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Abstract : Miscibility of blends of poly(vinyl methyl ether) (PVME) with several styrene containing
copolymers was investigated by measuring cloud points as a function of blend compositions with
He/Ne laser scattering. Copolymers of styrene and a-methyl styrene, p-methyl styrene, 1-vinyl naph-
thalene or 2-vinyl naphthalene were synthesized by radical copolymerization. All the compositions of
the four styrene- or vinyl naphthalene- derivatives in the copolymers were fixed at 10% and 20%
by wt. in monomer feed ratio and the molecular weights of those copolymers obtained were below
20,000. Although all the blends studied in this work showed lower critical solution temperature(LCST)
behavior. miscibility of the styrene-containing copolymers with PVME was shown better in the order
of polystyrene> poly(styrene-co-a-methyl styrene)>poly(styrene-co-p-methyl styrene)>poly(styrene-
co-1-vinyl naphthalene)>poly(styrene-co-2-vinyl naphthalene). The result may be attributed in part

to their steric hindrance of the styrene or vinyl naphthalene derivatives in the copolymers.
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INTRODUCTION

In most of the polymer mixtures which are
known to be truly miscible, the degree of their mi-
scibility decreases with increasing temperatures
and the phenomenon of lower critical solution
temperature (LCST) is exhibited. Such mixtures
usually owe their miscibility to the presence of
some specific favorable interactions between the
components. At higher temperatures the effect of
the favorable interaction is reduced while the un-
favorable effect of the free volume change on
mixing increases, eventually leading to phase
separation above LCST.'?

Recently the blends of polystyrene(PS) and poly
(vinyl methyl ether) (PVME) have attracted much
interests because of their miscibility over a wide
range of blend concentration>~® Considerable
works have been reported to investigate the
nature of interaction between the two pairs using
various experimental techniques.

In order to search for the accurate nature of
specific interactions between PS and PVME, we
synthesized a series of copolymers containing sty-
rene as a major component in which another minor
component is styrene- or vinyl naphthalene- deri-
vatives. We have employed the following consider-
ations ; If we get informations from the effect of
the composition or the molecular structure of the
minor component in the copolymers synthesized
on the miscibility of the blends of PVME with
those styrene containing copolymers, the results
may provide definite clues, even though it may be
indirect approach, to interpret the accurate nature
of interactions in the miscible PS/PVME blends.

In this connection, we reported on the misci-
bility of poly(styrene-co-1-vinyl naphthalene) with
PVME in our previous work.” A significant effect
of the composition of styrene in the copolymers on
the interaction with PVME was observed by FTIR
spectroscopic and thermal studies. It appeared that
the addition of 1-vinyl naphthalene decreased the
miscibility of polystyrene with PVME.

For the reason, in this work, we synthesized

Zo| A4Y A45 1990 8Y

poly(styrene-co-a-methyl styrene), poly(styrene-co-
p-methyl styrene), poly(styrene-co-1-vinyl naph-
thalene) and poly(styrene-co-2-vinyl naphthalene)
copolymers. According to the equation-of-state
theory, the miscibility is significantly affected by
molecular weight, molecular weight distribution,
and thermal expansion coefficient, etc. of compo-
nent polymers.? Thus, all-out efforts were made to
synthesize the copolymers of which molecular
weight were not beyond 20,000 by adjusting the
conversions of monomers to polymers below 20%
in order to, avoid any artificial effect of mole-
cular weight and molecular weight distribution.

In this work, we evaluated the interaction para-
meters for polystyrene and/or styrene-containing
copolymers and PVME blends from the measure-
ments of the phase separation temperature (cloud
point). The cloud points were measured by means
of laser scattering. Here were presented prelimi-
nary results of the effect of the components in the
copolymers on the miscibility of the blends of
PVME with polystyrene and styrene containing
copolymers.

