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a b s t r a c t

Recent time-resolved fluorescence experiments with (acetamide + electrolyte) melts have revealed pro-
nounced decoupling of solute and solvent dynamics from medium viscosity. Here we examine the diffu-
sion–viscosity (D–g) relationship by performing molecular dynamics simulations approximating
acetamide molecules as dipolar Lennard–Jones (L–J) spheres and ions as L–J spheres with point charges.
Interestingly, eventhough simulated viscosities are found to be approximately an order of magnitude
lower than those from experiments, simulated diffusion coefficients are larger by �500–4000 times than
the hydrodynamic predictions using the experimental viscosities. Simulated particle motions exhibit
strong dynamic heterogeneity via pronounced non-Gaussian character of particle displacements. A signa-
ture of an extremely fast dipole orientation is also observed.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Binary and ternary mixtures of acetamide with electrolytes are
well-known examples of supercooled melts around room temper-
ature [1–7]. These melts are characterized by pronounced micro-
scopic solution heterogeneities [2–4,8] and glass transition
temperatures (Tg) in the range, �190 < Tg (K) < 250 [6,7,9,10].
Depending on mixture composition and temperature, viscosity
(g) of these melts varies between �4 and 250 cP, and exhibits, as
typical for fragile glass formers, a non-Arrhenius temperature
dependence [6,7]. Recent time-resolved fluorescence measure-
ments have revealed a strong decoupling of both solute and solvent
dynamics from medium viscosity [11–13]. This is quite reminis-
cent of frequent observations in deeply supercooled neat liquids
[14–16] and, therefore, the observed non-hydrodynamic behavior
might be linked to the spatial and temporal heterogeneities of
these melts. Interestingly, eventhough presence of strong spatial
heterogeneities in these melts have been suggested by several ear-
lier experimental studies [1–4,8], no measurements or simulations,
similar to those for ionic liquids [17–22], have been carried out so
far to better understand the heterogeneity and their effects on
chemical events in these multi-component mixtures. Needless to
say, a quantitative understanding of heterogeneities and their
implications on transport properties is necessary for developing
these melts into useful dielectric materials and subsequent appli-
cations in technology.
ll rights reserved.
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In this Letter, we report results from our molecular dynamics
simulations on viscosity decoupling of diffusion in binary and
ternary molten mixtures of acetamide (CH3CONH2) with sodium
thiocyanate (NaSCN) and potassium thiocyanates (KSCN) at
318 K. Three different mixtures of the following general formula,
0.75CH3CONH2 + 0.25[fKSCN + (1 � f)NaSCN] with f (fraction of
K+) = 0, 0.2 and 0.6, have been considered. Note that these are
the melt compositions and temperature at which the fluorescence
experiments reported in [11] have been carried out. Composition
dependence of the spatial distributions of the ions and solvent par-
ticles, their diffusion coefficients, and mixture viscosities have
been simulated in order to understand the ion–solvent interactions
present in these systems. Dynamic heterogeneity is reflected in the
large values of non-Gaussian parameter (a(t)) and pronounced
deviations from the Gaussian distribution (with respect to particle
displacement) of the self part of the van Hove correlation function
(Gs(r, t)) in the simulated particle motions [23,24]. Eventhough
strong non-Gaussian characteristics have been found in the parti-
cle motions, no rattling within a cage, as typically seen in super-
cooled systems [25,26] and ionic liquids [27,28], could be
detected in the present model simulations. Moreover, similar to
earlier findings for mixed alkali silicate glasses [29–31], addition
of foreign ion (here K+) suppresses the long-range motions of other
ions (Na+ and SCN�) and solvent particles, the extent of suppres-
sion being the largest at the lowest K+ concentration considered.

