
IEEE Transactions on Dielectrics and Electrical Insulation    Vol. 19, No. 4; August 2012 1283 

1070-9878/12/$25.00 © 2012 IEEE 

Interfacial Effects in Polymer Nanocomposites  
Studied by Dielectric and Thermal Techniques 

 
Panagiotis Klonos, Christos Pandis, Sotiria Kripotou, Apostolos Kyritsis 

and Polycarpos Pissis 
Department of Physics, National Technical University of Athens 

Heroon Polytechneiou 9 
Zografou Campous, 15780, Athens, Greece 

 
ABSTRACT 

Effects of interfaces and interphases in polydimethylsiloxane (PDMS) matrices with in 
situ synthesized titania (20 – 40 nm, in diameter) and silica nanoparticles (~5 nm), were 
studied employing dielectric and thermal techniques. The presence of the well 
dispersed inorganic particles and the hydrogen polymer - filler bonding result in a 
double effect on polymer mobility: suppression of crystallization and immobilization in 
a layer of a few nm around the particles. The effects were stronger in the case of titania 
nanoparticles, in consistency with stronger hydrogen bonding interactions, comparing 
to silica. Various contributions to the glass transition were recorded by both thermal 
and dielectric techniques, corresponding to bulk and modified polymer dynamics. The 
modified mobility originates from the restriction of polymer chains within the PDMS 
crystals and in an interafacial rigid amorphous PDMS layer around the nanoparticles. 
The thickness of the interfacial layer was estimated to 3-5 nm for titania and ~2 nm for 
silica. The mobile amorphous phase fraction giving rise to the glass transition was 
found to be nearly constant in the nanocomposites. The results were confirmed by 
employing various thermal (crystallization) treatments of the samples. 

   Index Terms — Polydimethylsiloxane, nanoparticles, silica, titania, polymer 
crystallization, glass transition, segmental dynamics, interfacial interactions, dielectric 
spectroscopy. 

 
1   INTRODUCTION 

 NANOCOMPOSITE materials, in particular polymer 
nanocomposites, may provide solution to modern industrial, 
biophysical and even domestic needs [1-2]. The advantage of 
such nanomaterials, comparing to traditional composites, is 
the significant  improvement of good properties of the 
polymer  matrix with the use of relatively low nanofiller 
loadings [3]. The origins of the high level of improvement is 
still an open debate in the basic research community, but the 
most prevailing opinion is that the high volume to surface 
ratio of nanoparticles leads to significant changes in molecular 
mobility and distribution of polymer chains close (some or 
tens of nanometers) to the surface of the particles. Seeking for 
evidences of the modified molecular mobility has been 
attempted by various research groups using various techniques 
[4-8]. The results show that the presence of nanofillers (e.g. 
silica, clays, nanotubes) and their interaction with the matrix 
may increase or decrease molecular mobility [1, 9-10] and 
crystallization ability [11-12].  The presence of polymer 
crystals can also modify the bulk polymer dynamics, offering 

similar effects as the nanoparticles [13-18]. Thus, filler 
addition may affect directly or indirectly molecular structure 
and dynamics of the polymer matrix. For semicrystalline 
polymer matrices filled with inorganic nanoparticles, the so 
called ‘3 layer model’ [6] can describe well the experimental 
results. According to that model, one can separate the energy 
contribution of the crystalline phase (CR), the mobile 
amorphous phase (MAF) and the rigid amorphous phase 
(RAF), mainly in a differential scanning calorimetry study. 

