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Abstract

We have selectively studied the component dynamics in a nano-composite where 25wt%

of PMMA [poly(methyl methacrylate)] soft nano-particles (SNPs) are dispersed in PEO [poly

(ethylene oxide)] by means of quasi-elastic neutron scattering (QENS) experiments on par-

tially deuterated samples. We have covered a time range from sub-pico to nano-second regime

and a momentum transfer range 0.5 ≤ Q ≤ 1.8 Å−1 by combining three different spectrom-

eters. Complementary diffraction measurements with polarization analysis have facilitated the

data analysis, by providing the coherent and incoherent contributions to the scattered inten-

sities. Regarding the SNPs, the α-methyl group dynamics of PMMA –to which the QENS

experiments are most sensitive in the temperature range investigated– turn to be faster than in

bulk PMMA. This could be due to the plasticization effect induced by the fast PEO chains. In

fact, calorimetric measurements show the coexistence of two glass-transition temperatures in

the system, associated to each of the components, but modified with respect to those in the neat

materials. The QENS results on the PEO component for large length scales reveal Rouse-like

dynamics slowed down by the presence of the SNPs with respect to that in the bulk. With

decreasing temperature indications for distributed chain mobilities are found, probably due to

the enhancement of the concentration fluctuations. At local scales, deviations from Rouse-like

dynamics occur, that could be attributed to an extra-friction related to the local potentials, and

also to non-Gaussian effects arising from the discrete character of the elementary processes un-

derlying the subdiffusive dynamics in the polymer. The deviations take place in a very similar

way as in bulk PEO.
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Introduction

Dense polymer/nanoparticle blends, or polymer nano-composites, are currently a topic of signifi-

cant academic and industrial interest. Simultaneous enhancement of end-use properties (e. g., yield

and tensile modulus, or damping and thermal degradation properties) has been demonstrated in

polymer/nanoparticle blends, mainly due to the huge increase in surface-to-volume ratio of nano-

sized fillers when dispersed homogeneously in a polymer background.1,2 However, nanoparticle

dispersion was proven difficult to control, with both thermodynamic and kinetic processes playing

significant roles. Two different classes of nanofillers have been used in polymer nano-composites:

i) hard nanofillers (e.g., those involving hard-sphere-like particles such as metal, metal oxide or sil-

ica nanoparticles) and ii) soft nanofillers (i.e., those involving soft matter particles such as polymer

nanoparticles).

Intriguing nanoscale effects giving rise to a large decrease of melt viscosity, nanoparticle seg-

regation to interfaces and dewetting inhibition have been reported for binary blends composed of

high-molecular-weight polymer-A and polymer-A soft nano-particles (SNPs) (i.e., athermal all-

polymer nanocomposites).3–5 The phase behavior of compressible weak-interacting polymer-A /

polymer-B SNP blends has been recently addressed.6 Also, a nanotechnology pathway to arrest

phase separation in binary polymer-A / polymer-B blends by means of replacement of the linear

polymer-A chains by polymer-A SNPs has been reported,7 and general strategies for dispersing

SNPs in polymer melts resulting in multifunctional nanocomposites with reduced viscosity have

been described.8–10

Nevertheless, the underlying physics involved in all-polymer nanocomposites is still not well

understood. Mackay et. al3 suggested that a decrease in viscosity in the system of PS-SNPs with

PS linear chains is possibly due to the change in free volume rather than reduction of entanglement

density. It is thus clear that these phenomena require a detailed and direct microscopic study

on the effects of SNPs on the dynamics of linear polymers. On the other hand, we note that

all-polymer nano-composites also allow to investigate the effect of the polymeric matrix on the

internal dynamics of the SNPs. Contrarily to the case of hard nanofillers, where these processes
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are usually restricted to vibrations, the soft materials on which SNPs are based exhibit a rich variety

of dynamics.

With these ideas in mind, in this work we have investigated the dynamics of a nano-composite

where SNPs are dispersed in a polymeric matrix by high resolution quasi-elastic neutron scatter-

ing (QENS) techniques providing information at a molecular level with spatial resolution. Our

main goal was to characterize the mutual effects on the dynamical behavior of the two compo-

nents. Therefore, of particular importance for this study is the QENS selectivity to the component

dynamics based on the high value of the incoherent cross section of hydrogen –much larger than

the cross sections of carbon and deuterium. For this reason, partial deuteration ’hides’ the con-

tribution of the deuterated component allowing the selective study of the remaining hydrogenated

component in the system. We have thus investigated two mixtures –one where the linear polymer

component is deuterated while SNPs remain hydrogenated and the other one with reverse labeling.

In both cases, the Hydrogen (H) self-dynamics of the protonated part dominates the features of the

QENS results. As polymer matrix we have chosen poly(ethylene oxide) (PEO) linear chains while

the SNPs consisted of internally cross linked poly(methyl methacrylate) (PMMA)-based macro-

molecules. This system has two advantages: (i) the weak (favorable) interaction between PEO

and PMMA assures thermodynamic miscibility and (ii) the dynamics of the two bulk materials has

been previously investigated by QENS techniques. Due to the large difference in glass transition

temperatures (T PMMA
g ∼400K, T PEO

g ∼200K11), blends of these two polymers have been subject of

great interest.12–18 The nano-composite considered in this study consisted of 25% PMMA-SPNs

dispersed in 75%PEO. We restricted our investigation to the melt state, i. e., to temperatures above

the melting point.

Samples

Two series of nano-composites containing 75wt% PEO and 25wt% PMMA-SNPs were prepared

(dPEO/hSNPs and hPEO/dSNPs, respectively, where d stands for deuterated and h for protonated)
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Figure 1: Schematic illustration of PMMA-SNP synthesis through Michael addition-mediated
multidirectional self-assembly using random copolymers of methyl methacrylate (MMA) and (2-
acetoacetoxy)ethyl methacrylate (AEMA), and ethylene glycol diacrylate (EGDA) as intrachain
cross-linking agent. The scheme shows the chemical composition of the precursor and EGDA
(left) and the linking moiety after the crosslinking process.

by weighing appropriate amounts of deuterated PEO (dPEO, Mw = 89 kDa, Mw/Mn = 1.08, Poly-

mer Source, Inc.) and protonated PMMA-SNPs (hSNPs, Mw = 72 kDa, Mw/Mn = 1.1) as well as

protonated PEO (hPEO, Mw = 94 kDa, Mw/Mn = 1.08, Sigma-Aldrich) and deuterated PMMA-

