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Dynamical heterogeneity in binary mixtures of low-molecular-weight glass formers
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Homogeneous diethyl phthalate/phenylphthalein-dimethylether (DEP/PDE) mixtures have been investigated
by means of broadband dielectric spectroscopy. Contrarily to the widespread view that homogenous binary
mixtures should give rise to a single glass transition, the mixture displays two dynamics giving rise to two
glass transitions. Such a finding can be rationalized invoking the self-concentration concept that relies on the
localized nature of the glass transition phenomenon. In such a way, the analogy with miscible polymer blends,
for which this concept has been introduced, is highlighted. A model based on the combination of the Adam-
Gibbs (AG) theory of the glass transition and the self-concentration concept resulted to be fully predictive once
the only unknown variable, namely, the glass-former specific parameter (@) connecting the characteristic length
for the glass transition to the configurational entropy, is extracted applying the model itself to DEP/toluene and
DEP/PDE solutions highly concentrated, respectively, in DEP and PDE. The « parameter obtained in such a
way allows the precise determination of the most probable relaxation time even for those DEP/PDE mixtures
displaying a strong overlap of the dielectric response. The model incorporating the self-concentration concept
to the AG theory also provides the characteristic length scale for the glass transition for both DEP and PDE.
Such a length scale was found to be on the order of 1-2 nm. This is comparable to that obtained for other glass

formers.
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I. INTRODUCTION

Mixtures of liquids with negligible interactions are known
to display properties intermediate between those of the pure
liquids. This is particularly true for thermodynamic proper-
ties, such as volume or enthalpy, and can be promptly tested
performing standard density or calorimetric measurements.
Apart from these properties, a common belief is also that
mixtures of glass-forming liquids display a single glass tran-
sition temperature (Tg) intermediate between those of the
pure glass formers. However, such a belief has already been
disproved for (quasi)athermal miscible polymer blends
[1-10]. These glass-forming systems display two T,’s arising
from the presence of two well distinguishable segmental re-
laxational processes. Also numerous cases displaying the
presence of two primary relaxations have been reported for
mixtures of low-molecular-weight glass formers [11-13]. For
miscible polymer blends this striking result, long debated
within the scientific community [14—-16], is now widely rec-
ognized to be due to self-concentration effects, arising from
the localized nature of the glass transition phenomenon. In
particular, when a volume is centered on the basic structural
unit of one of the polymers of a given blend, the effective
concentration (¢,s,) will be in general larger than the mac-
roscopic one. This generates a relaxation that is closer to that
of the pure component than would be expected from a pure
mixing rule of the dynamics of the pure components of the
blends.

