4568 Macromolecule2007,40, 4568-4577

Dynamic Confinement Effects in Polymer Blends. A Quasielastic
Neutron Scattering Study of the Slow Component in the Blend
Poly(vinyl acetate)/Poly(ethylene oxide)

M. Tyagi,™ A. Arbe,** A. Alegria,*8 J. Colmenerof*8and B. Frick"

Donostia International Physics Center, Paseo Manuel de Lardizabal 4, 20018 San Seb8gtdn,
Centro de Fsica de Materiales (CSICUPV/EHU), Apartado 1072, 20080 San Sebasti@pain,
Departamento de Bica de Materiales UPV/EHU, Apartado 1072, 20080 San Sebgsfpain, and
Institut Laue-Langevin, BP 156, 38042 Grenoble Cedex 9, France

Receied March 5, 2007; Rased Manuscript Receed April 14, 2007

ABSTRACT: Motivated by the observation of confinement effects for the poly(ethylene oxide) (PEO) component
in the dynamically asymmetric blend with poly(vinyl acetate) (PVAc), 80% PVAc/20% R#&&romolecules
2006,39, 3007), we have investigated the dynamics of the PVAc component in this blend. Quasielastic neutron
scattering techniquesn particular, backscatteringhave allowed selectively studying the self-motions of PVAc
hydrogens in a mixture with deuterated PEO. Moreover, we have extended the temperature/frequency range
investigated with complementary broad-band dielectric spectroscopy experiments. The influence of blending on
the dynamical behavior of PVAc (the component with higher value of the glass transition temp@&ggiarthe
a-relaxation regime can be explained by the Lodge and McLeish model based on the concept of self-concentration.
This means, the higfi; component behaves in a “standard” way upon blending, contrary to th&Jaliuted
component PEO. We find that the crossover temperalusghere the dynamics of PEO changes qualitatively
from glass-forming polymer-likeT(> T.) to confined T =< T), coincides with the merging temperature of the

o- andg-processes of PVAc in the blen@ly. This provides a framework to explain the origin of the confinement

for the low-Tg component in this blend. Abovly, the diffusive motions involved in the structural relaxation of
PVAc constitute the overwhelming dynamics. In such a mobile environment, PEO segments are able to fully
relax at different length scales. Beldl, the time scales in which the sublinear regime ofdhprocess develops
become slower than the logadprocess. Therefore, PEO chains find a surrounding local mobility which facilitates
their own motions at short length scales, but the intermolecular correlations do not decay fast enough to
accommodate PEQ’s large length scale dynamics.

I. Introduction deviations from the expected behavior (for instance, predictions
in terms of the Lodge and McLeish mo#eloward the average

The question of the dynamical miscibility in thermodynami- lend e .
Tg of the blend,T*"! The surprising observation of a decou-

cally miscible polymer blends is nowadays one of the hottest '9 ! ! :
topics in polymer physics (see, for instance, the literdtdre pling of 12 orders of magnitude in the time scales of the two

and references therein). Interestingly, it has been found thatcomMponents brought evidence of a new emerging phenomenon
segmental dynamics are strongly influenced by the presence ofunder conditions of extreme dynamical asymmetry and dilution
other chains, though two different mean relaxation times are ©Of the low-Tg component.
usually still observed. Each time scale corresponds to the The concept of confinement induced by dynamic asymmetry
dynamics of each of the components modified by blending. This in polymer blends was first invoked in dielectric spectroscopy
“dynamic immiscibility” that is observed is called “dynamic  Studies'*?*For PVME blended with PS with concentrations of
heterogeneity” , and by now it is commonly accepted to be a PS higher than 50% by weight, a confinement length of about
consequence of chain connectivity on the local effective 10 A was suggested. The idea behind the dynamic confinement
concentration of polymer blends (the so-called self-concentration is that, approaching the average glass transition of the blend,
effect) 110 the chain segments of the higl3-component could be consid-

In systems where components display very different glass ered as static on the time scale of the segmental motions of the

transition temperatureE, (extremely asymmetric blends from  10W-Tg component and the dynamics of the latter would
a dynamical point of view), the dynamic heterogeneity is correspond to the motional processes of mobile chains embedded

magnified. This is the case of, e.g., poly(vinyl methyl ether)/ Within a more or less frozen environment formed by the high-
polystyrene (PVME/PS)‘RSS — TPYME — 123 K)1-14 or poly- Ty component. Hints of this phenomenon in the same system
¢]

(ethylene oxide)/poly(methyl methacrylate) (PEO/PMMA) ¢an g!SF’ be identified in the work by Urakawa eg”dL?jter, ny |
(TPUMA _ TPE0 200 K)35-22 Due to miscibilty and PEQ-  COMPIning neutron scattering measurements and molecular

) . ; . =
crystallization problems, the study of the last system is restricted dynamics (.MD) S|mulat|o_ns n PEO./ PMMA, Genix et'dlalso .
to compositions with less than 30% PEO. It was in these diluted showed evidence of confinement signatures for PEO dynamics,

PEO/PMMA blends where NMR studie® revealed clear as well as other dynamic anomalies as, for instance, almost
logarithmic decay of the intermediate scattering function. Similar

behavior was also found in a recent molecular dynamics

1ggg:’rz“ge"geiggagg”“jl‘ggr‘fl;c:(((::esr:gjwaHU) simulation of a simple beagkpring polymer blend modé¥.in
$ Departamento de’5ica de Materiales UPV/EHU. this case the anomalous behavior was interpreted in terms of
IHnstitut Laue-Langevin. high-order mode coupling theory transitions.
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To check the universality of the dynamic confinement a broader distribution characterized by a higher polydispersity of
phenomenon, in a previous wéfkve have selectively studied ~ 1.5. The blend samples were prepared simultaneously for the DS

the dynamics of the PEO component in a blend with poly(vinyl and QENS measurements. The two components were dissolved in
acetate) (PVAC) -[PVAC — 314 K. TPE% & 221 K) with 80% common solvent benzene for 3 days followed by slow evaporation
g ' g

