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ABSTRACT A model of copolymer blends based on the PrigogineFlory-Patterson equation of state theory 
is presented to understand quantitatively the effect of comonomer on the LCST behavior of copolymer 
blends. According to Patterson's treatment, the free volume effect was introduced to the Flory-Huggins 
interaction parameter xm of copolymer blends. The model explains that the intramolecular interaction 
within copolymers contributes not only to the interactional term but also to the free volume term. Unlike 
its contribution to the interactional term, the repulsion is not always favorable to the free volume term which 
depends on the difference in the characteristic temperatures between blend components. Since the 
characteristic parameters P and P of the copolymers are a function of those of the copolymer components, 
the difference depends on the magnitudes of the characteristic parameters of selected comonomer as compared 
with those of base polymer. The applicability of the proposed model was examined for poly(viny1 methyl 
ether) (PVME)/styrene copolymer blends. The calculated variation of x- with the copolymer composition 
at a given temperature was in agreement with the variation of the LCST with the copolymer composition 
and the type of comonomer. 

Introduction 

In recent years considerable attention has been paid to 
studies of the phase behavior of copolymer blends since 
a copolymer often controls the miscibility of the blends. 
Two bascially different approaches for enhancing misci- 
bility of polymer pairs have been developed. First, 
miscibility can be achieved by incorporating specifically 
interacting species into the component polymers.' Second 
blends of random copolymers are miscible for a certain 
range of copolymer composition although there are no 
specific interactions between the monomeric units of 
copolymer blends. For example, styrene-acrylonitrile 
copolymers (SAN) are miscible with poly(methy1 meth- 
acrylate) (PMMA)? poly(viny1 chloride) (PVC)? and poly- 
(e-caprolactone) (PCL)dover a certain range of acrylonitrile 
(AN) contents, but neither polystyrene (PS) nor polya- 
cyrlonitrile (PAN) is miscible with PMMA, PVC, or PCL. 
This phenomenon is well interpreted by a binary- 
interaction based on Flory-Huggins lattice 
theory. According to the model, miscibility of random 
copolymers with a homopolymer or copolymer is due to 
a repulsion between segments comprising the copolymers. 
In a mean-field approach, the net interaction parameter 
Xblend can be simply expressed in terms of segmental 
interaction parameters and copolymer composition in 
volume fraction. For high molecular weight polymers, it 
is usually assumed that phase separation occurs when Xblend 
> 0 at  a given temperature. 

A binary interaction model has been successfully applied 
to account for the effect of comonomers incorporated into 
one or both components of a miscible blend.lF'6 In many 
cases, the comonomers have caused a significant change 
in phase behavior of the miscible polymer blend. Espe- 
cially, the temperature a t  which the blends phase separate 
on heating, i.e., the lower critical solution temperature 
(LCST), changes dramatically with comonomer content 
and type of comonomer.S-15 In accord with these exper- 
imental results, a binary-interaction model predicts that 
an increase in the strength of the net interaction by a 
repulsion within copolymers leads to a higher tempera- 
ture for phase separation. However, it has not been 
possible to obtain a quantitative prediction of experimental 
r e s ~ l t s . ' ~ J ~  

One of the reasons for this may be due to the fact that 
the interaction parameters include effects other than 
purely enthalpy. In the original Flory-Huggins theory, 
there is no entropic contribution to the x parameter. 
However, an extra contribution is required to account for 
the phenomena that have been observed for polymer 
solutions and/or polymer blends: composition-depend- 
ent x parameter, LCST, volume change on mixing, etc. 
Modern thermodynamic theories introduce the equation 
of state (EOS) contribution into x.17-20 This effect is due 
to a mismatch of the thermal expansivities of the com- 
ponenta. We believe that a binary-interaction model 
should be extended by introducing the free volume or EOS 
effecta to understand quantitatively the LCST behavior 
of copolymer blends. 