An essential ingredient that has been invoked to explain
self-concentration effects is the presence of chain connectiv-
ity in polymer blends [16]. Certainly, chain connectivity en-
hances these effects as it imposes that at least two neighbors
of the structural unit under examination are made of the
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same polymer even in highly diluted blends [17]. Some au-
thors have, therefore, asserted that self-concentration can be
an issue of importance only for polymer blends and only
marginally for mixtures of low-molecular-weight glass form-
ers [18,19]. At the same time, it is also well established that
in miscible polymer blends the typical length scale for seg-
mental relaxation arising from self-concentration arguments
is of the order of the Kuhn segment [16], i.e., about the
typical intermolecular distance. Such a limited length sug-
gests that, though to a less extent, self-concentration can be
of significant importance also for mixtures of low-molecular-
weight glass formers. This conjecture has been demonstrated
to be highly consistent with recent experiments on the dy-
namics of diluted low-molecular-weight polychlorinated bi-
phenyl (PCB54) in 1,4 polybutadiene (PB) [20]. The results
in this work clearly indicate that PCB54 dynamics decouples
from that of PB. This can be interpreted according to self-
concentration arguments, being, according to this interpreta-
tion, the effective concentration in the volume relevant for
PCB54 dynamics larger than the macroscopic one, i.e., larger
than zero being PCB54 highly diluted in PB. The role of
self-concentration was later confirmed investigating the dy-
namics of PCB54/toluene mixtures, namely, a system com-
posed of two components displaying very different mobili-
ties [21]. These mixtures actually display two well-separated
dynamics as expected from self-concentration arguments.
In this work, we present relaxation data measured by
means of broadband dielectric spectroscopy (BDS) for di-
ethyl phthalate/phenylphthalein-dimethylether (DEP/PDE)
mixtures, a system mainly interacting via van der Waals
forces and displaying strong dynamic contrast, the T, of the
components being very different (Typgp)=183 K and
ToppE)=290 K). Similarly to PCB54/toluene mixtures, also
these mixtures display two main relaxational processes with
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strongly super-Arrhenius temperature dependence. These
two processes have been attributed, respectively, to the «
relaxation, namely, that associated to the glass transition, of
DEP and PDE. In this case the two relaxational processes are
much less separated than in the case of PCB54/toluene mix-
tures [20] as a consequence of the smaller dynamical con-
trast. This allows avoiding those typical nonequilibrium ef-
fects observed in mixtures of both polymeric and
nonpolymeric glass formers [21,22]. Finally, the dynamics of
both components of the mixtures are described through a
model presented by us for polymer blends [23,24] and re-
cently extended to mixtures of low-molecular-weight glass
formers [20,21] combining the Adam-Gibbs theory of the
glass transition with the self-concentration concept. The
model relies on the fitting of only one parameter («), namely,
that connecting the characteristic length of the structural re-
laxation to the configurational entropy. As the dynamics of
the two components of the mixture are somewhat over-
lapped, the precise identification of the most probable relax-
ation time and, consequently, the fitting of the data with the
model are in some cases not straightforward. This is particu-
larly true for the dielectric response of DEP/PDE mixtures
with relatively high DEP content. Therefore, the glass-former
specific parameter a was determined applying the model to
mixtures where the dielectric response is dominated by the
component for which this parameter is required. Since PDE
possesses a dielectric strength significantly larger than that of
DEP, PDE’s a parameter can be easily obtained fitting the
model to dielectric relaxation data of PDE/DEP solutions
with high PDE content. On the other hand, DEP’s & param-
eter was determined applying the model to DEP/toluene so-
lutions highly concentrated in DEP. Once « is obtained for
both DEP and PDE, the prediction of the component dynam-
ics in DEP/PDE mixtures can be straightforwardly per-
formed. Such a procedure was analogous to that recently
employed to predict the component dynamics of
polyisoprene/polyvinylethylene (PI/PVE) blends [8]. Fur-
thermore, the knowledge of the a parameter of the two com-
ponents of the mixtures allows the prediction of the most
probable relaxation time related to DEP even for those mix-
tures highly concentrated in PDE, where DEP contribution to
the dielectric response is masked by the significantly more
prominent signal related to PDE.

II. EXPERIMENTAL

Diethyl phthalate (DEP) and phenylphthalein dimethyl-
ether (PDE) were purchased, respectively, from Aldrich and
Polymer Source, Inc. Both samples were used as received.
Homogeneous DEP/PDE solutions were prepared mixing
thoroughly the two species. DEP and PDE were found to be
miscible at all concentrations. Homogeneous DEP/toluene
mixtures were also prepared in a similar manner. The solu-
tions were subsequently poured on the bottom electrode of a
liquid sample cell. Teflon spacers were added to avoid short
circuit of the so-obtained dielectric capacitor. Solutions con-
taining the following DEP/PDE weights ratio were investi-
gated: 90/10, 80/20, 70/30, 20/80, and 10/90 wt/wt %. DEP/
toluene solutions with the following weights ratios were
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FIG. 1. Temperature dependence of the specific heat of all DEP/
PDE mixtures and pure DEP and PDE. In the inset, the Tg of all
systems is displayed as a function of DEP concentration. The error
bars refer to the breadth of the glass transition.

investigated: 90/10, 80/20, and 70/30 wt/wt %.