SNPs (dSNPs, Mw = 71 kDa, Mw/Mn = 1.1). The dPEO/hSNPs and hPEO/dSNPs mixtures were

dissolved in chloroform and further precipitated in methanol. The resulting dPEO/hSNPs and

hPEO/dSNPs blends were dried at 80◦C under dynamic vacuum until constant weight. Specimens

for QENS experiments were prepared by pressing the dried dPEO/hSNPs and hPEO/dSNPs blends

in a hot-plate hydraulic press (Labopress 200-T, VOGT). Both hSNPs and dSNPs were synthesized

through Michael addition-mediated multidirectional self-assembly of appropriate individual poly-

meric chains at room temperature in tetrahydrofuran, by following a procedure recently reported

in Ref.19 Ehylene glycol diacrylate (EGDA) (90%, Sigma-Aldrich) was used as intrachain cross-

linking agent. A schematic diagram of the synthesis process is depicted in Figure 1. By means of

dynamic light scattering, the average hydrodynamic radius of the SNPs was determined to be of

7.4 nm (hSNPs) and 8.1 nm (dSNPs).

As can be seen in Figure 2, DSC characterization reveals two calorimetric glass-transition
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Figure 2: Temperature evolution of the derivative of the reversible heat capacity (scan
rate: 10◦C/min) of the two differently labeled nano-composites: hPEO/dSNPs (75%PEOh +
25%PMMAd-SNPs) (solid line) and dPEO/hSNPs (75%PEOd + 25%PMMAh-SNPs) (dotted line).
Shadowed areas indicate the widths of the regions of the effective glass-transitions associated to
each of the components.

temperatures (Tg) observed at ∼274K (related to SNPs) and at ∼220K (associated to PEO). When

changing the component’s labeling the glass-transition corresponding to PEO seems to slightly

decrease from ≈ 223 K to ≈ 218 K when this component is deuterated while no variation is

detected, within the uncertainties, for the glass-transition associated to the SNPs. The melting

points of the samples are 334 K (hPEO/dSNPs) and 331 K (dPEO/hSNPs).
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Background

In this section we concisely summarize the basic concepts involved in the application of Neutron

Scattering (NS) techniques that are needed to follow the arguments in this paper, and the outcome

of the NS investigations on the bulk polymers (PEO and PMMA) that will be used as reference for

the analysis and discussion of this work. For further reference on NS standard texts like20–23 can

be considered.

Neutron Scattering

In NS experiments the scattered intensity Iexp(Q,ω) is recorded as a function of energy transfer

(h̄ω) and wave vector transfer Q; in isotropic systems, for simplicity the modulus Q of this vector

is considered. Being R(Q,ω) the normalized instrumental resolution function, for a monoatomic

sample Iexp(Q,ω) can be expressed as:

Iexp(Q,ω) =
[
IincSinc(Q,ω)+ Icoh(Q)S̃coh(Q,ω)

]
⊗R(Q,ω). (1)

Iinc and Icoh(Q) represent respectively the ’static’ incoherent and coherent intensities or differential

cross-sections –its sum Itot = Iinc+Icoh(Q) is the magnitude recorded in a diffraction experiment–.

They can be expressed as Iinc = Ioσinc and Icoh(Q) = IoσcohS(Q), being Io an instrument-dependent

factor, S(Q) the static structure factor and σinc and σcoh the incoherent and coherent scattering

cross sections of the atom. Sinc(Q,ω) and S̃coh(Q,ω) are respectively the incoherent and the

normalized coherent scattering functions. They are the Fourier transform of the intermediate in-

coherent scattering function Sinc(Q, t) and the normalized dynamic structure factor S̃coh(Q, t) =

Scoh(Q, t)/Scoh(Q, t = 0) = Scoh(Q, t)/S(Q), defined as:

Sinc(Q, t) =
1
N

N

∑
i=1
〈eiQ·Ri(t)e−iQ·Ri(0)〉

Scoh(Q, t) =
1
N

N

∑
i=1

N

∑
j=1
〈eiQ·Ri(t)e−iQ·R j(0)〉 (2)

7



where Ri(t) is the position vector of atom i at time t and N is the total number of atoms in the

system. Thus, incoherent scattering reveals correlations of the position of a single atom at different

times while coherent scattering relates to collective features through atomic pair correlations.

Most systems consist of different kinds of isotopes α (e. g. α = H, D, C, O, ...). Then, the

situation is more complicated because the contributions of each isotope are differently weighted

–the cross sections vary from one isotope α to another. Then, Eq. 1 can still be used prop-

erly redefining the magnitudes involved. The cross sections of the total sample are obtained as

σinc(coh) = ∑α Nασα,inc(coh)/N. Here Nα is the number of nuclei of kind α , σα,inc(coh) is the in-

coherent (coherent) cross section of isotope α and N = ∑α Nα . The values of σα,inc(coh) for the

different isotopes composing the samples investigated in this work are listed in Table 1. Since

σH,inc is much larger than any other cross section, in hydrogenated samples the resulting incoher-

ent scattering cross section σinc is expected to be always significantly larger than the coherent one

σcoh and the Q and ω-dependence of the scattered intensity is mainly determined by the incoherent

scattering function of the hydrogens. In fully deuterated samples composed by C,D and O the

coherent cross section usually dominates. Then, experiments mainly reveal the collective features

through the dynamic structure factor determined by atomic pair correlations.

Summary of QENS results on bulk PEO and PMMA

Neutron scattering experiments on fully protonated and fully deuterated PEO samples above the

melting point15,24,25 accessed the incoherent scattering function of its hydrogens and its dynamic

structure factor respectively. As usually observed in glass-forming systems well above the glass

transition (see, e. g.26), both functions were found to be well described by assuming a stretched

exponential or Kohlrausch-Williams-Watts (KWW) functional form for the intermediate scattering

functions:

SKWW (Q, t) = Ae−(
t

τKWW
)β

. (3)
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Here A is an amplitude accounting for the decay of the correlations by ’microscopic dynamic’ pro-

cesses (below ≈ 2 ps). These include e.g. harmonic and anharmonic vibrations, the Boson peak,

librations, and the so-called ’fast process’ taking place in glass-forming systems which origin has

not yet been clarified (see, e. g.27).The parameter 0 < β ≤ 1 is the stretching exponent characteriz-

ing the deviations with respect to a single exponential decay and τKWW (Q,T ) is the characteristic

time. A value of 0.5 was found for the β -parameter in the case of PEO. The characteristic times

reported in Ref.25 for hydrogens’ self-motions from QENS experiments are reproduced here in

Figure 3(a).