EXPERIMENTAL

Styrene(Junsei Chemical), o-methyl styrene(Al-
drich Chemical), p-methyl styrene(Aldrich Chemi-
cal), and 2-vinyl naphthalene(Aldrich Chemical)
were purified by standard procedures. Azobisiso-
butyronitrile(AIBN) (Yakuri Pure Chemical) was
purified by recrystallization from ethanol. Poly(vi-
nyl methyl ether) (PVME) obtained from Scientific
Polymer Products was purified according to the li-
terature* 1-vinyl naphthalene(1VN) monomer was
synthesized by dehydration of 1-naphthyl ethanol
(Aldrich). Details of the synthesis of 1-VN were
described elsewhere.’

Syntheses of Polymers and Copolymers

Polystyrene(PS), poly(e-methyl styrene) (Pa
MeS), poly(p-methyl styrene) (PpMeS), poly(1-
vinyl naphthalene) (P1VN) and poly(2-vinyl naph-
thalene) (P2VN) were prepared in the polymeriza-
tion tubes putting a 3.0~4.5 mol monomer solu-
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tion of toluene with 0.1 wt% AIBN of monomers.
The tubes were sealed after charging with nitro-
gen gas and polymerization was carried out at
60T for 8~18 hrs. Different reaction time was
applied for each polymer so as the molecular
weights and molecular weight distributions of the
polymers obtained were below 20,000 and 2.0,
respectively, by controlling conversions of mono-
mers to polymers below 20% according to their
reactivities.

Poly(styrene-co-a-methyl  styrene) (P(S-co-a
MeS)), poly(styrene-co-p-methyl styrene) (P(S-co-
pMeS)), poly(styrene-co-1-vinyl naphthalene) (P(S-
co-1VN)) and poly(styrene-co-2-vinyl naphthalene)
(P(S-c0-2VN)) were synthesized at the weight ra-
tios(strene/styrene- or vinyl naphthalene- deriva-
tives) ¢ 90/10 and 80/20 in monomer feed ratio by
the same method as that of each homopolymer.
Purification of the polymers was accomplished by
reprecipitation in methanol from their toluene so-
lutions, followed by drying in a vaccum oven until
kept at a constant weight. The characteristics of
the polymers synthesized are given in Table 1.

The composition notations described in Table 1

and in the text are based on monomer feed ratios
in copolymers throughout the article, unless
otherwise noted. For instance, P(S9-co-aMeS1)
denotes that the composition of the copolymer is
90 wt% of styrene and 10 wt% o-methyl styrene
in monomer feed ratio, even though the copoly-
mer contains slightly different comonomer com-
positions.

Procedure

Weighed amounts of two polymers for a mixture
(about 0.3 g total) were casted from 3% (by
weight) tetrahydrofuran(THF) solution according
to their compositions in a blend. The films were
dried slowly in a petri dish at room temperature
and then kept under a vacuum until they reached
constant weight. Each sample film was put into a
glass tube of about 0.5-cm inner diameter. The
tube was attached to a vaccum line and heated to
about 200TC to expel volatile impurities before its
top was sealed off. The sample tube was inserted
in the axial position of a cylindrical aluminium
block, heated with resistance wires wound around
its surface. A principle of operation of the light
scattering apparatus for this work was originally

Table 1. Characteristics of Polymers Used in the Study

wt.% of Styrene Conversion

=l

Sample in Feed in Copolymer(% ) M. /M Source
PS 100 17.2 13,100 17,200 1.31 synthesized*
PVME 0 - 46, 500 99, 000 2.13 Scientific Polym. Prod.
PoMeS 0 15.6 15, 700 19, 700 1.25 synthesized
PpMeS 0 14.8 13, 700 21, 000 1.53 synthesized
P1VN 0 12,9 6,900 17,600 2.55 synthesized?
P2VN 0 15.2 9,100 15,400 1.69 synthesized?
P(59-co-aMeS1) 90 88.0 18.5 12, 500 18, 200 1.46 synthesized
P(S8-co-aMeS2) 80 77.5 17.1 8,600 13,500 1.57 synthesized
P(S9-copMeS1) 90 87.3 16.7 14, 500 19, 700 1.36 synthesized
P(S8-copMeS2) 80 78.5 16.1 11, 350 19, 400 1.71 synthesized
P(S8-co-1VN2) 80 80.5 17.4 11,000 13,600 1.60 synthesized
P(58-co-2VN2) 80 78.2 19.2 11,400 15,500 1.36 synthesized
* analyzed by NMR and/or UV. b GPC.