In the present study thermal (differential scanning calorimetry - 
DSC) and dielectric techniques (dielectric relaxation spectroscopy 
– DRS and thermally stimulated depolarization currents - TSDC) 
are combined to study interfacial effects in polymer 
nanocomposites. Following previous work [12, 18-19], we focus 
on materials based on a rubbery matrix (polydimethylsiloxane, 
PDMS) filled with in situ synthesized inorganic nanoparticles 
(titania and silica, via sol-gel method) [20]. Novel aspects of this 
study are the thermal treatment of the materials prior to thermal and 
dielectric measurements to appropriately tune the degree of 
crystallinity and check various hypotheses, the direct comparison 
of DSC-TSDC data recorded in the region of the glass transition, 
and the analysis of DSC thermograms in terms of various 
contributions to the glass transition. Manuscript received on 15 November 2011, in final form 2 May 2012. 
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2  EXPERIMENTAL 

2.1 MATERIALS 

PDMS networks filled with silica and titania nanoparticles 
and, for comparison, unfilled PDMS network were prepared. 
Unfilled PDMS network was synthesized from hydroxyl-
terminated PDMS (Gelest, Mw=18000) by end-linking 
reactions with tetraethoxysilane (TEOS) as cross-linking 
agent. The unfilled PDMS network was swollen in TEOS and 
titanium (IV) n-butoxide (TBO) for silica and titania 
nanocomposites preparation, respectively. The samples were 
hydrolyzed during 48 h and finally vacuum-dried at 80 °C for 
five to seven days to constant weight. The amount of filler 
was calculated from the weight before and after the generation 
of the filler and was varied between 6 and 36 wt% in silica 
nanocomposites and between 5 and 18 wt% in titania 
nanocomposites. Films of ~1 mm in thickness were prepared 
[20]. Transmission electron microscopy (TEM) and small-
angle neutron scattering (SANS) measurements [20] showed a 
very good dispersion of silica nanoparticles with a mean 
diameter of about 5 nm and of titania nanoparticles with 
diameters between 20 and 40 nm. For high filler contents an 
interpenetrated polymer-oxide structure was obtained. 
Mechanical and swelling measurements showed higher 
reinforcement of PDMS in the case of silica, due to the higher 
surface to volume ratio [20]. 

2.2 TECHNIQUES 
Morphology was examined by field emission Scanning 

Electron Microscopy. FEI NovaSEM 230 operating in high 
vacuum mode, using either Everhard-Thornley (ETD) or 
Through Lens (TLD) detector was used. Prior to the 
measurement a golden thin layer was developed by sputtering. 

Differential scanning calorimetry (DSC) was employed to 
investigate thermal transitions.  Measurements were carried 
out in helium atmosphere in the temperature range from -170 
to 40 oC at a constant cooling and heating rate of 10 oC/min.  
Samples of ~8 mg were enclosed in standard Tzero aluminium 
pans. In order to investigate the effects of crystallinity on the 
glass transition, measurements were carried out also after 
annealing of the samples at a temperature between the onset 
and the peak temperature of crystallization, as defined by 
typical DSC measurements, for 30 min (enhanced 
crystallinity), and after quenching (suppressed crystallinity). A 
cooling rate of 40 oC/min was achieved in the crystallization 
region (-70 to -110 oC) [21]. For DSC measurements the TA 
Q200 instrument was used. 

Thermally stimulated depolarization currents (TSDC) is a 
special dielectric technique in the temperature domain. TSDC 
is characterized by high sensitivity and high resolving power, 
the latter arising from its low equivalent frequency (104–102 
Hz) [22]. The sample was inserted between the plates of a 
capacitor. The thickness of the samples was ~1 mm while 
their diameter was varying between 12 and 20 mm. The 
capacitor was placed in a Novocontrol TSDC sample cell and 
polarized by the application of an electric field Ep equal to 
~100 V/mm at a polarization temperature Tp of 20 oC for a 
polarization time tp of 5 min. With the electric field still 

applied, the sample was cooled down to -150 oC (cooling rate 
10 oC/min, under nitrogen flow), sufficiently low to prevent 
depolarization by thermal energy, then short-circuited and 
reheated up to 50 oC at a constant rate b of 3 oC/min. The 
discharge current generated during heating was recorded as a 
function of temperature [8, 12, 17, 22]. In order to facilitate 
direct comparison with the crystallization annealing DSC 
measurements, same thermal treatment of the samples was 
performed for TSDC measurements. Temperature control was 
achieved by means of a Novocontrol Quatro cryosystem while 
the current was recorded by the Keithley 617 electrometer.  

