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Synopsis 
The thermodynamic properliei of polymer solutions are frequently described in terms 

of  the Flory-Hiiggins eqiiation. This eqtiatiori includes a parameter x, which depends 
iipon the intermoleciilar forces acting between the molecules in a solution. The experi- 
mental determination of x way performed hy an improved microt.echnique and extended 
to a wide range of polar and nonpolar diluents of polyethylene. Careful correlations 
are prescribed for calculating x from piire-component properties; they are based on an 
ext,ension of the Hildebrand-Scatchard theory of solutions arid on the theory of inter- 
molecular forces. Polar (.) arid notipolar ( 6 )  solribility parameters are presented for a 
variety of solvents. For polyethylene-nonpolar solvent systems we have emphasized 
the factor deciding the sign of heat, of mixing, while for polyethylene-polar solvent 
systems we have determined the cont,ribution of dipole-induced dipole interactions 
$ (67) in interchange-energy density U and, hence, X. 

INTRODUCTION 

The determination of polymer-diluent interactions is a problem of con- 
siderable theoretical, besides practical, interest, since knowledge of these 
interactions is a key to understanding the properties of polymer solutions. 
The thermodynamic properties of polymer solutions are frequently de- 
scribed in terms of the Flory-Huggins equation, which was first proposed 
more than twenty years ago; its use for data reduction was pointed out by 
Gee,’ Scott, and Magat2 and numerous other workem3 This equation gives 
the free-energy change which occurs when a noncrystalline polymer is mixed 
with a solvent; for any given polymer-solvent pair it contains a character- 
istic parameter x, called the Flory interaction parameter, which reflects the 
intermolecular forces between the molecules in the solution. The Flory- 
Huggins equation is 

AG,/RT = n1 I n  v1 + n2 In up + xv1v2(n1 + xn2) (1) 
where AGM is the free energy of mixing the liquidlike, disoriented polymer 
with the solvciit, n1 arid n2 are the number of moles of solvent and polymer, 
respectively, v1 and v2 are the volume fractions of solvent and polymer, 
respectively, x is the ratio of molar volume of the polymer and solvciit, and 
x is a dimensionless quantity which is a function of the interaction energy 
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characteristic of a given solvent-solute pair. If the free energy of mixing 
is negative, the polymer and solvent may mix spontaneously to form a 
solution. If it is positive, two phases form, and the polymer does not dis- 
solve appreciably in the solvent. The first two terms of eq. (1) account for 
the configurational entropy of mixing and are always negative. Therefore, 
for the polymer to be soluble in a solvent, the third term in this equation 
must be small (if positive) or it must be negative. For polymer solubility, 
therefore, the Flory interaction parameter must be either negative or a small 
positive number. 

If eq. (1) is used for describing the thermodynamic properties of polymer 
solutions, then the problem of predicting polymer solubility is equivalent to 
that of determining reasonably accurate values of the Flory interaction 
parameter. Much effort, therefore, has been directed toward the develop- 
ment of methods of determining the degree of these interactions. The 
majority of the reported methods, however, require rather troublesome 
measurements. 4-g 

Some years agolo there was reported a fast and simple method of deter- 
mining the degree of interactions in polymcr-diluent systems based on 
Flory's statistical thermodynamic treatment of the effect of diluent on the 
melting point of pure polymer. The method, as a matter of fact, involves 
microdetermination of the depressed melting point of a polymer particle in 
its mixtures with a diluent. The satisfactory results obtained in the PVC- 
diluent systems investigatedL0 have encouraged extension of the method to 
linear polyethylene-diluent systems for evaluation of solvency by the x 
parameter and to correlate solvency with the structure." 