PVAC in weight. This was carried out by means of quasielastic of casting solvent at room temperature. The samples were kept at

. 333 K in vacuum for 10 days to ensure complete evaporation of
neutron scattering (QENS) on a sample where the PVAc benzene. The glass transition temperatures of homopolymers and

component was fully deuterated. In this way, the scattered piend were measured by means of a DSC-Q1000 differential
intensity is mainly dominated by the incoherent scattering from scanning calorimeter from TA Instruments and taken as the
the hydrogens in PEO, revealing thereby the self-motions of midpoint in an upward temperature scan at 10 K/min. Thef
this fast component. The results clearly showed the existencepure hPVAc was found to be around 314 K, while the semicrys-
of a crossover temperatutg for PEO dynamics at about 70 K talline PEO showed a glass transition at 221 K. For the blend
above the calorimetric glass transition of the blend. Whereas sample, a broad glass transition which is considered a feature of
aboveT, the dynamical behavior of PEO can be considered as Miscible blend was observed and an averafé of 280 K can
the “standard” for a supercooled polymer, clear signatures of P& assigned according to the above definition.
confined dynamics were revealed beldw These findings were B. Quasielastic Neutron Scattering.In a typical neutron
again interpreted as consequence of the freezing of thehigh- scattering experiment, the measured intensity as afu_nctlon of energy
component mobility when approaching its oiigin the blend. Z“" and momentum transfehQ provides information on the
i . dynamics and structure of the sample under investigation. The

We want to emphasize that for the slow component there is modulus of the momentum transfe® is determined by the
not any reason, in principle, to expect a qualitatively different scattering anglé and the wavelength of the incoming neutrans
effect of blending in this kind of mixture than that observed asQ = 4w sin (0/2)/1. The measured intensity contains incoherent
for other highTq components in blends with weaker dynamic and coherent contributions that are weighted according to the
asymmetry. On the other hand, it is clear that PEO behavior corresponding cross sectionsit, ocor)- The incoherent intensity
should be dictated to a large extent by the matrix mobility. reveals the incoherent scattering functiin(Q.w) which is related
Therefore, the characterization of the dynamics of the slow Via Fpurler transformat_lons to the intermediate incoherent scattering
majority component is of utmost importance to understand the ;””C:'.On%‘C(Qt't) Ian%WHT the selh;?pe_ltrt of t?e_ V;n HOVE cgrl_rtelat]lcon
mechanism of dynamic confinement in these asymmetric blends. unction, GJ(r.§). In the classical limitGJ(r.{) is the probability o

L L . . ~"a given nucleus being at a distancéom the position where it
This is just the objective of the present study: to determine | aq ncated at a timebefore. Thus, incoherent scattering looks at

how PVAc moves in the presence of PEO and try to relate the correations between the positions of the same nucleus at different
crossover in PEO dynamical behavior with some dynamical times. On the other hand, coherent scattering deals with relative
feature of PVAc in the blend. positions of atomic pairs and, hence, reveals structural features of
Exploiting again the advantages of QENS (space-time resolu-the sample (see, as general references, ret29y. _
tion at molecular level and selectivity through isotopic substitu- 1. IN16 MeasurementsThe QENS measurements were carried
tion), we have now investigated the self-motions of PVAc out on the hPVAc/dPEO sample at the Institute Laue-Langevin
hydrogens in the blend. The backscattering technique employeogLL) in Grenoble. Working with a wavelength of 6.271 A the IN16

allows exploring length scales of the order of the typical ackscattering spectrometer offers an energy resolution of nearly

interchain distances and below and accesses time scales in thGaUSSian shape and coverQaange between 0.19 and 1.9
! in di W : ! the glassy state we performed short (about 1.5 h) QENS

mesoscopic region. We have mainly focused on the temperature,qasyrements at 2, 20, 30, 50, 100, and 150 K to characterize the
region above the average glass transition of the blend, in the p\/a¢ methyl group dynamics in the blend. AbovE™ QENS
neighborhood offc and above, where PVAc dynamics is well  spectra were recorded between 360 and 440 K at an interval of
centered in the dynamical window of the spectrometer. In order 20 K during about 7 h. The sample was prepared inside the flat
to extend this study toward lower frequencies, we have aluminum container as aluminum has a very low scattering cross
complemented the QENS measurements with broad-band di-section for neutrons. The sample thickness of 0.2 mm was chosen
electric spectroscopy (DS) experiments. to provide a transmission higher than 90% allowing multiple

After the description of the samples and experimental scattering effects to be neglected. Because of the quasielastic

techniques used in this work, we present the QENS results andcontnbunons from methyl group tunnelif§jt is not possible to

h vsi hod loved. In additi h dv in th determine the instrumental resolution function (completely elastic
the analysis method employed. In addition to the study In the oq,4n5e) from measurements on this sample at low temperature.

supercooled liquid region, we show QENS data in the glassy Therefore, the resolution function of the spectrom&(@,») was
state-below the average glass transition of the btetwladdress  determined from the measurement of the inversely labeled sample
also the influence of blending on the methyl group dynamics dPVAc/hPEGSE at 2 K, where tunneling is strongly suppressed by
of PVAc. The discussion section briefly deals first with this the isotopic effect and the scattering is only elastic. The acquired
subject, and then is focused on the characterization of PVAc data were corrected for detector efficiency, sample container and
dynamics in the blend abov§g'e”d. The questions how it absorption using the standard programs available at ILL, thus finally

differs from that in the homopolymer and whether the Lodge Providing the experimental scattering functid(Q). The
and McLeish model is applicable to this component are neutron scattering cross sections for different atoms involved in

answered with the combined QENS and DS results at hand.the chemical formula of hPVAC and dPEO are as followg, =

LHO ..D _ ..D .
Finally, we discuss the possible mechanism for confinement of /27 PaM:con = 1.76 barnio;, = 2.00 bamioey, = 5.59 barn;
PEO Oine = 0; 05, = 5.56 barng;,. = 0; o5, = 4.23 barn. Therefore,
' the intensity scattered by the blend sample is dominated by the

scattering from hydrogens present in hPVAc and, thereby, provides
information about the self-motion of such atorsi" "*(Q,w).