Dielectric measurements were carried out on all afore-
mentioned mixtures and on pure DEP and PDE using a high
precision dielectric analyzer (ALPHA, Novocontrol GmbH)
over a wide frequency range (3X1072-10° Hz). A Novo-
control Quatro cryosystem for temperature control with a
precision of *0.1 K was employed in all measurements.
Measurements were performed in a wide temperature range
in isothermal steps from the lowest temperature. Our dielec-
tric measurements on pure DEP and PDE were compared
with those already reported in the literature [25-27]. General
agreement between the former and latter measurements was
found for both glass formers

Calorimetric measurements were carried out by means of
the differential scanning calorimeter (DSC-Q2000) from TA-
Instruments. These were performed on pure PDE and DEP in
temperature modulated mode with an average heating rate of
0.15 K/min and amplitude of 0.5 K. Different oscillation
frequencies were investigated and the so-obtained specific
heats were extrapolated to zero frequency in order to obtain
quasistatic values of the specific heat itself. Standard calori-
metric measurements were also performed on all DEP/PDE
mixtures with a heating rate of 10 K/min.

III. RESULTS

Figure 1 displays standard calorimetric measurements for
all investigated mixtures and for pure DEP and PDE. Clearly
the specific-heat jump marking the glass transition lays in
between that of the pure components for all DEP/PDE mix-
tures. The most prominent feature of DSC plots is the pres-
ence of a single specific-heat jump. The average 7, of all
systems, determined as the temperature corresponding to half
of the heat capacity change, is presented in the inset of Fig. 1
as a function of DEP concentration. The error bars corre-
spond to the T, range. Interestingly, a broader T, range is
displayed by DEP/PDE mixtures in comparison to the pure
components.

The dielectric response of all DEP/PDE mixtures and that
of pure DEP and PDE is displayed in Fig. 2, where the loss
part of the dielectric permittivity is reported as a function of
the frequency at 223 K for pure DEP and DEP/PDE mixtures
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FIG. 2. Loss part of the dielectric permittivity as a function of
the frequency. (Upper panel) At 223 K for DEP/PDE mixtures with
the following wt/wt %: 100/0 (circles), 90/10 (down triangles),
80/20 (up triangles), and 70/30 (squares). (Lower panel) At 303 K
for DEP/PDE mixtures with the following wt/wt %: 0/100 (crosses),
10/90 (hexagons), and 20/80 (diamonds). The straight lines are the
fits through Eq. (1). The arrows in the upper panel indicate the most
probable relaxation time predicted by our approach in case the mac-
roscopic concentration is employed. The two arrows in the lower
panel are the prediction of the AG-SC of DEP dynamics in PDE in
the mixtures DEP/PDE 10/90 and 20/80 wt/wt %. The inset shows
the dependence on DEP wt % of the dielectric strength of the pro-
cess related to DEP (circles) and PDE (triangles).

with 70, 80, and 90 wt % DEP (upper panel) and at 303 K for
pure PDE and DEP/PDE mixtures with 10 and 20 wt % DEP
(lower panel). The following observations can be done from
the analysis of the figure: (i) DEP/PDE mixtures with rela-
tively high DEP content (upper panel) exhibit two prominent
relaxational processes, whereas both DEP and PDE present
only one, apart from the much weaker secondary relaxation
process; (ii) mixtures with relatively high PDE content
(lower panel) present only one relaxational process with di-
electric strength increasing with increasing PDE content; (iii)
the relaxational process showing up at relatively high fre-
quency increases its strength with DEP concentration,
whereas the relatively slow relaxational process gets stronger
when DEP concentration is lowered.

