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1. INTRODUCTION

The Ornstein-Zernike formalisa has proved to be very useful In
studying thermodynaraic and structural properties of simple liquids *'"*',

Its extension to polymer systems has received particular attention in recent

years . The connectivity of a large number of monomers confers new

properties to polymer systems which are not existent in simple liquids.

For polymers, one should distinguish between correlations of monomers

belonging to the same chain and monomers belonging to different chains.

The former gives rise to the Internal form factor P(q) which essentially

characterizes the shape of the mscranolecules (i.e. rigid rod, sphere,

Gaussian coil, etc.). The correlations between monomers belonging to

different chains can be considered approximately the same as for small

spheres In standard liquid theories. These properties were discussed in

various papers dealing with polyelertrolyte solutions , polymer mixtures '

and copolymers in solutions. The purpose of this paper is to show

that the Ornstein-Zernike (OZ) formalism can easily be extended to bulk

systems (no solvent) of polymer and copolymer blends.
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ABSTRACT

The Ornstein Zernike formalism is shown to be applicable to

polymer and copolymer blends. Direct correlation functions are obtained

from the solution problem by using a simple procedure which was

suggested before (H. Benmouna, H. Benoit and W, Wu, to be published in

Macromolecules). This procedure consists essentially of replacing

the volume fraction of solvent by the quantity • N P (q) where •(;1

N and Pc(q) are the volume fraction, the degree of polymerization

and the form factor as a function of momentum transfer q, respectively.
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II. MIXTURES OF HOMO POLYMERS

2.1 Homopolymer A/solvent

The simplest case of a polymer system is a solution of a polymer A

and a solvent. The scattering intensity can be written as

P(<f) (1)

where a and s are the scattering lengths of a monomer and a solvent

molecule, M is the molecular weight and c the concentration of polymers!

the wave number q is related to the wavelength of the incident radiation

X and the scattering angle 6 by the relationship q - ~- sine/2 , S(q)

is the structure factor which can be written as in the simple liquid

theories

= ' • * -

(2)

where H(q) is the total correlation function. The OZ equation expresses

H(q) in terms of a direct correlation function C(q) as follows:

(3)

To proceed further, one needs a closure relation. Here Random Phase

Approximation (RPA) model is used. It consists of treating the excluded
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volume interaction betveen monomers on different chains as a perturbation.

The RPA is expressed by the following expression for the direct-correlation

function;

where

and

= VL

(4)

(5)

(6)

• and 4 are,'respectively, the volume fractions of polymer and solvent

and x is the Flory interaction parameter. For simplicity, we shall

assume that the volume of a unit cell vQ in the Flory Huggins lattice

theory is equal to unity (v_ » 1).

2.2 Mixture of two homopolymers A and B

The OZ formalism described in the above section remains valid for

a pure mixture of two homopolymers by making the following changes:

i) The scattering length of a solvent becomes b, the scattering

length of monomer B;

ii) The interaction parameter becomes xab;

iii) The volume fraction of solvent * should be replaced by

Xb - *.NbP. (q) as we have explained previously

Therefore, the direct correlation function C(q) becomes

8)

Combining Eqs.(l)-(3) and (7) gives the known result
7)

(7)

2.3 Two homopolymers in a solvent

(8)

The problem now is to show how the last result (Eq,(8)) should be

modified when we add a solvent. We know that in three-component systems,

these are three partial intensities 1 (q), ^-(q) and

such that the total scattering intensity I(q) reads:

I , (q) » 1, (q)
ab
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(9)

I (q) and I..(q) have intra and inter-nolecular contributions, whereas

I .(q) contains only internolecular contributions (notice that this is not

the case for copolymers). He have

(10)

(11)

The partial structure- factors

correlation functions H^,(q)

a c e defined in terms of partial

(13)

The OZ equations for this system take the usual form in terms of the direct

correlation functions C4,(q)
 1^ i 2^ !

Rewriting these equations explicitly and rearranging the terns slightly, one

obtains

[i- ( 1 5 a )

(15b)

These equations are written explicitly for the sake of comparison with the

corresponding equations in the case of a copolymer AB in a solvent (see

Sec.3.), Solving the preceeding equations in terms of H.,(q) gives
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(16b)

where the denominator A(q) is given by

Hbb(q) and H ^(q) are obtained from' the above equations by Interchanging

indices a and b. The closure relations are given in the RPA as follows:

y*.

vfl has been defined in Eq.(6), vfa and v ^ have similar definitions:

(17a)

(17b)

(17c)

(18a)
(18b)

X., are the usual Flory interaction parameters between particles i and J.

One notes that the addition of solvent to a binary polymer mixture introduces

new correlation functions and new interaction parameters. Combining Eqs.(9)

to (13) along with Eqs.(16) and (17), one can cast the expression of'the

scattered intensity into its final form

Iff a (19)

-s-

To contract the formula we have denoted contrast factors a and b instead
of (a-s) and (b-s). To our knowledge, this is the most general result

giving the scattering intensity for a mixture of two polymers A and B

in a solvent in terms of the scattering angle & , the molecular dimension

(H and radii of gyration), the contrast factors (a and b), the concentrations

(̂ a and i>.) and the thermodynamic parameters (v , v. and v . ). In the

thermudynamic limit one sets q - 0 and obtains the osmotic compressibility

(7-̂ ) or the spinodal curve (by letting the denominator go to zero, i.e.