Of the solvents reported on so far little attention has been devoted to the 
low members of the paraffinic and olefinic series and to the chlorinated 
hydrocarbons. Besides extending investigation to these solvents this work 
aims at  evaluating the agreement between the experimental and calculated 
x values, so to control the reliability of a more general method of estimating 
the x parameter, starting from the properties of pure components. There- 
fore, by an improved technique a wide investigation has been made and 
extended to the polar solvents, which until now have not been the object of 
many investigations. 

EXPERIMENTAL 

Melting Point of Polymer 

The melting point of pure polyethylene samples was determined micro- 
scopically, as previously reported." A few particles of powdered sample 
were placed between two flat little glasses and then placed on a Kofler hot 
stage (20-230°C., Reichert Co., Wien, Austria). Over the assembly was 
placed the usual buffer plate associated with the Kofler hot stage and then 
the large cover plate. The specimen was observed by a microscope capable 
of 100 magnification between crossed polaroids with through illumination. 
The specimen was then heated at an optimum rate of l"C./min., starting 
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from a temperature 20 C." below its melting point. Before being heated 
the specimen appeared as well-defined and roughly spherical particles but 
upon being heated its outlines slowly degenerated and T M o  was taken as the 
temperature at which degeneration was complete. 

The samples used present quite definite and reproducible melting points, 
which well agree with dilatometric ones.12 

Determination of Depressed Melting Point of Polyethylene with Diluents 

Because of the high volatility of the majority of the hydrocarbons em- 
ployed the measurements for determining T M  in a closed system were 
carried out with a particular holder. The apparatus was a small, brass 
cylinder, about 5.0 mm. deep and 20 mm. in diameter, provided with a brass 
collar, which can be screwed on the side surface of cylinder. The collar and 
cylinder held thin glasses (about 0.5 mm. in thickness and 20 mm. in 
diameter), which were held firmly against a polytetrafluoroethylene gasket, 
providing a closed cell. 

A few granules of powdered polymer sample were placed on the bottom 
glass, and then the liquid was accurately poured in until the space was filled. 

The cell was then closed and placed on the Kofler hot stage. Thereafter 
the procedure for determining T M  was the same as that previously described. 

At  first, as the temperature was raised, the polyethylene particle did not 
change appreciably. Then it began to imbibe the diluent without much 
increase in volume. This imbibition caused the particle to lose its appear- 
ance and become translucent. As heating continued, the particle swelled 
more and more, retaining, however, its distinct outlines, until a temperature 
was reached at which it completely lost its distinguishable contours. This 
temperature was taken as TM. 

Calculation of Flory Interaction Parameter from 
Experimental Measurements 

According to the well-known relation proposed by Flory,Y~12 

l / T M  = l / T M o  + ( R / A H u ) ( V u / V s ) ( v l  - xvI2) ( 2 )  
where T ,  is the depressed melting point (OK.), T M o  is the melting point of 
pure polymer (OK.), Vu and V ,  are the molar volumes of the polymer repeat- 
ing unit and the diluent at T M ,  respectively, R is the gas constant, AH, is 
the heat of fusion per mole of repeating unit, vl is the volume fraction of the 
diluent, and x is the Flory interaction parameter. 

The high degree of dilution permitted the approximation v1 = 1.0; how- 
ever, it did not eliminate the gel or network character of the mixture. 
Accordingly, the eq. ( 2 )  becomes 

(3) 1 / T M  = l / T M o  + ( R / A H u ) ( V U / V A ) ( ~  - X I  

which is the simplified &'lory equation used for same purposes in other 
work. 
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The molar volume V ,  of diluent was taken as M / d ,  where A4 is the 
molecular weight of the diluent and d is its density a t  the depressed melting 
point. When T ,  was higher than the boiling point of the diluent, values of 
V ,  were obtained by extrapolation of an assumed linear relation between 
liquid density and temperature. The V ,  values were obtained by multiply- 
ing the molecular weight of a methylene unit by the value of the specific 
volume of melted polyethylene at  TWI3 A value of 922 cal. for the heat of 
fusion, AH,, was taken from the literature.l4 

By substituting these values in eq. (3) we obt,ain for x the values listed in 
Tables I and 11. 

