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The local dynamics of the lowy component in a polymer blend, dynamically asymmetric (stjyene-
poly(vinyl methyl ethey (PS-PVMB, is studied below the glass transition, via dielectric relaxation spectros-
copy. A particular attention has been paid to blends with a high PS cof®&ntveight fraction higher than
50%). A relaxation process, slower than the localized motions inducing the PVME secondary relaxations, is
detected. Even though these blends fall out of equilibrium in this temperature regime, the structural recovery
process is not efficient on the time scale of this PVME motional process. This relaxation is attributed to rather
localized, weakly cooperative PVME motions resulting from the topological constraints imposed by the frozen

PS chains.
DOI: 10.1103/PhysReVE.68.031805 PACS nuni$)er83.80.Tc, 64.70.Pf, 77.22.Gm
[. INTRODUCTION particularly important not only from an academic, but also

industrial point of view. Indeed, polymer blends offer a good
In miscible polymer blends with components displaying aavenue to combine, at a low cost, some of the properties of
strong difference in their glass transition temperature, d@he component homopolymers. For this reason, they are tech-
single—but anomalously broad—glass transition is observedologically important, but their processing and the properties
by differential scanning calorimetryDSC). However, at a of the finished products require a good knowledge of
molecular length scale, the mean motional rate of each contheir dynamical properties, above and also below the glass
ponent, though deeply affected by blending, remains distinctransition.
from each other. This feature has been evidenced on different One of the main difficulty is that belowl, time-
asymmetric blends, such as p@tyreng-poly(vinyl methyl  dependent phenomena have also to be considdd In-
ethe) or poly(isopreneg-poly(vinyl ethyleng, by means of deed, even in the case of a single homopolymer, due to the
dielectric relaxation spectroscopy], nuclear magnetic reso- nonequilibrium nature of the glassy state, the specific volume
nance(NMR) [2-5], or quasielastic neutron scatterif, or the enthalpy spontaneously decreases when the system is
for instance. Recently, the chain connectivity has been ineooled belowT, and set under isothermal conditions. Of
voked to account for this remaining difference in the seg-course, this evolution, called structural recovery process or
mental dynamics of both componeris8]. The underlying physical aging, also induces a time dependence of the me-
idea is that due to the chain connectivity, the concentration othanical or the dielectric properti¢$4—17.
a component, estimated in a small volume\(lﬁ, I de- In the case of the blends, as the segmental mobility of the
noting the corresponding Kuhn lengtaround a given seg- two components is different, below the calorimetric glass
ment of typeA, is higher than the macroscopic concentrationtransition, the chain segments of the high-component
of the same polymer within the blend. The other main featurecould be considered as static on the time scale of the seg-
of the local dynamics in these blends is the strong broadermental motions of the lovilr; component. In a previous pa-
ing of the relaxation time distribution for each component,per of some of u$9], two different polystyreng-poly(vinyl
by comparison with the pure homopolymdis9,10. This  methyl ether (PS-PVMB blends(one with 35 wt% of PS,
broadening continuously increases as the temperature is lowhe other with 50 wt % were considered and the mean mo-
ered to the glass transition. These observations are attributdidnal rate of the PS segmental motions was found to be
to concentration fluctuations within the blends: thermody-10°—10* times lower than the one observed on the PVME
namically driven fluctuation§l1] as well as fluctuations in- component, just afy. Of course, this difference is expected
duced by chain connectivity effecf42,13. Thus, the phe- to be higher on increasing the content in the higheompo-
nomenological description of the segmental dynamics ohent. Besides, belowl,, the concentration fluctuations
each blend component is now well established, though aithin the blends would be frozen, as evidenced by small-
complete theoretical model is still missing. angle neutron scattering in the case of PS-PVME bléads
Most of the works previously mentioned report measure-with 50 wt % of PS, the other with 70 wtWofor instance
ments performed above or close to the glass transifipn  [18]. Thus, a reasonable physical picture for the [Gyeom-
By contrast, the local dynamics in polymer blends belowponent dynamics in an asymmetric blend considered below
their T4 has been far less explored. However, this question ists glass transition would correspond to the motional pro-
cesses of mobile chains embedded within a frozen matrix
formed by the highF, component.
*Corresponding author. Email address: wapcolej@sc.ehu.es As mentioned before, the physical aging occurring below
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FIG. 1. (a) DSC traces for PS, PVME, and PS-PVME blends of various composition, during heating at a rate of 20*KTinénsymbol
“ +” represents the midpoint of glass transitidg; (b) composition dependence of the calorimetric glass transition tempeBjui®),

$ps denoting the PS weight fraction in the blends. The open symito)sstand for the dielectric glass transition temperatatel H2 of
PVME in the blends, deduced from the temperature ofdhlgeak maximum of Fig. 3.

