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'\g. 1 Naming of substituted carbon atom in a copolymer chain
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Yokota - E-VAc Open squares denote statistical copolymers and homopolymers
Tg EVA 233 K > Fox 266 Filled squares denote periodic copolymers
K 33 K G-D 249 K 16 K Dash line Barton equation with T, s =364.2 K Solid line
Johnston Barton Eq. 4 with T, ys =364.2 K Dash dot line Eq. 4 with
T T,us =364.2 Kand T, yys =375 K
8 ” F g, represents molar fraction of styrene in MMA-St copolymer.
Tg
Johnston Barton E-VAc T, govae =236 K T, ypvae =297 K poly E-E-VAc
T,- . 4 r, PE 44K poly VAc-VAc-E T,
PVAc 8K T,
2 4
Tg
Table 1  Molar fractions of different triads in MMA-St copolymers
Fg Tg K 1sss nssm sMs nsMm MMM LAV nyvsM nyss
0 385.8 0 0 0 0 1 0 0 0
0.097 383.6 7E-05 0.0025 0.01 0.0842 0.7254 0.084 0.0914 0.0025
0.194 380.7 0.0008 0.0118 0.041 0.1405 0.4845 0.14 0.1695 0.0118
0.292 379 0.0042 0.0308 0.093 0.1637 0.2876 0.164 0.2261 0.0308
0.391 375.6 0.0158 0.0627 0.16 0.1523 0.1449 0.152 0.2495 0.0627
0.49 373.3 0.0488 0.1058 0.221 0.1147 0.0595 0.115 0.2297 0.1058
0.591 371 0.1245 0.1466 0.249 0.0702 0.0198 0.07 0.1728 0.1466
0.692 370.4 0.2598 0.1641 0.233 0.0352 0.0053 0.035 0.1037 0.1641
0.794 371.1 0.4565 0.1454 0.178 0.0136 0.001 0.014 0.0463 0.1454
0.896 373 0.7066 0.0893 0.098 0.0029 9E-05 0.003 0.0113 0.0893
1 375.7 1 0 0 0 0 0 0 0
Table 2 Molar fractions of different triads in E-VAc copolymers
Fyje T, K ngge” npey® npve” npyy* nyge* nypy* nyve® nyyy*
0 192 1 0 0 0 0 0 0 0
0.147 210 0.6204 0.1071 0.1072 0.0183 0.1071 0.0185 0.0183 0.0031
0.389 249 0.2274 0.1454 0.1460 0.0923 0.1454 0.0929 0.0923 0.0584
0.54 269 0.0967 0.1142 0.1149 0.1342 0.1142 0.1348 0.1342 0.1568
0.653 284 0.0414 0.0785 0.0790 0.1481 0.0785 0.1487 0.1481 0.2777
0.737 286 0.0180 0.0508 0.0512 0.1430 0.0508 0.1434 0.1430 0.3997
0.818 295 0.0059 0.0269 0.0272 0.1219 0.0269 0.1222 0.1219 0.5470
1 305 0 0 0 0 0 0 0 1

*V=VAc
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- 4  Experimental and predicted 7,s of E-VAc copolymers
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Open squares denote statistical copolymers and homopolymers

Filled squares denote periodic copolymers Dash line Barton

equation with T, pya =233 K Solid line Eq. 4 with MMA-St E-VAc

Tygva = 233 K Fya represents molar fraction of vinyl

acetate in E-VAc copolymer
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STUDIES ON GLASS TRANSITION TEMPERATURE OF BINARY
COPOLYMERS USING BONDS AS ADDITIVITY UNITS

WANG Yanli' LI Qing' GAO Jungang’ LIU Guodong'
U Institute of Polymer Science and Engineering ~ Hebei University of Technology ~Tianjin 300130
2 College of Chemistry and Environmental Science  Hebei University ~Baoding 071002

Abstract Glass transition temperature T, is an important intrinsic parameter of polymers which greatly affects
their properties and application. T, of a polymer could be changed through copolymerization. It is well known that T,
of a copolymer usually deviates from the additivity of that of the homopolymers. T, of a copolymer was affected not
only by the composition but also by the sequence distribution of the copolymer.

Many researchers have proposed various equations to describe the copolymer T',-composition relationship based
on free volume theory as well as thermodynamic theory of glass transition. Among them Johnston and Barton
considered the diad effect and better fitting result between the theory predicted and experimental data was obtained.
Whereas they failed when the T',-composition curve is asymmetric or even S-shaped. When triad sequence effect was
taken into consideration the fitting was greatly improved. Unfortunately there are 6 intractable parameters in the
equation which greatly holdback its application. Ham and Uematsu proposed their methods to reduce the number of
intractable parameters to 1 which increased the facility of the triad sequence equation. Whereas the manners they
proposed were unreasonable .

It is found that all the equations proposed by now were based on the additivity of contributions of different
monomers or sequences. In this paper we propose an equation based on the additivity of contributions of different
bonds concerning the substitution on the adjacent C atoms. For the case of a head-to-tail binary copolymer composed
of mono-substituted vinyl monomers the bonds were classified into 8 kinds when the substitutions on C, C, and C;
were concerned. Based on the thermodynamic theory of glass transition the equation is described as below under the
assumption of steady-state concentration .

T, = nyaTon + g T + 2 nppa — nawp Ty + 30 Toans + 3nppa Ty s

Where ny, represents the mole fraction of triad sequence ijk T, is T, of periodic copolymer poly x . ny could be
obtained experimentally or calculated from the monomer feed compositions and reactivity ratios. The equation could
be applied to investigate the relation between copolymer T',s and compositions conveniently because that it contains
no mere fitting parameter. If the periodic copolymers poly AAB and poly BBA cannot be acquired there are only
two intractable parameters in the equation. Even if the alternating copolymer poly AB also cannot be acquired
there are only three adjustable parameters far less than the original six in the Ham equation. More over T',s of them
could be predicted by using the equation and T, data of random copolymers for this case.

The new equation was applied to MMA-St and E-VAc random copolymers and excellent fitting was obtained.
Whereas large deviations pronounced when only diad sequence effect was taken into consideration. Especially for the
case of E-VAc copolymers the predicted T,s show opposite derivation compared with the experimental results. T',s
of corresponding periodic copolymers were also evaluated.

This equation may be extended to describe multi-copolymers or block graft copolymers only if no phase
separation appears in their bulk. Also the fact of T, changed with tacticity such as PMMA may be explained by
using this equation.

Keywords Binary copolymer Glass transition temperature Composition Bond Sequence





