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The approach proposed here to calculate the DSC behavior in the SBR/PS blends is based on a
direct connection between DSC and BDS experiments. Therefore, a previous simple modeling of
the BDS experiments on the very same blends following a previously developed approach is
required. Furthermore, this modeling is first based on the simple description of the dielectric
relaxation of the neat components. Ergo in this section we first analyze the dielectric relaxation
of the neat components and afterwards we use the already developed approach for modeling the
dielectric relaxation data of the blends. In addition, we include some information from the SANS

investigation.

(i) Dielectric relaxation of neat components

Figure S1 shows an example of the dielectric loss as a function of the frequency for the two pure

polymers, SBR and PS, at temperatures where the main peak is well-centered in the experimental
frequency window. In this representation we have used Tan (35% to minimize the impact of

sample geometry changes that could occur for measurements over a large temperature interval.
The main loss peak is due to the segmental dynamics or o-relaxations. SBR has a stronger
dielectric relaxation than PS, it shows a larger loss peak area but both contributions will be

relevant for the dielectric relaxation of the mixtures.

A full but simple characterization of the dielectric response of the pure polymers has been done
first. The dielectric segmental a-relaxations can be described by means of the Havriliak-Negami

(HN) equation: '
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where & corresponds to the high-frequency limiting value of the permittivity, Ae is the dielectric
relaxation strength, Ty is the characteristic relaxation time, a and 7y are the fractional shape
parameters describing the symmetric and asymmetric broadening of the complex dielectric

function, maintaining the condition 0 < yanda -y <1.
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Figure S1. Frequency dependence of the dielectric Tan & at 235K, 245K, and 250K for SBR
(empty circles) and at 300K, 305K, and 315K for PS (empty squares). The solid lines represent
the fits by means of the Havriliak-Negami equation for the a-relaxation and the addition of the

[-relaxation calculated by extrapolating the lower temperature description.



In order to improve the description of the experimental data of the neat components, for both
SBR and PS the contribution of the f-relaxation has been taken in account, which occurs at low-
temperatures/high-frequencies. The dielectric losses corresponding to the (-relaxation can be
fitted to a good approximation with a Gaussian function:
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Where Ag is the amplitude, 74 is the relaxation time, and op is a parameter accounting for the
broadness of the peak. They are temperature dependent parameters, which were determined by

fitting experimental data below T,. From the analysis of the temperature dependent parameter for

SBR we obtained:

74(T) = 5.41- 10715 exp [W] (S3a)
05(T) = 1.5984 + (”;K) (S3b)
Ag(T) = 0.0024533 — (0'27784 ") (S3¢)
While for PS we obtained:
74(T) = 1.50 - 1072 exp [1376K] (S4a)
o5 = 1.8 (S4b)
Ag(T) = 0.000399 — (0'0“3”) (S4c)



These equations provided a good description of the experimental data below 7, and have been

assumed to remain valid at higher temperatures.

The total dielectric loss relaxation of each pure component can be written as:
£'(w) = gg(w) + g4(w) (S5)

The HN parameters Ae, a, y of the SBR a-relaxation were determined by fitting the data in the

temperature interval from 230K to 280 K assuming o and y as temperature independent and Ae

proportional to reciprocal temperature, Ae(T)= Ag( Tg)TL. The parameters for PS were also
)

determined with equivalent assumptions by fitting the data in the temperature interval from 290
K to 340 K. In these calculations we have used ¢, = 2.35 for SBR and ¢, = 2.70 for PS. Figure S1
shows that in this way a quite good description of the experimental data is obtained using a few
parameters (see Table S1). The low-frequency increase of the results is due to conductivity
effects, not taken into account in this analysis. The characteristic time at each temperature can be
defined as the inverse of the angular frequency at the dielectric loss maximum of the a-

relaxation process, which was calculated from the fitting parameters as: >
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Figure S2 shows the temperature dependence of the 7,,,, for SBR and PS. The lines in the figure

max

correspond to the data description by means of Vogel-Fulcher-Tammann (VFT) equation: >~

Tmax(T) = Too€XP ( PTo ) (S7)
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Table S1 includes the values obtained for the fragility parameter, D, and the Vogel temperature

T, . In the fits we kept constant the prefactor value 7,,=10"s in the VFT equation.
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Figure S2. Temperature dependence of the characteristic times defined from the inverse of the
frequencies of the dielectric loss maxima for the a-relaxation process of the samples

investigated. The lines stand for the fits by means of the VFT equation.