T4 has to be taken into account to describe the local dynam- [l. EXPERIMENTAL SECTION

ics of th_e |QWTg component. In this field, th_e behavior in Atactic poly(styreng (PS, Polymer Laboratorigsand
blends rich in t_he lowF component should d|ffer from the poly(vinyl methyl ethey (PVME, Aldrich Chemical Ci
one observed in blends with a large contentlln the Fiigh- used to prepare the blend samples, have the following mo-
component. Indeed, in the second case, the time scale of trllgcular characteristics: for PS, weight-average molecular

structural recovery process would be essentially governed by _. 1 . S
the time scale involved in the densification of the matrix\X/elghtNIW of 69800 gmol _ and polydispersity indek, of

¢ d by the high | "~ 71.02; for PVME, M,,=21900 gmol ! and |,=3. PVME,
ormed by the highF, component. As a result, no aging jniially in aqueous solutio50 wt %), was dried for one day

effects are expe_cted to occur on the time scale relevar_1t fag 90°C, under vacuum, to remove any traces of water.
the Iocall dyqamlcs of the low, component. By contrast, i Ejims of PS-PVME blends with various compositiofRS
blends rich in the lowF, component or even in the corre- yeight fraction ¢ps ranging from 20% to 90%were cast
sponding homopolymer, the surrounding of the chains of therom 8 wt % toluene solutions, since both polymers are mis-
low-T4 component will display a time evolution on the time cible in all proportions in this solveri21]. Casting was car-
scale of their local dynamics. ried out directly on the electrodes used for dielectric relax-
Having these ideas in mind, we explore, in this paper, theation measurementgdiameter of 40 mm) at room
dynamical behavior of the low; component(PVME) in  temperature, for about 2 days. The obtained filthickness
PS-PVME blends, below their glass transition. Indeed, thiof about 100um) were then further dried in a vacuum oven.
system is characterized by a strong dynamical asymmetryhe temperature was progressively raised uf e-30°C
since both homopolymers exhibit a difference of about 123and the final temperature was maintained for 3 days. This
K'in their T value. It has to be emphasized that the dynami-drying process enables to remove any residual solvent within
cal behavior of PVME within PS-PVME blends has beenthe samples and to avoid any bubble formation.
extensively investigated previous(gee, for instance, Refs. The glass transition temperatuilg, of both homopoly-
[2,3,9,10,18-2)), but most of the works concern blends rich mers and blends was determined with a Perkin-Elmer model
in PVME, studied above or close . Here, intending to DSC-7 instrument, at a scanning rate of 20 K minThese
limit the influence of aging processes and following the ar-DSC measurements were performed on samples directly cut
gument mentioned above, we have mainly considered PSrom the films investigated by dielectric relaxation spectros-
PVME blends in the high PS concentration regime and theopy. In Fig. 1a) the DSC traces for PS-PVME blends are
motional processes of PVME will be probed, beldy, by  displayed with different PS weight fractiongps. In any
means of broadband dielectric relaxation spectroscopy.  case, a single glass transition is observed, implying, in par-
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FIG. 2. Loss component” of the complex dielectric permittiv- T (K)

ity, obtained at 1 HzQ) and 1 kHz @), as a function of tempera-

ture, for a PVME homopolymer. FIG. 3. Isochronak”(T) obtained at 1 Hz on pure PVME and

PS-PVME blends with various compositioggs= 35, 50, 70, and

ticular, t_hat no ph_ase sepa_lration_ occurs during the bIengo wt %). For each sample, th€'(T) values have been divided by
preparation or during the dielectric measurements. The the PVME weight contentppyye. The boxes below the curves

value was determlneq as the tempe.rature' C,orreSpon,d'ng mdicate the breadth of the calorimetric glass transition and the dot-
half of the heat capacity change and its variation vifs is a4 Jines indicate the midpoirit, value.

reported in Fig. ).