A. Samples.The sample investigated is the blend of protonated  C. Dielectric Spectroscopy.This technique is sensitive to the
poly(vinyl acetate) (hPVAc) and deuterated poly(ethylene oxide) dipolar fluctuations in the sample. Dielectric measurements were
(dPEO) in 80/20 weight ratio. The molecular weigits, of the performed in a wide frequency range of 10 mHz to 1.8 GHz using
samples involved ar#FVA° = 217 kg/mol andv®™=° = 30 kg/ two different experimental setups: In the range2610" Hz we
mol. Polydispersity is close to 1.05 for dPEO, while hPVAc exhibits used a high-resolution Alpha dielectric analyzer supplied by

Il. Experimental Section
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scattering cross sections obtained by D7 for hPVAc/dPEO at 400 K. =
The arrows indicate the theoretical valuesopf/4r andocof4n. The T L L
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- Figure 2. Experimental integrated inelastic intensities for PV&@)
Novocontrol GmbH and the range &010° Hz was covered with and hPVAC/APEO (b) a0 = 1.8 A-* in the intervals 2.5 (squares)

an Agilent impedance analyzer HP4291B. For both setups, samplesand 2.5-6 ueV (dots). Solid lines correspond to the theoretical

were prepared between two gold plated electrodes of 30 and gescription by the general version of the RRDM with the parameters
10 mm diameters, respectively. Teflon spacers of 0.1 mm thicknessobtained for pure PVAgS

and negligible area were used to maintain the constant distance

between t_hz twct) e!thtrotdeS' Iso:hermfllg_rlr_etquberlct:y rtr;]eas%rgg‘?(m%ompletely the structure factor of PEO in the blend, but for
were carried out with a temperature stability better than 0. o o
Further details about the setEp, related accalracies, and calibrationthls Comp'on.ent. the resullts suggest larger and more distributed
of the instruments can be found elsewh&re. characteristic distances in the blend, or perhaps, less dense and

stretched chains.

lll. Results And Data Analysis 2. Methyl Group Dynamics in the Glassy StateRegarding

1. Contributions to the Scattered Intensity. Polarization ~ Methyl group rotationd} PVAc can be considered as a clear
analysis allows separation of coherent and incoherent contribu-showcase. It was the first polymeand indeed the first highly
tions to the total intensit§”-28 Instruments like D7 at the ILL  disordered systemwhere a complete investigation by neutron
offer this possibility. In our previous work on PEO dynamics Scattering was carried out on all the features of this dynamics
in this blend?® we reported on D7 measurements on hPVAc/ (tunneling, crossover from quantum to classical hopping,
dPEO and dPVAC/hPEO. Here we recall that in the sample hopping, and librations}:3+3" It was also the first system where
investigated in this work, hPVAc/dPEO, the D7 study confirms @ fully consistent description of the experimental results was
that the incoherent contribution is much Stronger than the achieved in terms of the rotation rate distribution model
coherent one, as can be appreciated in Figure 1. These D7 result§RRDM). This is shown in Figure 2a in a wide temperature

were corrected for multiple scattering effects using programs range covering the tunneling as well as the classical regions
available at the ILL based on Monte Carlo simulation methods. and the crossover between théhiThe RRDM assumes that

The continuous decay of the incoherent cross section is due tothe disorder in the glassy state leads to a distribution of potential
inelasticity effects, which are extremely difficult to correct in  barriers for this motion which in a first approximation can be
samples with light nuclei® However, we can see that in the taken as Gaussian. It is not the aim of this work to present in
IOW'Q limit (Where such effects do not affect the Signa|) the detail this mOdel, but Slmply to show what is the influence of
incoherent data agree very well with the theoretically predicted blending on methyl group rotations in PVAc. Figure 2b displays

value @ind/4), while at highQ values the coherent contribution ~ With symbols the corresponding experimental results on the
is very much compatible with th€ — o expected limit blend. In this sample the relative incoherent contribution of the

determined byO-COI_/4_7-[. At S|ght of this figure, abovex methyl group to the total Scalttering is Sllghtly weaker than in
0.36 AL the coherent contribution is less than 15% of the total Pure PVAc (0.44 vs 0.46). This small correction has been taken
intensity’ and even in the very |O@ range it remains much into account in the calculation of the RRDM curves shown in
weaker than the incoherent signal. Taking into account that from Figure 2b, where we have assunjeeit the samalistribution

the |atter, more than 99% is due to PVAc hydrogensy we can for the pOtentIal barriers used in pure PVAc. The fair I’eprOdUC-
safely consider the scattered intensity as completely determinedtion of the blend experimental data by these functions evidence
by the self-motions of these atoms. that the effect of blending on methyl group dynamics, if any, is

In ref 26, we also discussed in detail the effect of blending really negligible.

on the local structure on the basis of the coherent contributions 3. Dynamics in the Supercooled Liquid Region T >
isolated by D7 for the two samples. Summarizing, we showed Tg®"d). Figure 3 shows the IN16 spectra obtainedQat=

that (i) the short-range order of PVAc chains is hardly affected 1 A% and the different temperatures investigated. As described
by the presence of PEO (at least for the concentration above, to a very good approximation they are entirely deter-
investigated); (ii) experimentally it is impossible to isolate mined by the hydrogen motions in the PVAc component of the
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reflects some kind of diffusive-like behavior in this temperature
range well above the glass transition.

