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ABSTRACT: Solutions of polystyrene in DOP were studied as a function of the concentration (0.2-0.9
g/mL) and temperature (-10 to +130 °C) using static and dynamic light scattering. The concentration
and temperature dependence of the cooperative diffusion coefficient and the osmotic modulus were
determined. The concentration and temperature dependences of the cooperative diffusion coefficient are
explained in terms of the concentration and temperature dependence of the osmotic modulus and the
solvent mobility. At the concentrations studied, the effect of hydrodynamic interactions is small. Close
to the glass transition temperature the solvent mobility is the dominant factor and can be treated in
terms of the free volume theory.

Introduction

While the dynamics of polymer solutions have been
studied extensively by dynamic light scattering (DLS)
at volume fractions below 0.1 and above 0.9,1 relatively
few studies have been done covering the intermediate
concentrations.2,3 There are several reasons for this.
One of the main ones is that this concentration regime
is exceedingly demanding experimentally. Preparing
optically clean samples at these concentrations where
the scattering intensity of the polymer is very low has
been an almost prohibitive task. However, these ex-
periments are judged to be important, and the provision
of experimental data over the entire concentration
regime of a binary polymer-solvent system not only
provides a basis for testing existing theories but also
provides a stimulus for future work. Reference 4
described the behavior of the same system in terms of
the segmental dynamics and their interrelationship
with the concentration fluctuations. In that study we
showed that the concentration fluctuations relax through
cooperative diffusion until their relaxation rate closely
approaches the relaxation rate for the density fluctua-
tions (the so-called R-relaxation). At this point the
relaxation rate of the concentration fluctuations be-
comes q-independent; i.e., the relaxation rate becomes
rate-determined by the mobility of the chain backbone.
The relaxation time (τ) of the R-relaxation was shown
to be well described by the so-called Vogel-Fulcher-
Hesse-Tamman (VFHT) equation:

where T is the absolute temperature. In the concentra-
tion range studied (0.7-0.9 g/mL), as well as for the bulk
sample, both B and τ0 were constant within the experi-
mental error while T0 decreased with decreasing con-
centration. Earlier studies of semidilute polymer solu-

tions showed that the relaxation of concentration
fluctuations occurs mainly through local swelling and
deswelling of the transient network formed by entangled
polymer chains (see, e.g., Chapter 6 of ref 1). Part of
the concentration fluctuations, however, can only relax
through structural relaxation of the transient network.
The relaxation time characterizing this process is again
q-independent and close to the final relaxation time
measured in dynamic mechanical measurements. The
relative amplitude of this relaxation increases if the
osmotic compressibility of the solution decreases and
thus depends strongly on the solvent quality. Of course,
if the cooperative diffusion is slower than the slowest
structural relaxation, only the diffusional relaxation
process is observed.
The present paper complements ref 4 with a study of

the cooperative diffusion in the transient network over
a wide concentration (0.2-0.9 g/mL) and temperature
(-10 to +130 °C) range. The results are compared with
two theoretical approaches briefly outlined in the next
section. One approach is based on the screening of
excluded-volume and hydrodynamic interactions by
overlapping chains and has been used successfully in
the semidilute regime,5,6 while the other is a free-volume
theory applied to concentrated systems not too far from
the glass transition temperature, Tg.7-9 The concepts
underlying these two approaches are fundamentally
different, and it is of interest to compare their useful-
ness to describe the dynamics of polymer solutions over
a wide concentration and temperature range. For a
proper comparison with theory it is necessary to deter-
mine the osmotic compressibility as a function of tem-
perature and concentration, which we have done using
static light scattering. These results have been inter-
preted in terms of a Flory-Huggins-type equation.10

Experimental Section

In order to obtain optically pure and homogeneous concen-
trated solutions it is necessary to polymerize styrene in the
presence of solvent directly in the measuring cells. The
concentrated polystyrene solutions in chromatographic grade
(Merck) dioctyl phthalate (bis(2-ethylhexyl phthalate)) were
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prepared from dried and vacuum-distilled styrene as previ-
ously described3 by thermal polymerization of the monomer-
solvent mixture at 120 °C for 36 h directly in the measuring
cells, which were then sealed under vacuum. The conversion
in the thermal polymerization was >97%. The samples were
characterized using size exclusion chromatography. The
number-average molar mass is between 1 × 105 and 2 × 105
g/mol while the weight-average molar mass is between 2 ×
105 and 1 × 106. The polydispersity is not expected to have a
large influence on the relaxation of the density and concentra-
tion fluctuations as this is molar mass independent for the
large molar masses and the high concentrations used in this
study. Two experimental observations confirm that the influ-
ence of polydispersity is small: (1) the glass transition dynam-
ics at high concentrations and without solvent are in agree-
ment with the expected behavior of high molar mass polystyrene
(see ref 4), and (2) both the osmotic modulus and the coopera-
tive diffusion coefficient at lowest concentrations agree well
with measurements on monodisperse high molar mass samples
(see below).
Static and dynamic light scattering measurements were

