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The interaction parameters for polystyrene and tetramethyl bisphenol-A polycarbonate blends were
evaluated by fitting experimental PV'T behaviour and a lower critical solution temperature (LCST )-type
phase boundary to the lattice fluid theory of Sanchez and Lacombe. The phase boundaries of these blends
were obtained by using a differential scanning calorimetry (d.s.c.) method, and were compared with those
obtained by light transmission and visual methods. The characteristic properties for these polymers were
determined by the non-linear least-squares fitting of specific volume data as a function of temperature and
pressure to the equation of state. The net bare interaction parameters from the Sanchez—Lacombe theory,
AP*, calculated at several compositions yielded negative values (AP* = —0.17 + 0.01 cal cm ™~ ?) and did
not depend on composition. Flory—Huggins type interaction parameters reported in the literature for this
system determined by a small-angle neutron scattering technique compare favourably with the results of

this study except in terms of composition dependence.
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INTRODUCTION

Blends of polystyrene, PS, and tetramethyl bisphenol-A
polycarbonate, TMPC, have been studied extensively'—°.
The miscibility of PS and TMPC was first suggested by
Shaw'. Subsequently glass transition behaviour and a
phase diagram for this system were reported by Casper
and Morbitzer?. Other authors*~® have presented results
of density, thermal analysis and mechanical measure-
ments for PS/TMPC blends. Neutron scattering results
have been reported’-® that provide some information
about the interaction parameter for this system. More
recently, Guo and Higgins® reported the effect of PS
molecular weight on the LCST behaviour of blends with
TMPC determined by light scattering and microscopy
methods.

Some time ago this laboratory became interested in
blends of TMPC with other polymers®!%!! and this
paper is the first in a series aimed at extending and
refining these earlier observations. One of the objectives is
quantitatively to evaluate the interaction parameters
responsible for the equilibrium phase behaviour in these
systems. This information will be obtained by analysis
of the phase diagram by using models for the free energy
of mixing, particularly the lattice fluid theory of Sanchez
and Lacombe!? !¢, This strategy requires pressure—
volume—temperature (PVT) data for each polymeric
component so that equation-of-state parameters can be
determined in addition to an accurate liquid—liquid phase
diagram. This paper focuses on the use of this approach
to determine interaction energies for the base system
TMPC and PS; whereas, subsequent papers will deal
with related copolymers.
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MATERIALS AND PROCEDURES

TMPC was supplied by Bayer AG, and its weight-average
molecular weight determined by light-scattering measure-
ments in this laboratory is M, = 33000 g mol~!. TMPC
has a rather high glass transition temperature and is
resistant to hydrolysis because of methyl substitution on
the phenyl ring. The PS was Cosden 550 from Cosden
Oil and Chem. Co, which has M, = 330000 g mol ! and
M, = 100000 g mol~*. Blends of TMPC and PS were
prepared by casting solutions containing 5% total
polymer in tetrahydrofuran onto a glass plate mounted
on a heating block at 50-60°C for 5 min. The blends
were finally dried in a vacuum oven at 130-140°C for a
week. Thermal analysis showed that this procedure
effectively removed the solvent.

Glass transition temperatures and other thermal
characteristics were determined with a Perkin—-FElmer
DSC-7 system. The first scan was run to 220°C to erase
previous thermal history during sample preparation and
storage, then the sample was quenched to 25°C to start
the second scan. The onset of the transition in heat
capacity was defined as the glass transition temperature.

The temperature at which phase separation caused by
LCST behaviour occurred was measured by visual and
light transmission techniques and a d.s.c. method to
assess the closest possible approximation to true equi-
librium. For the visual technique, the specimen was
covered with a glass slide on a hot plate and heated until
it became cloudy. To reduce the possibility of thermal
decomposition, the film was heated rapidly to a tem-
perature about 20°C below the expected cloud point and
then heated at 2°C min ! to the cloud point and beyond.
The temperature at which the blends first started to
transform from transparent to cloudy by visual assess-
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Figure 1 Schematic illustration of light transmission equipment for
cloud-point measurement. The optical microscope was equipped with
a4 x objective lens and the photosensor replaced the lens of the eyepiece

ment was taken as the cloud point. Optical cloud points
were also determined by quantitative measurement of the
light transmission through a specimen mounted on a hot
stage (Mettler FP 82 HT) equipped with a temperature
controller (Mettler FP 80 HT).