¢ synthesized by the Radical Polymerization for the work.

d
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synthesized in our previous work.
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designed by Roe and Zin and described elsewhere.?
A low-power 2-mW He-Ne laser was used as the
light source, and a photodiode (EG & G HAV-1000
with a sensitivity of 7X10° v/w at R;=20 MQ for
6328A wavelength) was used as the detector. All
measurements were performed at a 90° scattered
angle.

The temperature was cycled repeatedly from
about 30T below the cloud point to about 30C
above it at a constant heating and cooling rate. The
output from the detector and the monitoring ther-
mocouple was recorded on a two-channel chart
recorder. Fig. 1 shows an example of such records.
The temperature at which the turbidity appeared
on heating was taken as the cloud point. Two me-
thods in the determination of the cloud tempera-
ture are described elsewhere’ We applied the
method to choose the temperature at which the
intensity begins to deviate from the base line
intensity. Since the intensity in the cloudy state
(high turbidity) changed linearly on heating and
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Fig. 1. Example of chart recording obtained in the
cloud point measurement. The mixture containing 50
wt% PS and 50% PVME was cycled between 80° and
200C at a constant heating/cooling rate of 2C/min.
The point(indicated by an arrow) at which the scatter-
ed light intensity on heating increases sharply from
the baseline level is taken as the cloud point.

Ec| A4 445 19904 8€Y

cooling in our systems, extrapolation of nearly
linear portion of the intensity curve in the cloudy
state to the base line was performed and the
intersection was used as the cloud temperature.

All measurements were performed at 2C/min.
Repeatability of the cloud point on successive tem-
perature cycles was fairly good.

RESULTS AND DISCUSSION

Roe suggested that the Flory-Huggins free

energy of mixing, per unit volume of mixture,
9~11

can be written as
A Gy =RTL(/V) ¢, In ¢+
(1/Vy) ¢, In g1+ A ¢y ¢, (1

Where V, and V, are the molar volumes of poly-
mer 1 and 2, respectively and ¢, ¢, are the
volume fractions of the two polymers in the mix-
ture. The last term involving A is considered for-
mally to include all the free energy of mixing that
is not accounted for by the combinatory entropy of
mixing, represented by the first term. The quantity
A thus defined has the dimension of energy per
unit volume and can be called polymer-polymer
interaction energy density. More traditionally, the
Flory-Huggins free energy of mixing is written in
the form

AGWRT=(1/N) [¢; In ¢+
(1/Ny) o, In ¢, 1+% ¢ &y (2)

Where AGy is the free energy of mixing per lat-
tice volume(or per segment), and N; and N, are
the numbers of segments in polymer 1 and 2. If
V.ef is the volume of a lattice(or a segment), 4Gy
is equal to 4Gy /V, is the volume of a lattice(or
a segment), 4 Gy is equal to AGy /V . and it is
seen that

X = AV, /RT (3)

The use of X, as a dimensionless quantity, has
advantages for theoretical development, but A is
the preferred choice for describing experimental
results. There are certain advantages in using eq
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1 based on A rather than the more traditional ex-
pression based on X. (see Ref. 9)

Polystyrene-Poly(vinyl methyl ether)

The observed cloud points of mixtures of PS
with PVME is plotted in Fig. 2. The data were fit-
ted to the binodal curve calculated on the basis of
the Flory-Huggins eq 1, with A regarded as an ad-
justable parameter. To allow for the dependence of
A on temperature and composition, A was repre-
sented by

A=A+ A, 0+ AT (4)

and the best-fitting values of 1, A, and Ap were
determined by means of a nonlinear least-square
algorithm. A single set of parameters represented
by

A = —0.1350+0.019¢ + 0.000423 T (5)

was used to fit cloud-point data set in Fig. 2. In eq
5, A is in calories per centimeter cubed, ¢ is the
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0.0 0.2 0.4 0.6 0.8 1.0

