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PHYSICAL CHEMISTRY OF POLYMERS
Thermodynamics of Solutions of High Polymers
INTRODUCTION

Probably the most important single physical property of a high polymer is its molec​ular weight and, the absolute measurement of this property is based on the properties of solutions of high polymers. It is therefore important that the polymer chemist should have a general understanding of the thermodynam​ics of polymer solutions and an appreciation of how the thermodynamic properties of such solutions differ from those formed by small molecules. Because of the very large size of the polymeric solute molecules compared to solvent molecules, many of the traditional concepts of solutions must be modified. For example. even the concept of an ideal solution requires modification.

The theoretical basis for the understanding of polymer solutions was developed independently by Flory1 and Huggins2 some 45 years ago in essentially equivalent treatments. In this chapter the treatment and notation of the former will be followed.

P.J. Flory, J. Chem. Phy's.. 10. 51(1942).

2 M. L. Huggins. J. Phys. Chem.. 46, 151 (1942).

1. DEFINITION OF AN lDEAL SOLUTION

A traditional definition of an ideal solution is that it is a system in which Raoult's law (1) is obeyed.
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In this equation a1 is the thermodynamic activity of the solvent, X1 the mole fraction of the solvent, X2 the mole fraction of the solute, P~ the pressure of solvent vapor above the solution, and P01 the vapor pressure of the pure solvent A thermodynamic consequence of this definition is that the chemical potential of the solvent in an ideal solution is given by (2), where 
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 is the chemical potential of the pure solvent, or, in other words, the Gibbs free energy per mole.
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All solutions, including polymer solutions, obey (1) and (2) in the limit of infinite dilution where they become ideal. For solutions of small solute molecules, deviations from ideality become negligible when both the mole fractions and weight fractions of the solute are small. However, the molecular weights of high-polymer solutes are so drastically different from those of typical solvents that vanishingly small mole fractions of solutes (i.e., X2(0) are obtained even though the weight fraction of the polymer is very large. Under such conditions, the mole fraction and the adherence of the system to Raoult's law are not useful indicators of ideality. As a numerical example, consider a polymer of molecular weight M2 = 106, a solvent of molecular weight M1 = 102 and a solution that is 91% by weight of polymer. The mole fraction of the solvent is
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where n1 is the number of moles and wi is the weight of component i. Inserting the numbers w2/w1 = 10 and M2/M1 = 100 into (3), we find that X1  = 0.999. Thus, while the solvent makes up only 9 % of the solution by weight (and the solution must be expected to behave very nonideally), the mole fraction of the solvent is sufficiently close to unity to suggest ideal behavior. This contradiction indicates that the ther​modynamic activity of a solvent in an ideal polymeric solution is not equal to the mole fraction, whereas the two are equal for solutions of small molecule solutes. Therefore, Raoult's law is of little use for polymer solutions. As will be shown. the ideal polymer solution is better described as one in which the activity of the solvent is equal to the volume fraction of the solvent. This definition can be extended to ordinary solutions, since volume fraction and mole fraction for such solutions are very nearly the same, and this definition is, therefore, of more general validity than the traditional one.

The traditional definition of an ideal solution [i.e., (1) and (2)] is based on the interchangeability of solvent and solute particles. This means that the replacement of a solvent molecule by a solute molecule results in no change in the net molecular attractions and repulsions. As a consequence, an equivalent traditional definition of an ideal solution is one in which the formation of the solution from n1 moles of pure solvent and n2 moles of pure solute meets the following thermodynamic requirements:

(Hmix = 0








    (4)

(Smix = -R(n1lnX1+n2lnX2)






    (5)


Early experimental work on polymer solutions indicated that deviations from ideality depend only weakly on the temperature. In view of the thermodynamic relationship describing the temperature dependence of the free energy of mixing,
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this observation suggests that (Hmix is not generally large. Therefore. the major cause for deviations from ideality lies in the failure of (5) to describe the entropy of mixing in the preparation of polymer solutions. Accordingly, we shall first devote our attention to a theoretical treatment of the entropy of mixing of solvent and solute, beginning with a simple treatment applicable to small molecules. An extension will then be made to macromojecular solutes, Finally, we shall consider the enthalpy and free energy of mixing that accompany the formation of a polymer solution.