    For dielectric relaxation spectroscopy (DRS) measurements 
[23] the sample (same as that used for TSDC measurements) 
was placed between the plates of a capacitor and an alternate 
voltage was applied in a Novocontrol sample cell. The 
complex dielectric permittivity, ε*=ε΄-iε΄΄, was recorded 
isothermally as a function of frequency in the range from 10-1 
to 106 Hz. The measurements were carried out in the 
temperature range from -150 to 20 oC in steps of 2.5, 5 and 10 
oC depending on the process followed [8, 10-12, 16-17, 22]. 
Measurements were carried out after linear cooling and after 
annealing of the samples at a temperature between the onset 
and the peak temperature of crystallization, as defined by DSC 
measurements, for 30 min. DRS measurements were carried 
out by means of a Novocontrol Alpha analyzer while 
temperature was controlled to better than 0.5 oC by a 
Novocontrol Quatro cryosystem. 
 

3  RESULTS AND DISCUSSION 

3.1  SCANNING ELECTRON MICROSCOPY - SEM 

 Representative SEM pictures for PDMS with low and 
higher titania loadings are presented in Figure 1. Pictures were 
taken at room temperature, so we expect to monitor the 
dispersion of the nanoparticles in the amorphous (melted) 
PDMS matrix. Previous study of these systems showed that 
PDMS gets crystallized at temperatures between -70 and -100 
oC and melts at about -40 oC [12, 18]. Indeed in Figure 1a and 
1b one can identify the well dispersed nanoparticles. In the 
higher loading, larger particle domains (100 - 200 nm in 
diameter) can be also identified. TEM results on the same 
systems, published elsewhere [20], showed that the diameter 
of the nanoparticles is around 20 – 40 nm for titania and 5 nm 
for silica. Additionally, the formation of silica and titania 
structures (networks) was reported for high loadings [20]. 
SEM results in Figure 1 along with the respective images for 
PDMS/silica (not shown here) come in agreement and 
supplement the TEM measurements.  

3.2 DIFFERENTIAL SCANNING CALORIMETRY – 
DSC 

    Representative DSC cooling scans, at 10 oC/min, of unfilled 
PDMS and its titania and silica nanocomposites are shown in 
Figure 2. Single crystallization peaks were recorded at 
temperatures between -100 and -75 oC. In general, the 
addition of filler leaded to lower crystallization temperatures, 
TC, and lower crystallization enthalpies, ΔHC [12]. These 
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results suggest that the nanoparticles do not act as 
crystallization nuclei and the polymer crystals grow away 
from the inorganic surfaces. According to polymer physics 
[24], more crystals and larger in size should be present in neat 
PDMS than in the nanocomposites, as ΤC and ΔHC get 
gradually lower with increasing filler content [12]. In the case 
of faster cooling (~40 oC/min, in the crystallization 
temperature region) all the crystallization peaks (not shown 
here) were energetically suppressed (~10 %) and shifted to 
lower temperatures (by 5-20 oC). The suppression of 
crystallization ability was stronger in the case of titania 
nanocomposites. On the other hand, in the case of 
crystallization annealing the degree of crystallinity, XC, was 
increased by ~10 %. The glass transition was recorded in the 
temperature range between -130 and -115 oC, as we can 
follow in Figures 2 and 3, without any significant variation in 
the temperature position. The interesting point is the 
temperature development of the glass transition step and its 
changes with increasing filler content. 

 

 
 

 
 

Figure 1. SEM images for (a) PDMS + 4 wt% TiO2 and (b) PDMS + 15 wt% 
TiO2. 

