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The Synthesis and Characteristic of Poly(styrene-co-p-'butyl-styrene-
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Abstract: In contrast to conventional isoprene and butadiene, 1,3-pentadiene monomer can undergo anionic copo-
lymerization to afford special sequence controlled copolymers, such as alternating copolymers. In this paper, a
series of binary and ternary copolymers were synthesized using 1,3-pentadiene, styrene and p-tert-butylstyrene
comonomers and initiated by n-butyllithium. Focusing on the copolymerization kinetics and microstructure of co-
polymers, some interesting results were obtained: (1) kinetics analysis indicated that copolymerization con-
formed to the characteristics of classical primary reactions, and all comonomers can be converted completely;
(2) the real-time NMR analysis showed the equal consumption of pentadiene and its comonomer, and 'H-
NMR/"C-NMR spectra all proved the binary alternating sequence structure; (3) binary and ternary copolymeri-

zation had obvious living and controllable polymerization characteristics, the molecular weight was highly con-
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sistent with the theoretical value, and the molecular weight distribution D was less than 1.20; (4) the DSC

results showed that copolymers were a special class of semi-crystalline polymers, and the glass transition tem-

perature T, can be fine-tuned by regulating the proportion of comonomers, and T, is in the range of 100 —

120 °C; (5) Based on dual-alternating copolymerization strategy of pentadiene, we proposed the possible alter-

nating polymerization mechanism.

Keywords: 1, 3-Pentadiene; Styrene; p-'Butyl-styrene; Anionic polymerization; Alternating copolymerization;

Living and controlled polymerization
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Table 1 Apparent £, value, copolymer composition and reactivity ratios of PD and STs monomers
Comonomers Kelen-Tiidos
TCC) Conversion (F,/F,") PD, " (%)
M, M, ry T rytry
ST PD 50 16. 6% (50.02/49.98) 91.13 0.041 0. 065 0.002
TBS PD 50 18.1% (49.76/50. 24) 90. 92 0. 065 0. 209 0.013

All reactions were carried out in cyclohexane with n-Buli as initiator: [M; ] : [M,]=1 : 1, monomer/solvent=0. 6 g/mL.[n-BuLi], =22. 4

mmol/L. * Determined by ' H-NMR, and F, is the composition of monomer i in terpolymer. " Determined by ' H-NMR.
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Table 2 Conversion of terpolymerization and microstructure information of the resultant products

M, /M, /M, =1/2/1 Microstructure ©
T (C) Conversion (I,/(Iq+1,)0" PD,, %"
M, M, M, F,¢ F, F,
ST PD TBS 50 24. 2% (0. 8695) 91.13 0.332 0. 485 0.183
ST PD TBS 50 10.1% (0. 9361) 90. 92 0.316 0. 486 0.198
ST PD TBS 50 63.6% (1.0687) 92. 01 0. 280 0. 498 0. 222
ST PD TBS 50 78.1% (1.1719) 91. 92 0. 260 0.498 0. 242
ST PD TBS 50 89.6% (1.1987) 90. 98 0.253 0.502 0. 245
ST PD TBS 50 96. 6% (1.2457) 92. 05 0. 245 0. 504 0.251

¢ Determined by ' H-NMR; " Determined by ' H-NMR; © Determined by the standard curve of I, /(I +1,) vs f. * F,is the composi-

tion of monomer i in terpolymer.

(a) Poly(TBS-alt-PD)
Poly(TBS-co-ST) JJ \ - Ll
Poly(St-ali-PD)
J\/\ Poly((TBS—all—PD)—co—(ST—alM PN Vo W T
Poly(ST)
J“\ Poly(ST-ali-PD) ML\M . I J
ﬂ 1,2-unit Poly(PD)

_}\\ Poly(TBS-all-PD)h/_JJ J ____JLJ.NLAJLL

7.5 6.5 5.5 4.5 35 2.5 1.5 0.5 145 135 125 11575 50 40 30 20 10
0 0

12 oot R Y s e H-NMR B () 1 C-NMR 3% &l (b
Figure 12 'H-NMR (a) and " C-NMR (b) spectra of binary copolymerized products
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Figure 13 Characteristics of living and controlled

polymerization in ternary copolymerization process
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Table 3 Molecular weights and molecular weight distributions of ST-TBS-PD copolymers

e TBS/ST/PD BLIN7o s SISy i TR I %) 1,4-PD
FE R It X 10~ *(g/moD X 10 *(g/moD 4315 D 73]
YS-01 100/0/100 7.5 6. 82 1. 20 99.5 90
YS-02 90/10/100 7.5 7. 60 1.19 99. 8 91
YS-03 80/20/100 7.5 8.52 1.18 99.8 92
YS-04 70/30/100 7.5 6.93 1.16 100 90
YS-05 60/40/100 7.5 8.58 1.16 100 93
YS-06 50/50/100 7.5 6. 00 1.18 100 92
YS-07 40/60/100 7.5 7.23 1.16 100 92
YS-08 30/70/100 7.5 8.15 1.15 100 91
YS-09 20/80/100 7.5 7.55 1.16 100 94
YS-10 10/90/100 7.5 7.05 1.12 100 92
YS-11 0/100/100 7.5 7.36 1. 10 100 93

KA DSC 43 Fr oo sc L Ry il = o4k
VI APERE SR 4 R, BT ARy 1 s 1 A
138 B B W) poly (ST-alt-PD) Ml poly (TBS-alt-
PD)Y ¥ )@ TR P45 AR G W) ik B RS A
— AN IR 1 B AL AR R (T, € (0,8)°C)
NEAH—AF AR B (T, € (103,122)°C).,
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g SRR R IH S TR e 1 4SS &
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MU SR e SRR L v B BN . X e e33R DSC
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Table 4 DSC data of binary copolymers of
poly(ST-alt-PD) and poly(TBS-alt-PD) as well as

the terpolymer

Run LB g Ry Tg/oc T,/C
YS01 Poly(TBS-alt-PD) 7.81 121.73
YS06  Poly((TBS-alt-PD)-co-(ST-alt-PD))  7.87 120.58
YSI1 Poly(ST-alt-PD) 0.14 103.49
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Figure 14 Schematic diagram of binary alternating polymerization mechanism of 1,3-pentadiene and styrene monomers
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