2. ENTROPY OF MIXING OF SOLVENT AND SOLUTE

2.1 Small-Molecule Solutes Dissolved in Small-Molecule Solvents

Let us approach the entropy of mixing of solute and solvent from the point or view of a statistical theory in which the solvent and solute particles are assigned to posi​tions in an imaginary lattice. For the present, consider both the solute and solvent molecules to be spherical particles of the same size. Assume also that the replace​ment of a solvent molecule by a solute molecule results in no change in the inter​actions of neighboring particles. Under these conditions the entropy or mixing of the solvent and solute arises solely from the greater number of lattice arrangements (i.e., configurations) possible for the solution, as compared to the solvent.


In Figure 1 a finite two-dimensional representation of the imaginary lattice is shown, with open circles representing solvent molecules and closed circles denoting solute molecules. In this situation there are no restrictions on the placing of particles In the lattice positions.


Let N0 be the number of lattice positions, N1 be the number of solvent mole​cules, and N2 the number of solute particles. The assumption is made that all the lattice positions are occupied, and this may be described by



N0=N1 +N2








    (7)


The problem is to calculate the number of ways that the N0 molecules may be assigned to the N0  positions in the lattice. If we imagine for the moment that all the N0 molecules are distinguishable, then there are N0 ways to choose the first mole​cule to drop randomly into the lattice. For each of these N0 ways of choosing the first molecule there are No - 1 ways to choose the second one, and for each or the N0(N0 - 1) ways of choosing the first two molecules there are No - 2 ways to choose the third, and so on. Therefore, for N0 distinguishable particles, the number of arrangements in the lattice, (', is given by



(' = N0(N0 - 1)(N0 - 2.)(N0 - 3)........ (1) = N0!



   (8)
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Figure 1 Two dirnensional lattice representation of  a solution.

However, although a solvent molecule may he distinguished from a soLute molecule, we cannot distinguish solvent molecules from each other nor solute molecules torn each other. Since (8) assumes that we can, we must correct ('  by the number of ways of permuting N1 solvent molecules and N2 solute molecules among themselves. Thus, the number of distinguishable arrangements in the lattice is
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For the starting materials (i.e., pure solvent and solute), the number of distinguishable

arrangements is
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According to Boltzmann, the entropy of a system is given by



S =  k ln (





   


  (11)

where k is Holtzmann's constant (ie., k = 1.38 x 10-23 J/deg-molecule) and (  is the number of distinguishable configurations or arrangements of the system as calculated above. The entropy of mixing of the solvent and solute, in the simple case at hand, is due solely to changes in the possible number of configurations of the mixed and unmixed systems and may be written as

 


Sc = (Smix = S – S 1– S2






  (12)

or



Sc = (Smix = k ln ( - k ln (1 – k ln (2




  (13)

where the symbol SC denotes this configurational entropy. Following substitution of (9) and (10) into (13), equation (14) is obtained.



Sc = (Smix = k [ln N0! - In N1! - In N2!]




  (14)

To proceed further, use Is made of the Stirling approximation for the factorials of large numbers. This states that
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  (15)

or



ln N! = N ln N – N







  (16)

Substitution of (7) and (16) into (14) leads directly to the expression
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Finally, from the relationships R = NA k and Ni. = NA ni, where NA is Avogadro's number and ni represents the number of moles of the ith component, (17) may be transfotmed to the form shown in (18), in which Xi represents the mole fraction.
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2.2 Pol ymeric Solutes Dissolved in Small- Molecule Solvents

The simplidty of the treatment described above depends on the interchangeability of solute and solvent molecules. Despite its simplicity, the expression shown in (18) describes quite well the entropy of mixiffg of solvent and solute molecules whose ratio of sizes (i.e., molar volumes) range from unity to about 3 or 4. However. when the solute is a polymer molecule whose molar volume may be thousands or times greater than that of a solvent molecule, the concept of interchangeability of a solvent and a solute particle is absurd and must be abandoned. Yet. this simple general approach to the entropy of mixing is so attractive that it is worthwhile to retain it and modify the model to take into account the vast difference in size of solvent and solute molecules.