By now it is well-established that well abovk, at local
length scalesof the order of the intermolecular distances and
below—and in the nanosecond region explored by, e.g., IN16,
the main dynamical process driving the atomic motions in glass-
forming systems is the decaging process involved in the
structural oro-relaxation (see, e.g., ref 38). In such a range,
the intermediate scattering function describing this phenomenon
can be approximated by a stretched exponential or Kohlrausch
Williams—Watts functional form:

t )ﬁ
Tkww ]

Heref is the stretching parameter describing the deviations from
exponential behavior (& 8 < 1, and close to 0.5 for most
polymers®) and txww the characteristic time which depends

WO = AQT) exr{—( 1)

resolution function (normalized to match the peak) and the solid lines 0N Q andT. Equivalently, the Fourier transform of eq 1 describes

are fits with KWW functions.

the scattering function in the frequency domain. The prefactor

blend. A clear broadening with respect to the resolution function A(Q,T) determines the amplitude of the function.

can be observed in all cases, which increases with increasing

In order to fit the experimental spectra, the theoretical function

temperature. Having in mind that the quasielastic broadeningWas convoluted with the resolution function of INI&(Q,w):

is related with the inverse of the characteristic time of the motion
observed, this figure shows that the dynamics becomes faster

as the temperature increases. An inspection oQtkependence
at a given temperature (see, ey 400 K in Figure 4) reveals

Sxd Q) = ™ (Qw) ® RQw) )

We note that in this way we implicitly neglect the effect of

that there is a strong dispersion of the characteristic time: the possible different dynamical behavior of contributions other than

decrease of the associated time scale with increa@inglue

PVAc hydrogens-which is justified by their small influence
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IV. Discussion

1. Methyl Group Dynamics. We have found that the
dynamics of PVAc methyl groups in the glassy state is indis-
tinguishable in the blend and in the homopolymer. The same
conclusion was drawn for methyl group rotations in other
blends: PVE/P%? PEO/PMMAZ! and head-to-head polypro-
pylene (hhPP)/poly(ethylene propylene) (PEPYhus, at least
in systems exhibiting weak intermolecular coupling, blending
does not appreciably affect fast motions and processes active
in the glassy state. In fact, this has also been proven for the
subpicosecond dynamics of hhPP/PERNd for secondary
relaxations (DS on PVME/PS, PVME/poly(o-chlorostyrene)
(PoCIS¥2 and PEO/PMMAL” and QENS on polyisoprene (P1)/
poly(vinyl ethylene) (PVE¥) (all these are blends with weakly
interacting components). Such behavior is probably a conse-
guence of the rather localized character of the motions involved
in these processes.

2. Dynamics above the Glass TransitionWe commence
with the discussion of the amplitud&Q,T). A(Q,T) < 1 has
its origin in the decay of the correlations at times faster than
those accessible by the spectrometer. Such decay is produced
by vibrational processes including the boson peak (see, e.g.,
ref 44) and other fast motions (like the so-called “fast dynamics”
[see, e.qg., refs 44 and 45]). Usually, it is assumed that the
reduction in the amplitude due to the fast processes taking place
in these systems can be approximated by a Debyaller
factor-like expression involving the mean squared displacement
of the atoms associated with the fast localized mofizfl In
the case of PVAc, the fast methyl group rotations in this
temperature range lead also to an additional reduction of the
amplitude described by the elastic incoherent structure factor
EISF of such motion, expressed by the follow#ig:

sin Qryy)
T

1

EISF= 3

®3)

Hereryy is the distance between hydrogens in the methyl group.
Under the (implicitly assumed) hypothesis that methyl group

hydrogens simultaneously rotate and participate in the overall
dynamics and considering as a first approximation the same

The inset shows the such obtained values for the mean squaredyalue of M2for all atoms in the system, the amplitude of the

displacement associated with the fast processes.

in the spectra. Our approach also implies assuming identical

parameters for all kinds of hydrogens in the sample. The fitting

of QENS data was done using a nonlinear optimization program
to minimize the squared difference between predicted and
measured values. We first determined the value of the shape,

parameter. At a given temperature was used as free
parameter for a number @ values to cover the entii@ range.

For example, for the lowest temperature investigated we
obtained 0.42< § < 0.52 and for the highest, 0.48 <
0.57. Taking into account the uncertainties, and in view of the
small dispersion of the average value around @BRdox = 0.46;
[Bldsox = 0.49; [Bldook = 0.49;[BlA20k = 0.52;[Bl4sox = 0.53),

spectra can be described as

L—Lu2 2
AQT) = exp(— %Q)[fMGEISF—i- (1-fw)] (4

where fyc is the relative fraction of incoherently scattered
intensity due to methyl group hydrogens (0.44). Figure 6 shows
that eq 4 can describe reasonably well the obtained amplitudes.
The slight modulation of the data is related with the use of a
resolution function measured on another sample, which makes
difficult to correct the small coherent contributions. Neverthe-
less, a temperature dependéiiiican be obtained from this
analysis which is shown in the inset of the figure. The values
of this parameter lie well in the range observed usually for

we fixed the value of this parameter to 0.5 for the subsequent polymers in this temperature range (see, e.g., refs 41 and 46).
analysis at all temperatures. In Figures 3 and 4, the good A direct comparison with the values obtained for pure PVAc
agreement between the fitting curves and the experimental datgs difficult, since they are subject of a rather high uncertainty
can be appreciated. The such obtair@dand T-dependent  due to the limited value explored in that IN16 experimetit.
characteristic times are displayed in Figure 5 together with those They can be quoted between 0.8 and 12linkthe range 400
reported for pure PVAc in ref 32. For the lowest and highest 460 K, i.e., taking rather similar values to those observed in
temperatures investigated, the values of the amplitudes arethe blend. This implies that the fast processes, within the
shown as a function o in Figure 6. uncertainties, show approximately the same spatial extent in