Figure 3 displays the dielectric response of DEP/toluene
mixtures and that of pure DEP as a function of frequency at
fixed temperature (188 K). All spectra present a main relax-
ational contribution whose position shifts to lower frequency
when increasing DEP content. A second relaxational contri-
bution shows up for pure DEP and for the mixture with 90
wt % DEP. By comparison with previous dielectric data on
DEP [25], such a contribution—displayed also by the other
mixtures but at lower temperatures where it is not masked by
the main relaxation—can be safely attributed to DEP second-
ary relaxation. No indication of toluene relaxation was
found. This can be due to the relatively low concentration of
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FIG. 3. Loss part of the dielectric permittivity as a function of
the frequency at 188 K for DEP/toluene mixtures with the following
wt/wt %: 100/0 (circles), 90/10 (triangles), 80/20 (squares), and
70/30 (diamonds). The straight lines are the fits through Eq. (1).

toluene and to its intrinsically lower dielectric strength com-
pared to DEP.

In order to extract the most probable relaxation time re-
lated to each process and, therefore, get more insight about
the associated molecular motion, the spectra were fitted
through a sum of Havriliak-Negami (HN) functions plus a
direct current (dc) conductivity contribution. This for the
relative complex dielectric permittivity (¢*) in the frequency
domain (w) reads [28]

’ A
2! €k
S beLt+ —
€90 k=1 [1+ (i k) “in] i

(1)

e(w)=—1i

where 7y 1S the HN relaxation time, &, is the high fre-
quency limit value of the dielectric constant, Ae is the di-
electric strength of the relaxation process, ayy and 7y are
the shape parameters of the HN function describing, respec-
tively, the symmetric and asymmetric broadening of the
complex dielectric permittivity, oy, is the dc conductivity,
and g, is the vacuum permittivity.

The fits through Eq. (1) to experimental data are satisfac-
tory with one HN function for pure PDE, DEP, and DEP/
PDE mixtures with 10 and 20 wt % DEP, and two HN func-
tions for DEP/PDE mixtures with 70, 80, and 90 wt % DEP.
The inset of Fig. 2 displays the dielectric strength of both
peaks showing up for DEP/PDE mixtures as well as the di-
electric strength of the main relaxational process related to
pure DEP and PDE dynamics as a function of DEP concen-
tration. As seen in the inset, the dielectric strength of the two
processes varies between zero and the dielectric strength of
pure DEP and PDE, respectively, and depends linearly on
DEP concentration. This result provides strong indication
that the relatively slow process should be assigned to PDE
relaxation in the mixture, whereas the one showing up at
relatively high frequency to DEP relaxation in the mixture.
In addition, these two processes display super-Arrhenius
temperature dependence as shown in Fig. 4 where the deci-
mal logarithm of the relaxation time corresponding to each
relative maximum of the dielectric permittivity is displayed
as a function of the inverse temperature. This means that the
two processes detectable in DEP/PDE mixtures should be
attributed to the « relaxation of each component in the mix-
ture. This remarkable result is reminiscent of that found for
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FIG. 4. Temperature dependence of the relaxation time for the
dynamics of DEP (upper panel) and PDE (lower panel) in mixtures
with the following DEP wt. concentration: 90% (filled circles), 80%
(filled down triangles), 70% (filled diamonds), 20% (filled hexa-
gons), and 10% (crosses). The dynamics of pure DEP (empty
circles) and PDE (empty triangles) are also displayed together with
the AG fits (dashed lines). Continuous lines are the fits through the
model to experimental data. Up triangles and squares represent,
respectively, the dynamics of pure DEP and PDE. Dashed lines are
the fits to these data through the AG theory. The insets display the
average a parameter as a function of the average effective concen-
tration. In the upper inset the a parameter is referred to a per mole
of DEP basis and in the lower one to a per mole of PDE one.

miscible polymer blends that also display two « relaxations,
one for each component of the blend. In particular, the di-
electric spectrum of DEP/PDE mixture is analogous to that
found for PI/PVE blend [4,8].