done using an ALV-5000 multibit, multi-τ full-digital correlator
in combination with an Ar ion laser emitting vertically
polarized light with a wavelength of 488 nm.

Theory

If the relaxation time (τ) measured in DLS is due to
cooperative diffusion, the electric field autocorrelation
function is a single-exponential decay with relaxation
time τ ) (Dcq2)-1, where Dc is the cooperative diffusion
coefficient in the laboratory coordinate system and q )
(4πn/λ) sin(θ/2) is the scattering vector with n the
refractive index of the solution, λ is the wavelength of
the incident light, and θ is the angle of observation.11
Dc is related to the osmotic modulus, Kos ) C(∂π/∂C),
and the friction coefficient between the polymers and
the solvent, f, in the following way:11,12

where C is the polymer concentration in weight per
volume and æ is the polymer volume fraction. Equation
2 contains a thermodynamic and a frictional part, both
of which have been treated in various ways. We will
briefly discuss the two approaches referred to in the
Introduction.
(I) Above the overlap concentration, C*, the average

position of segments belonging to the same polymer is
considered to be only correlated over a distance ês due
to screening of excluded-volume interactions by other
overlapping polymers. The same excluded-volume in-
teractions will cause Kos to increase with increasing
concentration. If the excluded-volume interactions are
weak, i.e., in poor solvents, mean field theory can be
used to calculate the concentration dependence of the
osmotic modulus and ês. In θ solvents, Kos ∝ C3 and ês
∝ C-1. In good solvents one has to take into account
that the polymer coils are swollen at distances smaller
than ês. Scaling arguments give ês ∝ C-0.75 and Kos ∝
kT/ês3 ∝ C2.25, with k the Boltzmann constant and T the
absolute temperature. The same relations were ob-
tained by Muthukumar and Edwards,13,14 who modified
the Flory-Huggins equation to take into account the
correlation between connected segments. Experimen-
tally these power law dependences are observed up to
C = 0.2 g/L for polystyrene (see, e.g., refs 15-17).
Hydrodynamic interactions are also screened by

overlapping chains. The hydrodynamic screening length,
êh, is proportional to ês both in good and in θ solvents.18

Using scaling arguments, the cooperative diffusion
coefficient becomes

where Rh
a is an apparent hydrodynamic radius propor-

tional to êh. Experimentally, Rh
a is found to be propor-

tional to ês up to C = 0.2 g/mL.17
The results given above are no longer valid if ês

becomes comparable to the Kuhn length of the polymer
chains. At higher concentrations, the detailed structure
of the polymers becomes important. For polystyrene ês
is smaller than the persistence length (lp = 1 nm) at C
> 0.15 g/mL in good solvents and C > 0.6 g/mL in θ
solvents. At such concentrations, all hydrodynamic
interactions are expected to be screened. In this ap-
proach, the mobility of the solvent is assumed to be
independent of the polymer concentration. The increase
of f in eq 2 with increasing concentration is assumed to
be entirely due to hydrodynamic screening.
(II) Making use of the fact that the self-diffusion

coefficient of the polymer,Dp, is much smaller than that
of the solvent, Ds, Vrentas et al.7,9 derived an expression
for the cooperative diffusion coefficient in terms of Ds.
In terms of the terminology used here, Dc becomes

with

Here V is the partial specific volume, Ms is the molar
mass of the solvent, and R is the gas constant. The
indexes p and s indicate polymer and solvent param-
eters, respectively. The first term of the factor A was
chosen to give Dc ) Dp for æ , 1. This choice leads to
wrong values of Dc in semidilute solutions, where the
screening effect of hydrodynamic interactions is impor-
tant. However, if æ is not very small, this term becomes
negligible with respect to the other terms. Equation 4
is experimentally observed to work very well down to
low concentrations. The next step is to express Ds in
terms of free-volume parameters:

with the hole free volume given by

Here, ω is the mass fraction, V* is the specific hole free
volume required for a jump of either a solvent or a
polymer jumping unit, and ê is the ratio of the critical
molar volume of the solvent jumping unit to that of the
polymer jumping unit. T0 is the temperature where VFH
becomes zero. E is the energy per mole that a molecule
needs to overcome attractive forces which hold it to its
neighbors. The temperature and concentration varia-
tion of the energy term is expected to be weak compared
to the effect of free volume so that this term can be
incorporated in the prefactor D∞. γ is an overlap factor
to account for the fact that the same free volume is

