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ABSTRACT: The theory previously formulated for the equation of state (PVT) is now extended to the free 
energy change AGm by including the requisite additional contributions to the free energies of components 
and mixtures. As an example of a compatible binary mixture with experimentally known PVT and chemical 
potentials, we consider the n-hexane + n-hexadecane pair. The former data set had previously been discussed 
in terms of the theory. Without introduction of additional parameters, both sets of properties are quantitatively 
described. The very minor corrections in the scaling pressure arise from two facts. First, this parameter is 
predicted by the theory without adjustment to  pressure data of the mixture, and second, AGm is computed 
as a difference between large quantities. This correction leaves the predicted equation of state practically 
unaltered. General procedures for the combined analysis of chemical potentials and PVT are outlined. As 
an example of a polymer solution we consider the polyethylene + n-hexane pair for a low (M = 8000) and 
high (M = 177000) uniform molecular weight. The equation of state of both Components and thus their scaling 
parameters are known, but sufficient information for the mixture is not available, to define the corresponding 
parmeters. Here a relative cross-interaction parameter becomes the important quantity to be explored. Lower 
critical solution temperaturea (TJ and cloud point curvea are computed. Small Variations in the above parameten 
within the bounds suggested by the equation of state analysis of the C6 + Cl6 pair have a significant effect 
on T,. In view of the success of the equation of state it is of interest to  examine the effect of pressure. The 
computed increments of T, conform to an iso-free volume difference condition, where free volume is defined 
in terms of the hole fraction inherent in the theory. Similarly a reduced cloud point curve can be established. 

I. Introduction 
We have recently extended the particular version of 

statistical theory for a homogeneous melt to multicom- 
ponent systems.’ The specific applications were to the 
equation of state of low’ and high molecular weight2 
blends. The essential consequence of this extension is the 
view of the mixture as a homogeneous system with ex- 
plicitly composition-dependent parameters. The depen- 
dence of the scaling parameters of pressure, volume, and 
temperature in particular involves self- and cross-seg- 
mental attractive and repulsive interactions. A particular 
result is the prediction of the scaling pressure without 
further recourse in principle to pressure experimentation 
required. 

The theory has shown quantitative success for a variety 
of fluids and their mixtures in respect to the volume de- 
rivative of the free energy. This implies that the charac- 
teristic parameters, extracted from extensive comparisons 
with PVT experiments at low and elevated pressures, are 
to be regarded as true constants of the system at fixed 
composition. No variations with temperature or pressure 
are permitted to generate acceptable concordance between 
theory and experiment. Admittedly, this agreement is 
obtained a t  the minor price inherent in the model, of 
evaluating numerically transcendental equations. 

Having gone this far, the purpose of this paper is to 
explore the position and some results of the model in re- 
spect to compositional derivatives of the free energy. 
Chemical potentials are to be computed under single- and 
two-phase conditions, arising from the existence of lower 
critical solution temperatures (LCST). As in the instance 
of the equation of state, we begin with a low molecular 
weight mixture. Extensive experimental information ex- 
ists, albeit for free energies of mixing at atmospheric 
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pressure only. The equation of state and thus volume 
changes AV, have been previously analyzed in theoretical 
terms at atmospheric and elevated pressures. We continue 
with an illustration of a polymer solution at low and 
slightly elevated pressures. Here equation of state data 
for the components, but not for the mixture, are available. 
Hence we investigate the influence of variations in certain 
interaction parameters, guided for reasonable magnitudes 
by the results for a low molecular weight analogue. A basic 
question concerns the characteristic parameters. Is the 
set derived from equation of state data adequate for a 
description of compositional derivatives, or if corrections 
have to be introduced, what is their origin and magnitude? 

Starting with the early work of Prigogine and his col- 
laborators on chain-molecular fluids, there have been 
several theoretical approaches connecting equation of state 
and free energy of mixing. We emphasize that the purpose 
here is not detailed comparison of our theory with earlier 
theories. Our concern in this first evaluation of extended 
theory is to make a detailed comparison with experiment 
in one case and to illustrate quantitative reasonableness 
and make some comparison in another. 

