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ABSTRACT: The dynamic behavior of the ternary mixture poly(methyl methacrylate)/poly(dimethylsiloxane)/
tetrahydrofuran (PMMA/PDMS/THF), where THF and PDMS are isorefractive, has been investigated by
quasi-elastic light scattering (QELS). Two distinct modes have been observed in the autocorrelation function
of the scattered light. In the semidilute range at one total polymer concentration Ct > C* (where C* is the
overlap concentration) and far from the “cloud point” Ct < Cyp, (where Cg is the spinodal concentration),
the variation of the two relaxation processes characterized by their frequencies I'c and I'; and their amplitudes
ac and ar has been examined as a function of the relative composition of the “visible” polymer (e.g., PMMA)
x = Cpmma/Cr and the scattering vector g. The experimental results are in good agreement with recent
theoretical calculations based on the random phase approximation (RPA) developed by Benoit and Ben-
mouna. Indeed, the first mode, I'c, which is fast, is independent of the composition and characterizes the
total concentration fluctuations. Its value is identical with that measured in the corresponding binary system
(e.g., PMMA/THF); it is the cooperative diffusion coefficient mode. The second mode, T'y, which is slow, is
sensitive to the composition. It describes the motion of one species with respect to the other and is called
the interdiffusion mode. As regards the amplitudes ac and a; of these two processes, the experimental results

show a sensitive variation with the relative composition x according to the theoretical predictions.

Introduction

Over the past decade, there has been considerable
interest in the dynamic properties of polymer mixtures in
bulk!-1! and in solution!2-17 from both theoretical and
experimental points of view. Experimental methods used
include forced Rayleigh scattering (FRS), pulsed-field-
gradient NMR (PFG-NMR), and quasi-elastic light
scattering (QELS). With QELS in solution, the solvent
is always chosen to be isorefractive with one of the
polymers. The idea is that the dynamics are then driven
by the “visible” polymer and the interpretation is easier.
At small concentrations of the probe, one observes its self-
diffusion coefficient at a finite concentration of the
“invisible” polymer, which is the matrix. Several types of
mixtures have been considered. Polystyrene/poly(vinyl
methyl ether) (PS/PVME)8-28 in toluene or in o-fluoro-
toluene (0-FT) was the most frequently studied system
because of the high degree of compatibility between these
two polymers. With such compatible systems, a wide range
of molecular weights and concentrations has been explored,
and some scaling laws for the self-diffusion coefficient have
been deduced. Other polymer mixtures such as
PS/PMMA /solvent?®-38 were considered in the framework
of similar studies, but only a limited range of molecular
weights and concentrations has been explored because of
the incompatibility of these polymers. The ternary mixture
PS;/PS,/solvent,3*4 where the two polystyrenes differ
only in their molecular weights, was also investigated over
reasonable ranges of molecular weights and concentrations
because of the compatibility of this system. All of the
reported experiments dealt with a system far from the
“cloud point” or the phase separation (spinodal
decomposition). The common point of these studies was
the use of a small composition of the “visible” polymer x
in a matrix. Most of the experimental results on these
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systems showed a monoexponential behavior of the
scattered autocorrelation function as measured by QELS
except for a few cases where two modes were
observed.35:383% The aim of these studies was to verify if
the only observed mode, which is slow, could be interpreted
in terms of a reptation motion2 or if other sophisticated
dynamic processes*? had to be taken into account. In spite
of the great experimental effort expended, most of the
reported results are still the subject of controversy.

More recently, using the random phase approximation
(RPA) technique, Benoit, Benmouna, and co-workers*—47
have published a series of papers in which they have
developed a theory that is able to describe the dynamic
behavior of two monodisperse polymers in a solvent. This
may be the case of mixtures of two homopolymers in a
solvent or diblock copolymer in solution. The details of
the calculations and the applications of the theory have
been presented in ref 48. In their calculations, they have
shown that the autocorrelation function of the scattered
intensity is the sum of two exponential functions
characterized by relaxation frequencies I'c and T'1. These
two processes have different physical meanings. Indeed,
the first one, I'c, which is fast, depends on the excluded
volume V, characterizes the total polymer concentration
fluctuations, and has the same value as that measured in
the corresponding binary system (i.e., polymer 1/solvent
or polymer 2/solvent) at the identical total polymer
concentration. It has been called the cooperative diffusion
mode. The second one, I'1, which is slow, characterizes the
composition fluctuations, depends on the Flory interaction
parameter x, and describes the motion of one species with
respect to the other. It has been called the interdiffu-
sion mode and is the only mode that survives in the bulk
state.l-11