Figure 1 shows a schematic diagram of the light
transmission equipment. Changes in transmitted light
intensity were recorded at a wavelength of 600 nm as the
specimens were heated at a scanning rate of 2°C min~'.
The temperature at which the light intensity first started
to change was taken as the cloud point. The d.s.c. method
relied on changes in glass transition behaviour rather
than optical changes. Blend specimens were annealed in
the d.s.c. at fixed temperatures close to the expected phase
boundary for specified periods of time, after which they
were quenched to room temperature. D.s.c. scans were
then run to determine whether or not a change from one
glass transition to two had occurred as a result of the
annealing.

The density of TMPC and PS were determined by a
density gradient column operated at 30°C. The changes
in specific volume as a function of temperature and
pressure were measured with a Gnomix PVT apparatus.
For isothermal operation, samples were compressed
along 31 isotherms, from 30°C up to about 290°C, with
volume data recorded at presure intervals of 10 MPa
between 10 and 200 MPa. These data were fitted to the
Tait equation and the volume at zero pressure for each
isothermal was obtained by extrapolation. For isobaric
operation, TMPC was heated from 30°C to 290°C at
2.5°C min~ "' at several fixed pressures.

BACKGROUND

The free energy of mixing per unit volume, g, can be
expressed in terms of the classical Flory—Huggins theory :

Ag = Agyc + Ag, (1)

where Ag, is the combinatorial entropy*”-!8

R Ln 9, 4 b, Ln ¢2>
V, V,

and Ag,,. is the non-combinatorial free energy represented
by the Van-Laar form!®

Agnc :B¢1¢2 (3)

Ag, = RT( (2)

The ¢, and ¥, are the volume fraction and molar volume
of component i, respectively, and B is the interaction
energy density. The combinatorial entropy always favours
mixing. If the interaction parameter is negative then,
according to this theory, all binary compositions are
miscible at all temperatures. When B is independent of
temperature, this theory only predicts upper critical
solution temperature (UCST )-type behaviour. If B is a
function of temperature, basic thermodynamic relations
reveal that this quantity is not strictly an enthalpic
parameter, but also contains a non-combinatorial entropic
contribution. An empirical excess entropy term — TS® =
— 1B}, ¢, is often added to equation (1), which enables
the theory to describe LCST behaviour. In this extended
Flory—Huggins theory, the interaction parameter takes
on the form

B(T)=B"— TP (4)

If the interaction energy density in equation (3) does
not depend on ¢;, simple differentiation of equations
(1)—(3) leads to the familiar spinodal condition

2
dAg——RT<1 4 )—213“:0 (5)
de?

¢1 vl ¢2 T/"Z
This form is often used even though the interaction energy

does depend on ¢,. Thus, equation (5) amounts to the
definition of a new interaction energy, i.c.

1d%Ag,.

Bo=—3 dp? (6)

to which the subscript sc is added, following the notation
of Sanchez?°, in order to distinguish it from B in equation
(3). In general, interaction energies defined by equations
(1)-(3), equation (5) or other free-energy-derived equa-
tions are not identical, but are interrelated as shown by
Sanchez??, e.g.

dB(T) d?B(T)
B, = B(T - -_— 1 -

e =B(T) + (1 — ) do, 2014, a2
The interaction parameters used here have units of
energy/volume and differ by the factor kT from the x
quantities used by Sanchez?°.