Interesting efforts for applying an EOS theory to 
copolymer blend have been made: The formulations by 
Ka"er21 and Panayiotou22 have appeared in the liter- 
ature. The proposed models could be used for predicting 
the phase separation phenomena in random copolymer 
blends, at least in qualitative terms. Although one can 
see the global effect of free volume on the phase behavior 
of copolymer blends, their approaches do not give a 
systematic understanding of the effect of comonomer on 
the free volume term. 

Recently, Wendland et aLZ3 reported that the phase 
separation temperature of poly(viny1 methyl ether) 
(PVME)/P(styrene-co-maleic anhydride) (P(St-co-MA)) 
blends drops dramatically with increasing maleic anhy- 
ride (MA) content in the copolymer. Considering the 
strong repulsion between the styrene (St) and MA units, 
the phase behavior of this copolymer blend system may 
not be explained only by the concept of intramolecular 
repulsion. As shown in their experimental evidence that 
the difference between the thermal expansion coefficients 
of PVME and the copolymer becomes larger because the 
thermal expansion coefficient of the copolymer decreases 
with an increase in MA content, the EOS properties of 
component polymers may give an important contribution 
to the phase behavior of copolymer blends. Since the phase 
separation temperature of polymer mixtures has been 
viewed as a balance between an unfavorable free volume 
term and a favorable interactional term, the approach to 
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understand quantitatively the effect of comonomer on the 
free volume term as well as on the interactional term may 
offer more quantitative guidance on how to select comono- 
mers for controlling the phase separation temperature. 

The purpose of the present paper is to introduce the 
free volume term to the x parameter, retaining the 
framework of a binary-interaction model for miscibility 
criterion: The pair is miscible at a given temperature 
provided x is less than a critical value Xerit or zero in the 
limit of high molecular weights. In this work, we will apply 
the Prigogine-Flory-Patterson EOS theory to copolymer 
blends and show that the intramolecular repulsion con- 
tributes to the free volume term as well as to the 
interactional term. Although Patterson’s version of the 
PrigogineFlory EOS theory seems to be oversimplified, 
this theory provides a convenient and readily acceptable 
insight into the two factors controlling the phase behavior 
of polymer blends. The results from the new model is 
compared with experimental data of PVMEIstyrenic 
copolymer blends, for which variations of LCST with the 
type of comonomer and copolymer composition are well 
reported. 

Theoretical Background 
a. Flory’s EOS Theory. Flory’s equation of state for 

chain molecules can be expressed in a reduced form as 

P; Y 1 f 3  1 
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P. *v. * 

A 

T = n - z  
where ; = v/v* is the reduced s ecific volume, P = P I P  

absolute temperature. The quantities with asterisks reflect 
the molecular characteristics of the chain mo!ecule. At 
atmospheric pressure, eq 1 reduces to eq 2. All d3 values 

is the reduced pressure, and 8 = T I P  is the reduced 

are found between the extremes of 1 and 4/3 due to the 
limit of the thermal expansion of chain molecules. If an 
additional interaction parameter, which arises from the 
difference in interaction energy between like and unlike 
segment pairs, is introduced, Flory’s EOS is extended to 
liquid mixtures. 
b. Patterson’s Approach for  Phase Separation 

Behavior. Patterson24 derived a general relation from 
the Prigogine’s corresponding state theory for the XAB 
parameter, normalized to a reference molecule 

uA xAB ‘p,A72 
XAB = - j @  [,I + (3) 

where UA is the molar configuration energy of reference 
molecule (component A) and C p ~  is the configurational 
heat capacity. In the first term, XAB is a measure of the 
intermolecular interaction between the component mol- 
ecules. The second term of eq 3 reflects the difference in 
free volume between the components through the pa- 
rameter T: 

(4) 
It  is helpful to note that 7 depends on the ratio of the 
characteristic temperature T* of each component, which 
is closely related to the thermal expansion coefficient of 
the component. In using a van der Waals model, UA an-d 
CPh can be expressed in terms of the reduced volume V A  
of the reference molecule 