Note here that the pair potential between two acetamide mole-
cules is approximated by that between two dipolar L–J spheres,
whereas pair interaction between ions is assumed to be given that
between two singly-charged L–J spheres. Such modeling of pair
potentials completely neglects shape anisotropy, molecular
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Figure 1. Composition dependence of the center-of-mass radial distribution
function (RDF), g(r) for Na+ and solvent (acetamide) particles present in the
(acetamide + sodium/potassium thiocyanate) melt at 318 K. Solid, dashed and dash-
dot lines represent RDFs at f = 0, 0.2, 0.6, respectively (also indicated in each of the
panels). The RDFs are color-coded (online only). See Figures S1 and S2 of the
Supporting material for g(r) of other species in the melt.
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flexibility and other atomic details and therefore excludes the
possibility of reproducing the static heterogeneity revealed by var-
ious experiments with these melts [2–4,8]. This will have implica-
tions on various properties of this melt, most directly on the
viscosity, because structural heterogeneity is known to substan-
tially affect this transport quantity [32,33]. However, longer-ran-
ged ion–ion (uii / r�1), ion–dipole (uid / r�2) and dipole–dipole
(udd / r�3) interactions are expected to dominate the energetic
and dynamic aspects of these melts and thus a qualitative under-
standing of the D–g relationship may be achieved even without
considering the detailed chemical interactions. Moreover, the
model considered here for (acetamide + electrolyte) melts is simi-
lar in spirit to a recent coarse-grained representation of an ideal-
ized ionic liquid [27] which produced not only reasonable
agreement between simulations and experiments on liquid struc-
tural and energetic properties but also on solute-based dynamics.
In addition, consideration of only L–J interaction between particles
in a simulation study [34] has been found to generate a qualitative
understanding of the physical picture behind the cooperative
blockage and jump dynamics [29,30] associated with the conduc-
tivity in mixed alkali glasses. Therefore, use of simple model poten-
tials for studying dynamics in complex systems is not new. Our
primary motivation here is to generate a qualitative understanding
of the experimentally observed fractional viscosity dependence (of
the medium dynamics) in these melts while being computationally
economical.

2. Simulation details

A mixture of 384 acetamide molecules and 64 ion pairs (a total of
512 particles) were simulated by using a home-developed code in
the canonical (NVT) ensemble at 318 K (Nose–Hoover thermostat)
with box-length adjusted to produce the experimental density [6]
of these melt mixtures at a given composition. Such compositions
correspond to solutions with electrolyte present at�10�3 mol/l con-
centration. Here N denotes the total number of particle in the sys-
tem, V the volume and T the absolute temperature. Periodic
boundary conditions were employed and equations of motion inte-
grated following the Verlet leapfrog integration scheme using a time
step of�2 fs. Equilibration was done for 1 ns and the production run
for 3 ns. Longer-ranged interactions were treated via the standard
Ewald method [35,36]. The interaction potentials between a pair
of ions, a pair of dipolar solvent molecules, and between a solvent di-
pole and an ion were respectively approximated as

uion—ionðri; rjÞ ¼ 4eij
rij
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In the above expressions q and l represent charge and dipole mo-
ment, respectively, i and j different particles (ion or/and solvent di-
pole) and rij distance between two such particles. The L–J
lengthscales (rij) and energy parameters (eij) were obtained by
using the Lorentz–Berthelot [35] combination rule (that is,
rij ¼

riþrj

2 and eij ¼
ffiffiffiffiffiffiffieiej
p

) from the known individual L–J parame-
ters [11,37–39]. l = 3.7 D [11].
3. Results and discussion

We present in Figure 1 the simulated Na+–Na+ and CH3CONH2–
CH3CONH2 radial distribution functions (g(r)) at f = 0, 0.2 and 0.6
for the melt 0.75CH3CONH2 + 0.25[fKSCN + (1 � f)NaSCN] at
318 K. K+–K+, SCN�–SCN�, Cation–anion and ion–solvent g(r) are
shown in Figures S1 and S2 (Supplementary data). Data in these
figures clearly indicate that the addition of K+ influences the spatial
distribution of particles, the effect being the strongest at the lowest
concentration of KSCN. Note that while the addition of K+ enhances
the first peak height and broadens the simulated g(r) for Na+–Na+,
SCN�–SCN�, Na+–SCN� and CH3CONH2–CH3CONH2, increase in K+

concentration in melt reduces and narrows those for Na+–
CH3CONH2 and K+–CH3CONH2. Moreover, K+–K+ and K+–SCN� ra-
dial distribution functions (RDFs) do not show any appreciable
change upon increasing the KSCN concentration. The enhancement
and broadening of ion-ion and solvent–solvent RDFs along with the
insignificant changes in those for K+–K+ and K+–SCN� suggest en-
hanced interactions between these species upon addition of KSCN
and thus much less ideal mixing. The reduction by a factor of �2 of
the first peak height of Na+–CH3CONH2 RDF upon addition of K+