11. Theory 

equals3 
Fi/RT = In (y/si) + sy-l(l - y) In (1 - y) - (si - 

The molar Helmholtz free energy Fi of component i 

1) In [(t - l ) /e ]  - 3ci(ln [(M,iV,*/N,)1/3(yn3’/3(l - 
~)(27rM&T/NAh~)’/~l - 

( y / 6 ~ ( y ~ ? - 2 [ l . 0 1 1 ( y ~ - 2  - 2.4091) (1) 

with 
7 = 2-116y(yn-1/3 
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Table I 
Scaling Parameters, Free Energy AGm, and Chemical Potential Alll: x , n  -C6 + xzn -C16 

T = 293.15 K T = 333.15 K 

X1 

0 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 

P)," 
bar 

1.2090 7448 
1.2134 7131 
1.2222 6799 
1.228gd 6626d 
1.2362 6433 
1.2509 5895 
1.2763 5197 

6785 
6813 
6878 
6930d 
6993 
7088 
7201 

(PC ) (adj) le -AGm/ R T(adj) RT -AGm/ RT -AFI/RT 
theory exptb bar theory theoryc exptb theory exptb theory exptb 

0.399 0.518 6825 0.515 1.62 1.68 0.521 0.521 1.50 1.69 
0.707 0.699 6878 0.707 0.98 0.95 0.701 0.702 0.91 0.96 
0.881 0.720 6909 0.719 0.73 0.72 0.698 0.723 0.68 0.72 
0.997 0.698 6951 0.698 0.52 0.53 0.664 0.702 0.49 0.53 
0.706 0.517 7056 0.519 0.24 0.23 0.500 0.519 0.24 0.23 

From ref 1. *Ref 4. See text. dInterpolated parameters. e Using (PC) from column 7 .  

Here, Moi is the molecular weight of the segment and vi* 
its repulsive volume, with Vi* = N ~ u i * / M ~ i ,  the corre- 
sponding specific volume. It  will be noted that the free 
energy, eq 1, contains terms which are independent of y, 
the fraction of occupied sites in the quasi-lattice, and hence 
could be ignored in the computation of the pressure P = 
-(dF/JV),. The scaling parameters Vi*, Ti*, and Pi* are 
derived from the scaled equation of state:3 

P V / T  = (1 - v)-' + (2~/f')(~V)?-~[l.Oll(yV)-~ - 1.20451 
(2) 

The "excess" free volume fraction h = 1 - y satisfies the 
conditional relation 

(si/3ci)[(si - l ) / s i  + y-l In (1 - y)] = 
(1 - ~ ) - l ( v  - 1/3) + (y/6f')(~V)?-~[2.409 - 3.033(yV)?-2] 

(3) 

3ci/si is the flexibility parameter, Le., the number of ef- 
fectively external degrees of freedom per segment of the 
~ ~ - m e r . l - ~  

The scaling parameters for the components are defined 
as follows: 

Pi* = qizti*/siui* 

Ti* = Q i Z C i * / C i k  (4) 

Here, qiz = si(z - 2) + 2, and z = 12 is the coordination 
number; ti* represents the maximum attraction energy 
between a pair of i-type segments. The corresponding 
equations for the binary mixture of specified molar com- 
position xl = x = 1 - x 2  involve the weight average (Mo), 
the number averages (s)  and (c) ,  and the averages ( V* ), 
(P ) , ( T* ) defined in accordance with eq 4. For simplicity 
we omit henceforth the brackets. The following relations 
obtain: 

t*u*2 = X12€1'*U'*2 + 2x1x2C12*u12*2 + x22€22*u2*2 

t * ~ * ~  = X12~,1*ul*4 + 2X1X2t12*u12*4 + X22~22*u2*4 ( 5 )  

with Xi representing site fractions equal to xiqi/Cxiqi. The 
parameters appearing above are related by the equation 

P V * / T *  = R(c/s)M,,-' (6) 

with the corresponding expressions for each of the com- 
ponents. Since the right-hand side is entirely defined by 
the properties of the components, P can indeed be com- 
puted once V* and T* have been determined by a su- 
perposition of the experimental and the reduced theoretical 
atmospheric pressure (P  N 0) isobar. The assumption 
adopted in our earlier work for chain-molecular compo- 
nents and hence also the blend is 3c/(s + 3) = 1. 