7 = 1 - T A * / T B *  

‘ A  ‘ A  -u, = - 
VA 

(5 )  

where VA* is the characteristic volume of molecule A. By 
use of eqs 5 and 6, xm is expressed as 

where CA satisfies the relation CA = PA*VA*/RTA* and 
reflects the flexibility of molecule A. Since the reduced 
volume is related with the reduced temperature by the 
equation of state, eq 7 is a function of temperature. The 
first term on the right of eq 7 is the interactional 
contribution, and the second is the free volume contri- 
bution. As the temperature (or the reduced volume) 
increases, the interactional term decreases and the free 
volume term increases in an appropriate manner. There- 
fore, the free volume term always tends to destabilize the 
mixtures at high temperature. The critical value of XAB 
is given by 

Pattersonz5 describes the essential features of phase 
separation behavior as follows: The temperature a t  which 
xu(T) = Xm,cri t  is the phase separation temperature. The 
system is miscible for temperatures at which XAB(T) < 
X m , c r i t  and immiscible otherwise. 

c. Formulations of X u  for Copolymer Blends and 
Characteristic Parameters of Copolymer. Consider a 
mixture of polymer A and copolymer B. Copolymer B is 
a random copolymer of monomers 2 and 3, and polymer 
A is composed entirely of a different monomer 1. Let Ni 
be the number of monomer i in the mixture. ri is the 
number of segments per monomeric unit of component i. 
si is the number of contact sites per segment, and Ci is the 
number of external degrees of freedom per segment. The 
segment fraction cj.~i and site fraction Oi for component i 
with i = 1-3 in the mixture are given respectively by 

riNi riNi 
(9a) ‘i e rlNl + r$, + r3N3 =- rN 

riNisi 
rNS (9b) riNisi - -- 

ei = rlNlsl + r$2s2 + r3N3s3 

The segment fraction @A and site fraction e A  of polymer 
A in the mixture are defined respectively as 

Similarly, the segment fraction @B and site fraction e B  of 
copolymer B in the mixture are defined, respectively, as 
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siAqij/2~*~. Equation 17 can be reduced as follows: 

--- Eo v* (2)p2* + 4 B ( 3 ) p  * - rN - “[@APl* v + @B[#B 3 

4B(2)e B ( 3 ) ~  231 - @A8B[8B‘2’x12 + dB(3)x13 - 
(sA/sB)~B (2)e B ( 3 ) ~  2311 (18) 

Since the energy for a binary mixture of two components 
A and B defined as 

The mean numbers of contact sites s per segment and of 
external degrees of freedom c per segment in the mixture 
are given by 

Similarly, the segment fraction and site fraction for 
component i with i = 2 or 3 in the copolymer B are given 
by 

Simple additivity of SB and CB is assumed for pure 
copolymer. Thus, the average quantities per segment for 
copolymer B are defined as 

Parameters with subscript 1 are the same as those with 
subscript A. 

To obtain expressions for XAB of copolymer blends and 
characteristic parameters of copolymers, appropriate 
mixing rules analogous to those of ref 26 are required. 
With the above definitions and appropriate mixing rules, 
the mean potential energy of the mixture can be written 
in the following form 

- Niiqii+Nzzt22+N33q33+Ni2qi2+Ni3q13+N23q23 -Eo - 
(15) 

where N i j  is the number of i-j pair interactions, each being 
characterized by the interaction energy qij/v. If random 
mixing is assumed, then 

Y 

r1N1s1r3N3s3 rfl#2r3N3s3 
N13 = rNs N23 = rNs 

The mean potential energy may then be written as 

eq 18 leads to a definition of PB* for copolymer B of the 
form 

P B *  = 4B(2)P2*  + 4B(3)P3* - $B(2)eB(3)x23 (20) 
and the effective contact energy parameter XAB for the 
mixture 

x, = eB‘2’x12 + e k 3 ’ X 1 3  - (SA/SB)4B (2’6 B 1 3 ) ~  23 (21) 