The model chosen1-2 for a polymer solute is that of a long-chain molecule con​sisting of x chain segments, each seqrnent being of the same size (i.e. volume) as a solvent molecule. Solvent molecules and polymer chain segments may now be con​sidered interchangeable in the lattice model of the solution. A simple analogy is to regard each solvent molecule as a white pearl and the polymer molecule as a string of x black pearls. The sizes of the black and white pearls are the same and hence are interchangeable in the lattice positions. Thus, according to this model, the num​ber of chain segments (i.e., the number of pearls in the string) is related to the size

ratio by

 

x = 
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where 
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 are the molar volumes of solvent and solute, respectively.


The assumption that solvent molecales and chain segments are interchangeable permits the derivation to proceed in an analogous dianner to the simple case just descrihed for small-molecule solutes. The only difference is that the x chain segments of the polymer solute must be connected. This means that chain segments cannot be assigned to lattice positions in a completely random manner because each segment must have at least one other polymer segment adjacent to it. The lattice model of the polymer solution may be illustrated as in Figure 2. The relationship between the number of lattice positions and the number of solvent and solute molecules now becomes



N0 = N1 + x N2








    (20)

where, as before, N0, N1, and N2 are the number of lattice positions, solvent mole​cules, and.solute molecules, respectively.


To calculate the number of configurations of the mixture, first consider the number of ways in which a polymer molecule of x chain segments may be added to the lattice when i polymer molecules are already present. The number of vacant positions into which the first segment of this (i + 1)st molecule may be placed, and hence the number of ways in which this may be done is (N0 - xi). Having chosen one of these vacant sites in which to place the first segment of the (i + 1)st polymer
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   Solvent
Figure 2 Two-dimensional lattice representatton or a polymer molecule in solution

molecule, we must now consider how many ways there are to place the second seg​ment of the polymer. Letting Z be the coordination number of a lattice site (i.e., the number of nearest neighbor sites to any given site the second segment must go into one of the Z sites that are nearest neighbors to the one in which the first segment was placed. However, not all of these Z sites may be available. Some may already be occupied by segments from the first  polymer molecules present in the lattice. Let the symbol fi  be the probability that a site adjacent to the one occupied by a segment of the (i + 1)st molecule is already occupied by a segment from one of the first I molecules. Thea the number of ways in which the second segment may be added is Z(l - fi). For the addition of the third segment, one of the sites adjacent to the second segment is already occupied by the first segment. Hence the number or ways to add the third segment. and succeeding segrnents. is (Z - 1)(1 - fi). The number of configurations of the       (i + 1)st molecule in the lattice, (i+1  is the product of these numbers for the individual segments, namely,
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or
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As an approximation to fi it may be assumed (with a reasonably small error) that the average probability that a given site is not occupied by segments of the first molecules is equal to the fraction of sites remaining empty after the first molecbw have been added. Thus,
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The use of (23) and the simplifying approximation, Z(Z – l)x-2  ( (Z-1)x-1, enables (22) to be reduced to the more compact form shown in (24).
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Finally, as a third and convenient approximation, it can be shown by Stirling's for​mula (15) that the first term of (24) can be written, with little error, in the factorial form which yields
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​(25)