Macromolecules, Vol. 40, No. 13, 2007 PVAc Dynamics in a Blend with PEO4573

- r - T - T T T found in our blend data, which extend up to 0.19'AThey
_ show a clear change in slope at ab@yt~ 0.4 A1, reaching
4 T_=400K . . - .
T+ -Q R _ the Gaussian regimey 0 Q 2 below Q.. It is noteworthy
\ E\ that this is the lowest value reported until now €y; indicating
" thus the largest deviations from Gaussian behavior at local
K@ scales. Unfortunately, the restrict®dange of the reported IN16
\'\ \&U Q-2.5 measurements of pure PV#cprevented this observation.
P - tDS ------ h, E’H — However, recent molecular dynamics simulations and neutron
: i\ S spin echo experiments on this system have allowed extending
| ' LN Q-2.5 % ] theQ range investigated toward lo@values, evidencing finally
\, % also such a crossovét.
9l Q ' Q "‘ X ) PVAc thus shows strong deviations from Gaussian behavior
’ both, as homopolymer and also in the blend with PEO. The
origin of this observation was discussed in ref 32 for pure PVAc,
. : and was attributed to the possible existence of heterogeneities
N A 5 in the system even at such high temperatures. Heterogeneity
-08 -06 -04 -02 0 0.2 04 inherent to the different dynamics associated with the diverse
log [Q(A‘l)] kind of hydrogens in the sample (side group vs main chain)
Figure 7. Master curves obtained for PVAc pure and in the blend was proposed (0 beat I'east partlglly-the reason for th-e S'Frong
with PEO with a reference temperature of 400 K. Symbols as in Figure deviations fron_w Gaussw_m behavior observet_j in I_ﬁVEh'S k'n_d .
5. The dashed lines correspond to power-laws characterizegi by of heterogeneity could indeed also play a significant role in this
Q25 while the dashed-dotted line depiats [0 Q~“. For the blend case. Finally, in the framework of an anomalous jump diffusion
data, the vertical arrow indicates tevalue where both power-laws  origin of the o-relaxation862 this behavior would be conse-
intersect Qc), which coincides with th€ value for which the DS time 4 ,ance of the distributed elementary jumps behind the subdif-
scale (constant value shown by the dotted horizontal line) matches the ' ™~ . . . . .
IN16 results Qo). fusive atomic motions in the segmental relaxation. If this model
holds, every system should show such deviations. However, at
the pure sample and in the blend, as could be expected forhand of the_existing_ studies in the literature, which report
localized motions. elementary jump distances of the order of 0.5 A, the
crossover from Gaussian to non-Gaussian behavior should
take place in the rang®. ~ 1 A-182 PVAc pure as well as in
the blend displays the crossover at much lov@rvalues,
suggesting additional sources for this kind of deviations as the
heterogeinities above-mentioned, or perhaps a larger spatial
extent of the elementary processes behind the decaging than

of high-T, component of the blend. On the other hand, within those in other polymers (revealing themselves thus with a
the uncertainties the values of the shape paranfetesed in smallerQ).
both cases are the same, i.e., the functional form of the AS mentioned, in the overlappin range for both samples
intermediate scattering function is not appreciably influenced We did not find evidence for influence of blending on tQe
by blending, at least in the temperature range here investigated dependence of the time scales. In other regular blends investi-
This has also recently been observed in the same system fronfgated by this technique and in similarly high-temperature
molecular dynamics simulations resuffsin this range, this  regions, PI/PVE?®5and hhPP/PEF, the effect of blending on
result is commonly found, since the role of the concentration the dispersion of the time scates any—was also negligible.
fluctuations leading to an extra broadening of the sigffab? The information on thel dependence of the dynamics is
is not very important. Regarding th® dependence of the  contained in the shift factora(T) employed for building the
characteristic times, in th€@ range where data from both  master curves. However, to determine the effect of blending
samples are available (0.43Q < 1.9A™1) the behavior seems  we have to compare the time scales corresponding to PVAc in
to be very much the same in the homopolymer and in the blend. the blend and in pure PVAc at the sar@evalue. We have

In order to better determine ti@andT dependence of these  chosenQ = 1 A~! as representative for the IN16 window.
times in both samples, we have constructed the master curvesStarting fromeu(Q = 1 A~Y) (the value deduced from the fitting
shown in Figure 7. Thereby, we have considered a referencepower-laws to the master curves) we have defined the time
temperature ofg = 400 K and shifted the data corresponding scalesu(Q = 1A~Y)a(T) shown in Figure 8. This figure reveals
to the different temperatures towafg. The resulting superposi- a clear shift of the time scales in the blend toward lower
tion is almost perfect, indicating that tiedependence is nearly ~ temperatures. Does this shift correspond to the difference
identical for all temperatures investigated. Power-lavys [ between the glass transition temperatures of pure PVAc and
Q) with the same exponent = 2.5 can describe the two hPVAC/dPEO as determined by calorimetric measurements
master curves fo@ =0.43 A~ We note that this value of the  (T5A° = 314 K, Tp"*"= 280 K)? As can be seen in Figure 9a,
exponent (2.5) is much lower than the valug @, in this case) such a shift, by 34 K, allows one to match the time scales in
corresponding to the Gaussian beha¥ioeported for a large  the low-T region; however, it does not work very well at high
number of polymer8? Recently, deviations from Gaussian temperatures. The best agreement is achieved by applying a
approximation in the higl® range have also been observed in smaller shift in temperature of about 28.5 K (see Figure 9b).
several polymer&l54-63 |n those cases, a crossover toward the This suggests that the “effective” glass transition of the PVAc
expected Gaussian regime is found at a crossover momentuncomponent in the blend does not occur exactly at the temperature
transferQc, which is located within the IN16 windov(}; values deduced from DSC but is higher, i.e., shifted toward the
between about 0.65 and 1.3 8. This crossover is indeed also  homopolymer glass transition.

log [twafa(T)]

Contrary to local processes, the dynamics indhegion of
PVAc is clearly modified by the presence of PEO chains. As
shown in Figure 5, for a give® andT, the time scale in the
blend is accelerated with respect to that in the homopolymer.
This was expected on the basis of the vast literature on polymer
blends, where this effect is unfailing reported for theelaxation
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T T T T T T d) B CooMO
-8 L | —
° ) kpNa\/I K3

whereMg is the molecular mass of the monomeric ukiis the
9t u 8 number of backbone bonds per repeat usit,is the Avogadro’s
o number ang is the density. For PVAc, the average backbone
bond lengtH is close to 1.55 A; considering the reported value
-10 L - of the characteristic rati€., = 8.7%768a Kuhn length of ~
13.6 A is deduced. Thus, for this polymeg ~ 0.23 can be
S estimated from eq 5. Another ingredient of this model is the
360 380 400 420 440 460 hypothesis that, apart from the self-concentration, the composi-
T(K) tion of volumeV around a given segment is the macroscopic
Figure 8. Temperature dependence of the shift factors used to build one. In those conditions, there is no distribution of relaxation
the master curves in Figure 7 (empty circles, pure PVAc; full squares, times involved and the model only deals with the mean