Dc ) (1 - æ)2(Kos/f) (2)

Dc ) (1 - æ)2 kT
6πηsRh

a
(3)

Dc )
Ds

A
(1 - æ)MsVs

RTVp
(∂π∂C) (4)

A ) (MsVsDs

MVpDp
)
Cf0

(1 - æ)2 + 3æ - 2æ2

Ds ) D∞ exp(- E
RT) exp[-

γ(ωsVs* + ωpêVp*)
VFH

] (5)

VFH ) ωsks(T - T0s) + ωpkp(T - T0p) (6)
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available to more than one jumping unit, and k is a free-
volume parameter related to the expansion coefficient.
We can rewrite eq 5 in the form of the VHFT equation:

with

T0 is the temperature where the friction coefficient
becomes infinite and is about 50 °C below Tg.19 Alter-
natively, we can write Ds in terms of an effective local
viscosity, ηeff, and the hydrodynamic radius of the
solvent molecules, Rhs,:

with

Rhs is not expected to have a strong temperature or
concentration dependence. At very low polymer con-
centrations, ηeff reduces to ηs. Combining eqs 4 and 9
we can express Dc in terms of ηeff:

with

In this approach, hydrodynamic interactions are not
considered explicitly, which is reasonable at high con-
centrations.
Equation 12 can be used over the whole concentration

range if we realize that Rh
a contains contributions from

both excluded volume and hydrodynamic interactions.
In very dilute solutions Rh

a is equal to the hydrody-
namic radius while in semidilute solutions Rh

a is pro-
portional to ês. In both cases, ηeff ) ηs. In concentrated
solutions all hydrodynamic interactions are screened so
that Rh

a is essentially determined by the osmotic com-
pressibility Rh

a ∝ (∂π/∂C)-1. The concentration regime
where we can assume ηeff ) ηs depends on the temper-
ature. Close to the glass transition temperature, ηeff will
differ from ηs even at low concentrations.
In both approaches the influence of topological con-

straints is neglected. Topological constraints give rise
to a frequency-dependent elastic modulus. However, at
the temperature and concentration range studied here,
the elastic modulus is small compared to the osmotic
modulus and its effect on Dc can be neglected.

Results and Discussion
Osmotic modulus. The osmotic modulus is related

to the measured time-averaged scattered light intensi-

ties (I) as20

Here R is the gas constant and R is the so-called
Rayleigh ratio, which we obtained by using toluene at
20 °C as a standard: R ) [(I - I0)/Itol]Rtol(ns/ntol)2. I0
is the intensity scattered by the pure components which
should be a weighted average of pure DOP and pure
polystyrene. It is difficult to measure accurately the
temperature-dependent scattered light intensity of pure
polystyrene. Since the scattered light intensity of pure
DOP and pure polystyrene are the same within experi-
mental error, we can take the former as I0 over the
whole concentration range. This correction is in any
case only important for the highest concentrations. The
constant K in eq 14 is proportional to the refractive
index increment (∂n/∂C): K ) 4π2n2(∂n/∂C)2/NAλ4, where
NA is Avogadro’s number. For an accurate determina-
tion of the osmotic compressibility from the scattered
light intensity, we need to take into account the tem-
perature and concentration dependence of the density
and refractive index of the solutions. The densities (F)
of DOP and polystyrene are 1.05 and 0.975 g/mL,
respectively, at 20 °C with ∂F/∂T equal to -7.55 × 10-4

and -6.05 × 10-4 g/mL-1 K-1 for T > Tg.21 The effect
of nonideal mixing can be neglected. In the following,
we have used æ(mL/mL) ) ω(g/g) ) C(20 °C; g/mL) for
all concentrations and temperatures, which introduces
an uncertainty in these parameters of less than 10%.
The refractive indices of DOP and polystyrene are 1.485
and 1.59, respectively, at 20 °C with δn/δT equal to -4.5
× 10-4 K-1 and -4 × 10-4 K-1, respectively.22 The
concentration dependence of the refractive index was
measured up to 0.2g/L, giving a refractive index incre-
ment of 0.103 mL/g with a negligible temperature
variation. No curvature in the concentration depen-
dence of the refractive index is expected as the values
at lower concentrations extrapolate linearly to the
refractive index of pure polystyrene. For the Rayleigh
ratio of toluene at 20 °C we have taken 4.0 × 10-5