In the Q-range below≈ 1Å−1 they follow rather well a power law in Q given by τKWW ∝ Q−4,

which together with the result β = 0.5 reflects Gaussian behavior,28 i. e., the scattering function

can be expressed just in terms of the mean squared displacement 〈r2(t)〉 as:

SGauss
inc (Q, t) = e−

1
6 〈r

2(t)〉Q2
. (4)

Both, the spectral shape and the Q-dependence of the characteristic times agree with the predictions

of the Rouse model:29,30

SRouse
inc (Q, t) = e

−
(√

W`4
9π

Q2t
1
2

)
. (5)

This is the standard model to describe the chain dynamics in polymer melts and considers the

conformational entropy as the only source for restoring forces which stabilizes excursions from

equilibrium. The contribution of the surrounding chains is introduced as a stochastic background

creating also a friction on each segment of length ` characterized by the friction coefficient ξ .

From Eqs. 4 and 5 it follows that the mean squared displacement increases sublinearly with time:

〈r2(t)〉Rouse = 6

√
W`4

9π
t

1
2 . (6)

We note that in most polymers deviations from the Rouse regime are observed in the Q-range

Q ≈ 0.3...0.4 Å−1,26 being the model applicable only at lower Q-values. PEO is however a
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Figure 3: KWW characteristic time for the incoherent scattering function (τKWW ) as a function
of momentum transfer at the different temperatures investigated for (a) bulk PEO25 (b) PEO in
the nano-composite. For better visibility 350 K and 375 K data are multiplied by 100 and 10
respectively. Solid lines are fits of the low-Q results by Q−4-laws.

particularly flexible polymer for which the regime of applicability of the Rouse model extends up

to unusually high Q-values. Therefore, applying the Rouse model, the T -dependent Rouse variable

W`4 = 9πQ−4/τ inc
KWW (compare Eq. 3 with β = 0.5 and Eq. 5) was extracted from the QENS results

of PEO in the low-Q region accessed by QENS. As expected from the limitations of the model, at

large Q-values deviations from Rouse (and Gaussian) behavior occur in bulk PEO, as can be seen

in Figure 3(a).

Poly(methyl methacrylate) exhibits its glass transition at about 400 K. Therefore, the α-relaxation

–and obviously the Rouse dynamics– is completely frozen in the QENS window in the tempera-
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ture range 350...400 K here investigated. At such temperatures, methyl-group (MG) dynamics

–classical hopping– are the processes that are detectable for PMMA in the QENS dynamic win-

dow. The intermediate scattering function IMG
inc (Q, t) for classical MG-rotations can be written as

SMG−rot
inc (Q, t) = IE(Q)+ [1− IE(Q)]Θ(t) (7)

where IE(Q) is the Elastic Incoherent Structure Factor (EISF):

IE(Q) =
1
3
(1+2

sin(QrHH)

QrHH
) (8)

with rHH = 1.78Å the distance between methyl hydrogens and Θ(t) is a function describing the

temporal evolution. In the simplest case of a unique characteristic hopping rate Γ, Θ(t) is a single

exponential function e−Γt . The existence of disorder in glasses and glass-forming systems how-

ever leads to a distribution of rates as it was introduced by the rotation rate distribution model

(RRDM),31–34 in which framework

Θ(t) =
+∞∫
−∞

1√
2πσT

e
− (logΓ−logΓ0)

2

2σ2
T e−Γtd(logΓ). (9)

Here it is assumed that each MG follows Γ = Γ∞e−
EA

kBT with an activation energy EA and a tem-

perature independent pre-exponential factor Γ∞. Γ0 is the rate corresponding to the average value

〈EA〉 of the underlying distribution of activation energies.

PMMA possesses two kinds of MGs in its monomer: the α-MG, directly linked to the main

chain and the ester MG. This group is restricted by a very low potential barrier which generates

a very fast dynamics. At the temperatures of interest in this work at times longer than some

picoseconds the function Θ(t) for the ester MGs has completely decayed and its contribution can
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be fully characterized by the EISF (Eq. 8). Thus, the intermediate scattering function of PMMA

hydrogens at t ≥ 2ps can be written as:

SPMMA
inc (Q, t) = A

[
neIE(Q)+nαSMG−rot

inc (Q, t)+nMC

]
(10)

where ne, nα and nMC are the relative number of the ester, α and main-chain hydrogen atoms in

PMMA (ne = nα = 3/8, nMC = 2/8). A has the same meaning as in Eq. 3 –the same vibrational

microscopic dynamics can be considered for all hydrogens for the sake of simplicity. In Figure 4(b)

we have reproduced with the lines the characteristic times associated to MG-rotations τrot =
3

2Γ0
of

bulk PMMA. The solid line corresponds to the α-MG15 and the dashed line to the ester-MG.33 The

width of the distribution of hopping rates σT for α-MGs in PMMA is represented in Figure 4(a)

as dashed line.

Experimental

Diffraction with Polarization Analysis

The scattered intensity in a NS experiment is generally a sum of coherent and incoherent contribu-

tions. For a proper analysis it is required thus to decouple them. Its separation can be carried out

by diffraction experiments with polarization analysis.36,37 The principle of this technique is that

if the incoherent scattering is originated only due to the spin disorder, the spin of the neutrons is

flipped with a probability of 2
3 while in case of coherent scattering, no such spin flip occurs. Thus

with the incident polarized neutron beam and having measured the spin-flipped (ISF ) and non spin-

flipped (INSF ) intensities, we can determine the ratio between coherent and incoherent scattering

cross sections Icoh(Q) and Iinc by

Icoh(Q)

Iinc
=

INSF(Q)− 1
2 ISF(Q)

3
2 ISF(Q)

(11)
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13



For our work, we have used the diffuse scattering spectrometer DNS36 of Jülich Centre of Neu-

tron Research (JCNS) at Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II). Using an

incident neutron wavelength of λ=4.2Å a reciprocal length scale from Q=0.2Å−1 to 2.67Å−1 was

covered. Background correction was done by subtracting the intensity scattered by an empty alu-

minum cell.

