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Dynamical fluctuations in ion conducting glasses: Slow and fast components in lithium metasilicate
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Molecular dynamics simulations of lithium metasilicate {8iO;) glass have been performed. Dynamic
heterogeneity of lithium ions has been examined in detail over 4 ns at 700 K. Type A particles show slow
dynamics in accordance with a long tail of waiting time distribution of jump motion and localized jumps within
neighboring sitegfracton, while type B particles show fast dynamics related to cooperative jumps and a
strong forward correlated motiof.évy flight). Mutual changes of two kinds of dynamics with the relatively
long time scale have been observed. The changes cause an extremely large fluctuation of the mean squared
displacements as well as the squared displacement of each particle, which depends on the time window of
observation. Localized jump motigffractor) cannot contribute to the long-time-translational diffusion but it
can contribute to the rotational diffusion. On the other hand, forward correlated jump motion mainly contrib-
utes to long-time-translational diffusion and not to the short-time-rotational diffusion, although this can be a
slower part of the rotational diffusion. These results have been compared with those of simple glass-forming
liquids exhibiting the dynamic heterogeneity n&gr. The translation-rotation paradox can be explained by the
characteristics of slow and fast dynamics.

DOI: 10.1103/PhysReVvE.65.021604 PACS nun)er66.10.Ed, 89.20.Ff, 66.30.Dn

. INTRODUCTION a(=2/d,), whered,, is a fractal dimension of random walk,
depends on the geometrical correlation of successive jumps
The existence of slow and fast dynamics was observed ignd y depends on the waiting time distribution of the jump
many glass-forming liquid$1—6] and discussed in relation motions. Both fast and slow dynamics in motions of lithium
to the heterogeneity near the glass transition regime, alyng are explained by a combination of different exponents.
though the definitions of “slow” and *fast” dynamics and o the other hand, slow dynamics near the glass transition
heterogeneity” seem to be different in each work. For ex-yomperature for a simple liquid is usually characterized by a

andpl“eﬁolr?r:zheerrgiSii(ié?]:riET(;S Cgitseim%ﬁgetouz z‘;enr:)anrg( stretched exponential form of density-density correlation,
g fy yp hF(t) in a relaxation(long time region,

ponential relaxation near the glass transition region, in whic
“heterogeneous” was used for the superposition of the expo-
nential relaxation process with different rates, while “homo-
geneous” was used for the identical intrinsically nonexpo-
nential relaxation processes. In the present work,

heterogeneity comes from the existence of some distinguish- o o
able types of dynamics and there are fluctuations amon@"th B<1. Such behavior is also observed for the lithium

them. This concept does not directly involve the origin of amotion, although the contribution of a fast component over-
stretched exponential form, as discussed later. In our previaps. Thereforeg also contains both spatial and temporal
ous works based on the molecular dynam(D) simula-  origins. Each origin was separately evaluated using the MD
tions, the coexistence of slow and fast dynamics and chang&émnulation[9-11,13. In the long time limit, a slope of MSD
between them were found in ionics for the glassy lithiumwith t linear dependence is determined by the mean behavior
silicate[8—11]. In the lithium metasilicate glass, the lithium of slow and fast processe@fter coarse grained Thus

ion plays the role of a probe reflecting the landscape of th&€€ TRW approach is expected to be valid for both a simple
glass structure. A similarity between ionic motions in glasseglass-forming liquid neaffy and ion dynamics in realistic
and residual diffusion nedr in simple glass-forming lig- glasses, although the former is dominated by the slow com-
uids may be expected, although there are some remarkabignent while the fast component contributes considerably for
differences between them. the latter.

Blumenet al. have extended the continuous time random |t is necessary to take a general view of each fast and slow
walk (CTRW) to the dynamics on fractal structurgd®2]. The  dynamics so far studied to discuss the heterogeneity and
mean squared displacemeiMSD) exhibits the power law  flyctuations between these dynamics. Characteristics of the
behavior, in which spatialgeometricgl and temporal terms  fast and slow dynamics were summarized as follows.