Weight fraction of poly(vinyl methyl ether)
Fig. 2. Cloud points of mixtures containing poly(vinyl
methyl ether) and one of the polystyrene(circles), PGS
9-co-aMeS1) (triangles), and P(S8-co-aMeS2) (squa-
res). The sample notations are same as in the text.
The curves represent the least-squares fit.
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volume fraction of poly (vinyl methyl ether)
(PVME), and T is in Kelvin. The solid curves
shown in the figure are the binodals calculated by
means of eqs 1 and 4 by the same procedures. To
analyze the data in terms of eq 1, the composition
of the mixture was converted from weight fraction
to volume fraction by use of the following values

of specific volume. For polystyrene (above Tg)w

0, =0.9217 + (5412 X 10™) t +(1.687 X 107) * (6)
for poly(vinyl methyl ether)
v, =0910+(7.23X 10°) t (N

where t is in degree Celsius.

The LCST behavior of PS/PVME blends is well
known due to specific interaction forces, even
though the miscibility of the two polymer pairs
was affected by several factors including solvent,
temperature, molecular weight, and concentration.
3~6 The specific interactions between polystyrene
and PVME, giving rise their miscibility, was repor-
ted to reside on the phenyl group of the styrene
monomer and COCH; of PVME, but the nature of
this interaction should be revealed in more detail
and accuracy.

Poly(styrene-co-a-methyl styrene)-PVME

Fig. 2 also shows the cloud points of the mix-
tures of polv(styrene-co-a-methyl styrene) and
PVME of two compositions of 90% and 80% sty-
rene (P(S9-co-aMeS1) and P(S8-co-aMeS2), res-
pectively) and PVME. The solid curves drawn
there were calculated by use of the values of A
represented by

A=-—0.063010.023 ¢ +0.00025 T (8)
(for P(S9-co-a MeS1))
and
A=—0.1260 +0.0448 ¢ +0.000418 T (9)

(for P(S8-co-a MeS2))

where ¢ is the volume fraction of PVME. In this
case, there is a clear indication of the effect of the
addition of @-methyl styrene on the miscibility of
PS/PVME blends. The copolymers are evidently

Polymer(Korea) Vol. 14, No. 4, August 1990
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less compatible with PVME, and the cloud points
of mixtures containing copolymer are shifted
downward by 10~20C for P(S9-co-aMeS1)/
PVME mixtures and by more than 30C for P
(58-co-aMeS2)/PVME mixtures. It clearly shows
that the mixtures become less miscible as the
composition of e-methyl styrene in the copoly-
mer increases. In Table 2, the A values are
those evaluated by means of eqs 58 and 9 for
¢=05 and at 150C. The temperature 150C
was chosen because comparison was made at the
temperature in which most of our cloud point
data lied. The result could present semiquantita-
tive tool to estimate the interaction energy for
polymer pairs interacting with nonpolar forces,
but its applicability to polymer pairs interacting
with other types of forces as well, such as polar
or hydrogen bonding forces, remains to be
studied. To calculate A values, the composition
of the mixture was converted from weight to
volume fraction by use of the following values
of specific volume for poly(e-methyl styrene)
(above Tg)14

v, = 0.87+(5.08X 10") t (10

where t is in degree Celsius. For copolymers, the
general additivity rule was adapted to calculate the
specific volume from that of each component.

Poly(styrene-co-p-methyl styrene)-PVYME

The observed cloud points of mixtures of PVME
with either p(S9-co-pMeS1) or p(S8-co-pMeS2) are
plotted in Fig. 3. The binodal curves calculated
with the use of egs 11 and 12 are drawn in Fig.
3 to show the degree of fit. For p(S9-co-pMeS1),

A=-0.1823+0.0350 ¢ + 0.000507 T (1)

Table 2. Comparison of Observed Values of A at

150C®
Polymer Pairs Values
PS-PVME 0.0536
P(S9-co-aMeS1)-PVME 0.0543
P(S8-co-aMeS2)-PVME 0.0732

 in cal/cm®
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Fig. 3. Cloud points of mixtures containing PVME
and one of P(S9-co-pMeS1) (diamonds) and P(S8-co-
pMeS2) (crosses). The curves represent the least-
squares fit.