High-resolution Spectrometers

Three different spectrometers were used to carry out the Quasi Elastic Neutron Scattering (QENS)

measurements: (a) FOCUS at the Paul Scherrer Institute (PSI), (b) IRIS at the ISIS Facility and (c)

SPHERES38 at the FRM II. Among them FOCUS is a direct-geometry spectrometer while IRIS

and SPHERES are backscattering (BS) spectrometers. Combining the treated data from these three

different spectrometers, a wide window of correlation time (from the order of 10−13 to 10−9s) is

covered where the time window for individual spectrometer spreads as follows: ∼10−13 to 10−11s

(FOCUS), ∼10−12 to 10−10s (IRIS) and ∼10−10 to 10−9s (SPHERES). Flat aluminum cells were

used as sample holder with a thickness adjusted for attaining close to 90% transmission. Empty

sample holder signal was subtracted from the raw data followed by a correction of the detector

efficiency. An incident neutron beam with λ= 6.01Å leading to a resolution with fullwidth at

half-maximum (FWHM) of ∼42µeV was used for FOCUS while λ=6.27Å, FWHM=0.65µeV

and λ=6.65Å, FWHM=17.5µeV were employed for SPHERES and IRIS, respectively. The en-

ergy range (h̄ω) extended from∼-1 meV to 500 meV (FOCUS),∼-30.64 to 30.8µeV (SPHERES)

and ∼-0.5 to 0.5 meV (IRIS). The scattering angle, 2θ was transformed to momentum transfer

vector (Q) covering 0.4Å−1 < Q <1.8Å−1 for FOCUS, 0.2Å−1 < Q <1.9Å−1 for SPHERES and

0.5Å−1 < Q <1.8Å−1 for IRIS. The determination of the resolution function R(Q,ω) was per-

formed by measurements at 5K. Measuring times of 2.5h approximately were employed. To avoid

crystallization of PEO, the experiments were carried out at three temperatures above its melting,

i. e. at 400K, 375K and 350K.
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Results and Data Analysis

Diffraction with Polarization Analysis: Disentangling Coherent and Incoher-

ent Contributions

From the values of the cross sections of the nuclei involved (Table 1) and their chemical com-

positions, the theoretical values of the cross sections of the two samples can be calculated. The

obtained ratios σcoh/σtot (σtot = σinc +σcoh) are listed in Table 2. In both cases this ratio is small,

indicating that most of the scattered intensity is expected to be incoherent in nature. However,

since the coherent intensity Icoh(Q) depends on Q through the (partial) structure factor, the value

of σcoh/σtot only corresponds to the Q→ ∞ asymptotic limit of the ratio Icoh(Q)/Itot(Q). The full

information about this function is provided by the polarization analysis performed by DNS. The

results are shown in Figure 5.

First, we note that at high Qs they agree well with the theoretical asymptotic values. In the

Q-range above ≈ 0.5Å−1, Icoh(Q)/Itot(Q) reflects the partial structure factors and the increase in

the low-Q region arises from the contrast due to the labelled components, revealing the form fac-

tors. The relative coherent contribution in the hPEO/dSNPs system remains between ∼8%-13%.

The dPEO/hSNPs sample delivers a considerably higher relative coherent signal with a peak at

∼1.45Å−1, where it amounts to about 0.5. This peak is most likely originated by PEO correla-

tions, since it is in the same region as the main peak of molten PEO.25,39 However, correlations

involving carbon atoms of the SNPs and also cross-correlations between PEO atoms and SNPs

carbons might also contribute to this peak. A thorough structural analysis of these samples will be

published elsewhere.40 Here our main interest is just to help the analysis of the dynamics data.

A theoretical estimation of the coherent and incoherent contribution originating from the dif-

ferent components x (x: PEO, SNPs) of the nano-composites is presented in Table 2. Here we have

defined for the incoherent (coherent) case:

f x
inc(coh) =

σ x
inc(coh)

σinc(coh)
(12)
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where

σ
x
inc(coh) =

1
N ∑

i∈x
σi,inc(coh) (13)

The index i runs over all atoms belonging to component x. The combined knowledge of the DNS

results and the theoretical estimation (Table 2) reveals that in the hPEO/dSNPs nano-composite

the dominating incoherent part corresponds to PEO hydrogens and the deuterated SNPs contribute

most to the very weak coherent contribution. Concerning the dPEO/hSNPs sample, the incoherent

contribution –arising now predominantly from the hydrogens in the SNPs– is in general much more

important than the coherent intensity, which is mainly originated by PEO.
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Quasi-elastic Neutron Scattering: Dynamics

The analysis of the quasielastic spectra was based on Fourier transforming the data to the time

domain and deconvoluting them from instrumental resolution effects applying the following pro-

cedure. A convolution product in ω-space becomes a simple product in Fourier t-space. Therefore,

the Fourier transform of Eq. 1 into the time domain is:

FT [Iexp(Q,ω)] =
[
IincSinc(Q, t)+ Icoh(Q)S̃coh(Q, t)

]
R(Q, t). (14)

where R(Q, t) is the Fourier transform of the resolution function. For T →0, both Sinc(Q,ω)

and S̃coh(Q,ω) are expected to be δ (ω) functions (completely elastic signal).41 Then, the low-

temperature spectra can be written as:

Iexp(Q,ω,T → 0) = [Iinc + Icoh(Q)]δ (ω)⊗R(Q,ω) = Itot(Q)δ (ω)⊗R(Q,ω). (15)

The Fourier transform of Eq. 15 is just Itot(Q)R(Q, t). Then, Fourier transforming the measured

spectra at a given temperature and dividing the result by the Fourier transformed low temperature

data, we obtain the deconvoluted intermediate scattering function Itot(Q, t):

Itot(Q, t) =
FT [Iexp(Q,ω)]

FT [Iexp(Q,ω,T → 0)]
=

Iinc

Itot(Q)
Sinc(Q, t)+

Icoh(Q)

Itot(Q)
S̃coh(Q, t). (16)

The intermediate incoherent scattering function Sinc(Q, t) can be decomposed in terms of the con-

tributions from the two components, Sinc(Q, t) = f PEO
inc SPEO

inc (Q, t)+ f SNPs
inc SSPNs

inc (Q, t). Since for the

sample with deuterated PEO (dPEO/hSNPs) f SNPs
inc >> f PEO

inc (Table 2), we can approximate the

total intermediate scattering function obtained for this sample IdPEO/hSNPs
tot (Q, t) as:

IdPEO/hSNPs
tot (Q, t)≈ Iinc

Itot(Q)
SSNPs

inc (Q, t)+
Icoh(Q)

Itot(Q)
S̃coh(Q, t). (17)
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For the opposite labeling (hPEO/dSNPs sample) f PEO
inc >> f SNPs

inc and the corresponding deconvo-

luted function IhPEO/dSNPs
tot (Q, t) can be approximated by:

IhPEO/dSNPs
tot (Q, t)≈ Iinc

Itot(Q)
SPEO

inc (Q, t)+
Icoh(Q)

Itot(Q)
S̃coh(Q, t). (18)

The ratios Iinc/Itot(Q) and Icoh(Q)/Itot(Q) appearing in Eqs. 17 and 18 are known from the DNS

experiments.

dPEO/hSNPs sample

With symbols, Figure 6 displays the normalized intermediate scattering function for 25% proto-

nated PMMA-SNPs in 75% deuterated PEO obtained through Eq. 16 [IdPEO/hSNPs
tot (Q, t)] at the

three temperatures investigated and different Q-values.