cm-1.23 The lower temperature limit at which the
intensities can be measured is the phase separation
temperature for the lower concentrations and the glass
transition temperature for the higher concentrations.
For C ) 0.3 g/mL, these temperatures are about the
same. Close to the glass transition temperature very
long measurements are necessary to obtain accurate
time-averaged intensities. Up to 75 °C, the intensities
could be measured with an experimental error of only
a few percent. At higher temperatures the experimental
error was larger ((10%), but fortunately, the temper-
ature dependence is no longer strong at these temper-
atures. In Figure 1 the scattered light intensities are
shown as a function of temperature for each concentra-
tion. No significant dependence of the intensity on the
scattering angle was observed. The values (I - I0)/Itol
of pure polystyrene and C ) 0.9 g/mL were estimated
from measurements at higher temperatures and are 0.7
and 1.5, respectively. The strong increase at low
temperatures for C ) 0.2 and 0.3 g/mL is due to critical
fluctuations. The solid lines are fits to the following
empirical function: log(I) ) A + B/(T - T′), where T′ is
the critical temperature at which phase separation
occurs and the intensity diverges. This equation de-
scribes very well the temperature dependence of the
intensity and can be used to interpolate between the
data, but the temperature range covered for most

Ds ) D∞ exp(- B
T - T0

) (7)

T0 )
ksωsT0s + kpωpT0p

ksωs + kpωp
(8)

B ) (ωsVs* + ωpêVp*)/(ωs

ks
γ

+ ωp

kp
γ ) (9)

Ds ) kT
6πηeffRhs

(10)

ηeff ) ηo exp( B
T - T0

) (11)

Dc ) (1 - æ)2 kT
6πηeffRh

a
(12)

Rh
a ) Rhs

RTVpA(1 - æ)

(MsVs)
(∂π∂C)

-1
(13)

Kos ) (KCR )RTC (14)
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concentrations is too limited to bestow significance to
the values of the fit parameters.
We have calculated Kos as a function of the polymer

volume fraction, æ, for a number of temperatures
between 10 and 90 °C using scattered light intensities
interpolated from Figure 1 in eq 14 (see Figure 2).
Included are measurements on semidilute solutions of
high molar mass monodisperse polystyrene (Mw ) 5 ×
106 g/mol) in DOP. The data are compared with the
Flory-Huggins equation for the osmotic pressure:10

where v is the effective molar volume the solvent and P
is the number-average polymerization index. ø is an
interaction parameter which depends on the tempera-
ture, concentration, and the molar mass distribution.24
To fit the data correctly over the whole concentration
range, we need to express ø as a polynomial of the fourth
degree

Neglecting P-1, we obtain

The results from nonlinear least-squares fits to eq 17
are represented by the solid lines in Figure 2. The
optimum values for the fit parameters are given in
Table 1. The coefficient a1 is related to the second virial
coefficient: A2 ) (1 - 2a1)/(2v). At the theta tempera-
ture, Tθ, A2 ) 0 and a1 ) 0.5. Extrapolating the results
in Table 1, we obtain Tθ ≈ 7 °C, which is much smaller
than the value given by Berry,25 Tθ ) 22 °C, which is,
as far as we know, the only literature value. We have
measured the temperature dependence of A2 for dilute
solutions of monodisperse PS with Mw ) 5 × 106 g/mol
using static light scattering. In Figure 2b, the temper-

ature dependence of A2 is compared with the values
calculated from a1 in Table 1. Tθ obtained from mea-
surements on very dilute solutions is 12 °C, which is
much closer to the value estimated from a1. Of course,
when A2 is very small the accuracy of the value
calculated using a1 decreases as a1 approaches 0.5.
Cooperative Diffusion. Relaxation times charac-

terizing the concentration fluctuations were derived
from the measured intensity autocorrelation functions
by taking the maximum of the relaxation time distribu-
tion calculated by inverse Laplace transform analysis
as explained in ref 4. The results obtained at a fixed
scattering angle (90°) are shown in Figure 3. The dotted

Figure 1. Semilogarithmic representation of the temperature
dependence of [(I - I0)/Itol], where I is the solution intensity,
I0 is that of pure DOP and Itol that of toluene at 20 °C, at
various concentrations indicated in the figure. The solid lines
represent fits to an empirical function: log[(I - I0)/Itol] ) A +
B/(T - T′); see text.