(see Figure S1) seems to suggest stronger interaction between
acetamide and K+ than that between Na+ and acetamide. A de-
crease in diffusion coefficient of acetamide upon increase in f and
a relatively smaller diffusion coefficient for K+ than Na+ (shown la-
ter) further support this view as mobility of these alkali metal ions
in common polar solvents shows quite the opposite trend [40]. The
second peak of the simulated CH3CONH2–CH3CONH2 g(r) at f = 0
appears non-regular and suggests presence of slight disorder
[41,42]. Interestingly, experimental studies with this melt at f = 0
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Figure 2. Composition dependent center-of-mass mean squared displacements
(MSD) for Na+ and acetamide for the melt under study. As in Figure 1, the color-code
is only for online. MSDs for K+ and SCN� are provided in Figure S3 of the Supporting
material.

182 T. Pal, R. Biswas / Chemical Physics Letters 517 (2011) 180–185
have indicated presence of substantial disorder in solution struc-
ture [4]. Simulations incorporating detailed atomic interactions
are therefore required for a better understanding of the static dis-
order (and thus spatial heterogeneity) of these systems.

Next we present in Figure 2 the composition dependent mean
squared displacements (MSDs) for Na+ and solvent particles. MSDs
for the other species are provided in the supporting material (Fig-
ure S3). The MSDs have been calculated from the time-dependent
center-of-mass positional vectors (~rc

i ðtÞÞ; j D~rðtÞj
2

D E
¼ 1

N

PN
i¼1 j

D
~rc

i ðtÞ �~rc
i ð0Þj

2i. Note that none of the MSDs shown here exhibit ‘rat-
tling in a cage’ motion so typical for alkali glasses [25], supercooled
systems [26] and ionic liquids [27,28]. It is again evident that the
addition of K+ influences the MSDs and thus the diffusion coeffi-
cient (because D ¼ ½ 16t ð j D~rðtÞj

2
D E

Þ�t!1) of each of the species pres-
ent in the melt, the most affected being those of the acetamide
molecules. The corresponding velocity autocorrelation function
(Figure S4, upper panel, supporting material) also shows a similar
effect. Simulated diffusion coefficients (D) summarized in Table 1
reveals that SCN� is the most efficient among the diffusing ions
in this melt. Moreover, while D for acetamide reduces substan-
Table 1
Composition dependent simulated diffusion coefficients for ions and acetamide particles
been calculated from both the MSD and VACF routes. The error bars (standard deviation a

D (f = 0.0) � 104 D (f = 0.2) � 104

(cm2/s) (cm2/s)

MSD VACF Average MSD

CH3CONH2 1.79 ± 0.19 1.94 ± 0.40 1.87 ± 0.29 0.68 ± 0.19
Na+ 0.54 ± 0.15 0.51 ± 0.13 0.53 ± 0.14 0.53 ± 0.19
K+ 0.51 ± 0.10
SCN� 1.46 ± 0.28 1.44 ± 0.40 1.45 ± 0.34 1.53 ± 0.22
tially, an over-all increase (small though) in D for the ions is ob-
served for changing f from 0 to 0.6 in this melt. This is in
qualitative agreement with experiments [43] which report
enhancement of electrical conductivity upon replacement of Na+

by K+ in this melt (see Figure S4, lower panel). However, simulated
diffusion coefficients for K+, present in the current melt at milli-
molar concentration, is �5 times larger than that estimated from
the measured conductivity of centi-molar solutions of potassium
chloride in molten acetamide at �367 K [44]. Also, simulated D
for Na+ (also present at milli-molar concentration) is more than
an order of magnitude larger than the measured value in N-methy-
lacetamide (NMA) at �313 K [45]. These results contradict the
hydrodynamic predictions because gmelt at 318 K is larger than
gNMA at �313 K [45] and gAcetamide at �367 K [11] and, therefore,
suggest participation of non-hydrodynamic mechanism for particle
movement.