Results from the three instruments employed have been combined. As discussed above, this

function can be approximated by Eq. 17. Some prior estimations and approximations are needed

to model the functions involved in Eq. 17, namely SSNPs
inc (Q, t) and S̃coh(Q, t). As a general con-

sideration, we note that, though plasticized, the segmental dynamics in the SNPs-component is

expected to be much slower than that of PEO. This is based on the observation of a difference of

more than 50 K in the calorimetric glass-transitions of the two subsystems (see Figure 2). In a first

approximation we will assume that the diffusive processes characteristic for the α-relaxation of the

SNPs are too slow to be detected in the QENS window at the temperatures considered. Another

hypothesis is that the ester-MGs are, like in bulk PMMA, very fast. Then, we have approximated

SSNPs
inc (Q, t) in Eq. 17 by Eq. 10 together with Eqs. 7, 8 and 9. The only free parameters involved

were those characterizing the α-MG rotation [σT (T ) and Γ0(T )] and the prefactor for microscopic

dynamics. Considering now the coherent contribution, we find that a significant amount of coher-

ent signal (Table 2) is mostly dominated by a relatively faster PEO component. For this sample we

may write

S̃coh(Q, t) = f PEO
coh S̃PEO

coh (Q, t)+(1− f PEO
coh )S̃rest

coh(Q, t) (19)
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Figure 6: Fourier transformed and deconvoluted neutron scattering data of the dPEO/hSNPs sam-
ple at the three temperatures investigated with Q ranging from 1.0-1.8Å−1. Solid lines represent
the applied model as explained in text.

Based on the description of the dynamic structure factor of bulk PEO, S̃PEO
coh (Q, t) was represented

by a KWW function as in Eq. 3. Here, three parameters were allowed to vary in the fit: the

prefactor, the shape parameter β and the characteristic time τcoh
KWW (Q,T ). The function S̃rest

coh(Q, t)

involves pair correlations between atoms in the SNPs and cross-correlations between PEO and

SNPs atoms. We assumed this function to decay in a very slow way, leading to a constant (elastic

component) affected again by a prefactor for the microscopic dynamics which was assumed for

simplicity to be the same as that affecting the incoherent SNPs contribution.

In Figure 6 the fittings of the model to the normalized intermediate scattering function are dis-
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played as lines. In the fitting procedure only times longer than 2 ps were considered –at shorter

times, the decay of the scattering functions is driven by microscopic dynamics and ester-MG

rotations–. In the considered interval, the quality of the fit is quite satisfactory. The somewhat

deficient descriptions for some Q-values at approx. t ≤ 5 ps could be due to the uncertainties

involved in the modellization of the coherent contribution. The values obtained for the parameters

characterizing the α-MG rotations in the SNPs are represented in Figure 4. Regarding the coher-

ent translational dynamics associated to PEO, the β -parameter was found to be Q-independent,

within the uncertainties. Its value spreads from ∼0.33 at 400K to 0.30 at 350K. The characteristic

times are shown in Figure 7 as filled symbols. For comparison, we have also represented these

characteristic times for a selected Q-value of Q = 1 Å−1 in Figure 4 (b).

hPEO/dSNPs sample

The nano-composite made of 75% protonated PEO with 25% deuterated PMMA-SNPs mainly

reveals (about 92% in average) the H-dynamics of PEO. The symbols in Figure 8 show the nor-

malized IhPEO/dSNPs
tot (Q, t) obtained from Eq. 16 in the Q-range 0.6-1.8Å−1 by combining the three

instruments employed. As in bulk materials, a sub-picosecond (t≤1-2ps) faster dynamics can be

observed27,42 followed by the main decay in a second step.

The IhPEO/dSNPs
tot (Q, t) was described by means of Eq. 18. Again we considered only the results

at times longer than ≈ 2ps to avoid the contribution of the microscopic dynamics. As for the bulk,

the function SPEO
inc (Q, t) was parametrized in terms of the KWW function [Eq. 3]; prefactor, shape

parameter and characteristic times were considered as free parameters. The remaining coherent

signal is very weak (∼8%) and a mixture of both the components in this contribution can not

be realistically decoupled any further. Therefore to keep the analysis free from large number of

unknown parameters we considered that any coherent translational contribution was too slow to be

detected in our dynamic window (MG-rotations do not give rise to quasielastic contributions for

coherent scattering). Thus, we approximated S̃coh(Q, t)≈ A, with the same parameter A for the fast

dynamics as for the SPEO
inc (Q, t)-function for simplicity.
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Figure 7: Q-dependence of the characteristic time for the PEO coherent contribution (obtained
from the analysis of the dPEO/hSNPs results) at the different temperatures investigated. For com-
parison the characteristic times for the incoherent scattering function of PEO-hydrogens obtained
from the experiments on the hPEO/dSNPs sample are also shown. The data corresponding to
350 K and 375 K are multiplied by 100 and 10 respectively.

The model –denoted by the solid lines in Figure 8– describes well the experimental data in the

considered time window. The extracted τ inc
KWW values are plotted in Figure 7 as empty symbols

and in Figure 3(b). Regarding the shape parameter, a Q-independent β was found within the

uncertainties. The values resulted to be 0.50 at 400K, 0.48 at 375K and 0.45 at 350K.

Discussion

From the macroscopic DSC experiments we have deduced the existence of two different ’effective’

Tgs for the nano-composite at ∼274 K (related to SNPs) and at ∼220 K (associated to PEO). The
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Figure 8: Intermediate scattering functions obtained after Fourier transformation and deconvolu-
tion of spectra obtained for the hPEO/dSNPs nano-composite at the different temperatures inves-
tigated and covering a Q-range from 0.6-1.8Å−1.

finding of two different Tgs is in accordance with the previous results in the blend of PEO with

linear PMMA.12,13,16 Figure 9 shows the data reported by Lodge et al.16 for linear blends (open

symbols) and the results in our nano-composite (filled symbols). The bars indicate the widths of

the transitions. For the composition investigated in this work (75wt% PEO) Lodge et al. did not

report a value for the higher glass-transition temperature, probably because it is hardly resolvable.