In this treatment, general expressions have been derived
for the amplitudes and the frequencies of the two processes
under various conditions of the thermodynamic parameters
(i.e., excluded volume V and Flory-Huggins parameter x),
the molecular weight M, the total polymer concentration
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Cr, the composition of the “visible” polymer x, and the
wave vector g. The relations that have been obtained are
very useful for estimating the optimal experimental
conditions necessary to observe these two processes
simultaneously. As has been shown,%4 these ideal
conditions correspond to (i) a total polymer concentration
Cr such that C < Ct < Cyp, (i.e., the system is in a one-
phase regime (Ct < C4p) and in semidilute solution (Ct
> C*), where Cp, and C* are the spinodal and the overlap
concentrations, respectively) in order to obtain a value of
the ratio I'c/T' as large as possible (under this condition
the two processes should be easily separated) and (ii) a
relatively high value of the composition of the “visible”
polymer x in order to have the amplitudes of these two
processes in the same order of magnitude.

More recently and to check the validity of this theoretical
treatment, two ternary systems were considered by Bor-
sali et al.: PS/PMMA/toluene?50 and PS/PDMS/
solvent®! (THF, toluene). In these experimental studies,
unlike those of other authors, the composition of the
“visible” polymer, as discussed above, was chosen to be
high; namely, x = Cps/Ct = 0.92 in the case of PS/
PMMA /toluene and x = Cpg/Crt = 0.54 in the case of PS/
PDMS/THF. Two modes were indeed found. The values
of the cooperative diffusion coefficients measured in the
semidilute region for PS/PMMA /toluene and PS/PDMS/
THF were equal to those obtained at identical polymer
concentrations with the corresponding binary systems PS/
toluene and PS/THF, respectively. The angular
dependence of T'c and T'; was also investigated by the same
authors,*8-51 and the results showed a g2 dependence for
I'c whereas I'1 presents a significant deviation from g2
behavior according to the theoretical variations. For both
systems and at each composition, the cooperative diffusion
coefficient D¢ = (T'c/g?)q—0 increases with the total
polymer concentration while the interdiffusion coefficient
Dy = (T'1/q?)q--0 decreases when the total polymer
concentration increases. As far as the amplitudes of these
two modes are concerned, the experimental results show
good agreement with the theoretical predictions. Without
going into details, most of the experimental data obtained
from the ternary mixtures PS/PMMA /toluene+9:50:52 and
PS/PDMS/solvent®! and, more recently, from the ho-
mopolymeric polyisobutylene system PIB,/PIB2/
chloroform53:54 (where PIB; and PIB; differ only in their
molecular weights) were consistent with the mean-field
theory based on the RPA developed by Benoit and
Benmouna.44

As mentioned above, the choice of the composition of
the “visible” polymer at a given total polymer concentration
is important. It is one of the crucial points in this theory.
Indeed, in the small range of composition x < 0.1 only one
mode, which is slow, has been detected,18-34:36.37.39.41 gnd
at relatively high composition two modes characterize the
dynamics.35'38'48'54

Our goal in this paper is to explore, at one total polymer
concentration C (in the semidilute regime (Ct > C*)) and
far from the “cloud point” (e.g., in the one-phase regime
(Ct < Cyp)), the whole range of composition (0 < x < 1)
in order to see how the second process emerges when the
composition increases. To do this, we have chosen the
ternary mixture PMMA /PDMS/THF, where THF is
isorefractive with PDMS. To our knowledge, this is the
first time that such a system has been investigated by
QELS. We note, however, that static measurements,5®
using classical light scattering, have already been done and
were useful for our dynamic experiments. Before
presenting our experimental results, we recall some of
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theoretical predictions describing the dynamic behavior
of the ternary mixture P1/P2/solvent, especially in the
case when the increment of refractice index of polymer 2,
(dn/d¢)s, is equal to zero. In this case the total
intermediate scattering function St(q,t) reduced to