A comparison in Table 2 among the simulated diffusion coeffi-
cients (Dsimu) and those from hydrodynamics (Dcal) calculated after
using the simulated and measured viscosities (gsimu and gexpt,
respectively) further reflects the inefficiency of the hydrodynamics
in describing the particle diffusion in the present melt. The com-
parison is a representative one (shown only for f = 0) and the vis-
cosity has been simulated from the stress tensor autocorrelation
function as described in the literature [24]. At this composition
(f = 0), we find gsimu = 20 cP, a value more than an order of magni-
tude less than in experiments (gexpt = 235 cP) [6]. This underesti-
mation is expected because of the non-consideration of the
atomistic details in the interaction potentials but the simulated va-
lue will be sufficient to show the break-down of the hydrodynamic
description for particle diffusion in this melt. Note that the simu-
lated diffusion coefficients for CH3CONH2, Na+ and SCN� are larger
by factors of �4300, �500, �3100, respectively, than the corre-
sponding hydrodynamic (Stokes–Einstein) [24] predictions using
gexpt. These differences are reduced by the factor, gexpt/gsimu � 12,
when the simulated viscosity replaces the experimental one in
the Stokes–Einstein relation. The simulated diffusion coefficients
are still much larger than the hydrodynamic predictions and
strongly indicate partial decoupling from the medium viscosity.

Next we explore the dynamic heterogeneity as a probable rea-
son for the observed break-down of the Stokes–Einstein relation
via examining the time-evolution of the self-part of the van Hove
correlation function, defined as [24]

Gsð~r; tÞ ¼
1
N

XN

i¼1

d ~rc
i ðtÞ �~rc

i ð0Þ �~r
� �* +

; ð4Þ

which describes the probability of locating the center-of-mass of a
particle at rc at time t given that it was at the origin rc(0) at t = 0. Be-
cause of the Maxwell–Boltzmann velocity distribution in the free
particle limit (that is, Dr ? 0 and t ? 0) and hydrodynamic behavior
at t ?1, Gsð~r; tÞ exhibits Gaussian distribution with particle dis-
placement, D~rðtÞ. Additionally, Gsð~r; tÞ for most liquids at normal
condition retains the Gaussianity at all times [28]. Traditionally,
strong deviations from Gaussian behavior in supercooled liquids at
in 0.75CH3CONH2 + 0.25[fKSCN + (1 � f)NaSCN] at 318 K. Diffusion coefficients have
bout the mean) have been estimated from block averaging.

D (f = 0.6) � 104

(cm2/s)

VACF Average MSD VACF Average

0.73 ± 0.37 0.71 ± 0.28 0.50 ± 0.22 0.51 ± 0.27 0.51 ± 0.25
0.53 ± 0.15 0.53 ± 0.17 0.59 ± 0.13 0.54 ± 0.16 0.57 ± 0.15
0.50 ± 0.15 0.51 ± 0.13 0.56 ± 0.19 0.52 ± 0.15 0.54 ± 0.17
1.55 ± 0.19 1.54 ± 0.21 1.59 ± 0.26 1.71 ± 0.22 1.65 ± 0.24



Table 2
Break-down of Stokes–Einstein relation for particle diffusion in (acetamide + sodium/potassium thiocyanates) molten mixtures at f = 0 and 318 K. Error bars have been calculated
by following the method as mentioned for Table 1.

Species Dcal ¼ kB T
6pgr Dcal ¼ kB T

6pgr
Dsimu

(cm2/s) � 107 From gsimu = 20 cP (cm2/s) � 107 From gexp t ¼ 235 cP (cm2/s) � 107

CH3CONH2 5.1533 0.438 1870.65 ± 290
Na+ 12.0066 1.022 525.83 ± 140
SCN� 5.4169 0.461 1453.40 ± 340
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intermediate times have been attributed to dynamic heterogeneity
[46] and qunatified by the following non-Gaussian parameter [23]

aðtÞ ¼ 3
5

j D~rðtÞj4
D E
j D~rðtÞj2
D E2 � 1: ð5Þ

For a Gaussian Gsð~r; tÞ as in the cases of random walk or homo-
geneous harmonic vibrations [26], a(t) = 0. For hot liquids, a(t) = 0
for both at t = 0 and t =1 but a(t) = 0.2 (a maximum) at intermedi-
ate times [26].