Table S1: Parameters involved in the description of the dielectric a-relaxation of the pure
components. The dielectric strength and the Havriliak-Negami parameters were obtained fitting
the curves well centered in the experimental frequency window. In the VFT equation describing

Tmax(T), To=10""s was fixed.



sample  « r Ae TIT, D T (K)
SBR 054 0.7 0.096 8.6 176.7

PS 0.63 054 0.074 6.3 239.8

(ii) The dielectric a-relaxation of SBR/PS blends

For the different blends, Figure S3 shows the dielectric loss tangent as a function of frequency at
260 K (a) and at temperatures where the a-relaxation peak is well centered in the explored
frequency window (b). Results are compared with those of the neat polymers in the same figure.
From the shape and the position of the peaks, it is clear that the a-relaxation is strongly affected
by blending. As we add PS to SBR in the blend, a broader and slower a-relaxation is observed
compared to that of pure SBR. So, blending affects the a-relaxation by producing a broadening
of the relaxation, evidencing the dynamic heterogeneity. However, the B-relaxation does not
seem to be significantly affected by blend composition, beyond the relaxation intensity that is in

good approximation proportional to the corresponding weight fraction.
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Figure S3. a) Dielectric spectra at 260 K from the pure components and from blends. b)
Comparison of dielectric spectra at representative temperatures from the pure components and
from blends. The corresponding temperatures are 245 K for SBR, 310 K for PS, 250 K for

Wer=0.8, 260 K for wgpz=0.6, 275 K for wgzz=0.5, and 295 K for wg=0.3.



As described in the main manuscript, the model for the blends is based on thermally driven

concentration fluctuations (TCF) and self-concentration (SC) concepts.

Using this approach most of the parameters needed are those above determined for the pure

component, assumed to be unaffected by blending, and summarized in Table S1.

In a previous work ° the self-concentration values for SBR and PS in the blend ( (pfﬁ’} = of3 F=

0.2 ) were assumed to be valid over the whole range of concentration and temperature; the only
parameter to be determined by comparing the model calculations with the experimental data was
0. In a latter work,” from the comparison of BDS o-values with those deduced from SANS for
TCF (see the main text), we deduced that the relevant length scale for the a-relaxation as
monitored by BDS 2R, was close to 15 -- 20A. We note that those works were performed on
similar not yet the same SBR/PS blends, being the SBR of different microstructure and
molecular weight, and PS in Refs. [6] and [7] was protonated. Here we have assumed that the
SANS experiments can provide the concentration-dependent values of o, if we impose a constant
value of 2R.. We thus look for the value of 2R, among those used in Figure 6 of the main
manuscript to calculate the Gaussian functions widths from the SANS results providing the best
description of the BDS results considering for each composition three different temperatures. For

this end, we started with a fitting of the mixtures at intermediate temperatures by allowing the

three parameters, <pfﬁ’}, ks £» and oto vary freely. The resulting o values were compared with

those calculated from SANS to determined the most adequate value of 2R..



The so-determined 2R _-value was 25A which yields o,,=0.09, 0,,=0.11, 0,5, =0.115, and 0,;
=0.10. Note that by this procedure the uncertainty of 2Rc is around 5 A (see Figure 6 of the main
manuscript) and the corresponding uncertainty of o is about 15%. With these fixed o-values, we
have run out again the minimization on the 4 mixtures, selecting for each case the temperatures
where the relaxation peak is well centered in the experimental frequency window (see Figure

S4), allowing (pssfﬁ and (p?fv to change. From the resulting values we obtained the

corresponding average self-concentration values <pfﬁf@ = 0.14 + 0.04 and <p§flf =0.19£0.05,

which in the following will be taken as temperature and composition independent.

As can be seen in Figure S4, in this way the model presented here allows to describe the
dielectric relaxation of the SBR/PS blends, over a broad range of temperatures and compositions,

in a very satisfactory way with only three free parameters, (pSSZ’; and (p;";‘lf, accounting for

summarized -concentration effects, and 2R, which establishes the relevant length scale for the o-
relaxation in these blends.