Figure 5 displays the temperature dependence of the deci-
mal logarithm of the structural relaxation time of all DEP/
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FIG. 5. Temperature dependence of the relaxation time for the
dynamics of DEP in mixtures with toluene with the following DEP
wt concentration: 70% (filled triangles), 80% (filled circles), and
90% (filled squares). The dynamics of DEP (empty circles) and
toluene (empty triangles) are also displayed together with the AG
fits (dashed lines). The inset displays the average « parameter as a
function of the average effective concentration.
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toluene mixtures together with that of pure DEP and toluene.
As already discussed when presenting dielectric spectra of
DEP/toluene mixtures, the presence of toluene provokes the
acceleration of the dynamics of DEP in comparison to that of
pure DEP.

IV. APPLICATION OF THE AG-SC MODEL

Inspired by the analogy between the dynamics of DEP/
PDE mixtures and those of miscible polymer blends, we
have combined self-concentration concept [16], already
widely exploited to describe the component dynamics of
miscible polymer blends, with the Adam-Gibbs (AG) theory
to the glass transition [29]. Details about the application of
the self-concentration concept within the AG theory (AG-SC
model) can be found in Refs. [8,20,21,23,24]. The applica-
tion of the AG-SC model to the dynamics of binary mixtures
relies on the evaluation of the configurational entropy and of
the parameter C of the AG equation as a function of the
effective concentration to calculate the component relaxation
time as [8,20,21,23,24,29]

TSex( ¢eff) .

Here the configurational entropy, experimentally inaccessible
until very recently [30], has been replaced by S,,, i.e., the
entropy of the supercooled liquid in excess to that of the
corresponding crystal. Such an assumption relies on the ap-
proximate proportionality between excess and configura-
tional entropy. The soundness of this proportionality has
been recently proved by several approaches [31-34]. C and
S.. are calculated as a linear combination of the same prop-
erties of the pure components through the effective concen-
tration in the volume relevant for dynamics. The assumption
of ideal mixing between DEP and PDE is justified consider-
ing that mixtures of van der Waals liquids generally display
deviations from ideality smaller than a few point percentage
of the total thermodynamic property [35]. The effective con-
centration, i.e., the concentration experienced by the relevant
volume for segmental relaxation, is related to the self-
concentration by [16] ¢,;=h+(1-h)p, where ¢, &b,
and ¢ are, respectively, the effective, the self, and the mac-
roscopic concentrations.

Apart from the relation between the relaxation time and
the configurational entropy, the AG theory provides a con-
nection between the number of basic structural units belong-
ing to the cooperatively rearranging region (CRR) and the
configurational (excess) entropy, N %S;Xl. Since the number
of particles is proportional to the volume of the CRR, the
characteristic length scale (&) can be related to the configu-
rational entropy by

T= Ty exp

&2=r.=as;?, (3)

where r, is the radius of the relevant volume for structural
relaxation and « is a glass-former specific parameter as-
sumed to be temperature independent. a can be evaluated
through the fitting of experimental data exploiting the corre-
lation between r. (or £) and ¢,. This can be obtained through
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TABLE I. Relevant parameters for DEP, PDE, and toluene. Data for the C parameter of the AG relation
and for the parameters a and b of the specific heat are referred to a per mole DEP, PDE, and toluene basis for

DEP, PDE, and toluene, respectively.

Tg TK C log 70 a b Rvadw

(K) (K) (kJ/mol K) (s) (J/mol K) (J/mol K?) (A)
DEP 183 151.5 75 -13.8 220.7 -0.53 3.6
PDE 290 241 105.7 -15 207 -0.38 4.2
Toluene 117 96 73.3 -14.7 105 -0.31 2.9

simple geometric considerations involving the van der Waals
radius [20,21].