Figure 3 depicts the composition dependence of a(t) simulated
for Na+ and K+ ions present in the current melt. Simulated a(t) s for
SCN� and acetamide are shown in the Supporting material (Figure
S5). Eventhough the data are noisy because of insufficient averag-
ing, the multi-peak (or peak plus a shoulder) structure of a(t) is evi-
dent. Large values of a(t) at intermediate times (�10 6 t/
ps 6 1000) indicate presence of varying rates of motion for the
Figure 3. Composition dependence of the non-Gaussian parameter, a(t), for alkali
metal ions present in the melt, 0.75CH3CONH2 + 0.25[fKSCN + (1 � f)NaSCN] at
318 K. a(t) has been calculated by using Eq. (5) described in the text. Colors are for
online. Simulated data are noisy because of insufficient averaging. See Figure S5,
Supporting material, for a(t) s associated with SCN� and acetamide. Note that better
averaging via longer runs will remove the noise but not alter the qualitative
understanding generated by the present curves.
particles (dynamic heterogeneity) at each of the compositions
considered. Note a(t) for SCN� at f = 0.6 has not decayed to zero
even after �2 ns, indicating extremely sluggish dynamics for this
ion and warrants a much longer simulation run. The multi-peak
(or peak + shoulder) structure has already been observed in simu-
lations of mixed alkali silicate glasses and explained in terms of
localization of jumps of shorter and longer lengthscales at short
and long times, respectively [29]. Also note that the scales of a(t)
for different species are strikingly similar to those reported in
[29] but quite different from the simulated results for an ionic li-
quid, 1-ethyl-3-methylimidazolium nitrate [47]. Additionally, the
effects on a(t) is the most dramatic at f = 0.2, and dilution of one
of the alkali metal ions by the other moves the peak of a(t) towards
shorter times. However, increase of f shifts the peak for SCN� to-
wards longer times and leads to an emergence of a shoulder for
CH3CONH2 around 10 ps. The a(t) profiles shown here therefore
indicate that dynamic heterogeneity in this melt is present over
a wide range of timescale, and motions of different lengthscales
for each of the particles (ions and solvent) contribute to the ob-
served partial decoupling of D from g.

The deviation from the Gaussian distribution with particle dis-
placement is further elaborated in Figure 4 where the simulated
composition dependent self-part of the van Hove function, Gsð~r; tÞ,
for each of the ions and acetamide are shown, for a time where
the respective a(t) s exhibit maxima in the intermediate time scale,
and compared with the corresponding Gaussian approximation
[28], G0

s ðr; tÞ ¼ ½3=2phjD~rðtÞj2i�3=2 expð�3r2=ð2hjD~rðtÞj2iÞÞ. Note that
at these times the deviation from Gaussian distribution is expected
to be the most pronounced. It is clear that simulated distributions
deviate strongly from the Gaussian approximation and show signif-
icant composition dependence. Of particular interest is the suppres-
sion of the large lengthscale motions for K+ with f which is
qualitatively similar to that found for mixed alkali silicate glasses
[29] and can be attributed to the ‘cooperative blockage’ of the large
jumps. In fact, relatively large lengthscale motions are increasingly
becoming non-accessible with varying degree for all the ions and
acetamide with f in this melt. A comparison between the simulated
and calculated curves also reveal that the most pronounced effects
are felt by those ions which are present at the dilute limit. Previous
studies [30,34] have shown that presence of foreign ions at higher
concentration leads to the suppression of both jump length and col-
lective dynamics. This might be the reason behind the drastic devi-
ation of Gsð~r; tÞ for Na+ from Gaussian distribution at f = 0.6 around
40 ps but much tender one for K+ at the same composition and sim-
ilar time. The role of concentration is further supported by the rel-
atively weaker deviation of simulated Gsð~r; tÞ from the Gaussian
ones for SCN� and CH3CONH2 whose concentrations remained
unaltered during the change of mixture composition. Figures 3
and 4 might therefore jointly suggest that the addition of K+ pushes
the medium dynamics towards faster timesacles via localizing the
jumps between neighboring regions and thereby effectively short-
ening the timescales of dynamical events. This is probably the rea-
son for the experimental observation of faster solute and solvent
dynamics with f in this melt [11].

A visual sense of the heterogeneity in particle motion is
presented in Figures S6 and S7 (Supporting material) where 1 ns
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trajectories associated with the center-of-mass motions of a few
arbitrarily selected ions (Na+, K+ and SCN�) and CH3CONH2 parti-
cles are shown for this melt at f = 0.2 and 318 K. These representa-
tive trajectories clearly indicate jump motions for ions (particularly
for Na+ and K+) and heterogeneity in translational motion of all the
particles. Note that in accordance with the time profile of MSDs
presented in Figure 2, these trajectories also do not suggest any
presence of rattling in a cage motion. However, some particles
are seen to be more mobile (judged by the length covered in
1 ns) than others. The slow and fast particles in these mixtures,
as in supercooled systems [14] and ionic liquids [28], might also
be spatially correlated. This requires further investigation.

