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where
v = {2a/(XnP,) + a*(XP,) /(XnP,)}(XP,)
ie.
DP,/DP, < (DP,/DP,),

since
(DP,/DPy)o > 1
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ABSTRACT: A relation between differential changes of temperature and pressure is obtained for the glass-liquid
boundary of random solutions. On integration, this relation yields predictive equations for the compositional
variation of glass-transition temperatures and of glass-transition pressures.

Introduction

A thermodynamic theory for the compositional variation
of glass-transition temperatures,’” T, has provided a
unified basis for several topics within the general theme,
for both macroscopict®*™!3 and microscopic?™* composi-
tion variables, X;. The principal equation of this de-
scription is obtained by equating the entropy of the glassy
and liquid states, respectively S% and S, and taking definite
temperature integrals. As outlined below, a more general
and transparent theory can be derived from the equality
dS¢ = dS' for the glass-transition boundary as a function
of pressure, P, temperature, T, and composition. A relation
between differential changes of temperature and pressure
is thereby obtained for the composition-dependent glass
transition. This new equation can be integrated to give,
as special cases, an equation for the compositional variation
of T, and an equation for the compositional variation of
the transition variable for the isothermal transition (the
glass-transition pressure, P,). A particular advantage of
the differential formulation is that for the compositional
variation of T, and P,, corresponding pure-component
properties, T, and P,, enter as constants of integration.

Theory

For random mixtures the excess entropy of mixing is
essentially combinatorial and independent of temperature
and pressure. Consequently, at fixed but arbitrary com-
position, the differential relation dS! = d.S® for the glass—
liquid boundary can be written as

2XAC,,dInT+ XXACr. dInP =0 (1
In eq 1 the AC,, denote pure-component glass-transition

increments of heat capacity, the ACr, = A(dS;/d In P)y
denote the isothermal analogues of this property, and 3

denotes the sum over all pure components of the solution.
Use of a Maxwell relation gives ACr, = ~PA(V,«;), where
V; and o; are in turn pure-component current volumes and
isobaric expansivities, and converts eq 1 to

din 7 2ZXA(Via)
dP 2XAC,
Equation 2 includes the pure-component (X; = 1) Ehren-
fest relation®® as a special case.
To derive an expression for the compositional variation

of T, consider the indefinite integration of eq 1 at fixed
pressure, formally

TX; [4C, dIn T =0 (3)

2

A variety of problems has been addressed successfully by
the use of temperature-independent AC,,,"** for which eq
3 becomes

Y XAC,(In Ty + a) =0 (4)

The constants of integration in eq 4 are obtained from the
requirement that at X; = 1, T, = T,, to give a; = -In T,
and

ZXiACP.‘ In Tg; ( )
n?T,=——7—7-— 5
# LX,AC,,
If the AC,, cannot reasonably be approximated as tem-
perature independent,'® eq 3 together with the boundary
conditions can be used to obtain relations for the compo-
sition-dependent isobaric transition other than eq 5.
For the isothermal transition, the relation for the com-
positional variation of P, for pressure-independent ACr,
is
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EXiA(Viai) ln Pgi
T IXA(Va)

The theories for the compositional variation of P, and T
are evidently parallel in form. Consequently, the entire
analysis for the isobaric transition!” can be appropriated
for the isothermal transition, with the AC, and T}, ex-
changed for in turn the ACy, and P,.

For binary blends an alternative version of eq 2 can be
derived from the partial differential equality (dT/dP)y,
= (-dX,/dP)y/(dX;/dT), and eq 5 and 6. This, which can
be written as

(6)

In

X,A(Vyay) + X0(Vaay) |2

X,AC,, + X,AC,,

AC, AC,, In (T, /T,) .
A(Via)A(Voay) In (P, /Py) )

dlnT=
dlnP

when compared with eq 2 gives as a consistency condition
XlA(Vlal) + XzA(Vzag)
X,AC, + X,AC,,

AC, AC,, In (Tg,/Ty) 8
A(Vlal)A(Vg%) 1n (sz/Pgl) ( )

Comment

On the basis of the success of eq 3 (typically in the form
of eq 5), the new principal relations (eq 1, 2, and 6—the

last of these modified if necessary for pressure-dependent
AC7) should give acceptable predictive descriptions of
their particular aspects of the solution glass-transition
boundary for miscible blends (including plasticized poly-
mers), molecular weight effects, copolymerization effects,
and cross-linking effects.
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ABSTRACT: The sequence distribution of styrene-butadiene copolymer initiated with n-butyllithium in
toluene was investigated by GPC measurements of ozonolysis products in relation to the time-conversion
and time—copolymer composition relationships. Rapid increase of conversion and styrene content in the
copolymer was observed from about 75% conversion after the consumption of almost all of the butadiene.
GPC analysis of the ozonolysis products showed three peaks corresponding to 1-3 styrene sequences flanked
by 1,4-butadiene units for the copolymers obtained below 75% conversion. A broad peak due to long styrene
sequences was observed in addition to the peaks due to 1-4 styrene sequences for the copolymers obtained
above 75% conversion. The average number of styrene units in the long styrene sequence increased from
43 to 65 with increase of conversion from 83% to 100%. The sequence distribution of styrene units determined
from the ozonolysis~-GPC measurement was in good agreement with that calculated by monomer reactivity

ratios.

Introduction

Styrene—butadiene rubber (SBR) is commercially pro-
duced by emulsion polymerization or anionic polymeriza-
tion initiated with alkyllithium. The latter is characterized
by the variety of the sequence distribution of styrene units,
ranging from almost random copolymers to S-B—S-type
triblock copolymers. The sequence distribution can be
controlled by the modification of the polymerization con-
ditions, e.g., addition of a polar compound as a random-
izing agent, control of the conversion, the controlled charge

of styrene and butadiene, or use of a polymer-Li as an
initiator to make the block sequence. The approximate
distribution of styrene and butadiene units can be pre-
dicted from the copolymerization parameters. In practice,
however, it seems very difficult to determine the sequence
distribution in the case of a partial block copolymer. The
occurrence of 1,2 addition of butadiene units may further
complicate the situation.

We have proposed a new method for the characterization
of the sequence distribution of styrene and 1,2-butadiene
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