Stlg,t) = S;;(g,t) = ace'rC‘ + aIe’rI‘ (1)

where g = (4x/M)n sin (8/2), X is the wavelength of the
incident radiation, @ is the scattering angle, n is the
refractive index of the medium, and ¢ is the time. In this
simple case, the theoretical expressions for the amplitudes
ac and a; and the frequencies I'c and I'y of the two processes
that characterize the dynamic behavior of the ternary
mixture are*44850,51

ac = #aNP@) V@LP(’;Q?(_QL/XC@” @
o0 2 NP e e ©
e = Is(@)[1 + VENP(q)] @
Iy = Te(@)[1 - x/x(4)] 5)
where
x.(q) = [2x(1 - x)®NP(g)]™ (6)

In these relations, it is assumed that the solvent has the
same quality for both polymers (e.g., the same excluded
volume: Vi; = Vo3 = V) and a small interaction x between
the two species, which is taken into account by the quantity
Vie = V+ x, where x < V. For the sake of simplicity it
is assumed also that the two polymers have the same
dimension, Rg1 = Ry2 = R [i.e., the same form factor P;(q)
= Py{q) = P(g)], and the same degree of polymerization,
N, = Ny = N. &, x, and x.(q) are the total polymer
concentration, the composition of the “visible” polymer,
and the critical interaction parameter, respectively. In
relations 4 and 5, I's(g) is the self-relaxation frequency.
In the semidilute regime Ct > C*, the hydrodynamic
interactions are screened and the expression for I's(g) in
the Rouse model® is

k 1 Dy

@ = iDL = g s 7
where k is the Boltzmann constant, T is the absolute
temperature, Dg = (kT/N¢) is the self-diffusion coefficient,
and { is the friction coefficient of a monomer unit. ¢ is
assumed to be the same for both monomer units, and
therefore Dg reflects the self-diffusion coefficient of each
polymer. Figure 1 recalls the theoretical variation of the
relative amplitude of the fast mode, ac/(ac + ap), as a
function of the composition x of the “visible” polymer at
the total polymer concentrations C* (curve a) and 10C*
(curve b) at x/V =0.1 and P(q) = 1. From an experimental
point of view it is useful to recall that in the standard
notation V®N = 24A,M,Ctr and C* corresponds
approximately to AoMC* = 1 (A3, My, and Cr are the
second virial coefficient, the molecular weight, and the total
polymer concentration, respectively). As regards the
frequencies we have plotted in Figure 2, in arbitrary units,
the theoretical variations of the two diffusion coefficients
D¢ = (I'¢/q?)¢—0 and D1 = (I'1/g?) 40 as a function of the
composition of the “visible” polymer x at the total polymer
concentration Ct = 10C*, which corresponds approximately
to our experimental total polymer concentration. From
this figure and according to relations 4-7, it may be seen
that D¢ is independent of x whereas Dj exhibits a sensitive
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Figure 1. Theoretical variation of the relative amplitude of the
fast mode ac/(ac + ai) as a function of the composition x of the
“visible” polymer in ternary mixtures at ¢ = 0 and x/V = 0.1:
(a) Cr = C*; (b) Cr = 10C*.
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Figure 2. Theoretical variation of the cooperative diffusion
coefficient D¢ (a (top)) and the interdiffusion coefficient D; (b
(bottom)) as a function of composition x of the “visible” polymer
in ternary mixtures at ¢ = 0, x/V = 0.1, and Ct = 10C*.