 

    In Figures 3a and 3b one can easily notice that the glass 
transition shape, after standard cooling, is single and 
smoothed for the unfilled PDMS (Figure 3a) and seems to be 
double structured in the case of nanocomposites (Figure 3b, 
for PDMS + 18 wt% titania, representing the 
nanocomposites). with 31 wt% silica and 11.5 wt% titania and 
higher. As filler content increases the height of the first 

contribution (low-temperature side, trend 2 in Figure 3b) is 
increased, in terms of heat capacity change ΔCp, while at the 
same time the secondary contribution at the high-temperature 
side (trend 3 in Figure 3b) gets more clear [12]. Similar results 
were reported before in PDMS [18], PVP [25] and PVA [26] 
nanocomposites. The secondary contribution (trend 3) seems 
to dominate the response of the samples in the case of heating 
after crystallization annealing. On the other hand, fast cooling 
leads to suppression of crystallization (quenching [21]), 
resulting in an increase of the first contribution (sharp step, 
trend 2). The first and secondary contribution seem to be 
related to unaffected (bulk) amorphous mobility and to 
interphase (amorphous - crystalline polymer) interactions, 
respectively. This point will be further discussed later in this 
section and also in combination with TSDC and DRS results. 

 
Figure 2. DSC thermograms for unfilled PDMS, PDMS/silica and 
PDMS/titania nanocomposites during cooling at 10 oC/min. 

 

 At temperatures around -90 oC during cooling (Figure 3) 
an exothermic peak is observed in the nanocomposites of 
high loadings after standard cooling, and in all samples [12] 
after fast cooling. This event corresponds to cold 
crystallization and originates from uncompleted 
crystallization during cooling [19, 24]. The event is logically 
absent in the case of crystallization annealing. At higher 
temperatures (between -70 and -40 oC) a complex 
endothermic peak is recorded for all the samples. The lower 
temperature contribution, named peak 1 in Figure 3, and the 
main one, at higher temperatures, named peak 2, were both 
enhanced after crystallization annealing. Peak 1 was almost 
eliminated after faster cooling. Judging from the lower 
melting temperature values of peak 1 and the SEM 
microghaphs of PDMS crystalline morphology by 
Sundararajan [27], we get strong indications that peak 1 
corresponds to the melting of secondary small (~ 1 μm) and 
low quality spherulites of PDMS, which grow in the 
amorphous islands between the primary large (~ 100 μm) 
spherulites.  

    Coming back to the glass transition, we focus on a 
quantitave estimation of the various polymer fractions 
(Figures 4 and 5) on the basis of the change in the heat 
capacity at the glass transition, ΔCp. The recorded ΔCp was 
normalized [12, 18] to the uncrystallized polymer fraction 



1286  P. Klonos et al.: Interfacial Effects in Polymer Nanocomposites Studied by Dielectric and Thermal Techniques 

for all the samples, while passing from the glassy to the 
rubbery state, during heating. The respective values of 
ΔCp,norm were found to decrease on the addition of filler. 
That was a sign of uncrystallized polymer immobilized 
(rigid amorphous) or confined in the organic-inorganic 
system, which does not participate in the glass transition. 
Two types of rigid amorphous polymer fractions (RAF) are 
reported in the literature. The first is affiliated to the strong 
interactions of the polymer chains with the nanoparticles, 
RAFfiller, the effect of which extends from some to tens 
nanometers [5-6, 8, 15]. The second one is affiliated to the 
organic chains which are semi bound within the polymer 
crystals, RAFcryst, the ‘immobilization’ of which was studied 
by various techniques [13-14, 16]. In Figure 4 a scheme of 
the estimated distribution of filler, crystalline polymer (CR), 
mobile amorphous (MAF) and rigid amorphous (RAF) 
polymer in the nanomaterials is presented. 

 

 

 
Figure 3. DSC thermograms for: (a) unfilled PDMS and (b) PDMS + 18 wt% 
TiO2 during heating at 10 oC/min, after different cooling (crystallization) 
treatments. 