F(t)~Aexp — (t/7)"], 2)

area andy values, respectively. That is, Stretched exponential behavior of the slow comporigmte
) N A) is caused by a waiting time distribution with a long tail
(ri(y)~t*”. (1) and localized jumps within neighboring siteracton.
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Namely, both temporal and spatial terms contributed to thene first minimum ofg(r),;_.; during T were defined as type

slow dynamics. On the other hand, type B particles in theg Type A and B depend on the time windows selected

s’gretched exponential regic(norrespond tax relaxation re- [9,11]. In the present workT was set to be 920 ps and the
gime) show faster relaxation than that of the Debye type one; o \vindow was set to be 80 f#cluding 100 points of

The accelerated dynamlqs W.'m>1 and y>1 has been ir&itial t) as Il in[11] in each 1 ns time region, unless other-
caused by the cooperative jumps, because the backwa\rN Lse stated

jump of the first ion after a cooperative jump is prevented by
the following second io10,13. Power law distributions of
the displacement and number of atoms contributed to the
cooperative jumps were observed for the fast particles A change of fast and slow dynamics and time resolution
[10,13, the fast dynamics has been characterized ag/ Le of observation
flight [14] and is a main mechanism of the diffusitmnd to ) . )
the DC conduction[8,9,11,13. The time interval between In previous works on LiSiO; [10,11,13, the coexistence
jumps has been shortened by the cooperative jumps. Name f fast and slow dynamics in translational dlffusm_)n of the
fast dynamics is related with the acceleration in both tempolithium ions has been found in the glassy state. Since many
ral and spatial terms. Coexistence of fast and slow dynamicBarticles keep either characteristic for a fairly long time in
explain the experimentally observed “universal dynamic re-the glassy state, we have divided the particles into types A
sponse”[15] for frequency dependences of conductivity in and B. Type A particles are located within neighboring sites
many conducting materials. during 920 ps, while type B particles visit second or further
In the present work, fluctuations between fast and slowneighboring sites. These two kinds of dynamics are clearly
components in a longer time region have been examined idistinguishable and not parts of one distribution function be-
detail. We have compared the dynamic heterogeneity in ioniing that belongs to the same kind of dynamjdd], since
motion with that of the simple glass-forming liquids. In both plots of displacements of Li ions against jump angles be-
cases, cooperative jumgsimultaneous jumps of neighbor- tween successive jumgsieasured using a fixed scale during

ing ions or those occurring within several picoseconds befor@ ns at 700 K showed two regions clearkgf. Fig. 6 in[10]
the relaxation of the jump sitd46,17) play important roles i the glassy staje

in dynamiCS. The role of such motions in translation-rotation In a Study of dynamic heterogeneities in a Supercoo'ed

Ill. RESULTS AND DISCUSSIONS

paradox has been also discussed. Lennard-Jones liquid, Kolet al. [3] have defined “mobile
particles” (Am) asA (whereA is a name of specig¢particles
Il. MD SIMULATION that have moved farther than a distamé&ewithin a timet*,

wherer* is the value of at which the normalized difference

MD simulations in LySiO; were performed in the same from the Gaussian approximation starts to become positive
way as in previous studig¢8—11,13,17-2D The number of and very large. Our definition of type P9,10,13 particles
particles in the basic cube was 4@24 for Li, 72 for Si, and  may be quite similar to that by them, because the coexistence
216 for O. The volume was fixed as that derived by NPT of slow and fast dynamics resulted in an enhancement of
(constant pressure and temperatuemsemble simulation. non-Gaussian behavig24]. However, caution may be nec-
The glass transition temperature is approximately 830 Kessary in characterizing the dynamics by non-Gaussian pa-
Pair potential functions of Gilbert-lda tyd@1] and anr —© rameters, which have nonadditive characters in nature. Defi-
term were used. The parameters of the potentials used wergtion Il [11], which depends on the time window, was
previously derived on the basis ab initio molecular orbital  introduced by taking account of the time resolution, since the
calculations[20], and their validity was checked in the lig- difference of type A and B particles can be observed only
uid, glassy, and crystal states under constant pressure congihen the time scale of the change between A and B is longer
tions. A run, up to 4 ng1 000 000 stepswas performed for than that of observation.
the Li,SiO; system[10,13 at 700 K. Typical examples of time evolution of displacements of
several Li ions at 700 K in LiSiO; glass are shown in Fig. 1.
Particles with a long waiting time of jump motions and those
localized between neighboring sites were observed. Arrows