In the case of our system, this transition is also difficult to determine (see Figure 2), but we could

say that the effective Tg observed here for the PMMA SNPs is compatible with the trend marked

by the results of Lodge and coworkers for the linear PMMA component in the blends. Thus, the
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marked dynamic heterogeneity observed for the blends of linear chains prevails also when the

PMMA-component is internally crosslinked forming SNPs. Such dynamic heterogeneity is illus-

trated in Figure 4(b). There, the triangles represent the estimation of the dielectric characteristic

time for the α-relaxation of the SNPs. This has been obtained starting from the reported values

for bulk PMMA [τseg(T ) = τ∞e
B

T−T0 with τ
PMMA(bulk)
∞ = 1.48 × 10−11s, BPMMA(bulk) = 843K and

T PMMA(bulk)
0 = 371K35] by assuming the same shift in the Vogel-Fulcher temperature as that ob-

served for the Tg in the nano-composite (∆Tg∼126 K). It has been reported43,44 that the dielectric

time scale in glass-forming polymers usually coincides with the QENS times at Q ∼ 1 Å−1. In the

same Figure 4(b), we have included the characteristic time for the PEO component at Q = 1 Å−1.

We observe a difference of about 2 orders of magnitude between the characteristic times of both

components, even in the high temperature range explored in our QENS study –a considerable dy-

namic heterogeneity–. It is also noteworthy that both components vitrify at different temperatures

than in the respective bulk materials. The rigid component becomes plasticized by the proximity of

the more flexible and mobile PEO chains also when it conforms SNPs, indicating that the system

is still ’dynamically miscible’ –to a similar extent as the linear blends–.45

The microscopic insight provided by QENS has allowed characterizing the relevant processes

of both components in the temperature range 350 K - 400 K in the ps - ns window at length scales

corresponding to ≈ 0.5 ≤ Q ≤ 2 Å−1. In the following we discuss in detail the outcome of the

QENS study for each of the components.

SNPs dynamics

The QENS results were successfully described assuming that the main process observable for

the SNPs hydrogens above ≈ 2 ps was the α-MG rotation. As can be seen in Figure 4(a), the

width of the distribution of rotational rates is very much comparable to that obtained for bulk

PMMA. Consequently, the width of the distribution of activation energies (σE = σT kBT
log(e) ) for the

SNPs (σE = 36 meV ) is also similar to that found for bulk PMMA (σE = 39 meV ).15 The rotational

time τrot estimated for the α-MGs in the SNPs is however slightly faster than that in bulk PMMA,33
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effective Tg are attributed to the PMMA component and circles to the PEO component. The bars
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as can be seen in Figure 4(b). We note that the values of the parameters characterizing MG-

dynamics are hardly changed if we consider a superimposed translational component for the SNPs

based on the estimation shown in Figure 4(b).

In principle, it would not be expected that localized motions like MG-rotations would be

very much influenced by the presence of another component.45 This was the conclusion from

QENS studies on the blends poly(vinyl methyl ether) (PVME)/polystyrene (PS), head-to-head

poly(propylene)/poly(ethylene propylene) (hhPP/PEP) and PEO/PMMA.15,32,46 One possible ex-

planation for the observed behavior is that the PEO-rich environment indeed reduces the barriers
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for MG-rotation. In the above mentioned PEO/PMMA blends,15 PMMA was the majority compo-

nent, contrarily to the case here investigated. On the other hand, PVME was the fast component in

the PVME/PS blend studied in Ref.32 and the dynamic asymmetry –difference between the char-

acteristic times for segmental motion– in the hhPP/PEP46 was not as large as in the present system.

Thus, it could be that a clearly faster environment would have an impact on these local motions.

We can see (Figure 4(b)) that the characteristic times deduced from our analysis for the PEO com-

ponent (collective motion) in the same sample present values in the same range as those deduced

for the α-MG rotations in the SNPs. We could not rule out a kind of coupling of both motions.

Another possible reason for this finding would be that the softening of the SNPs at temperatures

well above their glass transition could lead to a faster MG-dynamics than that extrapolated from

the glassy state. Finally, we cannot discard either that this local mode could also be affected by

the somewhat different chemical environment in the SNPs with respect to PMMA homopolymer

(presence of copolymer AEMA and cross-linking).

PEO dynamics

For the PEO component the experiments have revealed both, the dynamic structure factor and the

incoherent scattering function of the hydrogens. We note that the characterization of the former

is based on the analysis of the dPEO/hSNPs data, which involves a relatively large number of

approximations and assumptions and is thereby subject to larger uncertainties. Therefore, we

cannot expect a reliable and accurate determination of the β -parameter for collective dynamics

of PEO and the error bars associated to the characteristic times deduced are much larger than for

the incoherent counterparts. Taking these limitations into account, we can state that the coherent

scattering function apparently shows a more stretched character than the incoherent one and that

the collective times are always slower than the incoherent ones (see Figure 7). This observation is

in qualitative agreement with the results reported for bulk PEO in a similar Q and T -range from

both, QENS experiments and MD-simulations.25 In that work, such difference was attributed to a

kind of deGennes-like narrowing, i. e., a modulation given by τcoh(Q) ≈ S(Q)τ inc(Q), indicative
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for collectivity of the dynamics at intermolecular distances. We speculate that this could also be

the case of the PEO component in the nano-composite.

Focusing on the results on incoherent scattering, which on the one hand are subject to less

uncertainties and on the other hand are more easy to interpret, we find that at 400 K the spectral

shape is just the same as in the case of bulk PEO (β = 0.5). When the temperature decreases,

the intermediate scattering functions display a subtle extra-stretching with respect to the bulk be-

havior (β = 0.48 and 0.45 for 375 K and 350 K respectively). For the three temperatures investi-

gated the characteristic times show a marked dispersion with Q, being describable by a power law

τ inc
KWW ∝ Q−4 in the low Q-range studied (see Figure 3(b)). However, deviations from this depen-

dence are found at high Q-values, where the characteristic times display a weaker Q-dependence.

Figure 3(a) shows for comparison the bulk experimental results. The low-Q asymptotic Q−4-

dependence and the deviations from this law at higher Qs take place in a very similar way for both

systems.