Expression (25) describes the number of configurations ofjust one polymer mol​ecule in the lattice. The number of ways to place the N2 indistinguishable polymer molecules is the product of these individual numbers of configurations divided by the number ot ways of permuting the N2 molecules among themselves. Thus,
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Substitution of (25) into (26) and. writing out the terms in the product yields
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which on cancellation of terms simplifies to
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Because the solvent molecules can occupy the remaining lattice sites in only one way, (28) is the total number or arrangements or configurations of the solution. The reader should note that the expression in (28) is the same as that for the ordinary solution, i.e. (9), except for the factor 
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. Substitution of typical numbers into this factor (i.e.. Z~10, x = 103, N0 ~1023, N2 ~ l018) shows that 
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«1. This means that there are many fewer configurations pos​sible for the polymer solutions compared to small-mojecule solutions.


The total configurational entropy is given by (11). Substitution of (28) into (11), and the use of Stirling's approximation for the factorials, leads in a straightforward way to
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  (29)

where e is the base of natural logarithnns. The configurational entropy in (29) repre​sents the entropy of mixing of the perfectly ordered pure solid polymer, for which S = 0, with pure solvent. This mixing process can be broken down into two reversible steps. The first step is conversion of the perfectly ordered polymer to a randomly onented polymer and this process corresponds, in our model, to the random place​ment of polymer molecules into the lattice wjthout a solvent. The second process consists of adding solvent molecules to the empty sites in the lattice and represents the entropy of mixing of the randomly oriented polymer with the solvent. If the entropy change of the first process is designated as (Sdis, and that of the second process (Smix expression (30) holds.



(Smix = Sc - (Sdis







  (30)

In order to use (30) to evaluate the entropy of mixing of a randomly oriented polymer with the solvent, it is important to note that Sc is given by (29) and (Sdis is given by (29) under the special condition that N1( 0 (i.e., no solvent has been added to the lattice). Thus,
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and so, subtracting (31) from (29), we obtain
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   (32)
If the approximation is made that x can be replaced by the ratio of the partial molar volumes (i.e., 
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where ni is the number of moles of ith component and (i is the volume fraction:




[image: image30.wmf]å

=

f

i

i

i

i

i

i

V

n

V

n





 




  (34)

Acomparison of (33) with (l8) shows that the ideal entropy ofmixingofa poly​meric solute with a solvent is given by an expression that is similar to the classical ideal entropy or mixing of small-molecule solute and solvent molecules. The only difference is that, for polymer solutions, the volume fraction rather than the mole fraction is the dimensionless measure or concentracion. The mole fractions and vol​ume fractions of small molecule solutes in solution are essentially the same. and it would appear that (33) is the more general expression which reduces to (18) as the molecular sizes become equal.

The expression in (33) refers to a monodisperse polymer solute in which all the molecules are the same size. For a polydisperse polymer with a distribution of molecular weights. the term 
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3. ENTHALPY OF MIXING OF SOLVENT AND POLYMERIC SOLUTE

When a polymeric solute is added to a solvent, an enthalpy change occurs because solvent-solvent and solute-solute interactions are replaced by solvent-solute interac​tions. According to the lattice theory, such interactions may be represented by the numbers and types of nearest neighbors in the lattice, A nearest-neighbor interaction may be defined as a lattice contact, so there will be three types of such contacts (i.e., [1,1], [2,2], and [1,2], respectively). The process of dissolution may then be written in terms of the change in these contacts
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The energy change associated with the formation of one solvent-solute contact,
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Now if P1,2 is the average number of solvent-solute contacts (i.e., 1,2 contacts) over all the lattice configurations, then the enthalpy of mixing of the solvent and solute is
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per solute particle. The fraction of the lattice sites that are adjacent to those which contain a polymer segment and are at the same time occupied by solvent molecules (i.e., the probability ofa 1,2 contact) should be given approximately by 
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f