The complex dielectric permittivitye* =€’ —ie” was . . .
measured in the range 16-10'7 Hz, by using a Novocon- of the polar side group -OCH More preC|s_er, acco_rdlng to
trol high resolution dielectric analyzelpha-S analyzer a recent Worl{19]_, they cou_ld be respectively attributed to
for temperatures higher than 120 K. A second electr@tie the free and restricted rotations of the methyl groups around
ameter of 30 mmwas stacked on the PS-PVME blend films the ©-C bond$C denoting here the PVME methine carhon
and pressed under vacuum abdlg. For blends rich in At 1 Hz, they process stands out of the probed temperature
PVME (éps<50%), a separation of 10Gm between both range, whereas th@ process occurs below 120 K.
electrodes is maintained by means of four small Teflon spac-
ers. The sample cell was set in a cryostat and its temperature Ill. RESULTS
was controlled via a nitrogen gas jet heating system coupled
with a Novocontrol Quatro controller. The accuracy on the Figure 3 shows the temperature dependence of the dielec-
temperature value was better than 0.05 K on the probed tent¥ic losse” measured at 1 Hz on the PVME homopolymer as
perature rangé120—363 K. For temperatures lower than well as on PS-PVME blends of various compositiofipg
120 K, dielectric measurements were performed on & 35%, 50%, 70%, and 80p4The frequency value was cho-
Solartron-Schlumberger frequency-response analyzer $ien low enough to allow a clear resolution of the different
1260 supplemented by a high-impedance preampliier ~PVME relaxation processes. Moreover, tHe values were
electric module DM 1360, MestgcThis spectrometer is normalized by the PVME weight fractiogpy e to get a
coupled to a closed-loop helium refrigeration systep |- relevant comparison of the intensity of the relaxation peaks
Cryogenics, Helix Technology Corporatijoiwith this equip-  between the different systems. At the lowest limit of the
ment, the samples were kept between two electrodes of 2@vestigated temperature ran@0 K), the increase o€” is
mm diameter, with a separation of about 1060. due to the high-temperature tail of the PVNBEprocesgsee,

It is noteworthy that in the case of PS-PVME blends, thefor comparison, Fig. 2 In this part of the spectra, the nor-
dielectric signal mainly originates from the PVYME compo- malized €” values of the different blends are clearly super-
nent, due to the strong difference in the dielectric strengttposable to the one of the PVYME homopolymer. This feature
between PS and PVMELO]. is confirmed by the comparison of tifeprocess on isochro-