Thus, in the case of the 400 K data, both, the value of the stretching parameter β and the

Q-dependence of the characteristic times at low Q-values agree with the predictions of the Rouse

model (Eq. 5), as it was found in bulk PEO. From the KWW characteristic times a Q-dependent

’effective’ Rouse variable (W`4)e f f can be obtained as

(W`4)e f f =
9π

τ inc
KWW Q4 . (20)

With squares, Figure 10 shows the results of Eq. 20 for PEO in the nano-composite at 400 K.

If the Rouse model applies, this magnitude should be Q-independent. This is the case in the

interval Q < 1 Å−1. From the average value of (W`4)e f f in such Q-region we have thus deduced

the Rouse variable W`4 for PEO in the nano-composite: 5480 Å4/ns at 400 K. For the other

temperatures investigated, we can also apply Eq. 20, obtaining the values shown in Figure 10

by the circles and diamonds. The asymptotic low-Q values deduced are 3790 Å4/ns (375 K)

and 1970 Å4/ns (350 K). We note however that in principle this result has a clear meaning (to
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correspond to the Rouse variable W`4) only for 400 K –where β=0.5 does correspond to the Rouse

prediction. For the other temperatures, the simple Rouse model in principle cannot be directly

applied since the scattering function displays a broader spectral shape than that predicted. An

extra-stretching of the scattering function together with the observation of the same Q-dependence

of the characteristic time suggests the presence of distributions47 of Rouse dynamics with different

friction coefficients. Let us call (W`4)KWW the low-Q limit of Eq. 20 in the case that the β -

parameter is different from that corresponding to pure Rouse behavior βR = 1/2. We can thus

describe the low-Q experimental results by means of Eq. 3 with τKWW = 9π

(W`4)KWW
Q−4. If we
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define β ? = β/βR = 2β , we can rewrite the incoherent scattering function as

Sinc(Q, t) = e

−(√(W`4)KWW
Q2t

1
2√

9π

)β?


(21)

(ignoring the prefactor corresponding to the microscopic dynamics). This equation is formally

identical to a stretched exponential with stretched variable x = Q2t1/2
√

9π
and characteristic variable

χKWW = 1/
√
(W`4)KWW . It is well known that –at least from a mathematical point of view– this

function can be expressed in terms of an adequate distribution g(lnχ):48

φ(x) = e
[
−(x/χKWW )β?

]
=
∫

g(lnχ)e−
x
χ d(lnχ) (22)

with χ = 1/
√

(W`4). Thus, the Kernel e−
x
χ is just the scattering function corresponding to the

Rouse model. This implies that the results obtained at low temperatures can be interpreted in terms

of a superposition of scattering functions corresponding to different Rouse variables (i. e., invok-

ing a distribution of friction coefficients). To characterize this distribution the usually employed

quantity is the average value of the variable, given by 〈χ〉= χKWW Γ(1/β ?)/β ?. This translates to

〈W`4〉 = [β ?/Γ(1/β ?)]2(W`4)KWW . Given the weak extra-stretching observed for the scattering

function (β ?=0.96 and 0.90 for 375 K and 350 K respectively), the distribution functions of Rouse

variables are rather narrow and the above corrections to calculate the average values of the Rouse

variables are not very important (a factor of 0.96 for 375 K and of 0.90 for 350 K). However, we

note that conceptually this consideration is of relevance. As in polymer blends, we could expect

a broadening of the responses as an effect of the concentration fluctuations, which is usually neg-

ligible at high temperatures but tends to become more important when the temperature decreases

toward the glass transition. This is the trend observed here.

We comment here that at first sight, our observations and/or interpretations could seem to

be in contradiction with previous studies on PEO/PMMA blends.17,18 In those works, instead of

distributions of friction coefficients, intrinsic deviations from Rouse behavior were invoked to
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explain the results. We note that in that case the situation was completely different, since PEO was

the minority component and the phenomenology arises as a consequence of confinement effects

derived from the freezing of the majority slow PMMA component.

The above discussed framework based on the presence of distributions allows comparing results

obtained when different extra-stretchings are found and with the simple Rouse case, as we do in

Figure 11.

There, the average Rouse variables of PEO in bulk and in the nano-composite are represented.

Note that for the bulk and for the nano-composite at 400 K this coincides with the Rouse variable.
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The solid line in Figure 11 shows the temperature dependence of the results corresponding to bulk

PEO, given by the VF expression

〈W`4〉= 〈W`4〉∞ exp
(
− B

T −To

)
(23)

with 〈W`4〉PEO(bulk)
∞ = 1.1846× 106 Å4/ns, BPEO(bulk) = 1090 K and T PEO(bulk)

o = 155 K.25 The

filled circles represent the average Rouse variable obtained in this work for PEO in the nano-

composite. The effect of the presence of the SNPs is clear: there is a slowing down of the chain

dynamics reflected in a decrease of the value of the Rouse variable. This implies a larger fric-

tion coefficient than in the bulk. To describe the temperature dependence of 〈W`4〉 in the nano-

composite, we have used the same expression (Eq. 23) as for bulk PEO, keeping 〈W`4〉PEO(bulk)
∞

and BPEO(bulk) and fitting the value of To. We obtained the dotted line in Figure 11 and a value of

186 K for the temperature To in the nano-composite. This suggests that the vitrification of PEO

chain dynamics in the nano-composite occurs at a temperature about 30 K higher than in the bulk.

Taking into account the strong constrains imposed in the fit and the reduced temperature interval

considered –which in turn is rather far from the glass-transition region–, this value is in reasonable

agreement with the calorimetric results.

At high Q-values (Q ≥ 1 Å−1 approx.) the behavior of PEO deviates from Rouse-like dy-

namics (see Figure 3). In Ref.25 the limits of the Rouse model when applied to bulk PEO were

investigated by means of MD-simulations properly validated with NS results. From the atomic

trajectories it is possible to coarse-grain the polymer chain and perform a Rouse mode analysis.

It was found that the deviations –which from the simulations covering a larger Q-range set in at

somewhat lower Q-values (≈ 0.6 Å−1)– were mainly due to an enhancement of the friction for the

highest modes (local length scales). This leads to a smaller apparent or effective Rouse variable

(W`4 = 3kBT `2/ξ ). As can be seen in Figure 3, the Q-dependence of the characteristic times of

PEO in the nano-composite is very much the same as that found for bulk PEO from the experi-

ments in a similar Q-range. We thus could extend the conclusions of the simulations to the case of
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the nano-composite. The ultimate origin of the extra-friction would be the local potentials that are

not included in the coarsening of the Rouse model.