TABLE I 
Thermodynamic Parameters of Branched Polyethylene-Nonpolar Diluent Systems" 

Diluent 
TM, 
"C. 

V ,  at T M ]  
~ m . ~ /  
mole 

Eicosene 1 
n-Tetracosane 
n-Esadecane 
1-Vinylcyclohexene-3 
Cyclohexene 
2,4,4-Trimethylperitene-l 
2-E thylhexene-1 
Decene-1 
3-Methylhexane 
1-hlethylcy clopentene-1 
n-Heptane 
Octene-1 
Heptene-1 
n-Octane 
3-Methylpeatane 
n-Hexane 
Pentene-1 
n-Pen tane 

98 
101 
95 
76 
68 
8 .i 
85 
91 
85 
7 3 
86 
88 
86 
88 
86 
86 
88 
88 

378.0 
454.2 
313.0 
138.0 
107.5 
169.9 
166.9 
204.4 
1.58.4 
112.7 
159.6 
170.0 
1 3 . 4  
176.3 
142.6 
140.3 
123.0 
128.8 

X 

-0.13 
-0.09 
-0.06 
-0.06 
-0.03 

0.04 
0.05 
0.10 
0.10 
0.11 
0.13 
0.14 
0.17 
0.18 
0.22 
0.23 
0.2.5 
0.3.5 

B, 61 

cal./ (cal./ 
cm.3 cm.3)1'2 

-0.25 7.83 
-0.1.5 7.42 
-0.14 7.27 
-0.30 7.76 
-0.19 8.36 

0.17 6.56 
0.23 6.93 
0.35 7.Y3 
0.55 6.87 
0.67 7.92 
0.83 7.12 
0.59 7.24 
0.79 7.10 
0.73 7.09 
1.06 6.28 
1.17 6.09 
1.46 6.33 
1.96 6.12 

K 

1.005 
1.002 
1.001 
1.005 
1.012 
1.002 
0.999 
0.997 
0.998 
0.998 
0.992 
0.996 
0.992 
0.996 
0.998 
1.001 
0.993 
0.99.5 

~ 

a T,K = depressed melting point, V, = molar volume of diluent a t  TM, x = Flory in- 
teraction parameter, R = interchange energy density = Zi?Tx/V,, 6 = solubility pa- 
rameter of solvent, and K = factor connected with diluent solvency. 

CORRELATION BETWEEN THEORETICAL APPROACH 
AND EXPERIMENTAL DATA 

If it is assumed, according to the Plory's original derivation,15 that the 
entropy of mixing in any solution can be put equal to  the entropy of mixing 
of the corresponding athermal solution (i.e., any possible influence of the 
energies of interaction on the entropy of mixing is neglected), it is fouud that 
the heat of niixirig of a polymcr-solvent syslcrn is given by 

AH,/RT = x~l~z(nl + ~ n z )  (4) 

which is the third term of eq. (1). 
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To compute the heat of mixing, a suitable modification of the Hildebrand- 
Scatchard theory of In its most general form 
this theory is not limited to nonpolar species, but it considers only con- 
figurational contributions and neglects contributions from internal degrees 
of freedom such as rotation and vibration. 

The Hildebrand-Scatchard regular solution theory equation for the heat 
of mixing may be written 

(5) 
where B is the interchange energy density for the solvent-solute pair. The 
use of eq. (5) together with the Flory-Huggins expression for the athermal 
configurational entropy of mixing gives 

can be used. 