variation with the composition of the “visible” polymer.
On the other hand, D; = (T'1/g?);—o depends also on the
total polymer concentration. It decreases when the total
polymer concentration increases. Since Didepends on x
and Cr, it is interesting to illustrate this behavior in a three-
dimensional plot. This is done in Figure 3, where the
theoretical variation of (D1/Dg),—o is plotted as a function
of composition x and total polymer concentration Cr at
x/V = 0.1. This value of x/V corresponds to our
experimental results as we will show later. The quantities
V®N and x®N have been replaced by 24.M,,Cr and (x/
W{(2A:M,CT), respectively. If the concentration is too
high, D; becomes negative for some values of x and Cr
(dashed lines). This means that the system cannot exist
for these values of x and Ct as a homogeneous phase and
corresponds to phase separation (via spinodal
decomposition). In our system such a situation occurs for
x=0.52at C1 = (Coplexp = 2.77 X 1072 g/cm? (see Figure
3).
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Figure 3. Theoretical variation in three-dimensional plot of the
interdiffusion mode as a function of the composition x and the
total polymer concentration Cr at ¢ = 0 and x/V = 0.1

Table I
Properties of Polymer Samples

sample M X103 I=M.,/M, R, A A, X104, mol cm?3 g2

PMMA 730 1.13 5832 2.70°
PDMS 717 1.40 427 2.75¢

¢ From static light scattering measurements (PMMA/THF). ® R,
= (015 + 0.0l)Mw0.59*0.01.57 < A2 - (80 + 3) X 10_4Mw_0'25*0'01>57

Experimental Section

Materials and Sample Preparation. PMMA was obtained
from Polymer Standards Service, Mainz, FRG, and PDMS was
prepared in our laboratory. The characteristics of these polymers
are given in Table I. The weight-average molecular weight M,
the radius of gyration Rg, and the second virial coefficient Az of
PMMA were determined by static light scattering measurements
in THF. Those values for PDMS were calculated from the
literature.5? Several PMMA/PDMS/THF solutions were
prepared at the same total polymer concentration Ct = 1.33 X
1072 g/cm3 in the range of composition of the “visible” polymer
x = Cpmma/Cr (0.1 < x € 1). One notes that the overlap
concentration58 is approximately C* =~ 0.14 X 10-2 g/cm? and
the concentration at the “cloud point” is approximately Ccp ~
1.6 X 102 g/cm3 at x = 0.5. From the theoretical point of view
this means that the properties of the system studied could be
interpreted in the framework of the RPA. The solutions were
allowed to mix during 3 weeks. They were filtered with 0.45-
um Millipore filters. Solutions were allowed to equilibrate for
a few days following filtration and prior to measurements. The
homogeneity of the solutions was tested by classical light
scattering.

Equipment and Data Analysis. The full homodyne
correlation function of the scattered intensity defined on 1023
channels was obtained by using the ALV-3000 autocorrelator from
ALV, Langen, FRG. With such an autocorrelator it is possible
to resolve, in one run, the underlying dynamics with high accuracy
because of the 1023 available channels. The scattered light of
a vertically polarized 4880-A Ar ion laser (Spectra-Physics 2020)
was measured at several angles in the range 50-130° at the
temperature t = 30.0 + 0.1 °C. The total intermediate scattering
function St(g,t), which is reduced in this case to S;(g,t), is related
to the measured homodyne intensity autocorrelation function
G9(q,t) by the Siegert relation%®

GP(q,t) = B(1 + a|Sy;(q.t)D) (8)

where B is the base line and « is the spatial coherence factor
depending upon the geometry of the detection. The constrained
regularization method (conTiN) developed by Provencher®® was
used to obtain the distribution A(7) of decay times. A statistical
parameter “probability to reject” (P) is calculated for each solution,
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Figure 4. (a) Typical autocorrelation function as measured by
QELS on the system PMMA /PDMS/THF at t = 30 °C, Ct =
1.33 X 10~2 g/cm3, x = 0.90, and 6 = 50°. The dots represent
the experimental data and the solid line is a monoexponential
fit. (b) Same as (a): double-exponential fit according to relation
10.

and the chosen one is that for P closest to 0.5.

@ 12 .
(9}(9#'”-1) = [Ta@edr=5,@n  ©

The analysis of the autocorrelation functions was made on-line
with a Microvax II computer. The results obtained from this
procedure of data treatment were quite similar to those obtained
with a so-called Kohlrauch-Williams-Watts (KWW) function®!
extended to two relaxation processes, namely

S11(g,t) = ag exp[~(t/ rxww,c)*] + a; exp[~(t/ Tkww )] (10)
where the 8 parameters (0 < 8¢ < 1) are directly related to the

width of the distribution. The mean relaxation times ¢ 1 are given
by

- _ TKkwwC
T(: = A

T{(8c™) (11)

- T WW, R
7= (g (12)
8 ‘
where I'(8c,1) denotes the Gamma function. It is important,
however, to note that in this latter analysis the 8¢ 1 values were
found to be very close to unity.