The extended Flory—Huggins theory ignores the fact
that the mixture is compressible. Equation of state
theories have emerged to account for this effect and
they predict LCST behaviour without resorting to the
empiricism used in equation (4). These theories can be
forced into the Flory-Huggins form to obtain their
predicted expressions for B, B, and the other interaction
parameters described by Sanchez?®. These expressions
naturally depend on temperature and composition. It is
appealing to attribute the experimentally observed tem-
perature and composition dependence of the Flory-
Huggins-type interaction parameters to equation-of-
state-type effect, and that is an assumption that we make
here. However, it should be recognized that other
mechanisms could contribute to the dependence on Tand
¢. There are several equation of state theories?!~25 for
mixtures, but the following discussion is limited to the
lattice fluid theory of Sanchez and Lacombe!>~!%. This
theory expresses thermodynamic functions in terms of
reduced variables P = P/P*, T= T/T*, p=1/t=
p/p* = v¥/v,, where the asterisks denote characteristic

P
parameters. The free energy per unit hard core volume

(7)
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is given by
= Gac + e (8)
where
Gre ——pP*+P~+R—T<1p”1 (1—p)+ln”> 9)
and

——Zd)'l o; (10)

Chain length, r, is given by r = MP*/RT*p*, where M
is the molecular weight (weight average should be used
for polydisperse components). The enthalpy of mixing
AH_, at low pressure for a binary mixture is given by

AH, .
— "= p*AP*$, 9,

+ PLosPY (D — P) + 92P3(p2 — p)] (1)
The characteristic pressure for the mixture, P*, is related

to those of the pure components, P¥, and the bare
interaction energy, AP*, by

P* = ¢, Pt + ¢,P% — ¢, AP* (12)

where the ¢; are close-packed volume fractions. The
reduced density p refers to the mixture, whereas p; refers
to the pure components. Equation (11) allows for the
effects of finite compressibility on the enthalpy of mixing.
Interaction parameters defined in the extended Flory-
Huggins theory can be simply expressed in terms of the
equation of state parameters by assuming the ¢; used in
the two theories are essentially equal. From equations
(4) and (11), the interaction energy related to the heat
of mixing, B", is given by

P*
B“=ﬁAP*+[—‘(p p)+w(p
¢y ¢,

A relationship for the excess entropy term, — TB®, can
be similarly derived

_RT [1[1-5 o Inp
‘¢1¢2{v_*[ A r]

¢1|: Pll (1—p )_'_lnfl]
P1 r

v} 1

In 7, ]} (14)
2

Finally, the spinodal condition for a compressible
mixture can be written?®

d2 )2
—%=g¢¢-(gp¢) =0 (15)
d¢ 9o

where the subscripts ¢ and p indicate partial derivatives

with respect to ¢ or p. From equations (6) and (15), the
following expression for B, is obtained

ﬁ)} (13)

—-TB

2

]

[ T=Pan— 5+
P2

Bsc=ﬁAP*+{[P2‘—Pf+(¢z—¢1)AP*]
+RT< 1 1 )
p \rivt rs
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RESULTS AND DISCUSSION

PVT behaviour

Figure 2 shows representative PVT behaviour of
TMPC obtained from isobaric experiments. From these
results, the pressure dependence of T, defined as the
intersection of the isobars above and below the transition
region (line in Figure 2), was obtained. As shown in
Figure 3, T, increases linearly with pressure according to
the equation

T,(p) = 185.8 + 0.667p (17)

where T is in degrees Celsius and p is in megapascals.
The small dips in volume just below T, at high pressures
have been noted by others?’—2° and may stem from
volume relaxations on the time-scale of the experiment
when the formation pressure of the sample is lower than
the experimental pressure. Specific volumes of pure
TMPC and PS above the T, obtained from isothermal
experiments are listed in Table I and Table 2. These were
fitted to the Tait equation3°—32

V(p, T)=V(0, T){1 —0.08941n[1 + p/C(T)]}
(18)

by regression analysis, where V(p, T) is the specific
volume (cm3 g~ 1) at pressure p(bar) and temperature
T(°C). The term V (0, T) is the specific volume at zero
pressure. The temperature dependence of V(0, T') and
C(T) are represented by the forms