In order to apply the aforementioned model, both the dy-
namic and thermodynamic parameters of the pure compo-
nents of the mixture have to be determined. In particular, the
excess entropy of the pure components has to be calculated
through SeX(T)=f¥K[Acp(T)/T]dT, where Ac,(T) is the ex-
cess specific heat, Ac,,:c;;’e” —c;’ymlzc;”"’” —cﬁl“”, and was
obtained through precise calorimetric measurements as de-
scribed in the experimental section. In our approach, a linear
form of the excess specific heat was employed: Ac,(T)=a
+bT, where a and b are constants. Structural dynamics data
for the glass formers relevant to our investigation, namely,
pure DEP, PDE, and toluene were fitted through the AG
equation to obtain the pre-exponential factor, the parameter
C, and the temperature where the relaxation time tends to
diverge, identified with T, i.e., the temperature where S,,
related to the segmental relaxation extrapolates to zero. All
parameters (a, b, 7y, C, and Tx) for DEP, PDE, and toluene
are listed in Table 1. In this table, we also list the values of
the van der Waals volume of DEP, PDE, and toluene evalu-
ated employing the approach of Ref. [36].

As discussed in Sec. I, the AG-SC model can be first
applied to DEP/toluene and DEP/PDE mixtures with high
concentration of, respectively, DEP and PDE. This allows
determining the material specific parameter a of Eq. (3) for
both DEP and PDE. In this case, due to the large concentra-
tion of the glass former for which « is determined, the effect
on the a parameter arising from the presence of the other
component of the mixture is minimized. Furthermore, the
dielectric spectrum is dominated by the response of DEP, for
DEP/toluene solutions with 70, 80, and 90 wt % DEP, and
that of PDE, for DEP/PDE solutions with 80 and 90 wt %
PDE. The solid lines in Fig. 4 (lower panel; those corre-
sponding to crosses and hexagons) and Fig. 5 are the fits of
the model to experimental data corresponding to the afore-
mentioned mixtures. A single value of a was found for DEP
(appp=31 T mol;k3 K='73), whereas the a parameter of
PDE was found to depend slightly on the concentration of
PDE/DEP mixture, being equal to QppE
=22+1 J'3 moly2 K=' for the mixture with 80 wt %
PDE and appp=21=1 J3 molyji K™'73 for the one with 90
wt % PDE. Extrapolation to pure PDE provides the intrinsic
a  parameter of  this glass former: appE
=201 J'3 molys K~'3. All these values of « are of the
same order of magnitude as those obtained for other low-
molecular-weight glass formers [20,21].

The knowledge of the & parameter of both DEP and PDE
allows the prediction of the component dynamics of the

DEP/PDE mixtures with 70, 80, and 90 wt % DEP. These
mixtures display a marked overlap of the dielectric response
related to the two components and, in the case of DEP/PDE
mixture with 70 wt % DEP, the dielectric contribution related
to DEP is obtained with a relatively high degree of uncer-
tainty (see Figs. 2 and 4). The employment of a mixing rule
for the a parameter of the pure components through the ef-
fective concentration to determine the « parameter provides
a quantitatively accurate description of the dynamics of both
components in all mixtures. The employment of a mixing
rule provides the a parameter at any effective concentration
as illustrated in the insets of Fig. 4, where the value of the
average « parameter as a function of the average effective
concentration is displayed for both DEP and PDE [37]. In
Fig. 4 the fits of the model to experimental data are shown by
the solid lines. As can be observed, the model is able to
accurately predict experimental relaxation times related to
the dynamics of both PDE and DEP in the mixture. Further-
more, the prediction of DEP dynamics in DEP/PDE 70/30
wt/wt %, where the dielectric contribution to the overall
spectrum related to DEP dynamics is relatively weak and
highly overlapped to that related to PDE, allows the precise
determination of the most probable relaxation time, which
would be otherwise ill defined (see error bars in Fig. 4).
Finally, it is worth noticing that the employment of the mac-
roscopic concentration would be unable to properly describe
experimental data. This is due to the following two reasons:
(i) introducing the macroscopic concentration in Eq. (2)
would provide only one relaxation time at odds with the
experimental evidence that two relaxational processes are
present; (ii) the relaxation time provided by this procedure
lays between the slow and the fast process and, therefore,
does not correspond to any relaxational processes displayed
by DEP/PDE mixtures (see arrows in the upper panel of Fig.
2).