Results and Discussion

The experiments were performed at the temperature ¢
= 30 = 0.1 °C at several angles between 50 and 130° far
from the phase separation and at one total polymer
concentration, namely, Ct = 1.33 X 10-2 g/cm3, which
corresponds to Ct/C* ~ 10. A typical intensity auto-
correlation function obtained from the ternary mixture
PMMA/PDMS/THF at x = 0.90 and 6 = 50° is displayed
in Figure 4a. The dots represent the experimental data
and the solid line a monoexponential fit. It is clear from
the distribution of residuals, plotted at the top of Figure
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Figure 5. Relaxation time distribution obtained from conTIN for
the ternary mixtures PMMA /PDMS/THF at total polymer
concentration Ct = 1.33 X 102 g/cm? and at the compositions
x = Cpmma/Cr shown.

4a, that the monoexponential fit is not satisfactory. Similar
observations were made at the other compositions.
Because of this unsatisfactory monoexponential fit, we
analyzed the data with two exponential functions according
to relation 10. Indeed, a good agreement was obtained
between experimental data and the two-exponential fit as
shown in Figure 4b. Values of 8¢ and 8; were found to
be very close to unity. Additionally, Provencher’s coNTmNé®
algorithm was used and the result of this analysis confirmed
again that two relaxation processes characterize the
dynamics of this system. The variations of the amplitudes
{ac, ap) and the frequencies (I'c, I'y) of these two relaxation
modes were considered as a function of composition x and
scattering vector q.

1. Amplitudes ac and a;: Effect of Composition.
Figure 5 shows the variations of the two relaxation
processes, represented by the two peaks, at § = 50° as a
function of composition (0.5 £ x < 1) as detected by con-
TIN analysis. It may be seen from this representation that
the amplitude of the fast processes increases with the
composition whereas at the same time one observes a
decrease of the amplitude of the slow processes. At small
composition, namely, x < 0.1, only the slow relaxation
survives. This result at x < 0.1, already obtained for other
systems,18-34:36.37.41 j5 expected since the amplitude of the
fast mode, ac, tends to zero as the composition decreases,
as shown in Figure 1. From this analysis we have plotted
in Figure 6 the variation of the relative amplitude of the
fast mode ac/(ac + aj) as a function of the composition
x = Cpmma/Cr. The dots represent the experimental data
and the solid line represents the theoretical prediction.

Using egs 2, 3, and 6, we obtain the best fit between
experimental and theoretical results by adjusting the values
of x®N and V&N in the expression

Gc  _ 1
ac+a1 (1—x)(1 + V@N)
1+ [x{l -2x(1- x)x‘PN}]

where we have taken P(gq) = 1. This approximation is
justified since at 6§ = 50°, gR, < 1 and P(q) ~ 1. Values

(13)
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Figure 6. Variation of the relative amplitude of the fast mode
ac/(ac + ap) as a function of the composition x = Cpmma/Cr
at Ct = 1.33 X 102 g/cm3 and 6 = 50°. The dots represent the
experimental data and the solid line is the theoretical curve. The
values of x®N ~ 1.5 and V&N ~ 7.85 correspond to the best
fit according to eq 13.

Of (V®N)exp =~ 7.85 and (xPN)exp = 1.5 have been obtained
by using the nonlinear least-squares Marquardt algorithm
with two independent adjustable parameters. Taking the
theoretical expression V&N = 24,M,Cr, one obtains
(V®N)theo =~ 5.24. Within experimental error, this value
is in the same order as that obtained by fitting the
experimental data using relation 13. The values of
(V@®N) exp and (x®N)exp allow us to calculate the quantity
(x/V)exp =~ 0.19. On the other hand, the relationship
between x/V and the second virial coefficients Az, A2p,
and Az qp that characterize the thermodynamic interactions
of the system is given by48:50:51