C(T)=Cyexp(—b,T) (19)
V(,T)=aq+ a,T + a,T? (20)
Table 3 lists these parameters for TMPC and PS in the
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Figure 2 Change in specific volume of TMPC as a function of
temperature and pressure
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Figure 3 The glass transition temperature of TMPC obtained from
the isobaric volume-temperature plots in Figure 2
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Figure 4 Thermal expansion and thermal pressure coefficients of
TMPC at zero pressure calculated from the Tait equation

glassy and liquid states. The constants for PS are in good
agreement with other published results3®34. Figure 4
shows the thermal expansion and thermal pressure
coefficients of TMPC computed from the Tait equation
at zero pressure.

Characteristic parameters

For each pure component, the experimental V (T, p)
data can be fitted to the theoretical equation of state by
non-linear regression to yield a set of characteristic
parameters that best represent the data over the tem-
perature and pressure ranges considered!. While the
equation of state proposed by Sanchez and Lacombe has
a simpler and more convenient closed mathematical form

than many others, it shows systematic deviations in the
regression at high pressure®*+>¢. Thus, only low-pressure
data where this is not a problem were used. To some
extent the characteristic parameters obtained depend on
temperature, so for most reliable results the same
temperature range should be used for both polymers®”.
Table 3 lists the characteristic parameters for TMPC and
PS obtained from the pressure and temperature region
0-50 MPa and 220-270°C. The latter includes the range
where phase separation of TMPC/PS blends occurs.

Thermal behaviour

Figure 5 shows the T, behaviour of blends prepared
by the hot casting method. A single intermediate T, is
observed at all compositions as reported by others*®:9.

On heating, these blends turned cloudy due to phase
separation. The phase separation temperature was esti-
mated by a simple visual technique, by a quantitative
light transmission method, and by monitoring T, be-
haviour by d.s.c. after heat treatment. Figure 6 compares
the phase separation temperatures obtained by these
methods. The results using the simple visual method are
higher than those obtained by the other two approaches.
One source of error in the former is a slight difference
in temperature between the thermal sensor and the
sample owing to heat transfer effects inherent in this
apparatus. The data by the d.s.c. method are believed to
be the most reliable because rate effects were effectively
eliminated, and these results were used to calculate the
interaction energies.

Figure 7 shows d.s.c. thermograms for a blend
containing 50 wt% of PS after annealing at 235°C for
5 min (curve a) and at 265°C for 5 min (curve b). After
each heating step, the samples were rapidly quenched
such that any phase separation that occurred did not

200 v T v T

180

160

Tg (°C)

140

120

100 i 1 i 1 i 1 i 1 A
0.0 0.2 0.4 0.6 0.8 1.0

Weight fraction of TMPC

Figure § Glass transition temperature behaviour of TMPC/PS blends
determined by d.s.c. at 20°C min~! by using the onset method
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Table 3 Summary of the TMPC and PS parameters for the Tait
equation and the Sanchez-Lacombe equation of state

TMPC PS
Glass
Temperature range (°C) 30-170 30-90
ao (cm3g™!) 0.9180 0.9530
a, (cm*g~t°C™1) 1.2086 x 10~4 9.9909 x 106
a, (ecm3g1°C~2) 7.4217 x 107° 1.1335 x 10°¢
C, (bar) 3188 3702
by (°C™Y) 1.9572 x 1073 4.8811 x 1073
Liquid
Temperature range (°C) 210-290 110-270
a, (cm3g™1) 0.8497 0.91902
a, (cm3g~'°C™1) 5.0727 x 1074 42281 x 1074
a, (cm3g~1°C~?) 3.8318 x 1077 43317 x 1077
C, (bar) 2314 2236
b, (°C™1) 4.2419 x 1073 3.841 x 1073
Temperature range (°C) 220-270 220-270
T* (K) 729 810
P* (bar) 4395 3809
p* (gem™3) 1.1854 1.0922
0 2018 17083