Finally, we would like to recall the different relaxation nal plots performed at higher frequenciésg., 10° Hz)
processes that are observed in a PVME homopolymer bgnd consistent with previous studig3]: the localized mo-
dielectric spectroscopy. The variation of the dielectric lgss tions involved in this process are hardly affected by blending
with temperature is reported in Fig. 2 for two frequencies, 1IPVME with PS. By contrast, as can be seen in Fig. 3,¢he
Hz and 1 kHz. The absorption peak located at 272 K on therocess is strongly affected in the blends: whgpg in-
curve obtained at 1 kHz corresponds to the PVME main<reases, the corresponding peak starts shifting towards high
chain « relaxation that is relevant to the glass transition.temperatures and displays a strong broadening. The shift of
Besides, two additional secondary relaxation processeshe peak is to be related with the expected slowing down of
namely, theg and they peak, are detected at 137 K and 53the PVME segmental motions as PS chains are added
K, respectively. These latter are related to localized motion$2,3,9,11, whereas the broadening of the PVME relaxation
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time distribution can be attributed to the concentration fluc-
tuations[9—11,2Q. These observations are also in agreement
with previous studies on other polymer blends exhibiting a
large difference offy [1,4—6. However, an additional pro-
cess seems to grow up with the PS content. It can be unam 0.1k
biguously observed in the PS-PVME blend corresponding to g
¢ps=50% and leads, for higheppg values, to a double- z
peak structure in the isochronal plot of Fig. 3. In this latter, £
the peak dominating the dielectric loss at high temperature<w
(above or close tdl,) corresponds to ther process de-
scribed previously. In the following, we will focus on the 0.01 | ¢Nees
other peak, dominating the dielectric response in the tem-
perature range belowWy. It could be tempting to interpret L ' L L L L
the double-peak structure observed in Fig. 3 for PS-PVME 120 160 200 240 280 320 360
blends with¢p>70% as a possible bimodal relaxation time T (K)
distribution underlying thex process. Indeed, such a large
and even bimodal distribution has emerged from recent mod- FIG. 4. Effect of physical aging on the temperature dependence
els taking into account the thermodynamic fluctuation con-of the dielectric losse” measured at 1 Hz: solitbpen symbols
centrations to describe the segmental dynamics in miscibleepresent the data obtained on the unanne@adealefi samples;
blends[22]. However, these approaches assume that the cogircles correspond to PVME, and squares to the PS-Pi8@20
sidered blends are at equilibrium and therefore, are not aﬂ)lend. The arrows indicate the annealing temperatures. Details on
plicable to describe the low-temperature peak since it occurde annealing are described in the text.
below the glass transition temperature of the blends rich in ) ) )
PS. Thus, to our knowledge, the low-temperature process hdgéasurements, mainly focusing on PS-PVME blends with a
never been described in detail in the literature. In the follow-high PS amount. The"(w) spectra obtained for different
ing and for the sake of simplicity, we will call this process astemperatures(between 228 K and 328 )Kon the PS-
a’' relaxation, but we emphasize that this notation does no? VME(80-20 blend are plotted in Fig. 5. In the whole tem-
mean that this relaxation is completely independent ofthe Perature regime investigate@23-348 K, a single relax-
process. ation peak is detected in the spectral window
The temperature range where thé-relaxation process 10 '=10"7 Hz. At 223 K, the frequency of the peak maxi-
occurs is located below th&, of the blends(see Fig. 3 ~ Mumis close to 2 Hz: this |§othermal spectrum@) can be
Thus, nonequilibrium effects have to be considered, and dutughly related to the maximum &f'(T), occurring at 230
to the structural recovery process the dielectric leésis K on the isochronal plot of Fig. 4. At this temperature, the
expected to be time dependdit5-17. Then, a relevant measurede”(w) mainly originates from thex'-relaxation
question to be addressed is the time scale involved in thed@focess. For temperatures around 280 K, dhpeak enters
changes toward the equilibrium state. For this purpose, th&e considered spectral window, as can be seen in Fig. 4.
PVME homopolymer and different blends were annealed at 4his may be the origin of the flat signal observed in the
fixed temperature, below theif, (i.e., T,—15 K in any low-frequency part of the dielectric loss(«w) for tempera-
casé during 40 h, and thee”(T) was measured. Before this tures higher than 288 K. This assumption is consistent with
annealing, the samples were heated gt 30 K, to remove
any memory effect. The temperature dependence at 1 Hz 0.016
measured after the annealing, is reported in Fig. 4 for pure
PVME and a PS-PVME blend rich in P$(s=80%). For
comparison, thee”(T) curves recorded at the same fre- 0.012
guency, just before the annealing, are also plotted. In PVME,
aboveTy, €” is of course the same in both unannealed and
annealed states. BeloW,, a significant decrease of the sig- %, 0008
nal over the whole temperature range is observed. By con
trast, in the blend, the physical aging only affects the inter-
mediate temperature rang250-300 K between both
relaxation peaks, which appear better resolved after anneal
ing. Thee” values below 225 K are unchanged, which indi- 0.000 bttt ot il it v vt i
cates that even though the relaxation process occurs at 10°
temperatures where the blends have fallen out of equilib- f(Hz)
rium, the time scale involved in the time evolution of this
process is far larger than in pure PVME. FIG. 5. Isothermal dielectric loss spect#(w) recorded on a
To get a deeper understanding of the origin of the low-ps-pyME80-20 blend for different temperatures. The solid lines
temperature contribution te’(T) observed at a single fixed are fits of the experimental data according to the Jonscher equation
frequency(1 Hz), we have proceeded to isothermdl w) [Eq. 2]

PS-PVME(80-20)

0.004
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FIG. 6. Effect of physical aging on the dielectric loss spectrum  FIG. 7. Plot of the characteristic relaxation timg,, for pure
€'(w) measured at 269 K on the PS-PVi8B-20 blend:(a) with- PVME (empty squareésand PS-PVME blend$ ¢ps=35 (empty
out annealingfilled circles; (b) after an annealing time of 1 day circles, 50 (empty uptriangles 70 (filled downtriangleg, 80 (filled
(empty circles. diamond$, and 90 wt %(cross], as a function of temperature. The

dotted lines are fits of the experimental data with a Vogel-Fulcher
the slight increase of the level of this flat signal between 28&dquation and the solid lines, with an Arrhenius law.
K and 348 K. Besides, at 348 K, a broad shoulder is ob-
served in the low-frequency side of the process we are a’ process does not evolve significantly on the time scale of
interested in: it probably corresponds to theeak which is  the isothermal measuremenisach measurement requiring
indeed known to be particularly broad in the high PS con-about 10 min, allowing a characterization by time-
centration regime. Thus, above 288 K, #f¢w) spectra also  independent parameters.
include a contribution from the peak and for this reason, in ~ We define the characteristic relaxation timgay from the
the following, we will restrict the probed temperature rangefrequencyf 5, at the maximum of the peak observed on the
to values lower than 288 K. isothermal measurements @&f'(w) [7max=(27fna) ]