The molar Helmholtz free energy F,  of the binary 
mixture equals' 
F,/RT = x1 In x1 + x 2  In x 2  - (s - 1) In [ ( z  - l ) / e ]  + 

In (y/s) + sy-'(l - y) In (1 - y) - 
3c(ln [ (Mov* /NA) 1/3(y V)1/3( 1 - 7) (2~Mok T/NAh2)'"] 

- (y/6T)(yV)?-2[1.011(yV)-2 - 2.4091) (7) 

The chemical potentials of the mixture can be formally 
obtained by appropriate differentiation of eq 7. This in- 
volves the derivatives of E * ,  u*, and y with respect to 
composition and consequently results in cumbersome 
manipulations. It is more convenient to employ alternative 
expressions for the changes Api of the chemical potentials, 
viz. 

with AG, = G, - xGl  - (1 - x)G2. The G functions are 
derived from eq 1-3, eq 7, and their analogues. In what 
follows accurate polynomials will be fitted to the theo- 
retical expressions, following from eq 7 and 1-3, as func- 
tions of composition at a given temperature and pressure. 

111. n -Hexane + n -Hexadecane Pair 
We have discussed the equation of state of the compo- 

nents and their blends' over an extensive range of varia- 
bles. Thus the scaling parameters are known. Detailed 
measurements of the activities provide the chemical po- 
tentials and free energy of mixing at atmospheric pre~sure.~ 
The experimental results are summarized in the form of 
polynomials for the excess over the respective quantities 
for the ideal mixture. 

As indicated in section I1 we will approximate the the- 
oretical expressions for AG, = AF, + PAV, by polyno- 
mials in order to obtain Ap from eq 8 in a convenient way. 
Application of eq 1-3,7, and 8 employing the scaling pa- 
rameters from ref l and listed in Table I, yields the results 
for AG, seen in column 5 therein. Throughout, AG, is 
defined as the difference G, - xlGl - x2G2 To the original 
parameter values given in ref 1 we have added the addi- 
tional point x = 0.5. Significant deviations from mea- 
surements given in column 6 are noted, which would be 
magnified in respect to the chemical potentials. Are these 
departures due to inherent weakness in the theory pro- 
pounded, which may be quantitatively adequate with re- 
spect to the volume derivatives of the partition function 
but faulty with regard to compositional derivatives? Or 
could it be that the theory has not been properly applied? 

To explore this point we note that the scaling pressure 
(P) for the mixtures is not derived by superposition of 
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Table I1 
Characteristic Parameters: xln-Cs + xzPE (M2 = 8000) 

t l z* /k  = 352.9 tlz*/k = 360.0 
(V*) ,  (V*) ,  

x 2  X lo4 wz, % (s) (3c)/(s) ( t * ) / k , K  cm3/g ( T * ) , K  (P), bar ( c * ) / k , K  cm3/g ( T * ) , K  (P), bar 
0 0 2.500 2.200 352.90 1.2763 5197.0 7201.4 352.90 1.2763 5197.0 7201.4 
1 0.920 
2 1.823 
3 2.710 
4 3.582 
5 4.438 
6 5.279 
7 6.106 
8 6.918 
9 7.717 
10 8.502 
1 x 104 100 

2.525 
2.550 
2.575 
2.600 
2.625 
2.650 
2.675 
2.700 
2.725 
2.750 

252.2 

2.188 
2.177 
2.165 
2.154 
2.143 
2.132 
2.122 
2.111 
2.101 
2.091 
1.012 

352.70 
352.51 
352.31 
352.12 
351.93 
351.74 
351.55 
351.37 
351.18 
351.00 
325.70 