Another possible (and not exclusive) cause of the deviations from the Gaussian assumption

(τ inc
KWW ∝ Q−2/β if Eq. 3 holds28) implicit in the Rouse model is the ultimate discrete nature

of the underlying microscopic motions. For simple diffusion, this ingredient is captured by the

well-known jump diffusion model.49–51 In this model, an atom remains in a given site for a time

τo, where it vibrates around a center of equilibrium. After τo, it moves rapidly to a new position.

These jumps are assumed to occur with random orientations and their moduli ` are distributed

according to a function fo(`) =
`
`2

o
exp
(
− `

`o

)
which involves a preferred jump distance `o. These

discrete jumps are responsible for deviations from Gaussian behavior at local length scales, but

at large enough length scales, the resulting motion leads to Gaussian distributions of the atomic

positions characterized by a linear increase of the mean squared displacement 〈r2(t)〉 = 6`2
o(t/τo).

The intermediate scattering function is a single exponential function with a characteristic time

τ = τo[1+(`oQ)−2]. There is thus a transition of the Q-dependence of this time from the low-Q

Gaussian asymptotic law τ = τo(`oQ)−2 to the high-Q asymptotic constant value τo. The so-called

anomalous jump diffusion (AJD) model52,53 was proposed as a generalization of the simple jump-

diffusion model for the case of subdiffusive motions –which are usually observed in glass-forming

systems, in particular in polymers.52,53 The intermediate scattering function in the AJD model is a

stretched exponential [Eq. 3] where the characteristic time follows the law

τ
inc,AJD
KWW = τo

(
1+

1
`2

oQ2

) 1
β

(24)

with τo(`oQ)−2/β and τo as asymptotic low-Q and high-Q limits respectively. For β = 1 the sim-

ple jump diffusion model is recuperated. In the AJD model, at large length scales / long times

the resulting mean squared displacement asymptotically follows a sublinear increase with time

〈r2(t)〉= 6`2
o(t/τo)

β . This model was originally proposed to describe the situation when the Gaus-

sian behavior τ inc
KWW ∝ Q−2/β was attributed to the establishment of the sublinear motions associ-

ated to the α-relaxation in a glass-forming system, and has been successfully applied in a number
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of glass-forming polymers.44,46,52–56 As above commented, in PEO at the temperatures investi-

gated above the melting point, the Rouse regime extends up to very large Q-values and there is an

almost direct crossover from the microscopic dynamics to the Rouse dynamics –no clear signatures

of the α-regime can really be identified. Since the self-motions in the Rouse dynamics are also

characterized by a sublinear increase of the mean squared displacement 〈r2(t)〉 ∝ t1/2 (Eq. 6), we

could –at least formally– apply the AJD model in the case of PEO. Figure 12 shows that this model

also provides very good descriptions of the experimentally obtained characteristic times for bulk

PEO and PEO in the nano-composites.

The values obtained for the preferred jump distance, `o, are presented in Figure 13. They

appear to be slightly larger in the presence of the SNPs. However, the difference found cannot

be considered as significant, taking into account the uncertainties involved in the determination of

this parameter due to the restricted Q-value accessed in the experiments. In both cases, they are

comparable though slightly smaller than the values determined for the main-chain hydrogens in

other glass-forming polymers (0.42 Å for polyisoprene,53 0.5 Å for polybutadiene54).

Conclusions

QENS combined with isotopic labeling has provided microscopic insight into the component dy-

namics of a nano-composite made of linear PEO chains and PMMA soft nano-particles above

the melting point. The information provided by diffraction with polarization analysis has been of

utmost help in disentangling the contributions to the measured intensities and facilitate the data

analysis. Regarding the SNPs, in the temperature range accessed QENS experiments are most

sensitive to the α-MG dynamics of PMMA. These have been characterized by rotations with dis-

tributed rates, which turn to be faster than in bulk PMMA. This observation could be due to the

plasticization effect induced by the presence of the majority component in the nano-composite

–the fast PEO chains. Complementary DSC measurements show in fact the coexistence of two

glass-transition temperatures in the system, associated to each of the components, but modified
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Figure 12: Momentum transfer dependence of the characteristic times for incoherent scattering of
bulk PEO (empty) and PEO in the nano-composite (filled) at the different temperatures investi-
gated. For better visibility 350 K and 375 K data are multiplied by 100 and 10 respectively. Solid
lines are fits to the AJD model (Eq. 24).

with respect to those in the neat materials. From the QENS measurements we have also obtained

the dynamic structure factor and the incoherent scattering function of hydrogens for the PEO com-

ponent. The results suggest collectivity of PEO dynamics in the same way as in bulk PEO. In the

low-Q range accessible (Q ≤ 1 Å−1 approx.) the characterization of the incoherent scattering

function reveals Rouse-like dynamics slowed down by the presence of the SNPs with respect to

that in the bulk. At low temperatures indications of a distribution of chain mobilities are found,

probably due to the enhancement of the concentration fluctuations. For all the temperatures inves-

tigated, deviations from Rouse-like dynamics occur at high Q-values. These could be due to the
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Figure 13: Temperature dependence of the preferred jump distance involved in the description of
the results of PEO in bulk (empty circles) and in the nano-composite (filled squares) in terms of
the AJD model.

local potentials not considered in the Rouse model, that give rise to an extra-friction at local length

scales, and also to non-Gaussian effects related to the discrete character of the elementary pro-

cesses underlying the subdiffusive dynamics in the polymer. The observed deviations take place in

a very similar way as in bulk PEO. Thus, the main effect of the SNPs on the PEO dynamics consists

of a global slowing down, affecting both the Rouse dynamics and elementary processes involved

in the subdiffusive motions in a similar way. The origin of more spectacular effects beyond such

an influence have to be seek at different length scales.
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Table 1: Neutron scattering cross-sections for different isotopes present in the two samples.

isotope σinc(barns) σcoh(barns)
H 79.91 1.76
D 2.04 5.60
O 0 4.24
C 0 5.56

Table 2: Relative fraction of coherent cross section σcoh
σtot

and relative coherent and incoherent con-
tributions of the different components f x

inc(coh) (Eqs. 12, 13; x: PEO, SNPs) for the two samples
investigated.

nano-composite system σcoh
σtot

f PEO
inc f PEO

coh f SNPs
inc f SNPs

coh
dPEO/hSNPs 0.27 0.06 0.79 0.94 0.21
hPEO/dSNPs 0.08 0.83 0.64 0.17 0.36
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