In the following, we intend to use the isothermal measure-The Arrhenius plot ofryy for PS-PVME blends withgpg
ments ofe”(w) to characterize the low-temperature dielec-=70%, 80%, and 90% is shown in Fig. 7. For comparison,
tric response: the frequency of the peak maximum, the shap&€e data obtained following the same procedure on the
of €'(w), and the dielectric strengthe. Again, due to non- PVME homopolymer and PS-PVME blends with a low PS
equilibrium effects, the question of a time-dependent characcontent @ps=35% and 50% are also included. For these
terization on the whole frequency range 16107 Hz has  latter, it has to be noted that belofy, no peak maximum
to be raised up. For this purpose, the PS-PVME blends witfhat could be related to the’ process was detected in the
a high PS content were heated about 30 K above their caldrequency range 10'—10"" Hz. For all the blends rich in
rimetric T4, cooled 60 K belowT, and the time variation PS, an Arrhenius-like behavior is observed for temperatures
of the dielectric losg”(w) was monitored for more than one lower than 288 K:
day. Figure 6 reports the”(w) function measured on the
PS-PVMHES80-20 blend, before and after annealing at — [{E)

- Tmax— 7o €X . 1
=269 K. Clearly, a small decrease of the signal below RT
1074 Hz is observed, this difference increasing in the low- o ) o
frequency part. However, the peak position as well as thd Ne activation energy, is very similar for all the blends,
high-frequency part of the relaxation process are nearly un@bout 64 kJmol=. An independent fit of each dataset gives
changed. Besides, the low-frequency part of ¢hew) peak the values ofr .and_Ea reported in Tabllell. Itis als.o wqrthy
after annealing displays, close to the peak maximum, a slop%f remark that_ln Fig. 7 the characteristic relaxation time of
slightly higher than that before annealing. This feature, to_th'e PV!\/I'E motions related to the observed process decreases
gether with the decrease of the signal below 404z, sug-  With raising up the PS content.
gests that the observed changes are due to the shift of a slow
process out of the considered spectral window. However, thSV
relaxation process we want to characterize is nearly un-
changed. This result implies that a time-independent charac-

TABLE |. Arrhenius fit parameters for the’ process in PS-
ME blends with PS weight fractions of 70%, 80%, and 90%.

1
terization of the low-temperature peak is allowed on a rea- Sample (S Ea (kI mol )
sonable time scale. It is worth adding that during 8 months PS-PVME70-30 1.07x 10 6 63.6
the PS-PVMK80-20 blend, let in a vacuum oven, at 20 K PS-PVME80-20 2.02x10°Y7 66.0
below its calorimetricTy does not display any additional PS-PVME90-10 5.31x 1017 62.0

significant changes than those presented in Fig. 6. Thus, the
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FIG. 9. Dielectric loss spectre’ (w), normalized by the PVYME
FIG. 8. Temperature dependence of shape parametensdn  \yeight fraction ppyye, recorded at 268 K, on PS-PVME blends
(see definition in the textfor PS-PVME blends rich in P8¢éps  with ¢ps=70% (filled downtrianglel 80% (filled diamonds, and
=70 (filled downtriangle, 80 (filled diamonds, and 90 Wt% 909 (crosses Inset: Variation with the blend composition of the
(crossey|. relative dielectric strength, i.e., the dielectric strength of the «’

) ) process over the dielectric strengthepyyedpyme Of the total
The dielectric loss”(w) recorded on the blends can be number of PVME segments within the blend.

described, around the peak maximum, by means of a Jon-

scher equatiofi23] (see solid lines in Fig. 5 by the amount of PS. Besides, the relaxation peak is very
broad (m=n=0.1) and rather symmetriar(=n).
, 2¢p Finally, another quantity of interest is the dielectric
€'(w)= o\ ™ [\ 2 strengthA € related to this relaxation peak.e was estimated
(— +|— by using the equation
@p @p
where the angular frequenay, is related to the loss peak Ae= %f €' (0)d(In w). (4)

maximum w,ax [24], m and n are exponents falling in the
range 0—1;6’,;, is a constant proportional to the peak ampli-
tude. Below(above wnax, the Jonscher equation may be
approximated by two power laws, one for the low-frequenc
side, the other for the high-frequency of23,25:

