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FIRTEE /R B ) % Conv % Table 2 Effect of MN/bpy on the molecular weight mass control of
£ iR 22 : Difference = | M, (Theo)-M_(Exp) polystyrene
) Temp M,(Theo})  M.(Exp) Difference ro Conv
|/ M (Theo) (T x10°? x 10" (%) (%)
M. (Theo) HESWNBIENFE, M, (Exp) 120 10.1 8.89 1160 140 33.53
125 11.8 9.69 17.711 1,40 39.25
P =y
HARGY LW TE, Convao HFALE. 130 15.0 16.0 6.9 1.37  49.91
RS 135 17.4 19.4 11.32 1.28 57.95
2 %%51&"% 140 20.5 22.9 11.54 1.33 68.319
= 3 ' o 145 21.4 24.8 15.89 1.30 71.39
2.1 FEAREFEFMANEZKEBEEZENEN 150 2.0 7 4 1897 134 76.69

HAEERMEE (Bpy )W E, IR KW E L&
REnTEREEFHRENER. X1 aJUEFH,
AIMECOEBERT, XML TFE M, (Exp) SHIEHT
B M, (Theo) IREB K, IEF] 39.73% . I A BRI
FERRENRREME, RESHFTREAS TFREHR
EaRAEFHTE 20% AT, W 7B sE X T ¥
LERERERFHNEFN S FENBR. &4
ENEMAELSE, EUFERPHYR By 5

TEMPO HIEE/RHL D 2:1.
Table 1 Effect of bpy on the rate of styrene polymerization mediated by

TEMPO "

Bpy/TEMPO M,(Thes) M, (Exp) Difference - Conv
(mol/mol)  x10°3? x 1073 (%) (%)
0 6.89 4.15 9.73 1.3z 22.95
0.25 10.30 7.99 22,27 1.09 3426
0.5 10.10 8.57 15,12 112 33.64

1 9.00 7.56 16.00  1.15  30.00

2 10.30 9.05 12.02 1.13 3428

3 9.60 7.27 24.27 1.z 32.01

4 7.40 8.62 16.43  1.12  24.68

* Styrene (20 mmol} at 135°C using a 1: 1.2 molar mixture of BPO
(0.070 mmol) and TEMPO (0.084 mmol) , reaction time 2 h
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* Styrene (10 mmol) using a 1: 1.2 molar mixture of BPQ ((.035 mmel )
and TEMPO (0.042 mmol} with [ Bpy /[ TEMPO] = 2, [MN]/
[TEMPO] = 2.5, reaction time 0.5 h
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Table 3  Influence of reaction time on molecular weight growth and

v
CONvEersion

Time M.{(Theo} M. {Exp) Difference D Conv
(h) x 1077 x 107} (%) (%)
0.25 9.28 7.05 24.00 1.3 30.90
0.5 1.8 10.5 10.76 1.32 39.30
0.75 14.5 13.4 8.02 1.29 4840
1 16.6 18.7 12.15 1.35 55.50
2 21.6 21.0 2.75 1.37 72.00
3 24.1 28.4 17.90 1.37 80.20
4 25.3 29.4 16.20 1.37 84.40

* Styrene {10 mmol} at 1359, using a 1:1.2 molar mixture of BPO
(0.035 mmol ) and TEMPO (0.042 mmol) with [ Bpy J/[ TEMPO] = 2/
1, [MNI/[TEMPO] = 2.5
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Fig. 1 Effect of conversion on M, and PD
a) M ,-Conv;b} PD-Conv
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Fig. 2 Correlation of M,,(Exp) versus M, { Theo)
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Table 4 Effect of MN/bpy on the control range of molecular weight *

Entry M, (Desn) x 1073 Time{ h) M, (Theo) x 1073 M, {Exp) x10°? Difference( % } PD Conv( %}
1 3.0 1 1.98 5.8 192.61 1.03 66.12
2 10.0 1.5 5.73 6.02 : 5.14 1.06 57.28
3 30.0 2 17.4 19.0 9.08 1.28 57.95
4 60.0 2 33.3 35.2 5.47 1.15 55.56
5 90.0 2 47.1 40.4 14.36 1.06 52.37
6 120 4 72.9 43.3 40.61 1.13 60.78
7 150 4 90.1 44.0 51.15 1.10 60.05

* Styrene (10 mmol) a1 135°C , using a 1:1.2 molar mixture of BPO {0.035 mmol) and TEMPO (0.042 mmol) with [ Bpyl/[TEMPO] = 2/1, [MN]/

[TEMPO] = 2.5
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Fig. 3 "H-NMR spectrum of PS1-TEMPO, bpy as additives
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THE RESEARCH OF 2,2'-BIPYRIDINE AND MALONONITRILE AS
ADDITIVES FOR STYRENE LIVING RADICAL POLYMERIZATION

HUANG Jianying, LIN Jian, LI Wanli, YAN Mingia, LIN Minghua, ZOU Yousi
{ Department of Maserial Science and State Key Laboratory for Physical Chemistry of the Solid Surface, Xiamen University , Xiamen 361005)

Abstract The living free radical polymerization of styrene was studied with benzoyl peroxide as the initiator in the
presence of TEMPO (2,2,6,6-tetramethylpiperidinyl-1-oxy) . It was found that styrene polymerization was distinctly
accelerated by means of using malononitrile (MN) as additive. The purpose of this paper is to explore the effect of
MN/bpy on the control of molecular weight . These mixture additives were able to control the polymerization of styrene
to high conversion (85%) in 4 hours, and samples of molecular weight from 1 x 10° to 9 x 10" and with
polydispersities of 1.15 to 1.4 were readily obtained.In comparison with the polymerization without any additives,
these systems represenied a dramatic improvement in the ability to control the molecular weight. The molecular
weight of the polymer gradually increased with time, while the narrow molecular weight distribution remained
unchanged . The molecular weight evolved in a nearly linear fashion with increasing conversion. Using 2 1:1.2 molar
mixture of BPO and TEMPO with [ Bpy J/[ TEMPO ] = 2/1, [ MN J/[ TEMPO ] = 2.5, the conversion of the
polymerization at 135°C reached 85% in 4 hours, and the polydispersity was below 1.5, and the difference between
the theoretical molecular weight and the experimental molecular weight was controlled below 20% .

Key words Living free radical polymerization, TEMPO, Malononitrile (MN}, 2,2’-Bipyridine( Bpy)