AHM = V s B v l U z ( n 1  + zn~)  

x = VsB/RT (6) 
The interchange-energy density B is given by 

B = (SI + ~ 2 2  - 2 4  (7) 
where the cii’s characterize the intermolecular forces acting between mole- 
cules (or molecular segments) i and j .  For the pure components c11 and cZ2 
are the cohesive-energy densities of components 1 (solvent) and 2 (polymer) : 

c11 = aE,O/V, = 612 + 7 1 2  (8) 

c22 = AE2”VZ = 622 = 7 2 2  (8 bis) 

In these equations AEio is the energy of vaporization of substance i to a gas 
at zero pressure, and 6* and r1 are defined, respectively, as the nonpolar and 
the polar solubility parameters of substance i. 

The quantity c12 represents the intermolecular forces acting between 
solvent molecules 1 and molecular segments of polymer 2 in solution. It 
may include dispersion forces, dipoledipole forces, dipole-induced dipole 
forces, and specific interactions (solvation) between solute and solvent : 

c12 = Fdisp(61, 62)  + Fdi-di (71 ,  7 2 )  + Find(61, 71; 82, 7 2 )  + Fspec. int.  (9) 

where the F’s stand for unspecified functions. The terms in eq. (9) have 
the following meanings. 

Fdisp(61,62) represents the (nonpolar) dispersion forces acting between dis- 
similar molecules. On the basis of the London theory it may be approxi- 
mately represented by the geometric mean of the nonpolar forces present in 
the pure components: 

Fdisp(61,62) K6162 

where K is directly connected with the diluent solvency.1g 
F d i - d i  ( ~ 1 ~ 7 2 )  represents the interactions between permanent dipoles in the 

solute and solvent. If no specific forces (such as hydrogen bonding) are 
present, it is a function of the pure-component polar solubility parameters 
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T~ and r2. For polar molecules or molecular segments, which may be repre- 
sented by spherical force fields with small, ideal dipoles a t  their center12" 

Fdi-di(71,TZ) = 7 1 7 2  

Find(&,  71;  6 2 ,  72)  represents dipole-induced dipole interactions between 
solute and solvent and may be represented by J , ( 6 1 ~ 1 ,  ~ZTZ), where J, is an 
unspecified function. 

F,,,,. ink. represents the contribution to the pair-interaction energy from 
any solvation that may occur in solution. Very little theoretical knowledge 
is available for characterizing this interaction. 

For the polyethylene-diluent systems of our investigation, in which no 
dipole-dipole forces are present and specific interactions are negligible, 
eq. (9) becomes 

CIZ = F d i a p ( 6 l )  6,) F i n d ( & ,  7 1 0 ;  62, 7 2 )  (10) 

Polyethylene-Nonpolar Diluent Systems 
Since T = 0 for systems in which the solvent is nonpolar, eq. (7) becomes 

B = 6i2 + h2 - 2 K 6 1 6 2  

In  this relation K is the factor deciding the sign of the heat of mixing for 
the nonpolar-nonpolar systems. As a matter of fact, it is evident that B 
(and, hence, x) becomes negative only for K > 1. This would imply the 
likelihood of the existence of an interaction between unlike molecules. The 
existence of this factor K ,  which seems to have been overlooked in previous 
theoretical work, has been only recently pointed out by some authors.21 In 
the opinion of the present writers this factor should be connected with the 
change in the end-to-end distance, which takes place when a molecule leaves 
the polymer and enters the solution. 

In  spite of the fact that several papers have been concerned with the 
thermodynamic properties of polymer, little attention until now has been 
devoted to the thermal dependence of the solubility parameter of the poly- 
mer; the available data are reported for room temperature.22 With the aim 
of reaching a better approach, we decided to introduce the 6 value of the 
polymer at  the melting point, taking into account that mixing follows 
polymer melting. 

To estimate the 6 of a polymer, we used the conclusion of Allen et al.23 on 
the empirical correlation between the internal pressure Pi and the c.e.d. 
(cohesive-energy density) : 

(11) 

Pi/c.e.d. = n, 1.1 6 n 6 1.2 (12) 
Now, according to  Mandelkern's s u g g e s t i ~ n , ~ ~  the P, at  melting may be 
found25 by means of the equation that relates the total entropy of melting 
with the configurational entropy change and the volume change on melting 
per mole of crystalline repeat unit: 

M m  = ( A & 7 J c  + (bP/bT)lAVm (13) 
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If we assume23 that the relationship c.e.d. = J2 holds also for polymer, 
a value of 7.23 (~a l . / cm.~) ' ' ~  for the 6 of polyethylene is given. 