1.2758 
1.2751 
1.2744 
1.2737 
1.2731 
1.2724 
1.2718 
1.2712 
1.2705 
1.2699 
1.1417 

experimental and theoretical isotherms but predicted from 
eq 6.  The results exhibited in ref 1 represent satisfactory 
predictions of the volume at pressures of maximally 4.5 
kbar. As for the prediction of free energies from the 
equation of state, the scaling pressure must be known even 
at  low pressures (P - 0). Since energy is scaled by the 
product P V *  in the equation of state contributions to F, 
one anticipates that the effect of even miniscule variations 
in numerical values on the free energy AF,, a small dif- 
ference between three large quantities, will be profound. 
It should also be noted in this connection that in the fitting 
of elevated pressure isotherms for the components, the Pi* 
are subject to small fluctuations. These arise in oligomers 
from the definition of the average segment. 

In view of the above it is reasonable to enquire what 
adjustments in the single parameter (P ) are required to 
generate coincidence between experiment and prediction. 
Thus quantities (PC)(adj) are derived by means of the 
equation 

(P ) (4) / (P* ) = 

The result is seen in column 7 of Table I. I t  is not 
meaningful to use more than four places in (P). Hence 
the recomputed AG, in the above equation differ slightly 
from the original input; compare columns 6 and 8. In any 
case the differences between the (P) and (PC)(adj), 
column 7, are insignificant indeed and would not affect 
the equation of state. To obtain finally the chemical po- 
tential difference Apl, we find it convenient t~ approximate 
the computed free energies by a second-order polynomial 
in x, since the variation in AG, over the whole range of 
compositions is small. This polynomial yields a maximum 
error of 1% and a root-mean-square departure of 0.17%. 
The resulting Ap values compare well with the experi- 
mental data. Consider next the upper limit of tempera- 
ture, 333.15 K, investigated by McGlashan and William- 

Table I again contains the pertinent comparisons, 
obtained with the aid of the scaling pressure (P) at  the 
lower temperature. Once more a satisfactory agreement 
obtains. 

We conclude that the theory is in principle capable of 
describing both the equation of state and the configura- 
tional free energy of the blend under single-phase condi- 
tions. In practice one will extract the scaling quantities 
of volume, and temperature from the atmospheric pressure 
isobar, and the scaling pressure of the blend from free 
energy data. The latter can be determined by means of 
activity measurements as in the instance of ref 4. To 
proceed, one will employ eq 6 to obtain a fiist approximate 
set of (P) values for all compositions, recalling that (Mo) 
is a weight average, while ( c )  and (s) are number aver- 

(AGm + XiGi + x2G2)/(AGm(ex~tU + xiGi + x2G2) (9) 

5218.7 
5239.9 
5260.9 
5281.7 
5302.3 
5322.6 
5342.8 
5362.8 
5382.5 
5402.1 
9772.0 

7201.3 
7201.6 
7201.9 
7202.1 
7202.3 
7202.6 
7202.8 
7203.0 
7203.3 
7203.5 
7566.1 

352.83 
352.76 
352.68 
352.60 
352.52 
352.44 
352.35 
352.27 
352.18 
352.09 
325.70 

1.2757 
1.2750 
1.2743 
1.2736 
1.2729 
1.2723 
1.2716 
1.2709 
1.2703 
1.2696 
1.1417 

5220.6 
5243.6 
5266.4 
5288.9 
5311.1 
5333.2 
5354.9 
5376.5 
5397.8 
5418.8 
9772.0 

7204.1 
7207.0 
7209.8 
7212.6 
7215.3 
7217.8 
7220.3 
7222.7 
7225.0 
7227.3 
7566.1 

ages.' Equation 9 then will serve to derive an improved 
set, if required. 