In Eq. (4), the experimentat’(w) are replaced by the ana-
lytical expression deduced from the fit by a Jonscher func-
Yiion. At 268 K, for PS-PVME blends witkbps=70%, 80%,

and 90%, the dielectric loss peaK(w) is centered in the
considered spectral window 16-10"7 Hz (see Fig. 9, thus
€'(w)xo™ (0<omay, (3)  leading to a more precise determination &&: 0.030 for
¢ps=70%, 0.050 for pps=80%, and 0.056 forgpg
=90%. In the case of the PS-PVNED-10, due to the
weakness of the dielectric signal, the experimental data used
for the evaluation ofA e were limited, in the high-frequency
The two independent exponerltsandn enable to probe the side, to 10° Hz. The A€ values of thea'’ process were
breadth and the asymmetry of the considered PVME relaxcompared to the dielectric strength related to the total num-
ation process, and thus, the shape of the underlying relaxyer of PVME segments in the blends. This latter is estimated
ation time distribution. The temperature dependence of thesgs the product of the dielectric strength of pure PVME
shape parameters is presented in Fig. 8 for blends $i# (A epy,\e=0.817[9]) by the PVME weight fraction. The
=70%, 80%, and 90%. The reported values were obtaineghcrease of the corresponding relative dielectric strength, also
by limiting the frequency range used for the fitting procedureevidenced in the inset of Fig. 9, shows that the amount of
to €” values that can be satisfactorily described by the powepVME chain segments Con[ributing to the' -relaxation

laws of Eq.(3). Close to 223 K(288 K), the values om (n)  peak is more and more important as the PS content is
were not reported since the lowhigh-) frequency tail of  rajised up.

€"(w) comes out of the probed spectral window, leading to
unprecise shape exponent values. In addition, as for the PS-
PVME(90-10 blend, a greater incertitude affects both shape
exponent values, due to the weakness of the dielectric signal. Our dielectric measurements have evidenced that in addi-
Clearly, the shape of”(w) does not depend much on tem- tion to theB andy peaks, another relaxation process occurs,
peraturgbetween 223 K and 288)kand is nearly unaffected below T,, in the blends rich in PS. The corresponding di-

€'(w)xw " (0> wna-

IV. DISCUSSION

g )
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electric loss€”(w) is broad, symmetric, and follows an stant. It has to be emphasized that when the Adam and Gibbs
Arrhenius-like temperature dependence. These three featureguation is applied far belowgy, where the configurational
indicate that this relaxation process displays similarities withentropy is expected to be temperature independent, an
the characteristics of a secondary relaxation, and thus, th&rrhenius law result$15,27,28. According to Eq.(6), the
underlying motional process should be rather localizedcorresponding activation energy of this Arrhenius law would
However, it has to be clearly distinguished from {Bgeak be expressed as:

observed on PVME and on all PS-PVME blends. Indeed, this

latter occurs below 120 K at 1 Hz. Besides, its activation NaSE A
energyE, is of 21.7 kJmol?* [9], i.e., about three times EpC=— . 7)
lower than that of the considered relaxation process. In par- Se

ticular, this difference between tHe, values of both pro-
cesses suggests that the PVME motions involved inathe It should be noted that the PVME segmental motions far
relaxation extend on a larger length scale than the motionBelow Ty in the homopolymer are extremely sldi5,16.
related to the PVMEB process(fluctuations of the pendant This situation can be related to that occurring in PS-PVME
group -OCH, [19]). In addition, it is noteworthy that thg@ blends rich in PS, far beloWg, where the time scale of the
and y peaks of PVME in PS-PVME blends are not depen-PVYME segmental motions is rather low. Following our inter-
dent on the PS concentration, in contrast with dHepeak. pretation, in that temperature range, the PVME motions take
In the PS-PVME blends withpps higher than 70%, the place !n a matrix ma}de of frozen PS chains. Thus, the con-
PVME chain segments are, on average, surrounded by pégurational entropy in that temperature range would be es-
chains or subchains. Besides, in this composition range, thgentially temperature independent. Taking this into account,
effective glass transition of PS is estimated, through théhe activation energ§, of the a’ process should be of the
model proposed by Lodge and McLeiEH, to stand above Same order of magnitude &,°. By using the parameters
325 K. (More precisely, it is expected to increase from 325 K corresponding to the PVME homopolyn{d5], the resulting
to 355 K whengps is varied from 70% to 9094 8]. Thus, in  value ofEL® is about 57 kJ mal* which, indeed, is not very
the probed temperature rang€ (ower than about 280 K  different from theE, value deduced from the temperature
the PVME segmental motions giving rise to the dependence of,,, in the blends E, was found to be of
' -relaxation process occur in an environment consisting ofibout 64 kJmol?). This difference can be rationalized by
“frozen” PS chains. As a result, cooperative motions involv- considering that the value d'°?®" for PVME could be
ing both PS and PVME chain portions are not possible. Thalightly different from those corresponding to the blends.
only PVME main-chain motions that would be possible areThis interpretation is also consistent with the fact that the
conformational transitiongor rotational fluctuationsimply-  apparent activation energy in the blends has been found to be
ing very few monomer units and compatible with the topo-nearly independent of composition.
logical constraints induced by the PS chains. Thus, by con- Until now, for the sake of simplicity, we have only con-
straining the PVME segmental motions, the PS chains wouldidered the mean PS weight fraction over the whole blend
promote local rearrangements, which are consistent with thand disregarded the effect of the concentration fluctuations.
behavior of the low-temperature peak previously describetHowever, these latter should be at least partially responsible

