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Interaction Between Components of Polymer Blends by Scattering
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Summary

The Flory interaction coefficient xpag of binary polymer blends of high
concentration may be determined from the study of light, x-ray, or neutron
scattering at gq=0. Neutron scattering measurements are particularly effec-
tive for these measurements since scattering intensity may be enhanced
through deuteration of one component.

Scattering Measurements at Low Concentration

The scattering of radiation by an isotropic condensed two-phase system
arises from fluctuations in density and concentration. The concentration
fluctuations were described by Einsteinl,2 as

R RTcg 1
c =K (3mp/acg)t (

where R, is the concentration fluctuation contribution to the Rayleigh fac-
tor at g=0 [q=(4n/2r)sin(6/2) where X is the wavelength of the radiation and
o the angle between the scattered and incident ray]. The Rayleigh factort
is defined as

IsPZ
R= Tovs @

where Ig and Iy are the scattered and incident intensities, p is the sample-
to-detector distance and Vg is the scattering volume. cp is the con-
centration of phase B and mp is the osmotic pressure between phase A in
solution and in pure phase A.#

*To whom correspondence should be sent.

tThe Rayleigh factor has dimensions of cm-! and is identical with the dif-
ferential scattering cross-section (3r/3Q) conventionally used by neutron
scatterers,

#The result should be symmetrical in the choice of labelling phases A and B
and is not dependent on which is arbitrarily designated as the solvent.
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The equation was originally derived by Debye3 for light scattering for
which

2nln? an 42
K=K = n2 (£L.) (3)
Noxo® "1 p

where n is the refractive index of the solution, Ny is Avagadro's number,
and Ay the wavelength of light in vacuum. However, the equation is also
valid for x-ray scattering for which4

e Noi
= K = Noe (5E5)° = =257 (oa® - 03%)2 (4)

where ig is the Thomson scattering factor for a single electron

[(e2/m coz)2 where e and mg are the electronic charge and mass and ¢g s
the ve?ocity of 1ight], p€, pp® and pp® are the electron densities (in
moles electrons/cm3) of the solution, components A and B, respectively,
and pg is the gravimetric density of phase B.

For the coherent contribution to neutron scattering5
K = Ky = (No/mg*2) (ap* - ap*)2 (5)

where mg* is the mass per mole of lattice cells of component B and ap* and
ap* are the scattering lengths per lattice cell. Note that these are given
by

mg* = mg (vo/VB) (6)

ap* = ap (vo/va) (7
and

ag* = ag (vo/vB) (8)

where mg is the molecular weight of the monomer unit of B and va, vg, and

Vo are the volumes of the monomer units of A and B and of the lattice cell,
respectively, while ap and ap are the scattering lengths per monomer unit of
the two components. Note that Ky is independent of vg, a reasonable result
since vy is dependent upon the arbitrary choice of the lattice. Alter-
natively, Ky may be expressed in terms of molecular parameters as

KN = (No/mg2) [saGD) - 2812 (9)

Debye3 used the virial expansion for the osmotic pressure for dilute
solution in solvent (A) giving

my = RT Eﬁ% + Axcg? + ...] (10)

where Mg is the average molecular weight of component B and Az is the
second virial coefficient. Substitution of (10) in (1) leads to the
familiar Zimm equation6 for g=0
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1
F=ﬁ§+ 2hxcg (1)
permitting the experimental determination of Mg and Ay from measurements of
Rc at q=0 as a function of cg in dilute solution. This equation serves as
the basis for the determination of polymer molecular weights by light
scattering.

Kirste et al.’ have extended this approach to the neutron scattering of
polymer blends and obtained molecular weights and second virial coefficients
for dilute blends. The second virial coefficient is related to the Flory
interaction parameter xag in mongmeric selvents through the relationship for
a low molecular weight solvent A8

Ay = (1/2 - xAB)/oB2VA (12)

where pp is the (gravimetric) density of component B and Va is the molar
volume of the solvent. [It is assumed that the monomer volume equals the
lattice cell volume (vp = vg).] More generally, for a polymeric solvent9,

Az = (1/2 - yaxaB)/o82Va) (13)

where yp is the number of lattice cells occupied by a molecule of component
A. That is

YA = Va/ (Novo) (14)

This is related to the degree of polymerization of component A, zp, by

zp = Ma/mp = ya(vo/va) (15)

where Mp and mp are the polymer and monomer molecular weights of component
A. It is noted that xpg is the interaction parameter per lattice cell so
that the interaction parameter per molecule of A is ypXpg. Using this
definition, the dependence of XAB upon Mp is minimized.

Kirste et al.10 showed that negative Xpg values (corresponding to nega-
tive heats of mixing) characterized miscible blends, whereas immiscibility
was associated with xpg becoming positive. However, their analysis was
restricted to dilute blends. There is much evidencell-14 that Xag is con-
centration dependent in blends, so that their characterization of blend
miscibility is only applicable to systems in which one component is present
at low concentration. The extension to high concentration requires means
for determination of Xag under these conditions.