It is noteworthy that in the system here investigated and under the conditions we have considered
to characterize the segmental dynamics confinement effects due to slow dynamics of the higher-
T, component® can be ruled out. In the present case the dynamic asymmetry of our systems
(difference between the T,s of the neat components) is moderate as compared to situations where

confinement effects were of relevance® for the blends richer in the slower component.

10



0.006 ———— —— —— —— - 0.006 T T T T
0.005
0.004

0.003

Tan d

0.002

0.001

0.006 T T T T

0.005 + —

0.004 [ ]
975 285 ]
0.003 [ ]

Tan d

0.002 -

/
0.001 +

0 I 1 I
-2 0 2 4 6

log, (Frea/Hz) log, (Freq/Hz)

Figure S4. Dielectric loss tangent as a function of frequency for SBR/PS blends at three different
temperatures where the main loss peak is centered. The corresponding composition and
temperatures are also indicated. Solid lines correspond to the model description of the

experimental data.
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(iii) Derivative of the calorimetric traces of SBR/PS blends

The good agreement between the DSC traces and model is also corroborated when the temperature
derivative of the DSC data and model curves are compared (see Figure S5). In this representation, the
glass transition processes appear as peaks and the extension of the transition range is more clearly
quantified; thereby, the good quality of the DSC data description is emphasized, both in the peak position

and in the breadth of the glass transition range.
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Figure S5. Comparison of the temperature derivative of the DSC data from Figure 8 with the

corresponding model curves.
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(iv) Determination of the effective interaction parameter from SANS

The Flory interaction parameter between PS and SBR % can be obtained from the composition-
dependence of the zero wavevector limit of the scattering function S(0). For a binary blend of
interacting polymer chains of species A and B with corresponding degrees of polymerization N
and Np, monomeric volumes va and vg and average volume fractions ¢, and ¢p =1- ¢a, the

Random Phase Approximation (RPA) predicts that’

Lo_ @1 L _
S(0)  I(0)  Nypdva Ng(1—(¢))ve v (S8)

Here v, is the molar volume of a reference unit cell v, = (v4v5)"?.The fits of the SANS results
yield 1(0)=1o2(0). Using the values calculated for polymerization degrees, monomeric volumes
and scattering length densities of the blend components (see main text), Eq. (S8) was fit to the
experimentally obtained values of S(0) at different temperatures, as can be seen in Figure S6. We
also considered additional SANS results obtained for a sample with higher concentration of PS
(wspr=0.15), to increase the concentration range and reduce the uncertainties in the determination
of the y-parameter. Note that for this and the wspr=0.30 sample, the results at the lowest
temperature (265K) were discarded, since it is very close to the average glass-transition of these
blends and equilibration was probably not achieved. The y-values obtained from the fits are
represented in Figure S7. In the whole temperature range investigated the effective y parameter
presents positive values, indicative of repulsive interactions between the components. Its

temperature dependence can be described by the law y = -0.124 + 46.05K/T. In Figure S7 the
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values reported for the blend system investigated in Ref. [7] are also included for comparison.

They follow the law x = -0.0747 + 41.45K/T.
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Figure S6. Concentration dependence of the inverse of the OZ amplitude for the three

temperatures investigated. Lines are fits of Eq. (S8).
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Figure S7. Inverse temperature dependence of the ) parameter obtained in this work (filled
circles) and in Ref. [5] (empty circles). Lines are fits by the laws y = -0.124 + 46.05K/T and x =

-0.0747 + 41.45K/T, respectively.

(v) Temperature dependence of the width of concentration fluctuations
Figures S8 and S9 show the width of the Gaussian distributions of concentration fluctuations
deduced from the SANS results for a spherical relevant volume of 2R, diameter for different

temperatures.
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Figure S8. Temperature dependence of the width of the Gaussian distributions of concentration

fluctuations deduced from the SANS results for a spherical relevant volume of 25A diameter.

Arrows mark the values that have been imposed in the application of the model.
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Figure S9. Comparison of the temperature dependence of the width of the Gaussian distributions
of concentration fluctuations deduced from the SANS for two different values of the diameter.
The observed variations are in all cases smaller than the typical uncertainty in the determination

of o.
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