π ) -(RT/v)[ln(1 - æ) + (1 - P-1)æ + øæ2] (15)

ø ) a1 + a2æ + a3æ
2 + a4æ

3 (16)

Kos ) (CRT/v)[ æ
(1 - æ)

- 2a1æ - 3a2æ
2 - 4a3æ

3 -

5a4æ
4] (17)

Figure 2. (a, top) Semilogarithmic plot of Kos versus the
concentration at various temperatures as indicated in the
figure. The solid lines represent fits to eq 15. (b, bottom)
Comparison of the temperature dependence of the second virial
coefficient measured for dilute solutions (open circles) with that
of the values calculated from a1 (filled points) given in Table
1. The solid lines are guides to the eye.

Table 1. Values of the Fit Parameters Obtained from
Nonlinear Least-Squares Fits of Kos to Eq 17

T (°C) a1 a2 a3 a4

10 0.497 0.406 -0.309 0.855
20 0.487 0.398 -0.300 0.844
30 0.481 0.392 -0.333 0.871
40 0.473 0.404 -0.379 0.896
50 0.467 0.414 -0.445 0.944
60 0.463 0.403 -0.428 0.921
70 0.460 0.407 -0.473 0.954
80 0.458 0.426 -0.567 1.026
90 0.458 0.427 -0.610 1.062
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line indicates approximately the upper limit where the
relaxation times are still q2-dependent at θ ) 90°. At
higher temperatures, the concentration fluctuations
relax through cooperative diffusion while at lower
temperature they are strongly coupled to density fluc-
tuations.4
The cooperative diffusion coefficient in the laboratory

coordinate system is shown in Figure 4 as a function of
the concentration for a number of temperatures. Values
of Dc measured at 22 °C on lower concentrations of
monodisperse high molar mass polystyrene in DOP
taken from ref 26 are included for comparison. As
mentioned above, the good agreement between these
earlier measurements and the present results show that
for the concentrations studied here the cooperative
diffusion coefficient is molar mass independent and not
significantly influenced by polydispersity. Dc decreases
very strongly above a certain concentration which

depends on the temperature. The decrease is due to the
reduced solvent mobility when the system approaches
the glass transition temperature.
Self-diffusion coefficients of the solvent were calcu-

lated using eq 4 and neglecting the first term in A,
which is very small at higher concentrations. Values
of Ds at each concentration are plotted in Figure 5 as a
function of the temperature. Nonlinear least-squares
fits to eq 7 gave B between 1080 and 1450 and D∞/T )
(1.0 ( 0.05) × 10-10 m2 s-1 K-1. The variation in B is
not related to the concentration but reflects the experi-
mental noise and the limited temperature range. In
fact, within the scatter of the data, a master curve can
be constructed by simple temperature shifts ofDs/T; see
Figure 6. The solid line through the master curve with
reference concentration 0.6 g/mL represents a fit to eq
7 using B ) 1236, which gives T0 ) 197 K and D∞/T )
1.0 × 10-10 m2 s-1 K-1. This value of B was chosen
because the temperature dependence of the viscosity of

Figure 3. Semilogarithmic representation of the relaxation
times measured at θ ) 90° versus temperature for various
concentrations. The symbols are the same as in Figure 1 and
C ) 0.9 g/mL is represented by 2. The solid lines are guides
to the eye. The dotted line separates approximately the slower
q-independent from the faster q2-dependent relaxation times.

Figure 4. Semilogarithmic plot of the cooperative diffusion
coefficient versus the concentration at 10 (O), 22 (9), 40 (b),
60 (3), 90 (1), and 120 °C (0).

Figure 5. Semilogarithmic representation of the solvent self-
diffusion coefficient versus temperature for various concentra-
tions. The symbols are the same as in Figures 1 and 3. The
solid lines are guides to the eye.