(similarities with a secondary procgss for the large breadth of the’-relaxation process: depending
Now, we will focus on the temperature dependence obon the local PS concentration, the corresponding PVME mo-
served in the PS-PVME blends rich in PS, belby. Let us  tions will be more or less constrained.
first come back to the case of a homopolymer. Above the The previously described process can also be observed for
glass transitionT,, the temperature dependence of thethe temperature variation of” measured at 1 Hz on the
a-relaxation timer of polymers can be described by a PS-PVME50-50 blend (see Fig. 3, though it appears far
Vogel-Fulcher law: less pronounced than for higheéi. s values. Indeed, due to
concentration fluctuations, some regions within the blend ex-
(T)=1 exp( B ) ) perience local PS weight fractions much higher than 50%. In
0 T-To)" these regions, the PVME motions will also give rise to an
additional relaxation process, as explained for blends rich in
Such a dependence can be rationalized by using the Adams. This is consistent with previous studies of PS-PVME
and Gibbs theory26], based on the configurational entropy plends rich in PVME thps=35% and 50%[9], which have
S of the system. In this approach, the reorientational time okuggested that some of the PVME segments within these
a given unit is related t&; according to mixtures display motional processes faster than those in pure
. PVME. Besides, in the PS-PVMEO-50 blend, thea' peak
A(T)=r exp( NaSc AM) ©6) can be observed on_i_sothermdl(w) measurements, far be-
0 keTS /' low the glass transition temperature, at the border of our
accessible frequency range. Assuming a peak shape indepen-
wheres;, is the entropy of the minimum number of particles dent of temperature in that range, a frequency-temperature
involved in the cooperative motion4;u, the molar elemen- superposition of the high-frequency tail of this peak leads to
tary activation energyr,, the reciprocal of a frequency at- an activation energy of about 51 kJmé) consistent with
tempt; N5, Avogadro’s number, anlg, Boltzmann’'s con- the value obtained for blends rich in PS.
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The interpretation of the molecular motions inducing thedefine the confining lengtt of the PVME segments. But, in
a'-relaxation process is also consistent with the results oba first approach, considering that each PVME chain is sur-
tained with our physical aging experiments. Indeed, in PSrounded by PS ones, the confinement length would be of the
PVME blends rich in PS, the evolution toward the equilib- order of 10 A, i.e., twice the typical interchain distance in a
rium state during annealing is driven by the structuralnomopolymer. This confining length is analogous to that
recovery process of the PS chains. In our experiments, theonsidered in previously studied systems such as nanocom-
annealing temperature was at least 15 K lower than the cald?osites, made of polymer chains intercalated within the inner
rimetric T4, and thus much lower than the PS effective glassgalleries of silicate layerg30]. In these nanocomposites, the
transition temperature. Thus, the time scale involved by th&onfining distance is also close to 10 A, but one strong dif-
aging of the PS matrix is far higher than the considered anference in the case of the blends is that the confinement is
nealing time, resulting in the absence of any significant effecvery ill defined.
of annealing on the shape of the observed low-temperature Confined polymer chains are known to display a structural
€"(T) peak. This behavior has to be contrasted with the casand dynamical behavior different from the bulk state. It is
of the PVME homopolymer or the blends rich in PVME. In Well admitted now that the segmental motions can be
these latter, each PVME chain is, on average, mainly surspeeded up or slowed down, due to a competition between
rounded by other PVME chains and thus, its environmenpure (geometri¢ confinement and the effects of the interac-
will undergo a structural relaxation over the chosen annealtions between the confined polymer chains and the confining
ing time (see the case of PVME in Fig).4 surfaces. Having this point in mind and following the anal-