 

    Figure 5 summarizes the composition map of 
PDMS/titania and PDMS/silica in the temperature region of 
glass transition. In the case of PDMS/silica, the composition 
diagrams are given for the three crystallization treatments 
followed. For the same filler loadings, similar values are 
obtained for RAF for PDMS/titania and PDMS/silica 
nanocomposites. In the case of crystallization annealing or 
fast cooling (quenching), RAF was increased or reduced, 
respectively. The additional or residual RAF amount, should 

correspond to RAFcryst. A quite interesting observation in all 
cases is that the mobile amorphous polymer fraction (MAF, 
i.e. the fraction which participates in the glass transition) is 
almost constant in the same series of samples and same 
crystallization treatment. This fact suggests a 
thermodynamic balance between the multiphase mobility in 
our systems [28]. At this point, we should mention that the 
crystalline PDMS fraction (CR) was calculated via the 
crystallization enthalpy for standard and fast cooling and 
from the respective melting enthalpy for the annealing 
treatment. Additionally, the equations used for our 
calculations [12] are not suitable for separate calculations of 
RAFcryst and RAFfiller. Such calculations may be done firmly 
after Temperature Modulated DSC measurements [13, 21] 
and the application of bibliographic data (i.e. ATHAS 
databank) [6, 13]. Thus, we should keep in mind for the 
following that in Figure 5 the CR fraction of the unfilled 
PDMS should also include the respective RAFcryst. 

 
Figure 4. A simplified model of the estimated distribution of the different 
polymer phases (crystalline, mobile amorphous and rigid amorphous) and 
filler. 

 

3.3 THERMALLY STIMULATED DEPOLARIZATION 
CURRENTS – TSDC 

    TSDC thermograms are presented in Figure 6, for the 
unfilled crosslinked PDMS in Figure 6a and for the higher 
loadings of titania in Figure 6b, under the normal and 
annealing crystallization treatments. In Figure 6a we added 
measurements of linear PDMS (Mw~8000) to be commented 
on later. The depolarization signals were normalized with 
the applied electric field, so that results for different samples 
can be compared to each other not only with respect to the 
temperature position of the peak (time scale of the 
corresponding relaxation) but also with respect to the 
magnitude of the peak (dielectric strength of the 
corresponding relaxation). 

    In the temperature range between -140 and -100 oC the 
recorded peaks correspond to the dielectric response of the 
glass transition, as the equivalent frequencies of DSC and 
TSDC are quite close [12]. At higher temperatures between -
95 and -80 oC we recorded negative peaks, most possibly 
related to the cold crystallization events, as they were 
observed only in the cases of sample where we recorded 
cold crystallization by DSC. In the temperature region from 
-65 to -40 oC the disordered noise-type signals correspond to 
the massive disengagement of electrical charges, while the 
samples approach their melting points and the polymer 
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crystals get destroyed. These results were confirmed by 
TSDC measurements (not shown here) without the 
application of electric field. 
   In Figure 6a the glass transition of our crosslinked 
unfilled PDMS (XC~0.90) is expressed exclusively by the 
αC peak, at ~ -122 oC. In previous work [12, 18] this peak 
was correlated to the relaxation mechanism of amorphous 
polymer confined between condensed crystal regions [16]. 
It is interesting to note that the response of linear PDMS 
(XC~0.60) was dominated by the sharp α relaxation, which 
characterizes the bulk behaviour of the polymer [12]. In the 
case of nanocomposites, three peaks (α, αc and α΄ 
relaxations) contribute to the complex segmental dynamics 
trace in a systematic manner, in order of increasing 
temperature. The α΄ relaxation (between -95 and -110 oC) is 
present only in the nanocomposites and its magnitude 
increases with filler content. There are strong indications 
that α΄ relaxation is the segmental mobility mechanism of 
the polymer chains which are bound on the surfaces of the 
nanoparticles [12, 17-18]. Observed at about -123 oC, αc is 
slower and stronger than α΄ and its position is not affected 
by the addition of the nanoparticles. The strength of this 
relaxation decreases with decreasing degree of crystallinity. 
Simultaneously with the depression of αc the upcoming of α 
relaxation is observed at -130 to -128 oC. For the high 
filler contents (both for silica and titania) α relaxation 
dominates (Figure 6b) while the degree of crystallinity is 
minimized. Αfter the annealing of crystallization, the 
response in these samples, where ΧC increased by 20 – 30 
%, is dominated by the αC relaxation. At the same time, 
the inverted peaks at higher temperatures (cold 
crystallization) were logically vanished and the melting 
TSDC events were enhanced. 
    The most interesting result comes from the direct 
comparison between DSC and TSDC thermograms, 
presented in common diagrams in Figure 7. The 
thermograms for standard and annealed crystallization are 
shown for the unfilled linear PDMS (Figure 7a) and 
PDMS + 31 wt% silica nanocomposite (Figure 7b). The 
sharp α relaxation has almost the same temperature 
position and temperature evolution with the low 
temperature contribution to the calorimetric glass 
transition (trend 2 in Figure 3). The αC relaxation shows 
similar behaviour with the higher temperature 
contribution to glass transition (trend 3 in Figure 3). The 
question arises as to whether we have recorded at the 
same sample the glass transition of bulk and bound 
behaviour. Cebe et al [13] recorded calorimetrically the 
relaxation of RAFcryst of isotactic polystyrene (iPS) as an 
endothermic glass transition step at temperatures close to 
the melting point. Additionally, trend 3 in Figure 3 or the 
indicated Τg΄ may also match with the α΄ relaxation 
(Figure 7b) of the PDMS interfacial layer. According to 
Schick and coworkers [5], this part of the polymer will 
remain rigid until the temperature of decomposition of the 
polymer, or, in general, the reason for keeping it rigid 
(i.e. interfacial interactions), so it is not possible to record 
a respective glass transition.  