We could proceed with the prediction of pressure effects 
but dispense with this. As far as we know, detailed ex- 
perimental information for the n-C6 + n-C16 pair is not 
available. On the basis of the performance of the theo- 
retical equation of state in the case of other low molecular 
weight pairs,' one expects for these results similar to those 
seen here. I t  would be of particular interest to examine 
the behavior of other hydrocarbon blends, which have been 
the objects of attention by other  investigator^."^ 

IV. Polymer Solutions: LCST and Phase 
Equilibria 

To probe the position of the theory, we proceed in a 
manner different from that for the previous blends where 
the scaling parameters had already been established.' Here 
we investigate the effect of cross interactions and of 
pressure on the phase relations. As a corollary, the be- 
havior of the characteristic free volume fractions hl and 
h2 of the components and the possible existence of corre- 
sponding state relations will be examined. We have se- 
lected polyethylene in n-hexane as a test case. This par- 
ticular choice is suggested by practical considerations as 
well as convenience, since the equations of state of the 
solvent and polymer have been studied in detail.'" 

As in the preceding section, the theoretical values of AG, 
are to be approximated by polynomials in the evaluation 
of chemical potentials and their derivatives. The larger 
changes in AG, require higher than second-degree poly- 
nomials. We find quartics to be adequate for the present 
purposes. Thus one has with x 2  the mole fraction of 
polymer component 2: 

4 

0 
AG, = C U ~ X ~ '  

4 

0 
Ap1 = AG, - x,(dAG,/d~,) = -C(i - l)aix,' 

The further derivatives are 
4 

2 

4 

2 

dAp, /d~ ,  = -Ci(i - 1 ) ~ i ~ i - I  

a2Ap1/ax22 = - ~ i ( i  - i)2aiXj-2 

The critical composition x ,  is defined by the vanishing of 
the last two derivatives. This requires the following re- 
lations between the coefficients ai and x,: 

X, = - ~ 3 / ( 4 ~ 4 )  E - ( 2 / 3 ) U z / U 3  I [ ~ 2 / ( 6 a * ) ] " ~  

a3' E ( 8 / 3 ) a z a 4  (10) 
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Table 111 
Free Energy Changes -(AG,/RT) X 10' for n-Hexane + Polyethylene at P = 1 bar, MI = 8000 

T = 420 K T = 430 K T = 440 K T = 450 K T = 472 K T = 485 K 
clz*/k = 352.9 K clz*/k = 360.0 K 

x ,  X lo4 theory quartic theory quartic theory quartic theory quartic theory quartic theory quartic 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

2.645 
4.426 
6.161 
7.916 
9.616 

11.314 
12.996 
14.670 
16.304 
17.956 

2.633 
4.437 
6.183 
7.898 
9.601 

11.301 
12.998 
14.683 
16.336 
17.930 

2.466 2.458 2.275 2.272 
4.099 4.108 3.758 3.759 
5.699 5.712 5.198 5.209 
7.310 7.292 6.657 6.640 
8.866 8.862 8.064 8.066 

10.432 10.430 9.489 9.493 
11.997 11.996 10.929 10.923 
13.553 13.554 12.354 12.353 
15.066 15.089 13.759 13.773 
16.596 16.580 15.175 15.167 

Table IV 
Critical ComDosition x, and Polynomial Coefficients 

~ ~ 

P, Tc, i04x,, eq 10 103 x 
bar K -a3/4a4 -2az/3a3 (a2/6a4)'Iz 103a3 (8a$,/3)'l2 

1 430 5.54 5.54 5.54 6.795 6.798 
50 445 5.71 5.68 5.70 6.724 6.745 

100 460 5.69 5.70 5.69 6.406 6.413 

~ 1 2 * / k  = 352.9 K 

c l z * / k  = 360.0 K 
1 472 5.68 5.65 5.67 4.874 4.863 

50 495 5.87 5.88 5.88 3.776 3.780 
100 516 5.74 5.71 5.72 5.035 5.019 

Hence sign u2 = sign u4, and sign u3 = -sign u2. 
In Table I1 the numerical values of the requisite pa- 