for p(S8-co-pMeS2),
A=—0.06317+0.0231 ¢ + 0.000253 T (12)

It should be mentioned in this case, however, that

there are some ambiguity to use the values of the
constants A, A, and A; giving the best fit to

experimentally determined cloud points since
the specific volume data of p-methyl styrene was
assumed to be equal to that of a-methyl styrene,
which can induce an artificial error in calculation.
Thus, the values were compared only in the
means of qualitative differences. It is also shown
in Fig. 3 that the copolymer with 10% of p-
methyl styrene composition is more compatible
with PVME than with 20% of p-methyl styrene
composition.

Fig. 4 shows the cloud points of P(59-co-aMeS1)
/PVME mixtures and of P(59-co-pMeS1)/PVME
mixtures. The solid curves were explained pre-
viously. It is interesting to note that the copolymer
of a-methyl styrene with styrene shows better
miscibility with PVME than that of p-methyl sty-
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rene with styrene. It may be assumed that these
results are mainly due to the difference in steric
hindrance of the component in the copolymer,
even though more precise interpretation should be
required to draw a conclusion.

poly(e-methyl styrene)-PVME

Fig. 5 shows that the cloud points of the mixture
of poly (@-methyl styrene) and PVME. The cloud
points of the mixture of polystyrene and PVYME
are also shown in the same figure for comparison.
A single set of parameters represented by

A=-0.070+0.0340 ¢ + 0.00025 T (13)

was used to fit sets of cloud-point in the figure for
PaMeS/PVME mixtures. It can be shown that the
cloud points of mixtures containing PaMeS are
shifted downward by more than 40C compared to
those containing PS.

Poly(styrene-co-1-vinyl naphthalene) or Poly

(styrene-co-2-vinyl naphthalene)-PVME

In our previous work, we reported that the

460
450 + 1
440+t 1
:Q +
< 430t -
S |
o
& 40t 1
2 ] ]
410+ .
400 .
390 .

0.0 0.2 0.4 0.6 08 1.0
Weight fraction of poly(vinyl methyi ether)

Fig. 4. Cloud points of mixtures containing PVME
and one of P(59-co-aMeS1) (triangles) and P(S9-co-
pMeS1) (diamonds). The curves represent the least-
squares fit.
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immiscibility window becomes broader with in-
creasing composition of 1VN in the copolymers.” In
this work, we did not obtain the cloud points over
the entire composition range of PVME for the
mixtures of 1IVN or 2VN with PVME. Table 3
clearly shows that the cloud points of a-methyl
styrene and p-methyl styrene copolymer with
styrene are higher than those of 1VN or 2VN
with PVME at 50% compositions of PVME. This
must be due to the stronger effect of steric hin-
drance of naphthyl group rather than @ or p-

460

450

T

440

430+

a0}

Temperature(°K)

4101

400+

390 - -
0.0 0.2 0.4 0.6 0.8 1.0

Weight fraction of poly(vinyl methyl ether)

1

Fig. 5. Cloud points of mixtures containg PVME and
one of polystyrene (circles) and poly(a-methyl sty-
rene) (circles with points). The curves represent the
least-squares fit.

Table 3. Cloud Points at the 50% of PYME Compo-
sition

Polymer Pairs Cloud Points(C)

PS-PVME 163.5
P(S8-co-aMeS2)-PVME 138.5
P(S8-co-pMeS2)-PVME 122.5
P(S8-co-1VYN2)-PVME 53.5
P(58-c0-2VN2)-PVME 45.0

Polymer(Korea) Vol. 14, No. 4, August 1990
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methyl substituted phenyl group.