The second unknown amount to determine is the solubility parameter of 
the nonpolar solvents, which was calculated as follows. 

For when the depressed melting point is above the boiling point of the 
solvent the generalized charts of Hougen and Watson26 were used. As one 
knows, to apply the reduced-variables method in addition to the trends of 
vapor pressure per temperat~re,~' the critical values of temperature and 
pressure must be known. Now, for several of the diluents studied the 
critical data are still undetermined. The employment of the Lydersen 
m e t h ~ d , ~ ~ . ~ ~  based on the atomic and group contributions, allowed us to 
calculate the unknown critical values with a satisfactory accuracy. 

When the depressed melting point is below the boiling point of the diluent, 
6 was calculated at the different temperatures by the conventional square- 
root ratio of energy of vaporization and molar volume. For many of the 
solvents investigated, the data on energy of vaporization and their changes 
with temperature are not available; in this work they were evaluated by 
means of the Riedel and Watson equations, respectively. Riede130 de- 
veloped the following empirical equation for the heat of vaporization, AE", 
at the normal boiling point TO, which is very accurate31 for nonpolar or 
slightly polar substances: 

uu = Tb(5 log pc - 2.17)/(0.930 - Tb/Tc) (14) 

Having evaluated the latent heat of vaporization at normal boiling point, 
AEv at different temperatures may be determined anywhere in the liquid 
range by means of the Watson equation:32 

d E T u / A E T f u  = ( T c  - T ) / ( T c  - T')0.38 ( 1 3  

The reliability and accuracy of the aforementioned relations are satisfac- 
tory, as may be emphasized by a comparison with some of the available 
data.33s34 

By means of reported equations it was possible to evaluate the solubility 
parameters of various solvents under different thermal conditions. The 
6 values are listed in Table I. 

By substituting in eq. (11) the values of B, obtained from experimental 
results [eqs. (6) and (3) ] and the calculated solubility parameters of polymer 
and solvent at  the depressed melting point, we obtained for K the values 
listed in Table I. 

Polyethylene-Polar Diluent Systems 

In nonpolar-polar systems the forces between solute and solvent include 
not only dispersion forces but also dipole-induced dipole forces, aside from 
specific interactions between the molecules. In considering fluids whose 
molecules possess permanent dipoles it has been found useful to separate the 
cohesive-energy densities into polar and nonpolar parts. Splitting the 
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energy of vaporization of a polar fluid into nonpolar and polar parts permits 
the following definitions of the solubility parameters to be made: 

Nonpolar solubility parameter: 6 i  = (AE:(np)/Vt)''' (16) 

Polar solubility parameter: T( = (Ag(, ,) /J7i)1'2 (16 bis) 

where AEY(np) and A Z ( p )  are the nonpolar and polar contributions to the 
energy of vaporization of fluid i; that is, 

h E l i ) ( t o t a ~ )  = AEy(np) + AEY(p) (17) 
Bondi and S i m l ~ i n ~ ~  have shown how the energies of vaporization of polar 

liquids can be divided into polar and nonpolar contributions by using the 
homomorph idea of Brown et al.36 The homomorph of a polar molecule is a 
nonpolar molecule having very nearly the same size and shape as those of the 
polar molecule. The 
polar energy of vaporization is simply the difference between the experi- 
mentally determined total energy of vaporization and the energy of vapori- 
zation of the homomorph at  the same reduced temperature. 