 

 
Figure 5. Composition (wt) diagrams for PDMS and its nanocomposites in the 
region of the glass transition. Referring to filler type (a) corresponds to 
PDMS/titania and (b) to PDMS/silica. Referring to different crystallization 
treatments of PDMS/silica, (b) corresponds to continuous linear cooling, (c) to 
crystallization annealing and (d) to fast cooling (quenching). 
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Figure 6. Comparative TSDC thermograms for (a) unfilled PDMS (included 
is the respective measurement for linear PDMS with similar molecular weight) 
and (b) PDMS/titania nanocomposites, after standard cooling (solid lines) and 
crystallization annealing (dotted lines). 

 

    We should also keep in mind that the presence of the 
cold crystallization peak, quite close to the glass transition 
in the DSC thermograms, renders evaluation rather 
difficult. Further measurements, in particular by employing 
TMDSC measurements [21], could illuminate these points. 
The dielectric strength, Δε, [23] of the relaxations recorded 
by TSDC was calculated and the respective interfacial 
polymer fraction Χint was estimated, as in previous work 
[12]. This point will be discussed in the DRS section, as 
similar calculations were made there. 
 

3.4 DIELECTRIC RELAXATION SPECTROSCOPY - 
DRS 

    Recorded DRS results are similar to those reported in 
previous work [12] and will not be shown here. Instead, we 
focus on the analysis of DRS data, in particular with respect 
to the fraction of interfacial polymer (Figure 8) and the 
time scale of the various relaxations (Figure 9), focusing 
mainly on the effects of different polymer-filler interactions 
and the interfacial amorphous – crystallized polymer 
interactions. 

 

 
Figure 7. Comparative TSDC and DSC thermograms in the temperature 
region of glass transition and crystallization for (a) linear PDMS and (b) 
PDMS + 31 wt% silica nanocomposite, after standard cooling (solid lines) and 
crystallization annealing (dotted lines). 

 