Comparison with the Equation-of-State Theory
In recent years a number or workers have con-
tributed to the refinement of the theories of poly-
mer liquids and mixtures over the original Flory-
Huggins treatment.’®~1% All these theories recog-
nize the importance of the equation-of-state contri-
bution to the free energy of mixing or the effect
on mixing arising from the difference in the free
volumes of the pure components. Roe and Zin
used the results of these theories, especially the
one due to Flory and his co-works,'®7 to analyze
the value of the polymer-polymer interaction para-
meter obtained in their work and proposed the

following equation(14)°

(14)

where Z,, is interpreted as a free energy density
rather than an energy density and a parameter de-
noting the change in the energy density on mixing.
Z,, includes the term in effect correcting for the
deficiency of the Flory-Huggins expression for the
combinatorial entropy mixing and varies with vo-
lume fraction of the component to some extent.
The characteristic pressure p* has the dimension
of energy density(e.g, cal/cm®) and is evaluated for
a given polymer liquid by means of the universal
functions defined in terms of the reduced variable
p=p/p*. The same universal functions can
also be used to describe mixtures. T;, T, and T

are the reduced variables of 1 component, 2-com-
ponent and mixture, respectively, according to the
principle of corresponding states, v is also reduced
volume of mixture and can be evaluated from the
knowledge of its thermal expansion coefficient a
by means of the relation

13— 1=aT/3(1+ oT) (15)

In eq 14, the first term represents the change
in the energy density due to the foreign segment
contact and the second term arises from the
change in free volume on mixing.

In order to be able to compare eq 14 with our

Zz|0 A14A A43E 19903 8¢

experimental values of A, we used the values of
the characteristic parameters for the two compo-
nent polymers concerned according to literatures.
The parameters for polystyrene, at 150, evalua-
ted by Flory and co-workers? are T*=8299 °K.
#=12105cm® p*=114 cal/cm®(extrapolated from
lower temperatures), and a=5.81X10* deg!. For
PVME and poly(a-methyl styrene), 7 and T* can
be evaluated using eq 15. For copolymers, the
additivity rule was adapted to obtain the values.
Taking the values a=5.08%X10"* deg! for poly
(o-methyl styrene) and @=7.23X10"* deg! for
PVME, we obtain for 150C T*=9023.3 °K, 7=
2.1876 cm® for poly(o-methyl styrene) and T*=
7320 °K, #=12503cm® for PVME. Evaluation
of p* requires knowledge of either the isothermal
compressibility or the thermal pressure coefficient,
but neither of which is available for PVME and
poly(emethyl styrene). For the purpose of the
present discussion, however, not much error is in-
troduced by taking the approximation p} =p4 =p*

The relative magnitudes of the two terms on the
right of eq 14 can now be estimated. Table 4 shows
the characteristic parameters for the mixture at
150C and ¢,=0.50. It appears that the second
term of eq 14 occupy a fairly large fraction of the
observed A value. The effect of the free volume
change on mixing becomes more significant as the
composition of a-methyl styrene increases in the

Table 4. Characteristic Parameter Values Obtained
from the Equation-of-State Theory?

Calculated®
Polymer v * g:izi dOf Observed®
. 5 ;
Pairs (cm®) (°K) Term of A Value
Eql4
PS-PVME 1.2318 7810 0.1625 0.0536
P(59-co-
aMeS1)-PYME 1,2306 7846 0, 1848 0.0543
P(S8-co- 1.2295 7882  0.2084  0.0732

aMeS2)-PVME
 values are obtained at 150C and ¢ =0.5 of PVME,

b

units are in cal/cm?®,
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copolymer. The importance of the free volume dis-
parity has been stressed in the polymer pairs
exhibiting a LCST behavior,>® even though Robard
and Patterson! pointed out that the occurence of
a LCST behavior probably arises more because of
weakening of the specific interaction at higher
temperature and less from an increased contribu-
tion of the free volume disparity.

In summary, it can be concluded that the misci-
bility of polystyrene and styrene containing copoly-
mers with PVME is in the order of polystyrene
>poly(styrene-co-a-methyl styrene)>poly(styrene-
co-p-methyl styrene)>poly(styrene-co-1-vinyl
naphthalene)> poly(stylene-co-2-vinyl  naphthalene).
This trend may be in part due to steric hindrance
difference of styrene- or vinyl naphthalene- deriva-
tives in the copolymer which induce larger free
volume change on mixing. It should be noted,
however, that a very important question remains
unanswered : Is the result attributed solely to the
steric hindrance difference of comonomers in the
copolymers ? It may be assumed that another dif-
ferent type of inductive interactions exist due to
the presence of substituent groups in styrene- or
vinyl naphthalene- derivatives beside a certain
interaction between PS and PVME. The inductive
interactions may include dipole-dipole interaction
and dispersion forces from several chemical
groups in copolymers and these interactions may
vary with the composition of copolymers and with
the concentration of the blends. Further works are
undertaking and will be reported elsewhere to re-
veal the nature of plausible inductive interactions
using spectroscopic techniques.