In this case, X i j  # X j i  (=~jAqij /2~*~) due to si # ~ j .  If it 
assumed that the number of contact sites per segment is 
the same for all segments, eq 21 can be reduced to the 
form identical with a binary interaction model for ho- 
mopolymer/copolymer blend: 

X A B  = 4 B ‘ 2 ’ x 1 2  + $ ~ ‘ ~ ’ X 1 3  - 4 B ( 2 ) 4 B ( 3 ) x 2 3  (22) 
In this case, X i j  = X j i .  From a relation between the char- 
acterstic parameters Pv* = c k P  and eq 14b, the 
characteristic temperature TB* for copolymer B is given 
by 

It is noteworthy that eqs 20 and 23 for copolymers are 
identical with eqations for binary mixtures. The effective 
contact energy parameter for mixing a copolymer A of 
monomers 1 and 2 with a copolymer B of 3 and 4 can be 
written as eq 24. 

Analysis of Results 
The characteristic parameters for pure componenta 

should be predetermined for analysis of thermodynamic 
properties of polymer mixtures. Temperature-indepen- 
dent parameters can be obtained from fitting P-V-T data 
directly to an equation of state over a wide range of 
pressures and temperatures. In this work, P and v* are 
determined by fitting the experimental zero-pressure V- 
T data in eq 2. PC is determined from the experimental 
zero-pressure isothermal compressibility /3(T) according 
to Zoller’s pr~cedure.~’ The characteristic parameters of 
the polymers, except for PAN, are evaluated from the P- 
V-T data taken from the literature. Since no overall P- 
V-T data are available for PAN, the characteristic 
parameters are obtained from the thermal expansion 
coefficient a, specific volume, and solubility paramter d 
instead of thermal pressure coefficient y. In the case of 
polymers, ys can be estimated from solubility parameters: 
3l  y = md2/T, where m assumes a value close to 1 for 
polymers. 
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Volume Fraction of Comonomer 
Figure 1. Variations of the LCST with the copolymer compo- 
sition for PVME/styrenic copolymer blends. The LCST of 
PVME/PS is chosen as a reference. The symbols are the 
experimental points taken from ref 12 and 13: solid line, PVME/ 
SMMA blends; broken line, PVME/SAN blends. 

Figure 1 shows how the LCSTs of PVME/styrenic 
copolymer blends vary with the copolymer composition. 
The copolymer composition is expressed in volume frac- 
tions. The data points are taken from the experimental 
work of Chien et al.12 for PVME/styrene-methyl meth- 
acrylate copolymer (SMMA) blends and from the work of 
Min and Paul13 for PVME/SAN blends. SAN copolymers 
have a more limited range of miscibility with PVME than 
SMMA copolymers: The limit of the miscibility window 
lies between 36 and 40 vol % MMA for SMMA copolymers 
and between 10 and 11 vol % AN for SAN copolymers. 
However, the maximum rise in the LCSTs for SMMA 
copolymers is much less than for SAN copolymers. If we 
assume that the LCST reflects the interaction between 
blend components, the existence of a maximum in the 
LCSTs requiresa minimum in the interaction parameters. 
The observations clearly suggest that the absolute value 
of the intramolecular repulsion is much larger than those 
of the two remaining segmental interactions and that the 
repulsion between the St-AN pair is much stronger than 
that between the St-MMA pair. Although the shape of 
the net interaction parameter is determined by the 
difference in interactional strength between interacting 
segments, the main factor for controlling the curvature is 
the intramolecular interaction, namely the repulsion within 
copolymers. It seems that there is a mismatch between 
the shape of LCSTs for PVME/SMMA blends and the 
segmental interaction parameter from the binary inter- 
action model for the St-MMA pair:16 The value of the 
repulsive interaction parameter of the St-MMA pair is 
not so large as to cause a considerable raise of LCST, Le., 
to make the net interaction parameter more negative and 
show a minimum. 