    In Figure 8 we present a comparison of the interfacial 
PDMS fraction, Xint, for different filler loadings. The modified 
mobility of the interfacial polymer is recorded through the α΄ 
dielectric relaxation mechanism [12, 18]. The calculations 
were done by dividing the dielectric strength of α΄ relaxation, 
(Δεα΄), with the sum of the dielectric relaxation strengths of α, 
αC and α΄ relaxations, (Δεα΄+ Δεa+ac), and normalizing with the 
uncrystallized polymer fraction, (1-Xc), as calculated by DSC 
[12], for the standard and annealing crystallization treatments. 
The results show that in the case of PDMS/silica the 
interfacial polymer fraction increases up to 0.55 for the 
highest filler contents (Figure 8), while in the case of 
PDMS/titania Xint is significantly lower and increases up to 
0.14 for the highest loading (Figure 8). The higher values of 
interafacial fraction for PDMS/silica are possibly affiliated to 
the higher surface to volume ratio and the weaker polymer-
filler bonds, compared to PDMS/titania. This second 
statement is confirmed by the different trace of α΄ relaxation 
(discussed later in Figure 9) for silica and titania 
nanocomposites. As reported before, it is very interesting, 
from the methodological point of view, that the results for Xint 
agree very well with those calculated from the TSDC 
thermograms. Assuming spherical nanoparticles, we estimated 
that the thickness of the PDMS interfacial layer, dint [18], is 3-
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5 nm for PDMS/titania and ~2 nm for PDMS/silica 
nanocomposites.  

 
Figure 8. Fraction of interfacial PDMS vs filler content, obtained for 
PDMS/silica and PDMS/titania nanocomposites from DRS measurements 
after standard cooling at 10 oC/min (solid symbols) and crystallization 
annealing (open symbols). Lines were added as guides for the eyes.  

 
    Figure 9 summarizes DRS results on the time scale of the 
three segmental relaxations mentioned above in terms of the 
activation diagram for representative samples. A main 
observation in Figure 9 is that α and αc have very similar 
frequency-temperature traces, both of the Vogel-Tammann-
Fulcher (VTF) type [29], characteristic for segmental 
dynamics. The time scale of these relaxations is practically not 
affected by the addition of nanoparticles. Observed at lower 
frequencies/higher temperatures, α΄ is strongly separated from 
α and αc. α΄ relaxation is also described by VTF but with 
lower activation energies and fragility, as compared to α and 
αc. The latter is reasonable in terms of lower cooperativity 
length [6, 18].The time scale of α΄ relaxation is almost 
identical for all the PDMS-silica nanocomposites (open 
symbols in Figure 9). α΄ relaxation for PDMS/titania 
nanocomposites is shifted to higher temperatures/lower 
frequencies, as compared to PDMS/silica, (solid symbols in 
Figure 9), showing again similar time scale for all the 
PDMS/titania samples. One could suggest that the shift on the 
traces of this relaxation is indicative of the difference on the 
polymer-filler interaction strength, which is higher in the case 
of PDMS/titania.  

 
Figure 9. Activation diagram (Arrhenius plots) of the segmental mobility 
relaxations (α, αC and α΄) for PDMS, PDMS + 15,3 wt% titania, PDMS + 9,9 
wt% silica and PDMS + 35,9 wt% silica nanocomposites, as recorded from the 
isothermal DRS measurements. Lines were added as guides for the eyes. 

5  CONCLUSION 

DSC measurements on various PDMS nanocomposites 
using different thermal treatments showed that the good 
dispersion and strong polymer/filler interactions restrict 
crystallization and segmental mobility of the polymer. A 
systematic reduction of the heat capacity step of glass 
transition with the addition of filler was attributed to the so 
called ‘immobilized polymer-filler interfacial layer’ (RAF). 
This layer was estimated to 80 wt% of the uncrystallized 
polymer fraction. Different crystallization treatments of the 
samples, revealed a balance between the crystalline and rigid 
amorphous polymer, represented by an almost constant mobile 
amorphous PDMS fraction (MAF) in the nanocomposites. On 
the other hand, the dielectric techniques (DRS, TSDC) were 
able to record the reduced mobility of this layer, and revealed 
discrete contributions to segmental dynamics of the polymer 
and the corresponding glass transition, related to specific 
interactions and topology. Further measurements, including 
thermal sampling TSDC [18], are expected to shed more light 
on this point. The thickness of the interfacial layer dint was 
calculated to be 3-5 nm for PDMS/titania and ~2 nm for 
PDMS/silica nanocomposites form the DRS results. Analysis 
and further work in progress, including measurements on 
fumed silica and titania with sorbed PDMS, may lead to a 
more quantitative description of the various contributions. 
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