Si-polv MMA- co-St 28500 1.40 12.5 0.31 Fig. 3 XPS spectra of Si-PSt a Si-PMMA b and Si-

poly MMA-co-St ¢



/ RAFT 703

RAFT 2- RAFT
MMA grafting
from ® 1
0.03 chains/nm” . RAFT /
ul a poly MMA- co-St 0.31
- chains/nm” .
12+ . 4
10
—~ 8F
g
E 6k u
= A - RAFT poly MMA- co-St
oL
0 1 1 1 1 1 3- 2-
0.0 0.1 0.2 03 04 0.5 RAFT
Conversion
14} b
RAFT . PMMA PSt
n
12 - poly MMA-co-St . 3
_1oF . RAFT
=
g
< 8F )
- 0.03 chains/nm
6 -
/
n ] 2
4r . . . 0.21 chains/nm
0 8 16 24
M, (X10%)

0.31 chains/nm’

Fig. 4 Thickness of poly MMA-co-St versus monomer conversion

O 0 N N R W

e L e e
~N O R WD = O

a and M, b

REFERENCES

Bowden M J Turner S R. Electronic and Photonic Applications of Polymers Advances in Chemistry Series 218. Washington DC American Chemical
Society 1998.1 ~ 44

YuHY GuJS DuJ Guan M Y. Chinese J Polym Sci 2005 23 3 243 ~ 247

Wang B Yu J Guo Z X. Chinese J Polym Sci 2005 23 4 379 ~ 385

LiuZM Xu Z K Ulbricht M. Chinese J Polym Sci 2006 4 5 529 ~ 538

Bridger K Vincent B. Eur Polym J 1980 16 1017 ~ 1021

Howard J McConnell P J. Physical Chemistry 1967 71 2981 ~ 2900

Mansky P Liu Y Huang E Russell T P Hawker C. Science 1997 275 1458 ~ 1460

Zhao B Brittain W J. Prog Polym Sci 2000 25 677 ~ 710

Pruker O Riihe J. Macromolecules 1998 31 592 ~ 601

Feng W Brash J Zhu S P.J Polym Sci Part A Polym Chem 2004 42 2931 ~ 2942

El Harrak A Carrot G Oberdisse J Eychenne-Baron C Boue F. Macromolecules 37 6376-6384

Baskaran D Mays ] W Bratcher M S. Angew Chem Int Edit 2004 43 2138 ~ 2142

Goto A Sato K Tsujii Y Fukuda T Moad G Rizzardo E Thang S H. Macromolecules 2001 34 402 ~ 408

Chong Y K Kistina ] Le TP T Moad G Postma A Rizzardo E Thang S H. Macromolecules 2003 36 2256 ~ 2272

Luo Y W Cui X F.J Polym Sci Part A Polym Chem 2006 44 2837 ~ 2847

Luo Y W Liu X Z.] Polym Sci Part A Polym Chem 2004 42 6248 ~ 6258

Li C Z Benicewicz B C. Macromolecules 2005 38 5929 ~ 5936



704 2007

18 Farmer S C Patten T E.J Polym Sci Part A Polym Chem 2002 40 555 ~ 563
19 Riihe J Knoll W J. Macromol Sci Polym Rev 2002 42 91 ~ 138

RAFT GRAFTING POLYMERIZATION OF MMA/St FROM
SURFACE OF SILICON WAFER

LI Deling' > LUO Yingwa' ZHANG Bingzi' LI Bogeng' ZHU Shiping’
! The State Key Laboratory of Chemical Engineering  Polymer Reaction Engineering Division
Department of Chemical and Bio-chemical Engineering —Zhejiang University ~Hangzhou 310027
% Department of Chemistry ~Tangshan Normal College Tangshan 063600
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Abstract Polystyrene PSt polymethylmethacrylate  PMMA and copolymers poly MMA-co-St  were grafted
from silicon wafer via RAFT agent that was anchored to the surface. X-ray photoelectron spectroscopy showed that
while the polymers were successfully grafted the control of polymer molecular weight MW  behaved very
differently. The Si-PMMA system yielded MW much higher than the theoretically targeted broad molecular weight
distribution and low grafting density c¢a. 0.03 chains/nm’ .In contrast the Si-PSt system gave MW close to the
theoretical value with polydispersities around 1.3. The grafting density increased to 0.21 chains/nm’. In Si-
poly MMA-co-St system the polymer layer thickness increased linearly with monomer conversion and molecular
weight of free polymer in solution suggesting that the RAFT copolymerization grafting of MMA and St from silicon
wafer was well controlled. The MW was close to the theoretical value. The grafting density reached 0.31 chains/nm’
which was higher than those obtained in their homo-polymerizations.

Key words Reversible addition-fragmentation chain transfer radical polymerization RAFT  Grafting Surface
modification Grafting density