Another important implication of the predictive power of
the AG-SC model—once the material specific a parameters
are known for the glass formers of the mixture under
investigation—is the possibility of identifying the most prob-
able relaxation time for the dynamics related to a component
whose dielectric contribution to the overall response is either
intrinsically weak or hidden by other relatively stronger con-
tribution. The latter occurrence is actually taking place for
DEP/PDE mixtures with 10 and 20 wt % DEP, where DEP’s
contribution to the overall dielectric spectrum is not visible
due to the much larger response related to PDE dynamics
(see Fig. 2 lower panel). The predicted most probable relax-
ation for DEP’s component dynamics is indicated by the ar-
rows in Fig. 2 and by the straight lines in the Arrhenius plot
displayed in the upper panel of Fig. 4.
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FIG. 6. Temperature dependence of the characteristic length
scale for structural relaxation for pure DEP and PDE.

The knowledge of « allows the determination of the char-
acteristic length scale for structural dynamics via Eq. (3) for
both pure PDE and DEP in the mixture and the pure glass
formers. The latter is plotted as a function of temperature in
Fig. 6 for both DEP and PDE in all mixtures and equals
about 12—20 A (for the mixtures similar results are found)
in agreement with that found for a large number of glass
formers, both polymeric [8,10,16,19,17,23,24] and nonpoly-
meric [20,21]. From inspection of Fig. 5, one can conclude
that DEP cooperative relaxation requires larger volumes in
comparison to PDE. Such a conclusion is straightforwardly
achieved also inspecting the typical length scale of pure DEP
dynamics, which is somewhat larger than that of pure PDE
dynamics: 16-20 A for pure DEP vs 12—15 A for pure
PDE.

V. DISCUSSION

In the preceding section of the paper, we have shown that
homogenous DEP/PDE mixtures, mainly interacting via
weak van der Waals forces, display dynamical heterogeneity
manifesting with the presence of two main dynamical pro-
cesses (those associated with the @ process). Such a phenom-
enology is nicely caught by the self-concentration concept.
This is based on the localized nature of the structural relax-
ation in glass-forming liquids as discussed in Sec. I. The
effect of self-concentration has been first introduced to de-
scribe the dynamics of miscible polymer blends [16]. How-
ever, in this case it has been often remarked that such effects
should be relevant only for polymer blends as a result of the
presence of chain connectivity [18,19], which actually en-
hances the self-concentration. Here we demonstrate that,
though to a less extent, self-concentration is also important
for quasiathermal mixtures of low-molecular-weight glass
formers. Thus, we highlight that the difference between the
case of polymer blends, where the self-concentration is
markedly enhanced by chain connectivity, and mixtures of
low-molecular-weight glass formers, where the localized na-
ture of the glass transition is the only source providing an
effective concentration larger than the macroscopic one.

We also highlight the strong analogy between the dynami-
cal response of DEP/PDE mixtures with that of PI/PVE mis-
cible blends [4,8]. However, in the case of DEP/PDE blends
due to the absence of chain connectivity, the clear separation
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between the two relaxational processes in the former case is
achievable with a larger dynamical contrast in comparison to
PI/PVE. In particular, the Tg difference between DEP and
PDE is 107 K, whereas in PI/PVE the same separation be-
tween the dynamics of the two components is achieved with
aT, difference of 60 K between PI and PVE. Thus, the
difference of almost 50 K between the dynamical contrasts
of the two miscible systems quantifies the effect of chain
connectivity. This effect allows the separation between the
dynamics associated with the two components of the mixture
even for relatively small dynamical heterogeneities as in the
case of PI/PVE blend.