Note: r® = MP*/RT*p* when M is the weight-average molecular
weight

300 M T M T M T T T
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A Light transmission
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Figure 6 Comparison of phase separation temperatures of TMPC/PS
blends obtained by using three different methods

EXQO «w4——— dH/dt —  m ENDO

1 1 1
100 125 150 175 200

Temperature (°C)

Figure 7 D.s.c. thermograms for a TMPC/PS blend containing
50 wt% PS: (a) after annealing at 235°C for 5 min; (b) after annealing
at 265°C for 5 min

have time to be reversed on cooling. The sample heated
at 235°C retains the single T, of a homogeneous blend
while the sample heated at 265°C shows two Tis,
indicating that phase separation occurred. Obviously the
phase boundary would appear to lie between 235°C and
265°C for this composition. Whether this is indeed an
equilibrium phase boundary can be assessed by examining
reversibility of the phase separation®®. The thermal
programme used to test for reversibility is illustrated in
Figure 8 while Figure 9 shows sample d.s.c. thermograms
obtained for a blend containing 40 wt% of PS. Curve a
in Figure 9 is a second scan after a first scan to just above
T, for erasing prior thermal history for the as-prepared
blend. A single T, is seen as expected. The first annealing
step was done at T, = 255°C (for 5 min). This is above
the phase separation temperature, so afterwards the blend
has two T,s as shown in curve b. Next, this sample was
annealed again for 1h at T, = 235°C, which is just
below the phase boundary. The sample was quenched
again to room temperature, after which the last d.s.c.
scan was performed. The glass transition behaviour for
this last scan (curve c) is exactly the same as that in
curve a. From this, we see that the phase separation
induced at 255°C can be reversed at 235°C; thus, the

T,
Phase boundary
/ \ »
g
F]
£
:
[{
= /\ 3 / "
Tg
ls! \/an \/ \/
. et

Time

Figure 8 Thermal programme used to test reversibility of phase
separation

EXO -———— dH/dt —» ENDO

1
100 125 150 175 200
Temperature (°C)
Figure 9 D.s.c. thermogram for TMPC/PS blend containing 40 wt%
PS: (a) a second scan after first scan to erase prior thermal history;

(b) transition behaviour after annealing at T, = 255°C (Figure 8); (c)
transition behaviour of 4th scan in Figure 8
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Figure 10 Change of transition breadth for a TMPC/PS blend
containing 60 wt% PS as a function of annealing temperature
(annealing time = S min)

true equilibrium phase boundary must lie between these
limits. By successively repeating this process with other
T, and T, values, the location of the phase boundary
can in principle be narrowed to within any arbitrary
temperature differential. However, this can be very
time-consuming, so an alternative procedure was used
to obtain the estimate of the equilibrium phase boundary
shown as the lowest curve in Figure 6. Blends for each
composition were isothermally annealed for 5 min at
temperatures within the region of the expected phase
boundary. After annealing, the samples were quenched
and then scanned in the d.s.c. through the T, region. The
temperatures at which the onset and completion of the
heat capacity changes occurred were noted and the
breadth of the entire transition region was calculated and
plotted versus the annealing temperature, as illustrated
in Figure 10. The transition breadth remains relatively
narrow so long as there is only one T, ; however, once
the annealing temperature is high enough to induce phase
separation, considerable broadening occurs. The onset
of this broadening was taken as the phase separation
temperature. The time of annealing can be adjusted to
effectively remove any rate effects. The results obtained
by this d.s.c. method are in good agreement with the
phase separation temperature determined by light-
scattering techniques®.

