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PSLi DPE PSLi  DPE
DPE
GE  PSLi, DPE,
65.5% 101% .
Table 1 The characterization of comb-like branched polymers by coupling reaction of PSLi and PSe
Comb-like branched polymer
DPE groups® PSLi / Living PS ;

M, %10~ GE*

mmol DPE M’ MM,
Theo® SLS GPC %

1.92 0.7 7400 124.0 113.3 39.9 1.14 65.5
1.60 1.0 4500 108.8 101.0 29.3 1.18 92.8
0.96 1.2 4200 102.1 102.6 42.0 1.14 101

 Molecular weight of PSe M, = 8630 M,/Mn=1.20 " Determined by GPC ¢ Calculated assuming all PSLi was coupled with DPE groups of
backbone ¢ Determined by GPC ¢ Grafting efficiency GE based on the molecular weight determined by SLS if PSLi o/ DPE o<1 GE= M, s/
M, e % PSLi o/ DPE o andif PSLi o/ DPE (>1 GE= M, gs/M, me

M, ps. PSe
GPC PSe-g-PS SLS
PSe-g-PS dn/de
SLS . 1.2 .
PSLi 2.4 PSe
DPE
2 o/ DPE
1.2 PSe

Mw Theo — DPPSe X Mw psL T Mw PSe
DPPSS PSe Mw PSLi

Table 2 The characterization of comb-like branched polymers prepared with different molecular weights of PSe and PSLi or PILi

PSe Living polymer Comb-like branched polymer
Entry” M, %1073 GE
M, pp M,* MM,
Theo* SLCS GPC %
1 8360 22.34 4200 102.1 102.6 42.0 1.14 100
2 6750 18 6200 118.3 117.9 54.3 1.12 99.6
3 6750 18 11200 208.4 206.7 106.1 1.11 100
4 8360 22.34 3300 82.08 83.73 41.10 1.17 102
5 8360 22.34 4500 108.89 107.91 53.60 1.15 9.1

@ The living polymers in entry of 1 to 3 were PSLi and in entry 4 to 5 were PILi " Degree of polymerization ¢ Determined by GPC ¢ Calculated assuming
all DPE groups of backbone were coupled with living polymers ¢ Determined by GPC ! Grafting efficiency GE  based on the molecular weight determined
by SLS

PSe M 10000 PSLi M, /

4200 11200

PILi
MMA ¢BMA 2VP

13 14

ATRP
DPE
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SYNTHESIS AND CHARACTERIZATION OF WELL-DEFINED
COMB-LIKE BRANCHED POLYMERS

LI Aixiang' LU Zaijun’
! School of Material Science and Engineering ~ Shandong University of Technology ~ Zibo 255049
2 School of Chemistry and Chemical Engineering ~Shandong University ~ Jinan 250100

Abstract Combining living anionic polymerization and atom transfer radical polymerization ATRP  well-defined
comb-like branched polymers having one branch in each repeating unit were successfully synthesized by the coupling
reaction of living PS and PI anions with 1 1-diphenylethenyl DPE  groups along PS backbone. ATRP of 4-
vinylbenzyloxy benzophenone Sc carried out in diphenyl ether at 130°C using PhCH, Cl as an initiator and CuCl/
2 2'-bipyridine complex as a catalyst led to PSc with benzophenone pendant groups. The molar ratio of PhCH,Cl

CuCl and 2 2-bipyridine used in ATRP was 1:1:3.The PSc was then converted to the corresponding PSe bearing
DPE pendant groups via Wittig reaction and PSe was used as a polymer backbone. Finally the coupling reaction of
living PSLi or PILi prepared by the polymerization of styrene or isoprene via living anionic polymerization using n-
Bul.i as initiator in THF with DPE groups of PSe was carried out at — 78°C to form the desired comb-like branched
polymers PSe-g-PS or PSe-g-PI. The resulting comb-like branched polymers and precursors were characterized by
IR "H-NMR GPC and SLS measurements in detail . The peak at higher molecular weight ascribed to the comb-like
branched polymer in the GPC profile of crude comb-like branched polymer was sharp monodal and very narrow

suggesting a homogeneous and clean grafting. The apparent molecular weight of the comb-like branched polymers
determined by GPC was not reliable due to its branching structure. The absolute molecular weights of these polymers
were therefore determined by SLS measurements. The values were much closed to the corresponding theoretical ones
calculated assuming all the living chains were coupled with DPE groups living chains were lack or equal or all the
DPE groups were consumed living chains were excess suggesting that the grafting is nearly complete . The grafting
efficiency could be calculated by comparing the molecular weights by SIS and the corresponding theoretical ones.
Furthermore the grafting efficiency was also proved to be almost quantitative by comparing ' H-NMR spectrum of
comb-like branched PSe-g-PS and PSe. The effect of living chains and DPE groups molar ratio  PSLi ,/ DPE

on grafting efficiency was discussed. When PSLi ,/ DPE | varied from 0.7 to 1.2 the grafting efficiency increased
from 65.5% to 101 % . The results showed the coupling reaction of living chains and DPE groups was highly effective
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and proceeded until all the DPE groups were consumed and the grafting efficiency could be controlled via changing
the feed molar ratios of living chains and DPE groups. Moreover when excess living polymers were used the effect of
molecular weights of PSe and PSLi or PILi on graft efficiency was also discussed. When the M, of PSe was smaller
than 10000 s and the M of PSLi varied from 4200 to 11200 almost quantitative grafting efficiency could also be
achieved . When living chains was PILi the similar results were obtained. In conclusion all the results demonstrate
that the method by coupling reaction of living polymer anion with DPE groups along backbone is very effective for the
synthesis of well-defined comb-like branched polymers.

Keywords Atom transfer radical polymerization Living anionic polymerization Coupling reaction Comb-like
branched polymer