If the polar molecule has a straight-chain structure, a normal paraffin 
may be used as a homomorph. In  that case the energy of vaporization of 
the homomorph (which is equal to the nonpolar energy of vaporization of 
the polar molecule) may be estimated from Figure 1. The size of the homo- 
morph may be considered to be a continuous, rather than a discontinuous, 
variable. This makes it convenient to use the molar volume of the polar 
liquid as the independent variable, as shown in Figure 1. This step follows 
from the basic idea that the molar volume of the polar component is equal 
to that of its homomorph, as long as the comparison is made at  the same 
reduced temperature. 

The homomorph concept is relatively easy to apply. 

0 1  
35 70 105 cc/mle 140 

molar volume 

Fig. 1. Energy of Vaporization for straight-chain hydrocarbons. 
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. . ~ _ _ _ _ _ _ _  - 2 

0 .  ,-. b 3 
5 10 95 20 

number of carbon atoms 
Fig. 2. Relation between B and diluent molecular size: (0) normal alkanes; (8) 

isomers. 

For a polar molecule whose homomorph is not a linear hydrocarbon the 
homomorph is chosen as the nonpolar molecule most closely resembling the 
polar one in shape and molar volume, when they are compared at the same 
reduced temperature. One must remember to find the energy of vaporiza- 
tion of the homomorph at the same reduced temperature as that of the polar 
molecule and to compare molar volumes at this temperature, too. 

For the solvents of our investigation the molar volumes and the energies 
of vaporization were taken from the latest literat~re.~’-~S 

From these are evaluated the nonpolar and polar contributions to the 
solubility parameter, whose values are listed in Table 11. 

In a nonpolar-polar system, in which r2 = 0, we have, from eqs. (7), 
(S), (8 bjs), and (lo), 

B = (61 - 62)2 + 712 - 2* (18) 
where $ is an unknown empirical term which accounts for inductive 
effects. By substituting in eq. (18) the values of B, obtained from experi- 
mental results [eqs. (6) and (3)] and from the calculated solubility param- 
eter of the polymer and the polar and nonpolar parts of the solubility 
parameter of the solvent, at the depressed melting point, we found the $ 
values, which are reported in Table 11. 

Plotting # against the product 6.r (induction-energy density function) we 
obtained the curve shown in Figure 2, whose trend agrees with the theoretical 
expectations. 

Since the values are relative to the TM at equilibrium temperature, the 
plot may be used for predicting, for every solvent characterized by a 6.r 
value, the contribution of the induction forces to the interaction parameter 
of the binary systems. 
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RESULTS AND DISCUSSION 

The relations between thermodynamic interactions and solvent structure 
are shown in Figures 3 and 4, where the influence of diluent (nonpolar) mo- 
lecular size on the interchange-energy density is plotted. 

The diagrams show, both for the alkane and the alkene series, a decrease 
of the B parameter (increasing solvency) with increasing number of carbon 
atoms, until a nearly constant value is reached for the higher members. 

number of aarboa atom 

Fig. 3. Relation between B and diluent molecular size: (0) normal alkenes; (@) 
isomers. 

Fig. 4. Relation between dipole-induced dipole interactions and nonpolar and polar 
solubility parameters of solvents at T = TM. 
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0-5 

0 . 4 .  

0.3 

0.2 

The straight-chain members, are poorer solvents than the isomer ones. By 
comparison with the B trend in the olefinic and paraffinic series the low, 
unsaturated members present a higher solvent power; with an increasing 
number of carbon atoms the solvency of the saturated liquids increases more 
rapidly than the solvency of the unsaturated ones. 

Cyclic hydrocarbons, as reported in Table I, have very low values of B 
and so may be considered very good solvents both for linearll and 
branched polyethylene. Chlorinated paraffinic hydrocarbons have a sol- 
vent power which increases with the chlorine content. The same behavior 
was previously qualitatively noted in the carrying out of different measure- 
ments.40 As may be noticed, the behavior of chlorinated aromatic hydro- 
carbons does not seem very regular; a definite explanation of this phenome- 
non is not known, but steric hindrance and conformational differences may 

' 

0 10 20 30 [CH3]/1000 C 
0.1  L 

Fig. 5. Correlation between x and short-chain branching frequency of polyethylene. 

influence the interactions between the polymer and these diluents. A 
wider investigation is, however, required. 