The problem now is to find the segmental contact energy 
parameters XijS from the copolymer composition-LCST 
data for PVME/styrenic copolymer blends. The calcu- 
lations are iterative because Xijs can only be calculated 
after XABS at  the given copolymer compositions have been 
determined: The method of successive approximations 
must be used. In the first approximations, x23 is set equal 
to zero in eq 23. Then, XABS are found from the LCST 
data with the copolymer composition, and thereafter three 

- 2  t 
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Volume Fraction of Comonomer 
Figure 2. Dependence of the effective contact energy parameter 
Xm on the copolymer composition: solid line, PVME/SMMA 
blends; broken line, PVME/SAN blends. The solid and broken 
lines are least-squares fits to the data points according to eq 21. 

Table I 
Characteristic Parameters of Pure Polymers 

polymer Y* ,  cm3/g P, J/cm3 P, K silspsd 

PS" 0.8466 453 8982 1.00 
PMMAa 0.7643 562 8474 1.20 
PVMEb 0.8051 524 6598 1.17 
PANC 0.7798 810 11680 1.12 

Reference 28. * Reference 29. Reference 30. Calculated from 
Bondi's table.32 

Table I1 
Segmental Contact Energy Parameters 

Xi;, J/cm3 
from eq 22 segmental pair from eq 21 

VMEISt -5.7 -5.8 
VMEIMMA 16.9 22.6 
VMEIAN 610.0 693.0 
SUMMA 25.1 34.5 
St/AN 574.0 745.0 

Xijs are computed from the regression using eq 22. The 
entire calculation is then repeated except that the new 
value of x23 is now used in eq 23. One proceeds in this 
way until the calculated values of XijS are converged to 
exact values. The iteration results are shown in Figure 2 
and Table 11. The Xijs evaluated from the assumption of 
equal contact site, i.e., eq 22, are also listed in Table 11. 
Note that PVME homopolymer is chosen as a reference 
polymer. The value of X12 was estimated to be -5.7 J /  
cm3, and this value is comparable with the values (-1.76, 
-9.0 J/cm3) reported by other  worker^.^^^^^ As shown in 
Table 11, the repulsion for the St-AN pair is muchstronger 
than that for the ST-MMA pair. 

Here, we should point out assumptions for simplifying 
the calculation. First, it is well-known that phase sepa- 
ration temperatures of PVME/PS blends are sensitive to 
the molecular weight and molecular weight distribution 
of each p ~ l y m e r . ~ ~ ~ ~ ~  In reality, the two papers,12J3 which 
are used as the references for the experimental data in 
Figure 1, show a difference of about 10 "C in the LCST 
of PVME/PS: The LCST of PVME/PS in the PVME/ 
SAN series is about 110 "C whereas the LCST of PVME/ 
PS in the PVME/SMMA series is about 120 OC. This is 
no doubt the remlt of a difference in molecular weight of 
components, more specifically the molecular weight of 
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Figure 3. Theoretically calculated characteristic pressures of 
the copolymers as a function of copolymer composition: curve 
A, SMMA copolymers; curve B, SAN copolymers. 
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Figure 4. Theoretically calculated characteristic temperatures 
of the copolymers as a function of copolymer composition: curve 
A, SMMA copolymers; curve B, SAN copolymers; dotted line, 
characteristic temperature of PVME. 
PVME used in each study. It is desirable to exclude ita 
contribution to the LCST for the proper comparison of 
LCSTs of two series. Thus, the LCSTs for PVME/SAN 
series were corrected by an adding factor, 10 "C, corre- 
sponding to the effect of molecular weight on the LCST. 
Second, it should be noted that there is a difference, though 
small, between the segment fraction and volume fraction 
of comonomer in the copolymer. In this work we used 
volume fractions to characterize the copolymer compo- 
sition. 