 , the volume fraction of solvent. The total number of all the different types of contacts of each of the x-2 internal polymer segments (not counting segments to which each is chemi​cally bound) is Z-2, while the two terminal segments will each have Z-1 such contacts. The total number of 1,2 contacts for each polymer molecule is then
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For large values of 
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 and the enthalpy of mixing of N2 polymer mole​cules with N1 solvent molecules is given by
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From the definition of volume fractions, 
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 and 
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 it is easily shown that  xN2
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. Then, on a molar basis, the enthalpy of mixing is given by
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where 
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The interaction parameter 
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 is found to depend on the concentration of the solution. According to its definition, 
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 is generally positive, with values at 250C and at infinite dilu​tion being near 0.5. According to (41), the fact that 
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  is positive means that the dissolution of a polymeric solute in a solvent is generally an endothermic process.





4. FREE ENERGY ((G) OF MIXING OF POLYMERIC SOLUTE WITH SOLVENT
The Gibbs free energy change for the dissolution of a polymeric solute is easily obtained from the well-known thermodynamic expression
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because substitution of (H and (S into this equation leads immediately to the result
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3.1 

It is now possible to answer the question of whether dissolution of a polymer in a solvent occurs with positive or negative free energy. The answer (3.1), clearly depends on the concentration of the solution and on the sign and magnitude of (1 As the temperature is increased, (1 decreases and dissolution becomes thermodynamically more favorable.
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3.2
when temperature increased  
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 decrease and solubility of polymer increase. 

5. CHANGING OF SOLVENT ACTIVITY IN MIXTURES

It is known  that the presence of a solute lowers the chemical potential or a solvent from its value in the pure solvent. This is of fundamental importance for the derivation of osmoric pressure changes. A theoretical expression for the re​duction of the chemical potential of the solvent is readily obtained from the free energy of mixing since, by definition, the chemical potential of a solvent in a solution relative to that in the pure solvent is given by
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3.3
Partial differentiation of AGmix  (3.1), with respect to  n1  at constant T gives


[image: image69.wmf] 

n

 

1

2

2

n

 

1

1

1

1

n

 

1

2

1

1

2

1

o

1

1

2

2

2

n

ln

n

n

ln

n

ln

n

n

RT

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

+

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

+

f

+

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

c

+

f

c

=

m

-

m

 

3.4

where, 
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mathematically we known that : 
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eq.  3.4 can be written ;


[image: image73.wmf] 

n

 

1

2

2

2

n

 

1

1

1

1

1

n

 

1

2

1

1

2

1

o

1

1

2

2

2

n

n

n

n

ln

n

n

RT

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

f

+

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

f

+

f

+

÷

÷

ø

ö

ç

ç

è

æ

¶

f

¶

c

+

f

c

=

m

-

m




3.5

The partial derivatives of the expression above may be evaluated from the defnition of volume fraction. Volume fractions may be written in terms of the molar volume ratio, x = V2/V1 as
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 and write into equation  3.5 we can obtain 
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3.6
This equation gives chemical potential difference of a solvent in pure state and in a polymer solution.
For an ideal solution, In which the solvent and solute molecules are identical in size and shape (i.e., x = 1), in which (Hmix = 0 (i.e., ( = 0), and in which volume fraction and mole fraction are equal, equation (3.6) reduces to the classical expression shown in (3.7).
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3.7
where (1  is the mole fraction of solvent. In the case of a heterogenous polymer. x in equation (3.6) is replaced by 
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 (i.e., by the average degree of polymerization).