To examine the relation between thermodynamic interactions and poly- 
ethylene structure, the depressed melting-point measurement was ex- 
tended to samples that have a different short-chain branching frequency in 
mixtures with a nonpolar solvent (n-hexane) . The short-chain branching 
frequency was valuated by infrared spectro~copy.~~ We have noticed that 
the degree of interaction between solute and solvent increases (x decreases) 
with increasing chain branching (Fig. 5) .  

The extension of the depressed melting-point measurements to the lower 
members of the solvent series examined has required the setup of an im- 
proved experimental technique, which has given satisfactory results. 
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The attempt to find a relation between experimental data and the theo- 
retical approach, so as to have a more reliable general method of estimating 
the thermodynamic interactions, was made by means of a suitable modifica- 
tion of the Hildebrand-Scatchard theory of solution. It was, therefore, 
necessary to attain a considerable accuracy in the evaluation of the solubil- 
ity parameters of the polymer and of the solvent, whether by means of the 
calculations connected with this evaluation or by taking into account 
the thermal influence. A till now overlooked evaluation of thermal in- 
fluence is herein given: if the reliability of the assumption of the thermal 
independence of x is quite unknown, without doubt that of B is a rough 
approximation, it being well known that the thermal decrease of the sol- 
vent’s 6 is very rapid and the decrease of 6 for the polymer is 

In the polyethylene-nonpolar solvent systems the negative values of x 
emphasize a factor K,  which decides the sign of the heat of mixing. This 
factor is directly connected with the dispersion forces acting between unlike 
molecules. Although it is close to unity, it is very significant from a 
theoretical standpoint, representing a state of preference for the existence 
of interactions between unlike molecules. 

In the polyethylene-polar solvent systems the K factor tends to vanish 
compared with the dipole-induced dipole interaction forces represented by 
the # function. For an evaluation of this function in addition to the 
solubility parameter of the polymer the polar and nonpolar contributions to 
the solubility parameter of the solvent must be known. These two con- 
tributions derive by the retaining the idea of homomorph, applied both to 
the straight-chain and thenonlinear solvents. The I) values, obtained from 
the experimental results, are strictly dependent and well related to the 
solubility parameters (polar and nonpolar) of the solvents. Moreover, the 
plot $/ST may be generalized to every binary system, the # values being 
determined at the equilibrium temperature, so that the contribution of the 
dipole-induced dipole forces for every system in which the solvent has a 
definite value of 6r is valuable. 

In conclusion, the extent of the thermodynamic interactions in poly- 
ethylene-diluent systems may be accurately evaluated by starting from the 
pure-component properties both for nonpolar and for polar solvents. For 
polyethylene-nonpolar systems the factor K must be determined, which, 
although very significant, does not extensively invalidate the heat of mix- 
ing, owing to its small size; in the polyethylene-polar systems, where K can 
be neglected compared to the contribution of the dipole-induced dipole 
forces, which, now more accessible, may be quantitatively evaluated. 

In both cases, to examine exhaustively the solubility behavior it is con- 
venient to appraise the free energy of mixing, so to cancel the several 
errors which are connected with the separate calculation of the heat or the 
entropy of mixing, and which are introduced by the oversimplified models 
adopted. We have found satisfactory agreement between experimental 
evidence43 and the theoretical approach44 to the phase equilibria of poly- 
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ethylene-ethylene systems at high pressure by applying the basic relations 
of the Flory-Huggins polymer solution theory, which still provides the most 
realistic and reliable representation of the phenomen0n.~6~*~ 
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