Figures 3 and 4 demonstrate that the predicted values 
for the characteristic parameters P' and P of the two 
copolymers SMMA and SAN exhibit nonadditive varia- 
tions with the copolymer composition. The negative 
deviation from additivity in P' and P is the result of the 
repulsion within copolymers. Since the free volume term 
is proportional to T ~ ,  it is noticeable that the larger the 
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Temperature, "C 
Figure 5. Variation of the interactional (A) and free volume (B) 
contributions to the x- parameter (C) as a function of temper- 
ature for PVME/SMMA (86.5 vol % St). The horizontal line 
corresponds to the critical value of XABICA, assuming that the 
Characteristic volume of the copolymer is simple additive to those 
of components. 
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Figure 6. Variation of the interaction (m) and free volume (0) 
contributions to the xm parameter (v) as a function of copolymer 
composition at the LCST of PVMEJPS. The solid lines are 
calculated ones for the SMMA series and the broken lines for the 
SAN series. 

difference in the characteristic temperature of each 
component, the more positive is the free volume term, i.e., 
more unfavorable for mixing. Recalling P of 6598 K for 
PVME, we know that the difference rather decreases with 
increasing comonomer content to some extent. 

In Figure 5, XAB/CA for PVME/SMMA (86.5 vol ?6 St) 
is plotted against temperature. The interactional and free 
volume term are also shown in this figure. As the tem- 
perature increases, the magnitude of the favorable inter- 
actional term with XAB = -6.1 J/cm3 decreases while that 
of the unfavorable free volume term increases. At the 
temperature of about 150 "C, where the free volume term 
cancels the interactional contribution, an LCST occurs. 

In Figure 6, X A ~ C A ,  calculated at  394 K (the LCST of 
PVME/PS), is plotted against the copolymer composition. 
The calculated value for PVME/PS is nearly zero since 
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the combinatorial term is negligibly small. The free volume 
terms are always positive as expected, but decrease with 
the copolymer composition. These effects make xm more 
negative and consequently LCST higher. SAN copolymers 
are more effective in reducing the unfavorable free volume 
term than SMMA copolymers. The interactional term, 
the counterpart of the free volume term for miscibility, is 
proportional to the effective contact energy parameter 
XAB at a given temperature (compare with Figure 2). The 
minimum values in the plot of the interactional term versus 
copolymer composition are attributable to the strong 
repulsion between St and comonomer. The curvature for 
SMMA series is less than that for SAN series, which means 
that the repulsion between St and MMA is weaker than 
that between St and AN. The XAB parameters for two- 
blend series are given by the sum of the interactional and 
free volume term of each series. The interactional term 
seems to be the controlling factor for xm because this 
term is a quadratic function of the composition; however, 
the free volume term is also important to make XAB more 
negative. 

Discussion 

We may examine the relative ability of the proposed 
model to describe specific systems by comparing the 
theoretically predicted values with the characteristic 
parameters PC and T* of copolymers experimentally 
determined by the direct P-V-T measurement. However, 
it is not easy to obtain the parameters within meaningful 
error limits due to lack of accuracy of experimental data. 
In fact, experimental data are rare for the composition- 
dependent characteristic parameters of blends. Moreover, 
there are problems for the treatment of the copolymer as 
a blend, especially for the interpretation of the charac- 
teristic parameters. Zoller et al.36 has discussed the 
difference between the experimental data and theoretical 
prediction in terms of the segment sequential distribution 
in the copolymer chain and the nonadditivity of the 
external degree of freedom for copolymer. 