In classical solution theory, equation (3.6) is valid only for ideal solutions. How​ever, to retain the simple form of this equation for nonideal solutions, the activity of the solvent in a solution is defined by
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3.8
Hence, the activity of the solvent in a solution of polymer is given by
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3.9
and an analogous treatment heginning with (3.1) yields equation (3.9) for the activity of the solute:

we started this derivation from
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3.10

ideal conditions
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3.11

[image: image85.wmf]o
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 = pure solvent activity
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we want to write this equation for two component systems

so  x1 = 1- x2
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3.12
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3.13

for polymeric systems mol fraction is not suitable we have to write as weight fraction
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3.14
we eliminated n2
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where, C2 weight concentration  M molecular weight of polymer
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3.15
also we known that n1 equal inverse of the specific volume(molar specific volume)


[image: image92.wmf]o

1

1

V

1

n

=

 so 










3.16


[image: image93.wmf]M

V

C

x

o

1

2

2

=

 and










3.17

finally ;
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3.18
or
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3.19

If we known polymer concentration as g/lt and 
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 we can determine this value by using colligative properties such as asmotic pressure.

6. OSMOTIC PRESSURE OF POLYMER SOLUTIONS
             Before equilibrium
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              Pure solvent       Solution       


  Pure solvent       Solution

Solvent diffuse right side and right side level higher than left side at equilibrium
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3.21
 if experiment achieved in atm. pressure  
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3.23
very diluted solution partial molar volume = molar volume; 
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3.27
previously we assumed that 
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3.29
Very well known equation from thermodynamics. If we write this equation 3.18 :  


we can obtain 
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3.30
multiply both side with (-)
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3.33
In this derivation we used osmotic pressure if we use other colligative properties;

Boling point elevation 
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3.34
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3.35
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3.36
Using of these three colligative properties for polymers is very limited. If we use these equations which parameter must be measure?

We have to measure the following parameters  

C2

Tb

(Tb/c2

.
.

.
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 c2 

for polymers  M  is very big 
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osmotic pressure can be use high molecular weight when osmotic pressure technique is applied for polymers lower than 10.000 semipermeable membrane become permeable.

7. INVESTIGATION OF OSMOTIC PRESSURE EFFECT ACCORDING TO 
      FLORY HUGGINS ASSUMPTION
We derived following 3.29 equation before
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The following 3.8 and 3.9 equations is valid non diluted solutions
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3.37
if we evaluate osmotic pressure by using this derivations 
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3.41

where x is segment number and 
x = 
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3.42
if n2 = 
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 c2
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3.44
Insert this equation into eq. 3.41 
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3.45
This is a virial equation we can simplified this equation 
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3.46
or 
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3.48
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if ( = 0.5 this temperature known as ( theta temperature(Flory temperature)

for a solvent at room temperature if ( = 0.5 this solvent known as ( solvent. ( conditions can be obtain also by using solvent mixtures.  

From experimental studies, such as an examination of the dependence of 
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on con​centration, it is possible to derive values of (1 provided. of course, that the densities or specific volumes of the polymer and the solvent are known.  All the polymer-solvent systems  show positive values of (1. These positive values indicate that replacement of a solvent molecule by a polymer molecule occurs with a positive enthalpy change (i.e.. is all endothermic process). Negative values of (1 would indicate exotherrnic dissolution, with AHmix < 0. Such negative values of (1 are observed only very rarely, even though they would be more likely in systems in which either the polymer or the solvent is polar (thereby increasing the attractive interactions on mixing). It must be concluded, then, that at 250C dissolu​tion is an endothermic process Dissolution will only be favored thermodynamically (i.e., AG < 0) at those temperatures and compositions for which the negative terms in the free-energy expression (3.1) are numerically greater than the enthalpy of mixing. Thus, for thernnodynamically favored dissolution, expression below must hold.
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8. LIMITATIONS OF THE THEORY

According to (3.45), a single value of (i should be sufficient to describe the osmotic pressure, as well as other thermodynamic properties, over a wide range of polymer concentrations. However, experirnental tests show that (1 depends on the concentra​tion of the solution with the values usually increasing as (2 increased. Some typical results designed to test the theory are shown in Figure giveb below for polystyrene in methyl ethyl ketone and for polyisobutylene in cyclohexane.