The number of jumps for each ion was counted in a simiin Fig. 1 mean the cooperative motions of some particles,
lar manner to that in the previous work8,9,11,13,22,2B  where the jump events occur almost at the same time and in
The displacement greater than 1/2 of the distance of the firgiimost the same direction. The cooperative jumps tend to
maximum of the pair correlation functiom(r)m;x“", was  repeat several times with relatively short intervals. Although
judged as the jump, where the positions of atoms were avethese particles tend to hold their characteristics for fairly
aged for several ps to remove the effect of small displacelong times, several particles exhibited the mixing of slow
ment due to thermal vibration, near constant lossand fast dynamics.
(B-relaxation and low energy excitation. Particles showing Details of fluctuations between fast and slow dynamics
a displacement less than the distance at the first minimum oflere examined in a longer time scale. A successive 4 ns
g(r)Li_.; during a given time(T) was defined as type A. simulation run at 700 K was divided into four regions and
Namely, the ion is located within neighboring sites during particle types were distinguished by the averaged squared
Particles showing a displacement greater than the distance dfsplacement during 920 ps in each 1 ns region. Figure 2

Definition of the jump motion and type A and B particles
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¢ glass, we have always encountered a large fluctuation of

MSD. As shown in the figure, the irregularity is dependent
l on the time window used for the initial times and is smeared
out in principle when we use an extremely large time win-
dow. This means that the fluctuation is not by poor statistics
but depends on time resolution of the observation. The fluc-
tuation is related to the following events.

(1) The discrete nature of the jump motion. This character
of the jump diffusion is one of the causes of the fluctuation
of the MSD. However, the relaxation of the jump site occurs
within several picoseconds and the number of jump events is
large enough to average such an effect even in the condition
in the calculation of the MSD using a small time window in
Fig. 3. Therefore, this is not a main cause of the large fluc-
tuation.

(2) Jump motions taking place in cooperation of several
particles. Since such a cooperative motion of several par-
0 \ ticles occurs almost at the same time, this enhances the dis-

0 200 400 600 800 1000 crete chargcter _of the displacement mentionedl)n How-
tos) ever, the tlme window of 80 ps seems to be large enough to
average this effect, too.

FIG. 1. Examples of displacements of several lithium ions dur-  (3) Characteristics of the vy flight dynamics. This ef-
ing 1 ns. Arrows mean the cooperative jumps of the neighborindect seems to be one of the main causes. As shown in Fig. 2,
ions in almost the same direction. there are several particles showing quite large square dis-

placement (iz). Particles participating in the cooperative
shows a plot of the squared displacement of each lithium iofumps have large forward correlation probability. Namely,
against the number of jumps in each time region. Mearthe effective jump length of the cooperative jumps, which
squared displaceme@SD) of particles should be a linear tend to continue the jump in the same direction as the previ-
function of an accumulated jump number, at least in a maceus one, is larger than that of single jumps. Invidlight
roscopic point of view. However, we can find a wide distri- dynamics, even a smaller number of events with glalue
bution of points in Fig. 1 in a limited time scale. There are(n is the number of particles participating in a cooperative
particles with a long waiting time and those repeating thgump) can considerably contribute to the MSD. Namely, dy-
jump motion within neighboring siteffracton. Such a lo- namics is dominated by their largest terms, and thus by rare
calized jump motion contributes to the slow dynamics. Onintermittent event$14]. Intermittent and sporadic nature of
the other hand, particles with large displacements, whiclsuch dynamics has been discussed by Waadg
show a medium jump frequendy1] were also observed. A (4) Fluctuations between slow and fast dynamics. This
pattern of the distribution is kept unchanged through foureffect is significant and a main reason to require the ex-
regions. Macroscopic behavior of MSD is obtained onlytremely large time window to average the diffusive motion.
when the dynamics of these particles having fairly differentMultitime correlation functions used by Schmidt-Rohr and
characters is averaged. MSDs at 700 K calculated using Spiess[6] and Heueret al. [26] is a useful technique to
different time window are shown in Fig. 3. In a simulation of characterize such fluctuations. Since the observation by