Although the contact energy parameter Xij is free from 
the free volume effect, the Xi, has a similar physical 
meaning to the Bij in the Flory-Huggins theory: the net 
change in cohesive energy density upon mixing at  the hard 
core state. ten Brinke et  al.6 have qualitatively discussed 
the temperature dependence of the interactional contri- 
bution to the xm parameter on the basis of the first term 
of eq 7. The importance of negative XAB for polymer- 
polymer miscibility has been discussed in terms of a binary- 
interaction model, but the effect of comonomer on the 
free volume term has not been discussed. According to an 
extended version of a simple binary-interaction 
one can equate the composition of the maximum in the 
locus of the LCSTs to that of the minimum value of the 
net interaction parameter in the plot of copolymer 
composition versus net interaction parameter. Although, 
in a qualitative sense, the net interaction parameter 
calculated from the extended version parallels the exper- 
imental LCST results, the variation of the net interaction 
parameter with the copolymer composition and the type 
of comonomer does not quantitatively correlate with that 
of the LCST'S.~~ The free volume term of copolymer 
blends introduced in this study seems to be simply an 
adding factor for a binary interaction model, but this term 
is essential to describe the LCST behavior of copolymer 
blends, Le., phase diagram of copolymer blends. Moreover, 
as shown in Figure 6, the effect of comonomer on the free 
volume term of copolymer blends is important to fit the 
XAB parameter to experimental LCST data as compared 
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with the case that considers only the effect on the 
interactional term. The variation of the free volume term 
with the copolymer composition is negligible only when 
the difference in T* of each blend component is small and 
the intramolecular interaction within copolymers is weak. 

The present model explains that the repulsion within 
copolymers contributes to the free volume term as well as 
to the interactional term of Flory-Huggins interaction 
parameter. The repulsion is always favorable for the 
interactional term, i.e., make XAB more negative. However, 
its contribution to the free volume term is rather complex. 
The characteristic temperatures for copolymers are de- 
termined not only by the intramolecular interaction within 
a copolymer but also by the characteristic parameters of 
each component in the copolymer (see eq 23). Since the 
free volume contribution depends upon a difference in T* 
of the blend components, it is possible that the repulsion 
may cause a larger difference in the characteristic tem- 
peratures of blend components and act unfavorably on 
the free volume term. To our knowledge, no experimental 
data for this case have been reported. We have shown in 
the previous section that the repulsion between St and 
comonomer plays an important role in raising the LCST 
of PVME/styrenic copolymers. In this case, the repulsion 
contributed favorably to both the interactional and free 
volume terms. Although the free volume term is important 
to xm, the effective contact energy parameter X m  must 
be negative for miscibility since the free volume term does 
not favor phase stability. 

In the contest of the above formulation, site fraction is 
introduced to account for the difference in molecular shape 
of each component. AS a consequence, Xij # Xji. 
Unfortunately, this limits their usefulness as fundamental 
molecular parameters dependent only on the chemical 
structures of component molecules. As shown in Table 
11, somewhat different results are obtained depending on 
whether the effect of surface area differences is considered. 
Generally, the surface to volume ratio affects the skewness 
of the spiniodal curve and has little effect on the LCST.39 

As discussed in detail by Patterson and Robard,2O the 
simple version of the Prigogine-Flory EOS theory by 
Patterson contains some oversimplifications; it does not 
consider any variation of XAB with blend ratio. As a 
consequence, eq 7 cannot predict the details of phase 
diagram, e.g., shape of spinodal or binodal, although the 
variation of LCSTs with XAB, molecular weight, and the 
difference in characteristic parameters of blend compo- 
nents has been well and simply predicted. 

Concluding Remarks 
We have presented a simple version of the Prigogine 

Flory-Patterson theory that predicts quantitatively the 
effect of comonomer on the LCST behavior of copolymer 
blends. The model explains that the intramolecular 
interaction within copolymers contributes to the free 
volume term as well as to the interactional term of Flory- 
Huggins interaction parameter. Unlike its contribution 
to the interactional term, the repulsion is not always 
favorable to the free volume term, which depends on several 
factors, including the characteristic parameters of com- 
ponents in copolymers and the intramolecular interaction. 
The present model predicts well that the dependence of 
XAB on the copolymer composition at  a given temperature 
is in agreement with the variation of LCST with the 
copolymer composition. This model may give prior 
guidance on how to select comonomers that are used for 
controlling the phase separation temperature. Although 
the model may not predict precisely the composition 
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dependence of the characteristic parameters for copoly- 
mers, the agreement between model prediction and 
experimental LCST data is satisfactory. In a further study, 
we will confirm the various theoretical possibilities for the 
free volume effect by using appropriate experiments. 
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