In comparison to the homogenous van der Waals mixture
toluene/PCB54 recently investigated by us [21], it is note-
worthy that DEP/PDE dynamics display non-Arrhenius tem-
perature dependence for both components dynamics,
whereas in the former case a crossover from super-Arrhenius
to Arrhenius temperature dependence can be observed with
decreasing temperature. This is the result of the nonequilib-
rium effects—driven by the freezing in of the PCB54 related
dynamics—inducing restricted motion of toluene moieties,
as also observed in miscible polymer blends with large dy-
namical asymmetry [38-41]. On the other hand, in DEP/
PDE mixture the dynamics related to one component only
mildly decouples from that of the other and such a crossover
is not observed in complete analogy to PI/PVE blends.

An important implication of the employment of the
AG-SC model is that—apart from the knowledge of the dy-
namics and thermodynamics of the pure components of the
mixture—it requires the knowledge of glass-former specific
parameter « connecting the characteristic length scale for the
glass transition to the configurational entropy. In this work,
we demonstrate that once the « parameter is independently
obtained—e.g., applying the AG-SC model to concentrated
solutions of the glass formers for which this parameter is
required with another glass former with relatively different
dynamics [24]—the AG-SC model turns out to be fully pre-
dictive. In other words, once the « parameter is known for
both glass formers of the mixture under examination, one
can predict the dynamics of both the components in the mix-
tures without possessing any experimental data on the dy-
namics of the mixture. Such a predicting power has been
exploited in this work to predict the dynamics related to DEP
at relatively low concentration of this component in DEP/
PDE mixtures (10 and 20 wt %). In such mixture, DEP re-
lated dynamics is actually hidden by that related to PDE,
which dominates the overall dielectric response.

Finally, we would like to comment shortly on the charac-
teristic length scale for the glass transition obtained for DEP
and PDE both in the mixture and alone. Apart from the slight
differences in the absolute values of such a length scale, it is
worth remarking that the obtained length scales (between 12
and 20 A) are of the order of twice the typical intermolecu-
lar distance as obtained by conventional scattering experi-
ments from the static structure factor [22]. This means that
the cooperative relaxation postulated by the AG theory [29]
typically extends to the first neighbors of the structural unit
under examination. We speculate that such a conclusion may
provide a link between theories based on cooperative dynam-
ics and the mode coupling theory (MCT) [42]. The latter

041505-6



DYNAMICAL HETEROGENEITY IN BINARY MIXTURES OF...

actually concludes that the structural relaxation is a conse-
quence of the escape of one structural unit from the cage
formed by its neighbors, which can be viewed as a “coop-
erative” process. However, it is worth remarking that the
temperature range of application of the MCT is higher than
that of our work, where the AG theory has been applied.

VI. CONCLUSIONS

The dynamics of homogeneous DEP/PDE mixtures were
investigated by means of broadband dielectric spectroscopy.
The most peculiar feature of the dielectric response of the
mixture is the presence of two dynamics with non-Arrhenius
temperature dependence. These were attributed to the « re-
laxation namely that associated to the glass transition, of,
respectively, PDE and DEP in the mixture. This result mark-
edly contrasts with the idea that a homogenous mixture
should have one glass transition. This apparently surprising
result has been rationalized employing the concept of self-
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concentration that relies on the limited size of the volume
involved in the « relaxation. The incorporation of this con-
cept in the AG theory of the glass transition allowed a satis-
factory description of the component dynamics of both DEP
and PDE in the blends. As an output of the fitting of experi-
mental data, the characteristic length scale for the glass tran-
sition was determined for the dynamics of each component
of the mixture. This was found on the order of 1-2 nm in
agreement with previous determination on other glass form-
ers.
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