rameters are displayed. Equation 5 yields (€*)  and ( u * )  
for a given xz, ui* and tii*, i = 1, 2. Moreover, q2* and u12* 
must be known. In the n-C6 + "16 pair some variation 
of tI2* and u12* with composition has been n0ted.l We are 
guided by these results in selecting two values for the ratio 
el2*/tll*, namely, 1 and 1.02. The repulsion parameter u12* 
is taken as the average ( [ ( u ~ * ) ' / ~  + ( ~ ~ * ) ' / ~ ] / 2 ] ~ .  The 
quantities u2* and tZ2* are known from ref 8. We begin 
with a low molecular weight of the polymer, viz., Mz = 
8000, or s2 = 252.2.s The compositions evaluated encom- 
pass the range shown for example by Kleintjens and 
Koningsveldg for this pair, albeit with a different molecular 
weight and of course, molecular weight distribution. More 
is to be said about this below. Over this range, only 
moderate variations in the scaling parameters of the 
mixtures occur, and hence additional decimal places are 
exhibited. This also serves to illustrate the effect of var- 
iations in t12*/tll*. The pressure parameter (P) is pro- 
portional to the ratio ( e * ) /  ( u * )  and the difference between 
the two sets is enhanced by the smaller ( E * )  and larger ( u * )  
for the first set; see columns 5 and 6 vs. columns 9 and 10. 

The range of temperatures to be explored is again sug- 
gested by the results in ref 9-11. Table I11 summarizes 
the free energies at atmospheric pressure and their poly- 
nomial representations. A computer program, SLA-74-0270 
developed at  Sandia Laboratories by Shampine, Daven- 
port, and Huddleston, was employed to fit -AG,/RT as 
a function of x2  over the range 0.5 I x 2  X lo4 I 10 and to 
obtain the derivatives. The maximum deviation in 
-AG,/RT is 0.5% but in most cases the residual error is 
much less than the maximum. This is adequate for our 
purposes and no systematic efforts were made to further 
improve the fits by means of other numerical procedures. 
Moreover, the simplicity of a quartic for the identification 
of the critical temperaturecomposition region is evident. 

The identical procedure has been employed to compute 
the thermodynamic functions at P = 50 and 100 bar in the 
vicinity of the critical temperature. The accuracy of the 
polynomials is about identical with what has been seen in 

5.375 
9.975 

14.509 
19.039 
23.516 
27.969 
32.395 
36.796 
41.177 
45.522 

-O.i 

-IC 

-1.4 

-O.E 
-- !)2 

-1.4 

-04 

-3.8 

-1.2 

-!E 

5.372 4.560 4.559 4.052 4.050 
9.977 

14.523 
19.029 
23.507 
27.962 
32.398 
36.808 
41.185 
45.512 

8.425 
12.244 
16.080 
19.868 
23.681 
27.482 
31.273 
35.054 
38.827 

8.424 
12.255 
16.067 
19.872 
23.676 
27.479 
31.278 
35.063 
38.820 

7.444 
10.822 
14.216 
17.591 
20.984 
24.387 
27.804 
31.219 
34.635 

1.82 358 '2% 5.28 6.92 

7.447 
10.828 
14.206 
17.590 
20.984 
24.390 
27.804 
31.222 
34.632 

a 

$ 

U 

2 4 +34 6 8 

Figure 1. Chemical potential as a function of polymer concen- 
tration for a series of temperatures and pressures; c12* = ell*. 

0 ,  1.82 , 3.38 w2,'ia 548 , 6.92 

P = l O O  oar  -4 -0.2 
xr = 5.7x IO 
Ti=516K 

-1.0 

1 . ,  
0 '  2 ' 4 ,,A4 6 ' 0 

Figure 2. Chemical potential as a function of polymer concen- 
tration for a series of temperatures and pressures; c12* = 1.O2cl1*. 

Table 111. The maximum residual errors vary between 0.05 
and 0.3% in AGm. The whole picture of course is displaced 
to higher temperatures. 
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1 

Table V 
Critical Coordinates: n -Hexane + Polyethylene 

20- 

IO- 

0- 

T-T, 

480- 

460- 

T(K) 

440- 

Ah- W * ( T  = TJ, % dT,ldP," LCST, O C  

M, obsd calcd K/bar (T = Tc)" obsd calcd 

4 20 

8000 15W 157" 0.30 0.21 4.9 

"This work, el** = ell*. *Reference 17, M z  - lo6. CReference 5, Mz = 1.8 X lo5. dReference 11, Mz extrapolated to infinity. eReference 

177000 127: 135; 133: 145e 70; 91,f 126' 0.18 0.18 -2,e  - 1 c  3.4 

9, M ,  = 1.77 X lo5. fReference 6. #Reference 18, M, = 28000. 