PVAc in the blend). They are multiplied by the value of the time : : ;
deduced from the power law fitting the master curve (solid lines in relaxation time of each of the blend components. Applying these

(5)

=1A7")(s)]
(e}

logla(T)T,,(Q
|

Figure 7) atQ = 1AL, i(_]lez?’s to the case of PVAc in our blend, its “effective concentra-
ion
—,Q 8L " o T <> THen®SO) berr = s+ (1 — 99 (6)
°<Tf u ¢ ¢ is 0.85 instead ofp = 0.80. The “effective glass transition
< 9 ° temperatureT, """ (i. e., corresponding to the effective
iy - AT=34K 1 concentration) can be estimated from the concentration depen-
k-4 () ° m dence of the average glass transition of the blg}{ti{(¢). To
2 10 Lo . . . ° m avoid using, e.g., a simple Fox equation, we used experimentally
_ T T T T T determined values in the region of concentrations around 0.85.
z g " i Considering théy values for pure PVACT, " = 314 K), the
1_:: ° blend studied hereTE'e”d(qb = 0.80) = 280 K) and an
& " . additional blend of 90hPVAC/10dPECTY*"{¢ = 0.90) =
:’: 9 AT=28 5K - ] 300 K), a smooth curve between the PVAc weight fractions
e o 0.80 and 1 can be generated. According to this approach, we
= (b) . would estimate the value corresponding to 85% of PVAc to be
< ol . . . ° = 291 K. This is thus the value dff /2" (¢ = 0.80).
= Ty TTTTrTTTrrrrrT T We may check whether this predicted value """
= 8t o Tws TFVACIML ] reproduces PVAc behavior in the blend as observed by QENS
°§ - g geff in the IN16 window. This is done in Figure 9c. As we can see,
& o this shift brings together well the high-temperature results, but
:E 9L AT=23K " i seems to be inadequate at the lowest temperatures investigated.
) o We note that the temperature range explored by IN16 is too
= (c) . narrow and centered in too high temperatures to really determine
< .10 L ) . . om univocally aTy value for the PVAc component in the blend.
380 400 420 440 460 480 For this reason we have complemented our study by DS
T, T+AT (K) measurements, which allow extending the temperature range

Figure 9. For pure PVAc (empty circles), the same representation of @nd easily approaching the glass transition region. As shown

the time scales as in Figure 8. For the blend (full squares), the time in @ recent work on this blerf, the DS signal reveals

scales from Figure 8 are displayed agaifist AT, with AT = 34 (a), predominantly the dynamics of the PVAc component. The

28.5 (b), and 23 K (c). characteristic time scales (defined as the inverse of the maxima
of the dielectric lossim) obtained for pure PVAc and the blend

This kind of behavior is indeed expected in the framework '€ depicted as a function of temperature in Figure 10. It is
of the models based on the concept of self-concentratfi well-known that the usual thermal dependence of the time scale

trying to explain the dynamic heterogeneity in miscible polymer associated with the-relaxation of low molecu_lar welght glass
. . . formers and pure polymers can be well described using Vogel
blends. The idea is that the local concentration around one

segment of one of the blend components will be always richer Fulcher-Tamann (VFT) or Williams Landel-Ferry (WLF)

in thi q he chai vitv. As th functions. These two formulations are equivalent from math-
in this component due to the chain connectivity. As the average o oo point of view. However, the presenceTgfin WLF

glass transition in the blend depends on composition, both gqation makes it more suitable to predict the time scales for
components experience different “effective glass transitions” | mL model by just shifting theT, value. Therefore, we have

Tyer. These different glass transitions, in fact, imply different  fitted the relaxation times for pure PVAc to WLF equation:
relaxation times for both components. The most elaborated
Cu(T—Ty

formulation of this kind of models is that proposed by Lodge

and McLeish (LML)! who consider that the relevant length C,+(T—-T)
. . 2 g

scale for segmental dynamics is of the order of the Kuhn length

Ik. Then the self-concentration of the considered compogent  The two constant€; andC, are found to be 14.37 and 46.48

in the relevant volum&/ ~ 13 is calculated as respectively. Now, in order to see the predictions of LML model,

log 7,, = log 7,,(T,) — (7)
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2 . ' . ' — . influence of the localized motions leading to fhig@rocess. Pure
! + o ] PVAc neutron data would be less influenced by flprocess
oL Pure PVAct+ because the temperature range explored in that case is centered
I J;" A ] at higher temperatures (46@60 K). Thus, the deviations from
A scaling at low temperature in Figure 9c could be attributed to

2+ P PVAc in blend the influence off-like processes in the blend data, which

' T accelerate the observed time scale. In fact, we realize that in
. the high-temperature region where no influence ofitocess
is expected, the value af/¢*"""" provided the right shift for
i the time scales in the blend to match those in the homopolymer
(see Figure 9c). In this way, we can rationalize why the apparent

i Tou is different for IN16 and DS results.