The failure of the theory to account for the dependence of (1 on the composi​tion of the solution is due to the approximations inherent in the theory. However, despite these shortcomings, the simple lattice theory gives us, in a relatively simple and instructive way, a semiquantitative appreciation of the factors involved in the therrnodynamics of polymer solutions. Further developments of the theory do ac​count crudely for the dependence of (1 on composition, but these treatments are quite complex aind are beyond the scope or this book.

( condition is a equilibrium condition : solubility-precipitation equilibrium. If you look equations ( changes with C2 .  Changing of C2   changes 
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There is two reason of this unexpected behavior.

1) Insufficient of Flory-Huggins equation.

2) Elimination of some parameters during the derivation of equation

  ( = + a positif value solubility is exothermic reaction

9. SOLUBILITY PARAMETER AND ( PARAMETER

We derived the following equation before
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If we divide both side Vtotal
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and 
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we derived before (H/Vtotal
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Derivation of this equation the effect of dispersion forces was considered hydrogen bonding was not taken into calculations.
If hydrogen bonding also present in the system we have to calculate (2 experimentally.

A2 = ( = (0.5 - (i) / (2
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10. THERMODYNAMICS OF DILUTE POLYMER SOLUTIONS AND THETA 

      TEMPERATURE
We now differentiate Flory equations of 
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with respect to 
[image: image191.wmf]1

n

 of solvent molecules keeping in mind that 
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and  multiply by Avogadro’s number NA to obtain the chemical potential per mole we find;
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Expanding the term 
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But we know that;
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For that reason, Flory defined these terms as;
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Where 
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 is the heat of dilution parameter and 
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 is the entropy of dilution parameter than equal 
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This is  equivalent to assuming that 
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 consist of far is the entropy and enthalpy Flory defined the ideal temperature 
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When then have;
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Equations C, D, F have found an important background in polymer chemistry for several decades. The value of 
[image: image218.wmf]1

c

 is useful for indicating whether a solvent is good or poor for a particular polymer A good solvent has a low value of 
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, while a poor solvent has a high value of 
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11. VAPOR PRESSURE

The classical way to describe thermo dynamical properties of a solution such as vapor pressure and osmotic pressure is to describe the behavior of solvent activity 
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 over whole concentration range .

By definition;
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Which using Flory equation, can be expressed as;
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The parameter 
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 can be determined by measuring the vapor pressure of the solvent in the polymer solution 
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Since 
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 are known from the preparation of the solution and x can be calculated from V1 and V2, 
[image: image231.wmf]1

c

 can be calculated from eq. 2, once the value of  
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 is determined by vapor pressure measurement. The two other thermo dynamic parameters 
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, can be calculated using the following equations;
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The quantities 
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Thus, we can check whether 
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gives a reasonable value to characterizes the interaction between the solvent and solute in dilute polymer solutions.
12. PHASE EQUILIBRIUM
Our previously derived equation can be put in a slightly different forms;
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If we plot 
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 versus 
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, we obtain a curve like the one shown in below. The curve is a shape separation curve in which a maximum, a minimum or an inflection will be shown. The conditions for incipient phase separations are;
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differentiating eq. (x) to obtain 
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 and equating to zero, we obtain;
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further differentiating to obtain 
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  and equating to zero will lead to;
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Eliminating 
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 from Eqs. (y) and (z) we have;


[image: image254.wmf]2

/

1

2

x

1

1

+

=

f


for large y, the equation of 
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We now substitute Eq. (k) into Eq. (z);
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This leads to;
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At the temperature where phase separation occurs we have  T=Tc where Tc is the critical temperature. We thus have;
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For  large 
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 Eq. 4.33 becomes;
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where;
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The terms;
 
[image: image266.wmf]0

1

V

(the molar volume of solvent.)



 
[image: image267.wmf]2

n

 (the partial specific volume of the polymer molecule.)

Thus, if we determine the consulate temperatures for a series of fraction covering an extended range in molecular weight, we can determine the 
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 temperature by extrapolating these critical temperature to infinite molecular weight see figure given below.
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