Interaction energies

To extract information about interaction parameters
from the experimental liquid-liquid phase boundary
shown in Figure 6, two key assumptions are made. First,
it is assumed that to a good approximation these data
correspond to the spinodal curve. Secondly, it is assumed
that the ‘bare’ interaction energy density, AP*, does not
depend on temperature, which amounts to saying that
the temperature dependence of the Flory—Huggins
parameter B(T) stems entirely from compressibility
effects. The validity of this assumption cannot be tested
by only using the information presented here, so for now
it must remain a postulate of this approach. For each
blend composition, the phase separation temperature
from Figure 6 was used to calculate a AP* from equation
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(15). While values from the d.s.c. method were used in
this calculation, the choice of method makes a negligible
difference in the calculation of AP* owing to the relatively
close agreement among the various data sets. The
characteristic parameters for PS and TMPC shown in
Table 3 were used to calculate p from the Sanchez-
Lacombe equation of state and then AP* was computed
from equation (15). The values of AP* so obtained are
plotted as a function of composition in Figure 11. As
seen, the AP* values so obtained are effectively inde-
pendent of blend composition and have a small negative
value. Assuming that AP* and the characteristic properties
are not a function of temperature, B,, can be calculated
at any temperature from the AP* shown in Figure 11 by
using equation (16). Figure 11 compares the B, at 30°C
calculated in this manner with the SANS experiments
reported in the literature’ for this system at 30°C. As
expected for a miscible blend, the B, values obtained by
both methods are negative over the entire range of
composition. The absolute values from the two methods
agree very well in the mid-composition range, i.e. around
the critical composition. However, the composition
dependence of the SANS values is much stronger than
those calculated from AP*. It is interesting to note that
Sanchez and Balazs'® have found the interaction energy
computed from the spinodal calculation for the system
PS-PVME is less composition-dependent than that
calculated from SANS experiments. The origin or the
meaning of this difference in composition dependence is
not entirely clear at this point. One possible explanation
may lie in our assumption that the experimentally
determined phase-separation temperatures correspond to
the spinodal curve. The error from this source will go to
zero at the critical point. To bring the composition
dependence of our calculated B, into line with that of
SANS results would require a strongly composition-
dependent AP* and a strongly asymmetric deviation
about the critical point of the observed phase separation
temperatures from the spinodal line. An alternative
possibility is that errors in the interaction energies
obtained by the SANS technique have occurred. These
SANS measurements were made in the glassy state so
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Figure 11 Composition dependence of the bare interaction parameter
(AP*) and B, (defined by equation (16)) obtained here with the B,
from SANS experiments’
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they reflect a non-equilibrium condition, the extent of
which will depend on the distance from the glass
transition temperature. Based on the observation on
another system by Kramer and Sillescu®, this effect
could lead to an overestimate of the composition
dependence. At this point, there is no simple way to
distinguish among these or other possibilities.

The Flory—Huggins parameter B(T) and its com-
ponents B" and — TB® can be calculated from equations
(4), (13) and (14). Figure 12 shows how they vary with
temperature for a blend containing 50 wt% of PS,
assuming that AP* is not a function of temperature. The
term B", which is related to the heat of mixing, becomes
more negative as the temperature increases because of
the predicted volume contraction on mixing. A negative
excess volume for TMPC/PS blends has been reported*:°.
The term — TB* becomes larger and more positive as
temperature increases. This behaviour is in accord with
the thermodynamic analysis by Sanchez!'**°, which
argues that thermally induced phase separation is
entropically driven. Figure 13 shows how B, and the
combinatorial entropy term in the spinodal condition
change with temperature for a blend containing 50% by
weight TMPC. Since B(T) and B, depend on compo-
sition, their values are different, as illustrated in Figures
12and 13. Using a fixed value of AP* = —0.17 cal cm ™3,
the spinodal curve calculated from the equation of state
and equation (15) agrees with the experimentally deter-
mined phase-separation temperature (Figure 14).