IMCA)

250

200

FIG. 2. Squared displacement of each lithium
ion is plotted against the number of jumps in each
(1 n9 time region.d, 0-1 ns;O, 1-2 ns; ¢,
2-3 ns;@®, 3—4 ns region.

0 20 40 60 80 100 120 140

021604-3



JUNKO HABASAKI AND YASUAKI HIWATARI PHYSICAL REVIEW E 65021604

80
70
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e FIG. 3. MSD of lithium ion with a different
o 40 time resolution at 700 K. Time windows, t are
S [, 80; O, 400; and ¢, 1200 ps, respectively.
(' Since the same number &f value was used in
30 each case, irregularities in the curves with a small
time window are not due to poor statistics, but are
mainly due to fluctuations between slow and fast
20 dynamics.
10
0
0 1000 2000 3000 4000
t (ps)

NMR is on a rotational diffusion, one must take into account In Fig. 5 the number of jumphl; for the same Li ions as
the difference between rotational and translational diffusionin Fig. 4 is shown for each region. As naturally expected,
for a detailed comparison. particles showing a small number of jump evefesy., No.

In Fig. 4 squared displacements for arbitrary chosen teip) show small displacements. However, in other cases, the
lithium ions are shown for each time region. Large fluctua-re|ation betweem? andN,; is not simple due to the mixing of

tion of the square displacement means mutual change bgscalized and diffusive jumps. For example, a motion of a
tween fast and slow dynamics. For example, a Li (bio.1)

h d th f ion dudira 4 A-B-BA particle (No. 4), changed from a localized jump to an accel-
changed the type of motion dugra 4 ns run as-B-B-A. o 5404 gne. Average and dispersion of Meandr? values
Some particles keep their characters through 4 ns. For ex- . L ;

: : . . are shown in Table I, where the data for 144 Li ions in four
ample, a particléNo. 9) did not jump during 4 ns.
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FIG. 4. Squared displacement% for ten arbitrarily chosen Li

FIG. 5. Number of jump$\; for ten arbitrarily chosen Li ions in
ions in each time region.

each time region(The number corresponds to that in Fig) 4.

021604-4



DYNAMICAL FLUCTUATIONS IN ION CONDUCTING.. .. PHYSICAL REVIEW E65 021604

TABLE |. Average, dispersion, and standard deviation of the B. Comparison with simple-glass forming liquids
fluctuations in the number of jump$() and the square displace-

ment (2) during 1 ns of lithium ions. In MD simulations of the soft core system, cooperative

motions were visualizefil]. The existence of stringlike co-
operative motions was also observed in some other systems

2 2
N A% [4], including the loop structuréThe loop structure seems to
Average 38.74 22.53 be a special case of stringlike motion, where the particles
Dispersion 918.67 882.36 have a strong memory of the jump angl€he cooperative
Standard deviation 30.31 29.45 motion also plays an important role in ion-conducting

glasses. In a lithium metasilicate glass, each lithium ion is
surrounded by oxygen aton8—7), and each silicon is sur-
regions were used. There exists an extremely large fluctuaounded by four oxygen atoms. Namely, the system is intri-
tion in each value, especially lrf values. cate combinations of chains made of giénd LiQ, units.