In our previous publication on the study of
misciblity of poly(styrene-co-1-vinyl naphthalene)/
PVME blends, we suggested that a threshold
energy exists to induce molecular interaction be-
tween the naphthyl ring of 1VN and the COCH,
of PVME and to result in the miscible blends,
regardless of the copolymer composition as well as
the blend concentration. Furtheér discussion rela-
ting to this kind of molecular level of interaction
between the components should be made for the
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other styrene containing copolymers/PVME mix-
tures studied in this work.

Furthermore, it should be pointed out that un-
less the molecular weight distribution is fairly
narrow, the x or A values obtained could entail an
appreciable error and the error is reported to be
more likely to affect the concentration or tempera-
ture dependence of the interaction parameter.?!
Since the molecular weight distributions of the sa-
mples used in this study ranged from 1.3 to 2.0,
the effect of molecular weight distribution should
not be neglected.

Acknowledgement : This work has been sup-
ported by the Korea Science and Engineering
Foundation. The authors wish to thank Mr. Dong-
I1 Kang for his help in synthesizing and charac-
terizing some of the samples used in this work.

REFERENCES

1. A. Robard and D. Patterson, Macromolecules, 10,
1021 (1977).

2. D. Patterson and A. Robard, Macromolecules, 11,
690 (1978).

3. M. Bank, ]. Leffingwell, and C. Thies, Macromole-
cules, 4, 43 (1971).

4. R. G. Gelles and C. W. Frank, Macromolecules, 15,
741 (1982).

5. T. Nishi and T. K. Kwei, Polymer, 16, 285 (1975).

6. J. L. Halary, et al. Polymer, 25, 956 (1975).

7. D. P. Kang, C. S. Ha and W. J. Cho, J. Polym. Sct.,
Polym. Chem. Ed., 27, 1401(1989).

8. L. P. McMaster, Macromolecules, 5, 6, 762 (1987).

9. R. J. Roe and W. C. Zin, Macromolecules, 13, 1221
(1980). : see also W. C. Zin, M. S. Thesis, Univ.
Cinn. (1980).

10. J. L. Lin, and R. ]. Roe, Macromolecules, 20, 2168
(1987).

11. D. Rigby, J. L. Lin,and R. ]J. Roe, Macromolecules,
18, 2269 (1985).

12. F. J. Lu, E. Beneditt, and S. L. Hsu, Macromolecu-
les, 16, 1525 (1983).

13. E. I. DanaGarcia, J. Polym. Sci. Polym. Phys. Ed.,

Polymer(Korea) Vol. 14. No. 4, August 1990



Blends of PVME with Styrene Containing Polymers

22, 107 (1984).
14. J. M. G. Cowie and P. M. Toporowski, /. Macromol.
Sci. -phys., B3, 81 (1969).
15. D. Patterson, Macromolecules, 2, 672 (1969).
16. P. J. Flory, J. Am. Chem. Soc., 87, 1833 (1965).
17. P. J. Flory, Discuss. Faraday Soc, 49, 7 (1970).
18. 1. C. Sanchez and R. H. Lacombe, /. Phys. Chem.,

Za(of A4 A435 1990 8¢

80, 2352 (1976).

19. R. H. Lacombe and L. C. Sanchez, /. Phys. Chem.,
80, 2568 (1976).

20. H. Hocker, G. J. Blake, and P. J. Flory, Trans.
Faraday Soc, 67, 2251 (1971).

21. R. J. Roe, J. Polym. Sci, Polym. Phys. Ed., 23, 917
(1985).

331