Figure 6. Master curve obtained by temperature-concentra-
tion shifts of Ds/T with reference concentration 0.6 g/L. The
symbols are the same as in Figures 1 and 3. The solid line
represents eq 7 with B ) 1236, T0 ) 197K, and D∞/T ) 1.0 ×
10-10 m2 s-1 K-1.
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pure DOP is given by27

Utilizing D∞/T ) 1.0 × 10-10 m2 s-1 K-1 and ηo ) 1.24
× 10-5 Pa‚s in eqs 7, 10, and 11, we obtain 5.9 Å for the
effective hydrodynamic radius of DOP, where it is
assumed that the energy term in D∞ can be neglected.
Values of T0 at other concentrations were calculated
from the ∆T values used to construct the master curve
and are shown in Figure 7. For comparison we have
included T0 values obtained from the temperature
dependence of the R-relaxation measured by DLS.4
Recently, we measured the temperature dependence of
the shear modulus of the same solutions.28 Master
curves of the loss and storage moduli could be obtained
from a temperature-frequency superposition. The tem-
perature dependence of the shift parameter is well
described by the VHFT equation. T0 values obtained
in this way are also included in Figure 7. At higher
concentrations T0 is the same, which confirms the
general belief that the temperature dependence of the
friction felt by the solvent molecules is the same as the
friction felt by the polymer segments.19 At lower
concentrations T0 obtained from the diffusion coefficient
is somewhat lower. Several reasons could be given to
explain the difference at lower concentrations, e.g., a
wrong estimate of Ds from Dc or the influence of the
energy term in D∞. It is however, difficult to draw
definite conclusions based on the relatively small dif-
ference as the measurements on the lower concentra-
tions are done far above Tg where the temperature
dependence is rather weak. Direct comparison with Tg
values is difficult since differential calorimetric scanning
measurements show very broad glass transitions for
most concentrations, indicative of inhomogeneities on
a local scale. This is most likely due to the fact that Tg
is far below the θ temperature for most concentrations.
The light scattering measurements are all above or close
to the θ temperature, so that possible inhomogeneities
do not play a significant role in these measurements.
The solid line through the data obtained from the
diffusion coefficient represents a nonlinear least-squares

fit to eq 8 with kp/ks ) 2.7 ( 0.1, T0s ) 130 ( 2 K, and
T0p ) 314 ( 2 K.
On the basis of these results, we can calculate the

effective viscosity as

with To ) (351 - 37C)/(2.7 - 1.7C) K. Utilizing this
expression for ηeff in eq 12 we can determine Rh

a from
the measured values of Dc; see Figure 8. Alternatively,
Rh
a can be calculated according to eq 13 using the

experimental values of ∂π/∂C. The results at 10 and 90
°C are shown as solid lines in Figure 8. The agreement
is very good considering the experimental error. It is
clear that at the higher concentrations studied here the
effect of hydrodynamic interactions are unimportant
and the concentration dependence of Rh

a is mainly due
to the concentration dependence of the osmotic com-
pressibility.

Summary
The relaxation time of concentration fluctuations is

q2-dependent at high temperatures and q-independent
at low temperatures. The temperature at which the
q-dependence changes for a given range of q increases
with increasing concentration. In ref 4 it was shown
for C g 0.7 g/mL that the q-independent relaxation time
is close to the local segmental relaxation time of the
polymer backbone (R-relaxation). It was concluded that
the local segmental relaxation is the limiting step for
the relaxation of the concentration fluctuations. The
temperature dependence of the relaxation time of the
concentration fluctuations is very similar over the whole
concentration range investigated (0.2 e C e 1 g/mL)
apart from a systematic shift to lower temperatures as
the concentration is decreased.
The cooperative diffusion coefficient is strongly tem-

perature and concentration dependent. The concentra-
tion dependence at fixed temperature cannot be ex-
plained solely in terms of a variation of the osmotic
compressibility and the hydrodynamic screening length.
One has to take into account the reduction of the solvent

Figure 7. Concentration dependence of the parameter T0 in
the VHFT equation, which characterizes the temperature
dependence of Dc (O), density fluctuations (0) (see ref 4), and
the shear modulus (3) (see ref 27). The solid lines represent
fits to eq 8.

ηs ) 1.24 × 10-5 exp( 1236
T - 152.2) Pa‚s (18)

Figure 8. Concentration dependence of Rh
a calculated from

Dc using eq 12 at a number of temperatures indicated in the
figure. The solid lines represent calculations of Rh

a using eq
13 and experimental values of the osmotic compressibility at
10 and 90 °C.

ηeff ) 5.0 × 10-12 exp( 1236T - T0
) Pa‚s (19)
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mobility due to the presence of polymer chains. A
consistent description of the concentration dependence
of Dc at fixed temperature is be obtained if one replaces
the solvent viscosity by an effective viscosity which
diverges at Tg of the solution and takes into account the
influence of polymer chains on the solvent mobility.
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