&(q « 0) - 0), Such studies have been reported elsewhere . Here we are

concerned with the limit of a bulk of three homopolymers A, B and C. But

before examining this problem, let us notice that by letting 4 •+ 0 (pure

blend of two homopolymers A and B) one recovers the correct result given in

Eq.(8).

2.4 Mixtures of three homopolymers A.B. C

Extending the procedure of Subsec.2.2 to the three polymer blends,

one can immediately obtain*the 0Z equations for this system. Indeed, all

the equations written for the mixture of two polymers in a solvent remain

valid in the present case if one replaces the scattering length of solvent

s by c, the volume fraction of solvent * s by xc » Hc4j,Pc(q), *"d the

interaction parameters Xj s by XJ with

direct correlation functions. C..(q) become

a or b. Therefore, the

-i- - ZX 4c)

(20)

(21)

(22)

Combining these results with the 0Z equations in the preceding sections, one

can easily verify that the scattering intensity in this case may be written

as follows;

(23)

Kg -f-

where
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(24)

and

This result was already obtained before using a somewhat differentmethod not

based on the OZ formalism .

III. THE CASE OF A COPOLYMER AB

Obviously, the case of a copolymer is somewhat different because of

the presence of intramolecular interspecies correlations giving rise to

Xab

(26)

where 4 is the total monomer volume fraction, N and Nfa are the numbers

of monomers A and B within a chain and F fc( is the contribution to the

total form factor P«(q) of intramolecular correlations between species A

and B

where Pa(q) and Pfe(q) are the form factors of blocks A and B building a chain.

Because of the presence of these interspecies intramolecular correlations,

one has'tomodify the OZ equations in a way described below.

3.1 Copolymer AB + solvent

The OZ equations in this case were given previously as follows :

"> •A
(28)

Writing these expressions explicitly and rearranging the terms slightly, one

findst
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(29b)

It is interesting to compare these expressions with those of the corresponding

mixture of homopolymers (see Eqs.(15)). First, C
x

homopolymer cases are replaced by

.

C j. and

and

X.L

"ba
C

in the

ba

Therefore C . is different from C ^ in the copolymer case (as opposed

to the homopolymer mixture where they are equal). Second, there are

additional terms on the right-hand sides of Eqs.(29) as compared to

Eqs.(lS). The discriminent A ( q ) keeps the same form, however. Namely:

This problem has already been examined in ref.6. We note in this respect

that erroneous expressions were given for the direct correlation functions

C,,(q) (due probably to misprints), but the final results were correct.

We give here the exact expressions for

AB in a solvent

C,,(a) in the case of a copolymer

(30a)

(30b)

(30c)

(30d)

We write the final result for the scattering intensity l(q) for the sake

of comparison with the corresponding homopolymer system

Klfl* V £ £
(3D

One notes that the homopolymer limit is correctly recoverd by setting

x t - 0.
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3.2 Copolvmer AB + homopolymer C

It would be interesting to see how the expressions above are modified

if the solvent has a sufficiently high molecular weight to be identified as

a polymer constituent. This is easy to do by using the procedure described

earlier in this work. Namely, one replaces the scattering length of solvent
s by c, and the excluded volume parameters

following expressions! respectively

and by the

f — c. ti

Substituting these expressions into Eqs.(30), one obtains the direct correlation

functions in the case of a blend made of a copolymer AB and a homopolymer C.

The final result for the scattering intensity can be shown to take the form
8)

TL

where s\, are defined as

and A xaxb - x a b

AK

(33aJ

(33b)

(33b)

I - x. (33d)

are given by Eq.(25) with i - a.b.c. This

result has been obtained previously using a somewhat different argument.

IV. CONCLUSIONS

The main theme of this paper was to show that the OZ formalism can

be extended to arbitrary mixtures of homopolymers and copolymers with or

without solvent (i.e. in solutions or in bulk). To our knowledge, this

is the first tine that this formalism is applied to bulk polymer systems.

This supports the idea that solvent can be considered as a polymer constituent

if one adjusts its properties to account for a large molecular weight and a

large radius of gyration giving rise to a q dependent form factor. This

adjustment is described by a simple procedure which consists essentially

-9-

of replacing the volume fraction of solvent $ by the quantity $ N^F (q).

This procedure is characteristic of the SPA because (i) one expresses respons

functions (or scattering Intensities) of the Interacting system in terms of

the bare responses (i.e. x^, x b and x ); (ii) one introduces the interactions

between monomers (through the excluded volume parameters v,. or the Flory

interaction parameters x.i) as perturbations. These two conditions are

the essential features of the EPA 9)
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