: 1 We can appreciate in Figure 10 that the values of the DS
-10 L * e A A | times of the blend are located between those obtained from IN16

".standard" A at 0.3 and 0.65 AL. Though the definition of the time scales is
- J PEO T i

. . V . ; . . not exactly the same (KWW times for IN16 angl for DS),

these times are representative for the locations of the maxima
2 25 3 35 4 . . ) .
1 of the associated (at least from a mathematical viewpoint)
1000/T (K™) distribution function of relaxation times. Thereby, they can be

Figure 10. Temperature dependence of the time scales (inverse of the considered as representative for direct comparison of the main
EH?XImU)m frgq;\?zcy_) Ot?]talgfd bdy(DS f?f @Hﬁlaéatlsor;_gflpwe EVAC " characteristic time scales. At high-temperattnénere the
pluses) an C In the plena (empty circles). Solia line snows the H H H H
prediction of LML model for PVAc component in the blend. Dashed apparent activation energlles are the S"?‘me for both km.ds of
line is an extrapolation of the relaxation time reported for the results—the Q value at which QENS delivers the same time
B-relaxation of PVAC® The KWW-time scales obtained by QENS for ~ scale as DS i€, ~ 0.4 A~! (see Figure 7). Thi€ value is
PVAc in the blend are shown as full circles (0.3°% squares slightly lower than that matching pure PVAc dat@,(~ 0.65

1 i i i = oo ——
(26 A ana damoncs (1 A) e e rarlesconesion o A3 Surich i fact s afcady Sgnicanty lowe than ot
vertical arrow marks the temperature (350 K) where the crossover in YalUes reported for other polymerQq~ 0.9-1.4 A 2158,
PEO dynamics occur in this blerifl,. For 375 and 400 K, equilibrium ~ Those values were obtained from the comparison of NS (or MD

dynamics is observed for this component. simulations) results on the incoherent time for hydrogens with
VACLML — 591 K. As DS or NMR results (either experimental or obtained from MD-
o .

we just have to replace tfi value byT; o = . . .
can be seen in Figure 10, the overallyagreement between thesmulatlons) for several polymers. Up to date, hhPP is the only
. case where a similarly lo\@, value Q, = 0.65 A1) has been

DS experimental data for the blend and the such modified WLF q h NS and DS ddaTh ion th .
equation is very good. Some deviations can be seen at |ower_reporte to matc an arhe question that arises
temperatures. However, at these temperatures the uncertainty .whetherQo CO.U|d fe"e"’T' some re levant length scale associated
in time scales is higher because of conductivity/interface ith the relaxation techniques. It is clear that both, DS and NMR

contributions from the hPVAc/dPEO blend sample. Therefore, tech_nique_s are probing relatively_local length scales (DS th_rough
we can say that, within experimental uncertainty, the prediction reorientations of the molecular dipoles, NMR through reorienta-
of the LML model is consistent with the observed effect of tions of bonds). Though a definite interpretation of the associated

blending on the highk, component of the mixture. length scale to the matchin@ value is not yet worked out, it

: ) 56 SR .
Figure 10 also displays the time scales obtained for PVAc in Was pointed out in refd*¢that Q, usually lies in the region
the blend from IN16 at three differe@values. For comparison where the crossover from Gaussian to non-Gaussian behavior
we have also included the time scales of PEO in the blex ét is observed in the incoherent scattering function (which we have

~ 1.5 A"L. We can appreciate that PEO dynamics is much called Q.). In fact, we realize that this is again the case for
faster than that of PVAc. In fact, at 375 and 406-te PVAC in the blend (see Figure 7) and in the homopolymer, as
highest temperatures investigated for the fast component in reported n ref' 64: Thus, our results strongly support that
our previous work—the PEO time scale is out of the IN16 YPOthesis, taking into account the unusual values of bgh,
window in theQ range above~ 1 AL This is thus a clear and Q, found for PVAc. This seemingly general observation

example of the dynamic heterogeneity in polymer blends. On would lead to 'gh?nk that NMR and DS.t.echniques would b?
the other hand, focusing again on the PVAc component, Figuresomehow sensitive to the heterogeneities and non-Gaussian

10 shows that the time scales of this component display nearly Processes discussed above which cause the deviations from
the same temperature dependence independently 6f tiadue Gaussian behavior. Flnally_, we note th(_a approximate coincidence
considered. However, it can be seen that this dependence if the value ofQ: andQo with the position of the first peak of
weaker than that observed by DS for the segmental relaxation. € static structure factor of PVAQAnax ~ 0'7'_& )-%¢ This

In the figure we have also included the extrapolation of the Maximumiis also observed at low@nvalues than in many other

characteristic time obtained by DS for thgrelaxation in ~ Polymers (e.g. 1.0= Qmax = 1.5A* for 1,4- and 1,2-
PVAC. After the above discussion, we may assume that this POlybutadiene, polyisoprene, polyisobutylene, poly(vinyl chlo-
local process is not very much influenced by blending and thus 1d€), and atactic polypropylene; see ref 39 and references
the dashed line would also represent the PVAc secondary €rein)-

relaxation in the blend. As we can realize, at the lowest 3. Origin of Confinement Mechanism for PEO.Let us now
temperature investigated by QENS (360 K) the time scale of discuss the general framework provided by the complementary
the 8-process is just in the range of the time scales observed bystudies of the two blend components (this work and ref 26) for
IN16. This suggests that in this temperature range the atomicthe dynamics of the blend PVAc/PEO (80/20) above and around
motions revealed by the neutron spectra reflect, in addition to the average glass transitid’rg'e“d. In the previous discussion
the anomalous diffusion involved in the-relaxation, the we have shown that the influence of PEO chains on PVAc

log [(s)]

-12
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dynamics is accounted for by the model proposed by Lodge -6 —
and McLeish, as it is the case of a large number of blend \
components [for instance, PS in different blefds poly(e- N e 1
caprolactone) (PCL) in polycarbonate (P€)r in blends of 7 », \\
PVE and various polyethéfs In other cases, this model also TN\, .
works, allowing a slight variation aps (or the relevant length '
scale) with temperature [for example, for PVE in PVEIR :
) p [ p I sl N < |
~
=

cww®)]
v

PoCls in PoCIS/P& for hhPP in hhPP/PIB. In general, we .
can say that by now the validity of the LML model is well & .
established and provides semiquantitative predictions. This 2° r S
statement seems to hold also for the higheomponent in this - : <,
extremely dynamical asymmetric blend. However, this model e,
happens to fail for the lowr, component, PEO, in a certain L ¢ 400K \
temperature range. The following points summarize the main :