X = 2’r"am'bAZ,ab
2 2
4 m, A2.a + my A2,b

maq and my, are the molecular weights of the monomer units.
From this relation, one obtains the value of (Azab)exp =
3.38 X 1074 mol cm?® g2, which is in good agreement with
that obtained by static measurements.?5 Indeed, using the
scaling law AA; = Agap — (Aza + Azp)/2 = (1.58 + 0.08)
X 10-2M,,~0-4%0.05 62 deduced from static measurements on
the mixture PMMA /PDMS/ chloroform in the so-called
optical © conditions® where the determination of Ag ,p, is
known with high precision, one obtains Ay, =~ 3.44 X 1074
mol cm? g2,

2. Frequencies: Angular Dependence. The angular
variation of I'c and T'; has also been considered in the
framework of this work. The experimental results are given
in Figure 7. Whereas I'c is g2 dependent for all of the
compositions, I't presents a strong deviation from the ¢2
behavior as shown in parts a and b of Figure 7, respectively,
for x = 0.8 as an example. This result has been also
observed in PS/PMMA/toluene®® and PS/PDMS/
solvent5! systems. Following the same procedure described
in refs 50 and 51, the experimental data were fitted by using
the relation

-1 (14)

Dy
I'(g) = ¢*——
! P(q)
by adjusting the values of D; and that of the apparent
radius of gyration R, qpp in the expression of the form factor
P(g) represented by the Debye function

Plg) =2 +u- 1)/u2 (16)

where u = (qRg app)%. The values of the apparent radius
of gyration Ry app deduced from this analysis are listed in
Table II and plotted as a function of the composition in
Figure 8. This result shows that R .5 is strongly affected

(15)
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Figure 7. Variation of the relaxation frequencies I'c {(a) and I'y
(b) as a function of g2 measured on the ternary system PMMA/
PDMS/THF: Cy = 1.33 X 10~2 g/cm3 and x = 0.8. The solid
line (b) represents the best fit according to eqs 15-16.

Table II
Variation of Rg,,, as a Function of x
x Rgapp A x Rgopm A
0.10 190.8 0.60 601.3
0.20 321.7 0.70 504.7
0.30 499.5 0.80 392.7
0.40 538.4 0.90 208.4

0.50 555.9

by the properties of the system and particularly by the
composition x as has been predicted®4 and reported for
other systems.8® Moreover, the value for the radius of
gyration decreases with the concentration as has been
reported for other systems.®¢ Indeed, at infinite dilution
R, = 583 A whereas at Ct = 1.33 X 102 g/cm?® and x =
0.5, its value is 556 A.

3. Diffusion Coefficients: Effect of Composition.
Two relaxation processes characterized by their frequencies
I'c and I'1 were deduced from the analysis of the auto-
correlation functions obtained from the PMMA /PDMS/
THF system. The values of the associated diffusion
coefficients D¢ = (I'c/g?)g—0 and Dy = (I't/q?)q—o are
plotted in Figure 9 as a function of the composition of the
“visible” polymer x.
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Figure 8. Experimental variation of the apparent radius of
gyration deduced from the best fit of I'; as a function of ¢2
according to eq 15 and 16. The dashed line is a guide for the
eyes.
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Figure 9. Variation of the diffusion coefficients D¢ (top) and
Dy (bottom) as a function of the composition x = Cppma/Cr at
Ct = 1.33 X 10~2 g/cm3. The dots represent the experimental
data and the solid line is the theoretical variation of D;. The
values of x®N = 1.43 and Dg = 5.39 X 10-8 cm s~! correspond
to the best fit according to eq 17.

(i) Cooperative Diffusion Coefficient Dc. At the top
of Figure 9 are plotted the experimental values of D¢ as
a function of x. Within experimental error, D¢ is found
to be insensitive to the composition of the “visible” polymer
in the mixture. Moreover, the value of D¢ obtained from
the ternary mixture is identical with that measured in the
corresponding binary system PMMA/THF (e.g., x = 1),
namely, D¢ =~ 4.22 X 1077 cm?/s. This result, which is also
reported for other systems,44-51 confirms again the
theoretical prediction and the physical nature attributed
to this fast-relaxation process called the cooperative
diffusion mode.