I 

Figure 3. Fractional free volume difference hl - hp, eq 3, as a 
function of temperature from atmospheric pressure to  200 bar. 
Guide lines indicate location of T:s. Dashed lines, extrapolated 
values for 200 bar and two values of el2*/eI1*. M2 = 8000. 

The chemical potential difference Awl is plotted in 
Figures 1 and 2 as a function of composition for several 
temperatures and pressures. Lower critical solution tem- 
peratures can be seen. The critical isotherms so marked 
satisfy eq 10. This is evident from Table IV in which the 
coefficients a3 at  T, have been compared with the results 
from eq 10. Three values of critical concentrations x ,  
obtained from the identities are in close agreement. Thus 
the adopted procedure provides consistent results for T, 
and 2,. 

Next, analogous computations were performed for a 
uniform molecular weight of 177 OOO, corresponding to the 
weight average of polyethylene employed by Kleintjens and 
Koningsveld? Some results for the two molecular weights 
are summarized in Table V and will be further considered 
in what follows. 

The critical temperature T, is seen to increase signifi- 
cantly with increasing pressure and also with an even slight 
increase in cross-interaction. The latter results in the 
change of scaling parameters as discussed earlier. The 
critical compositions x,, however, exhibit hardly any 
change; see Table IV. The former two trends as well as 
the reduction in T, with increasing molecular weight are 
readily understood in terms of free volume arguments. 
The role of free volume quantities in LCST's has been 
frequently discussed in the literature.6J0J2 Here we can 
proceed quantitatively by computing the excess functions 
hl = 1 - y1 and hz = 1 - y2 for the components as functions 
of temperature and pressure. Figure 3 shows the difference 
hl - hz of solvent and polymer. Universal values of 0.21 
and 0.24 respectively obtain and determine the increases 
of the LCST with increasing pressure and interaction 
parameter t12*. An extension of the isobars in Figure 3 
results in estimated T:s equal to 491 and 561 K at  P = 
200 bar. The pressure coefficients dT, /dP derived from 
Figure 4 are 0.30 and 0.42 K bar1. For the higher mo- 

400 I 
0 '  40 8o P(bdrS)120 160 200 

Figure 4. Critical solution temperature as a function of pressure. 
Dashed lines, extrapolation. 

lecular weight, the characteristic value of the free volume 
difference is reduced (see Table V), in accord with the 
lower T,. Similarly, there is a reduction of the computed 
pressure coefficient of T,. 

The cloud point curves are obtained by first computing 
Awz = AG, + xl(aAG,/axz). Apl and Apz are then plotted 
as functions of composition and the two equilibrium com- 
positions are determined graphically a t  each temperature. 
The results are seen in Figure 5 for q2* = ell* and the three 
pressures. 
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functions, such as free energy or enthalpy, unless some 
valid simplifying assumptions emerge. It is these functions 
or their temperature coefficients which play a paramount 
role in other theoretical approaches. 

A quantity of particular importance in discussing com- 
patibility of polymer blends is the x parameter. This 
function is implicitly contained of course in our free energy 
function. Its dependence on molecular weight, composi- 
tion, temperature, pressure, and interaction parameters 
remains to be made explicit. 

We still have to investigate polymer blends in the frame 
of our theory. Equation of state data for a number of 
polymers of widely varying structures have been discussed 
over the years by ZolleP and us.2,8J6 Moreover, some 
enthalpies of mixing are available. They could be com- 
bined with the PVT information along the lines pursued 
for the low molecular weight pair. As for model compu- 
tations, it is suggestive to examine the influence of the 
characteristic ratio c12*/c11*. Can one in this manner 
simulate the introduction of small numbers of specific 
interaction sites, for example through copolymerization, 
without, by assumption, changing significantly the original 
scaling parameters of the unmodified components? An 
extension of the theory to copolymers is another direction 
to be followed. 
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