1 n 1 1

conclusions of our previous work on the PEO dynamics in this -10 M !
blend26 08 06 04 -02 0 0.2 04

I A’
«Close toTy®" the incoherent scattering function of PEO og [Q(A )]
hydrogens shows an extremely broad feature. Distributions of Figure 11. Comparison of the IN16 characteristic times for hPVAc/
relaxation times extending over many decades have to be usede’;'ff o?;tggofrgrziwargée?)raphd$4()rgc§sg0i;(t:|?§)e V‘S’gt‘néhfeg]mgr ;‘E}?‘és
tQ d.esc.nbe the spectra. _The Observatlon@fndependgnt (horizpontal dotted lines). The mpeaning of the rest of the I?nes as in
distributions atQ =z 1.25 A1 strongly suggests the localized Figure 7.

character of the observed dynamics. The dramatic increase of

the characteristic time toward lowe® values could be |ocalized motions can develop toward lower temperatures thanks
interpreted as due to the freezing of the large-scale motions for g the remaining mobility of the matrix due to the local motions
PEO chains. of the PVAc secondary process; simultaneouslygtitelaxation

+At high temperatures (375 and 400 K, i. &,T5°"+ 100 of this component freezes and the intermolecular correlations
K) the PEO behavior is rather close to that expected for the do not decay fast enough to accommodate large length scale
low-Ty component of a regular miscible blend regarding both, dynamics of PEO. Further work on other blend systems is
the spectral shape and the dispersion of the characteristic timesnecessary to check whether or not this interpretation is correct.

eIt is aroundT, ~ 350 K (T?®"!+ 70 K) where the crossover Finally we mention recent SANS studies on the PS/PVME

between bothyualitatively differentdynamical regimes takes  System(®which is also dynamically asymmetric and shows this
place. This manifests itself through deviations from standard kind of confinement effects for the PVME (loily) compo-
polymer melt dynamics below 0.7 A-1 with respect to both, nent!* This investigation has shown anomalous behavior in a
the spectral shape and tfedependence of the average times. 'egion between the two polymer glass transitiéhghere, the

In the present study on the PVAc component we have blend behaves in a gel-like limit at which concentration
determined the mobility of the slow majority polymer in a wide fluctuations relax more quickly than rheological relaxation.

temperature interval above and close to the crossover region] '€S€ results have been interpreted within the theoretical
(Te ~ 350 K) where PEO dynamics changes qualitatively. As framework of dynamical coupling between stress and diffu&on.
can be seen in Figure 10y is located where thex and In this direction, we would like to point out that the viscoelastic

p-processes of PVAc (as determined by DS) merge. This model describing the phase-separation behavior of a dynamically

suggests the following possible interpretation: only when PVAc @Symmetric mixture could provide a general framework for
segmental dynamics in the blend is similar or faster than the Understanding all these reported featuies.

local motions involved in its secondary relaxation can PEO
segmental dynamics develop without severe constraints in a
mobile environment. At 375 and 400 K, PEO shows “standard” By means of QENS complemented with DS we have
dynamics (that expected for a polymer melt). If we look at investigated the dynamics of the higg-and majority compo-
Figure 11, we realize that at 400 K the time scale extrapolated nent in the blend 80% PVAc/20% PEO, PVAc. In the glassy
for the local motions of the PVA@-process (lower horizontal ~ state, the methyl group dynamics is not affected by blending.
line) lies in the region where the Gaussian regime corresponding!n the region above the glass transitictie main focus of this

to the sublinear diffusion in the-relaxation is fully established. ~ Work—we have arrived at the following conclusions:

Thus, in this temperature range, the diffusive motions involved ~ ¢The acceleration in the time scale of PVAc caused by
in the structural relaxation constitute the overwhelming dynam- blending is in good agreement with the predictions of the model
ics. In such mobile environment, PEO segments are able to fully proposed by Lodge and McLeish.

relax at different length scales. However, at 360 K (clos&}o eThe spectral shape arf@ dependence of the characteristic
the time scales in which the sublinear regime of éhprocess ~ times observed by QENS is the same in pure PVAc and in the
develops (aQ < Q) become slower than the locdiprocess blend, at least in the temperature region and the overlagping
(upper horizontal line in Figure 11). In fact, we have seen that range investigated.

the 360 K QENS results seem to be somehow influenced by eAccording to the above two points, the influence of blending
this process. Therefore, PEO chains find a surrounding local on the highTq component PVAc can be considered as “stan-
mobility which facilitates their own motions at short length dard”, even being part of a dynamically highly asymmetric
scales. However, at larger length scales the environment is rathemixture.

stiff and only relaxes at longer times, leading to the freezing of  eIn both, PVAc as homopolymer and as blend component,
large-scale dynamics also in PEO. With decreasing temperaturestrong deviations from Gaussian behavior are found. The
the situation is expected to become even more dramatic. PEOcrossover from Gaussian to non-Gaussian regime takes place

L

1 "

V. Conclusions
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at unusually lowQ values. This could be attributed to

heterogeneities and/or influence of local elementary processe

at the origin of the sublinear diffusion in therelaxation.

S
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(36) Moreno, A. J.; Aleda, A.; Colmenero, JPhys. Re. B 2001, 63,

R60201.

(37) zhang, C.; Arrighi, V.; Gagliardi, S.; McEwen, |. J.; Tanchawanich,
J.; Telling, M. T. F.; Zanotti, J.-MChem. Phys2006 328 53.

*The emergence of confinement effects in PEO dynamics (38) Gize, W. In Liquids, Freezing, Glass TransitiorHansen, J. P.,

coincides with the merging of the- andj-processes in PVAc.

Thus, we suggest that the confined PEO motion observed below

this temperature is assisted by the local remaining mobility
involved in the secondary relaxation of the slow component,
while the freezing of the intermolecular correlations of PVAc

does not allow accommodation of the large length scale
dynamics of PEO.
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