At this stage, it is interesting to compare our results withogy with polymers confined in well-defined matrixes, one
previous studies on physical aging of PS-PVME blends. Irfan assume that, in a first approach, no “interface” effect by
particular, Cowie and Ferguson have reported enthalpy relaxhe PS chains on the PVME segmental dynamics has to be
ation measurements on a PS-PV{@8-50 blend which taken into account. Indeed, in the case of PS-PVME blends,
were analyzed through two models: the Cowie-Ferguso®nly weak van der Waals interactions between the PS phenyl
model and the Petrie-Marshall of29]. They proved that the ring and the PVME methoxyl group occur, as evidenced by
PVME component is mainly responsible for the physical agtwo-dimensional2D) NMR experimentq31]. In that con-
ing process they monitor, which allows us to compare theiitext, it is expected that pure confinement induces a speeding
data with our dielectric measurements, mainly sensitive td/p of the segmental dynamics, by comparison with the un-
PVME. The analysis with the Petrie-Marshall model leads toconfined statéPVME homopolymey. This would rationalize
an apparent activation ener@y, for enthalpy relaxation of the observed speeding up in the blends rich in PS. However,
929 kJmol'!, value determined within the temperature this analogy with systems where the confining distance is
range 250—270 KE, corresponds to the activation energy uniform has to be taken with great care. Indeed, even for a
for enthalpy relaxation after complete physical aging of theconfined simple liquid, recent molecular dynamics simula-
blend. This value should be compared to the apparent actfions have evidenced that, depending on the roughness of the
vation energy deduced from our dielectric data on the Psconfining walls(smooth or rough a speeding up or a slow-
PVME(50-50 blend, using an extrapolation of the Vogel- ing down could be observed in the relaxation dynamics of
Fulcher fit of 7,4y (Se€ Fig. 7. The thus obtaine&, values  the liquid [32]. Further dielectric spectroscopy experiments
range between about 1160 and 350 kJmdor T varying ~ are currently being developed on these PS-PVME blends to
from 250 to 270 K, which indeed is consistent with tig  clarify the origin of the speeding up we observe.
value reported in Ref[29]. In addition, using the Cowie-  Finally, the occurrence of PVME segmental motions, re-
Ferguson model, the authors fitted the enthalpic relaxatiofted to thea’ process, within the blends rich in PS could be
measurements using a Kolhrausch-Williams-Watts functionOf particular interest for the mechanical properties of these
its characteristic time being,. By approximating the tem- Materials below theill,. It turns out that blending appears
perature dependence of between 250 and 270 K via a @S an “artificial” way of inducing molecular mob|l|ty in the
rough Arrhenius fit, we found an apparent activation energyd|assy state. This feature could be of great interest for pos-
for the out of equilibrium relaxation in the blend of about Sible industrial applications of these multicomponent
65 kd mol L this value is in close agreement with the acti- SyStems.
vation energyE, of the @’ process deduced following the
out of equilibrium PVME segmental dynamics. It is lower
than the one found in pure PVME in the glassy state V- CONCLUSION
(125 kJmol'Y) by means of time domain dielectric ~ We have investigated the motional processes of the low-
measurementgsl 6]. T4 component(PVME) within the homogeneous phase of

One basic question that remains concerns the values ofiiscible polymer blends, dynamically asymmetri®S-
the relaxation times involved in this process. Indeed, @VME), below their glass transition. Blends rich in the high-
speeding up of the PVME localized motions is observedly; component were mainly considered. In addition to the
when the PS content is increased, as can be seen in Fig. 7 well-known PVME secondary relaxations, another relaxation
Fig. 9. This suggests that confinement effects could tak@rocess called by us’ relaxation is detected in these blends.
place within these blends. Indeed, following our previousThis relaxation is related to motions of the PVME chain
view, PVME chains would be confined in a three- segments constrained by the matrix formed by the frozen PS
dimensional solidlike PS matrix. Here, it is not obvious to chains. With this respect, the molecular nature of this
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relaxation has certainly to be related with the segmeatal up would also result from the confinement of the PVME
relaxation of PVME, but in a constrained geometry. Thischains by the PS matrix.

attribution is consistent with the fact that the structural re-
covery process, essentially driven by the PS matrix, is much
slower than the time scale involved by these PVME motions.
Besides, a speeding up of the PVME motional process by The authors acknowledge the University of the Basque
increasing the PS concentration of the blend is observedCountry(Project No. 9/UPV00206.215-13568/20Cind the
Similarities with systems of polymer chains confined in well- Spanish Ministry of Science and Technolofyroject No.
ordered matrixes are discussed and suggest that this speediM@\T 2001/0070 for their support.
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