Extension to High Concentration

Debye and Buechel5 showed that Eq. (1) may be extended to high con- 7
centration through use of the Flory-Huggins equation for osmotic pressure8
which is for solution in monomeric solvent A

mas -y Onea s (1= 32) o + xagop?] (16)
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where ¢p and ¢g are the volume fractions of components A and B, This led to
a prediction o? the variation of R. with concentration exhibiting a maximum
at a concentration related to Vg/vp (and not dependent upon Xag). The
method never became popular for molecular weight measurement, partly because
of the difficulty of clarifying concentrated solutions to render them
suitable for light scattering measurements.

This approach, however, is a good one for the description of the neut-
ron scattering from polymer blends, especially if the scattering intensity
is enhanced through increasing (ap* - ap*) by using a deuterated species
for one of the blend components. Under these conditions, the contribution
of the polymer to R. is much greater than that arising from small amounts of
impurities. Also, for a polymer blend, Vg/Vp is often of the order of unity
so that the scattering maximum occurs at appreciable concentrations rather
than at very low concentrations as with a monomeric solvent.

For polymeric solvents, Eq. (16) may be generalized as

RT JA
ey [Inop+ (1 - y—B) 9B *+ YAXAB$B2] (7)

Substitution of (17) in (1) and rearranging gives

KHIB*Z ] '|
= + - 2X 18
RovoNo ~ YA®A ~ ypep  ~ hB (18)
or
Kmg? 1 ] vB
= + - 2pB (=) (19)
ReveNo ZA(%)M Zgop Vo

Thus a measurement of R. for known zp and zg permits the determination of
Xpg. This approach is equivalent to that used by Wendorffll for the deter-
mination of yag for the poly(vinylidene fluoride)/poly(methyl methacrylate)
blends from the concentration fluctuation contribution to small angle x-ray
scattering. (Note that Wendorff's interaction parameter is equivalent to
our yaXaB.) A somewhat similar proposal has been made by Russel1,12

It is noted that for neutron scattering using Eq. (5) for Ky, Eq. (18)
becomes

(ap* - ag%)2 1 1

- - 20
Revo YasA | ypes B (20)

This equation is expressed completely in terms of lattice parameters and is
symmetrical in A and B. In terms of molecular parameters, it becomes

v
[aa(=D) - ag]2
VA o s g (B

- (21)
Revs za¢A(¥%) Zp¢B Vo
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The term XAB(vp/vp) represents the interaction coefficient per monomer unit
of component B,

If one utilizes the equation for the coherent neutron scattering from a
two component incompressible systeml6-20

Re = (aa* - ag*)Zsaa(a) (22)
where Saa(q) is the interference function between A units given by
Saa = NayaZ [Pa(a) + NaQaa(q)] (23)

where Ny is the number of molecules of component A per unit volume, Pa(q) is
the intramolecular interference function within A molecules and Qaa(q) is
the intermolecular interference function between A units on different
molecules, by substituting (22) in (20) one obtains

| I N
VoSAA  YASA  YB9B

- 2xpB (24)

which is the same as

1 1 1
= + -
YaoAlPa(q) + NaQa(a)J  yaea  yBoB

2XpAB (25)

This is equivalent to the deGennes result2l using the random phase approxi-
mation for the case of g=0.

Use of Three Component Systems

The application of these equations is related to measurements on con-
centrated binary solutions. In such cases, it is not possible to indepen-
dently measure the molecular weight or radius of gyration of a component of
the blend. However, this may be done using three component scattering
theory!8,20 where one species, A, is gartia]]y deuterated (D and H) to mole
fraction x and the other, B, is not.22-25 [n this case, scattering theory

gives
Re(a) = x(1 - x) (ap* - ay*)2 NaypZPa(q) (26)
+ (ap* - ag*)2 Naya2PA(q) + NaQaA()]
Since vp=vy, this equation is equivalent to
Re(a) = x(1 - x) (ap - an)2 NazaZPa(q) -
+ [ap - as(;gélz Nazp2[PA(q) + NaQaa(a)]
where ap is the average scattering length for component A given by
ap = xap + (1 - x)ay (28)

Here ap and ay are the scattering lengths of deuterated and hydrogenous spe-
cies o? A, Nj is the total number of molecules per cm3 of both species of A
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having degree of polymerization zp (assuming zp=zp=zy). Differences in
interaction between H and B and D and B are neglected, so it is assumed that

Pa=PH=Pp and Qaa=QuH=QDD=QHD-

By measuring R.(q) as a function of x at constant Na Eq. (27) may be
resolved into contributions from the two terms.17.20,22-25 The variation of
the first term with g characterizes the q dependence of Pp(q) which yields
the radius of gyration, (Rg)a, of A through

PA(Q) = 1 - §(Rg)a2a2 + ... (29)

while the magnitude of the first term at g=0 characterizes zj related to the
molecular weight of A. The second term of Eq. (27) permits the deter-
mination of the denominator of the left side of Eq. (25), so if zg is known,
XAB may be calculated.

This approach has been used in our laboratory for the study of blends
of polystyrene with poly(vinyl methyl ether) and poly(vinylidene fluoride)
with poly(methyl methacrylate) which will be described in a forthcoming
publication.26  values of XA? obtained23,24 are consistent with those
obtained by other techniques.l!-13
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