We next explore the timescales associated with the solvent
dipolar rotation via following the relaxation of the normalized col-
lective dipole moment autocorrelation function defined as [24]

UðtÞ ¼
~Mð0Þ � ~MðtÞ
D E
j ~Mð0Þj2
D E ; ð6Þ

where the time dependent collective dipole moment (~MðtÞ) is the
sum over all the molecular dipole moments, ~MðtÞ ¼

PN
i
~liðtÞ. Note

that U(t) is connected to the experimentally measured frequency
dependent dielectric function (e(x)) via the relation, eðxÞ ¼ 1þ

4p
3VkBT L½� d

dt UðtÞ�, where L denotes Fourier–Laplace transform. In addi-
tion, e(x) and polar solvation energy relaxation measured via time-
resolved fluorescence experiments are intimately connected [11].
Since the available dielectric relaxation data [1] cannot provide
any information regarding the short time dynamics of this melt be-
cause they were obtained via using rather a narrow frequency cov-
erage (10�1–108 Hz), we have followed the time evolution of U(t)
mainly to justify the ultrafast solvation timescale suggested by
our recent experiments [11]. We cannot, however, explore the re-
ported slow timescale (>10 ns) [1] as they are too slow to be ac-
cessed by the present simulations. Figure 5 demonstrates this
aspect where the simulated U(t) at f = 0 are shown for different
temperatures. Note the decays shown in this figure are fitted lines
through the actual simulated data (presented in the Supporting
material, Figure S8). The short time U(t) decays are shown sepa-
rately in the bottom panel for better representation of the extre-
mely fast relaxation at the early stage. It is evident from this
figure that eventhough none of the U(t) decays are complete within
the present time window, both ultrafast and ultraslow timescales
exist in this melt, particularly at lower temperatures. Moreover,
the longtime decay shows the expected temperature dependence.
Bi-exponential fit to these incomplete decays have been found to
produce one timescale roughly in the 2–10 ps range and the other
in the 0.3–1 ns range. Although the incomplete decay suggests pres-
ence of an even longer timescale, the simulated short time dynam-
ics qualitatively support the experimental suggestion [11] that early
part of the solvation energy relaxation of a laser-excited polar dye
in this melt occurs in picosecond or even faster timescale. According
to the simulated decay of U(t), an extremely rapid component of
the dipolar solvent rotation provides a channel for such a fast solva-
tion energy relaxation in this melt.
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Figure 5. Temperature dependence of the relaxation of the collective dipole
moment autocorrelation function, U(t), for acetamide in this melt at f = 0 and 318 K.
Note the fitted data through the simulated curves (shown in Figure S8, Supporting
material) are presented to avoid cluttering due to noise. While the upper panel
shows the data for the full time window accessed by the present simulations, the
lower panel specifically shows the early time dynamics. Data representations are
indicated inside each of the panels and colors are for online only.
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4. Conclusion

In summary, the present work shows that the dynamic hetero-
geneity is one of the responsible factors for the partial decoupling
between the diffusion and viscosity coefficients in these melts. The
decoupling of average solvation and rotation times for a polar sol-
ute in this melt at various compositions reflected in recent exper-
iments [11,13] may be explained in terms of the dynamic
heterogeneity observed in the present model simulation studies.
The simulated decay of the collective dipole moment autocorrela-
tion function indicates the presence of ultrafast polarization relax-
ation in this melt which was not explored before. It should,
however, be kept in mind that eventhough various aspects of
non-Gaussian parameter and the self-part of the van Hove correla-
tion function for this melt are qualitatively similar to those found
in mixed alkali silicate glasses, the simulated mean squared dis-
placements for the ions or solvent particles never showed any indi-
cation of rattling within a cage. Simulations with more number of
particles than considered here are not likely to alter the qualitative
character of these results as evidences for secondary or no system
size effects on ion motions in glassy systems already exist [25,30].
The role of the spatial heterogeneity remained unexplored because
of the use of model interaction potentials in the present work. Lim-
ited simulation runs did not allow to access the slowest timescales
associated with the dipolar relaxation in these systems. Moreover,
relations between particle jump, local stress relaxation and wave-
number dependence of it [48–50] needs to be explored.
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