(ii) Interdiffusion Coefficient D;. The variation of
Dy with x is plotted at the bottom of Figure 9. The dots
represent the experimental data and the solid line
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represents the theoretical variation. The best fit between
experiment and theory using eqs 5-7 is obtained by
adjusting the values of x®N and the self-diffusion
coefficient Dg in the expression

Dy = Dg[1 - 2x(1 - x)x®N] 17

Values of (x®N)exp = 1.43 and Dg = 5.39 X 10-8 cm?2 571
have heen obtained by using the nonlinear least-squares
Marquardt algorithm with two independent adjustable
parameters. The value of x®N is nearly identical with that
obtained by fitting the experimental data for ac/(ac + ay),
namely, x®N = 1.5 (see relation 13 and Figure 6). One
notes that the determination of the self-diffusion coefficient
was always an extrapolation to an infinitely dilute system
(Ct—0). In this experiment we have shown that also an
extrapolation to zero composition at constant total polymer
concentration Crt is a direct determination of the self-
diffusion coefficient (see relations 5-7 and Figure 2b).
Experiments using pulsed-field-gradient NMR and forced
Rayleigh scattering (FRS) will provide some information
on the dynamics of the system and allow comparison of
the self-diffusion coefficients obtained from these
techniques.

Conclusion

In this work we have investigated the dynamics of
ternary mixtures of PMMA/PDMS/THF using quasi-
elastic light scattering. THF is a good solvent for both
polymers and is isorefractive with PDMS. At one total
polymer concentration, in the semidilute range and far from
the “cloud point” (C* < Cp < C,p), the effects of
composition of the “visible” polymer x = Cpmma/Cr and
the wave vector ¢ were considered. After careful data
treatment of the autocorrelation functions as measured
by QELS using coNTIN, it comes out clearly that two
processes characterize the dynamics of this system. The
first mode, I'c, which is fast, is not sensitive to the
composition and the associated diffusion coefficient D¢
= (I'c/q?)q—o is equal to the only relaxation process, D¢,
measured in the corresponding binary system PMMA/
THF. This result confirms the theoretical interpretation
given to this mode as a cooperative diffusion process
reflecting the motion of the pseudonetwork formed by all
the chains present within the system. The second mode,
which is slow and called the interdiffusion mode, is sensitive
to the composition and reflects the motion of one species
with respect to the other. The extrapolation of Dy to zero
composition gives us the value of the self-diffusion
coefficient Dg of “one” PMMA chain in a matrix of PDMS.
This diffusion coefficient is known as being the tracer
diffusion coefficient D;,. Its value may be also measured
by pulsed-field-gradient NMR and FRS.

Regarding the variation of the amplitudes of these two
processes, the results show a good agreement with the
theoretical predictions. Indeed, for small values of
composition (x < 0.1) only the slow mode survives, while
for large x, the fast mode dominates. In the intermediate
range, both processes emerge together until reaching the
same order of magnitude (ac = a1), which corresponds to
the ideal conditions to observe the two relaxation modes
simultaneously. From this analysis, the value of the second
virial coefficient As 4 is deduced, and the result is in good
agreement with that obtained by a direct static light
scattering measurement in the so-called optical 6 c¢ondition.

The variation of I'c with ¢? is linear while the behavior
of I'1 with @2 is significantly nonlinear. This deviation is
directly related to the static properties of the system.
Indeed, the apparent radius of gyration deduced from this
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analysis is sensitive to the composition x according to the
theoretical predictions.5465

In conclusion, most of the experimental data obtained
from the ternary mixtures PMMA/PDMS/THF are
consistent with the simple mean field developed by Benoit
and Benmouna and confirm again the use of the dynamic
RPA equations. This conclusion was also drawn for other
systems (e.g., PS/PMMA /toluene, 50,52 PS /PDMS/
solvent,?! and PIB;/PIB;/chloroformb354),

Finally, it may be mentioned that with regard to the
theory of dynamics in ternary systems, there exists a
different approach by Akcasu and Tombakoglu.8” We did
not take into account this recent theory since our
experimental results were found to be in good agreement
with the theoretical results of Benmouna, Benoit, and
co-workers, 4449
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