Atomic charge distributions for the blend components

One quantitative approach to modelling intermolecular
interactions is to assign partial charges to each atom and
then sum the dispersive and electrostatic contributions
for each atom pair in the system. The latter is a formidable
task beyond the scope of this paper ; however, the former
is relatively simple to do. Such information about charge
distributions in each polymer repeat unit can serve as a
useful guide about possible polar interactions between
polymer pairs. The charge distributions for polystyrene,
polycarbonate, and tetramethyl polycarbonate were
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Figure 12 Temperature dependence of the extended Flory—Huggins
interaction energy and its enthalpic and entropic components for a
TMPC/PS blend containing 50 wt% PS
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peratures (O) obtained by the d.s.c. method and with the predicted
spinodal curve (——) by using the lattice fluid theory and AP* =
—0.17 calcm ™3

calculated by the Gast—Huck method using SYBYL
Software from TRIPOS Associates Inc. with the results
shown in Figure 15. In this approach, the Gasteiger—
Marsili method*!-*2 is used to calculate the s-component
of the atomic charge and the Hiickel method*® is used
to calculate the n-component of the atomic charge. The
total charge on each atom is the sum of these two
calculated charges. It is clear that the electrostatic or
polar interactions between PS and TMPC are not
extremely strong as judged from examination of these
atomic partial charges. This suggests that our assumption
that the LCST behaviour for this system stems from
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Figure 15 Atomic charge distribution for the repeat units of (a) PS,
(b) TMPC, (c) PC calculated by the Gast—Huck method

equation of state contributions to the free energy rather
than specific interactions may be reasonable. Indeed
the interaction energy we calculate, i.e. AP* = —0.17
cal cm ™2 is very small, but it is slightly negative, which
leads to the miscibility observed. In the presence of strong
specific or directionally sensitive interactions, even the
blend interaction energy stripped of free volume contri-
butions, i.e. AP*, will become a strong function of
temperature since thermal energy tends to randomize the
orientation of chain segments, thus diminishing the
number of favourable pair configurations'®44.

It is interesting to compare the charge distribution of
TMPC with that of polycarbonate because the latter
evidently interacts endothermically with PS since this
pair is not miscible. Since PS is also miscible with
poly (2,6-dimethyl-1,4-phenylene oxide ) or PPO, the key
to the interaction that makes TMPC miscible with PS
probably lies in that part of the TMPC structure that it
is identical to PPO, i.e.

CH,
0—

CH,

The most obvious effects of the methyl substitution are
the further polarization of the rings, e.g. the charges on
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the 1 and 4 carbons go from —0.088 and 0.153 for PC
to —0.104 and 0.159 for TMPC and the dipole formed
by the bond connecting the ether oxygen to the ring
carbon is further strengthened (the charges go from
—0.165 and 0.153 to —0.171 and 0.159). There are, of
course, some other changes as well. An assessment of the
net effect caused by these redistributions will require a
very detailed molecular simulation.

SUMMARY

The Sanchez-Lacombe equation of state theory of
mixture has been applied to blends of polystyrene and
tetramethyl polycarbonate. The characteristic equation
of state parameters for the two homopolymers were
obtained by fitting the model to experimental PVT data
reported here. The temperatures at which blends of
TMPC/PS phase separate were carefully determined and
used to compute the Sanchez—Lacombe interaction
parameter, AP*. The latter was done by assuming the
experimental phase boundary approximates the spinodal
curve. The values of AP* calculated in this way were
found to be independent of blend composition within
experimental errors. By further assuming that AP* does
not depend on temperature, the Sanchez—Lacombe
theory was used to compute the Flory—-Huggins and
related interaction parameters as a function of tem-
perature and composition. This allowed comparison with
interaction parameters determined at 30°C’ by small-
angle neutron scattering, SANS. The values found here
agreed very well with the SANS result near the blend
critical composition, but were less composition-dependent
than the SANS values. Possible reasons for the differences
in composition dependence were discussed.

The assumption that AP* is independent of tem-
perature could not be critically evaluated from the
information available. However, this assumption seems
reasonable in light of the relatively weak interactions
found for this system and calculations of atomic charges
for the component polymers. A test of the utility of this
approach to evaluation of interaction parameters will be
described in further papers that deal with miscibility
behaviour of copolymers based on styrene and on
tetramethyl polycarbonate.
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