In Fig. 6 changes of characters of some partigldes.  The behavior of the lithium ion is more fragile compared to
1-6) in the N;— r? phase through four time regions are plot- the chain structures with strong connectidg$ In such a
ted. Qianet al.[27] have argued that the intrinsic non expo- case, the jump path made of chains has a longer relaxation
nential relaxation in the so-called homogeneous scenario isme compared to the ionic motidr28]. The motion of the
caused by the correlated back and forth jumps. This behavidithium ion is triggered by the change in shape of the coor-
is similar to the localized jumps observed in the lalgeand  dination polyhedror{29]; nevertheless, ionic motion is de-
small r? regions in the present work; however, this motion coupled with the whole structure relaxation. A lithium ion
can switch to that of type B with accelerated dynamics,can move in its own path even in a glassy state, but is af-
which is characterized by a mediuN) and larger? values. fected by the potential surface made of closely packed oxy-
This means that the fluctuations between localizedck- gen atoms. On the other hand, in a simple glass-forming
correlated motion and acceleratdtbrward correlategexist,  liquid, the particle within a cage is also forming the cage of
where both dynamics is related with the spafg@ometrical  other particles. Due to such a dual character, each jump mo-
character of the jump motion. The change of the jump fretion in a simple glass-forming liquid nedy is coupled with
guency was also observed, although some slow particlethe structural relaxation. As a result, the size of the coopera-
seem to keep their character for a fairly long time. Largetive region and its temperature dependence in the simple
displacements of B type particles cause large changes to thajtass-forming liquid differs from that in the ion-conductive
environment by themselves. Examples of the motion of A-glasses. The difference may be enhanced in the two-
and B- type particles and fluctuations between fast and slowlimensional(2D) case, where the particles have smaller de-
dynamics in ther-6 phase have been shown [ig3]. The gree of freedom. Except for the above differences, the fol-
difference of the peak heightsainly for the second peak lowing common features of the dynamics between simple
betweeng(r)ia)-Lia) and g(r)Lie)-Lisy Was observed glass-forming liquids and ionics in lithium metasilicate have
[22]. Such a difference in the medium range structure can bbeen observed:
observed only when the structure is averaged for a suitable
time region. Thus, the heterogeneity is consistent with the
fluctuation of the local density of Li ions. Spatial heteroge-
neity of type-A and -B particles in this system was also
shown[9]. We have explained the localized motion as a frac-
ton (being dependent on the geometrical condition of the

. : ; : : 5) Existence of spatial heterogeneity.
jump path and jump motignunlike the fixed double well ( X
potential model. The mobile region and immobile region can (6) Each type of dynamics can be represented by the ex-

change in time. tended CTRW.

(1) The transport process occurs through jump motions.
(2) The cooperative motion of some or many particles
exists.

(3) Coexistence of fast and slow dynamics.

(4) Existence of dynamic heterogeneity.

When we consider the difference in the contribution of fast

200 . :
and slow dynamics and the spatial and temporal terms, many
150 systems seem to be explained by a general concept.
::[_ 100 ¥ C. Translation-rotation paradox for diffusion
50 In Fig. 7, the functionC(t), for each type of particles at
0 , 700 K, is shown,
° % 100 C(O)=(Vi(1)- X(DIVi()?), (3)

N

FIG. 6. Change of character of particles in theN; plot of ~ Where the position vectdX;(t) of a lithium ion is projected
lithium ions during 4 ngNos. 1—8. The data in each 1 ns region Onto the first jump vectov;(1), and thetype of the particles
are connectedThe number corresponds to that in Figs. 4 and 5. Was determined in the first 1 ns regio@(t) functions of
(¢, No. 1;°, No. 2; A, No. 3;, No. 4, O, No. 5; and@®, types A and B consist of jump motions and fluctuatidbét)
No. 6) becomes 1 if every A particle performs the first jump. As
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1.40 observed in the plot of the displacement versus jump angles

between successive jumps-§ plot) for some particle$10].

Particles with long time residences contribute to neither

120 | translational nor rotational diffusion. However, particles with

localized motion can contribute to the rotational diffusion.
The diffusion constantBy,,,s andD,; in fragile liquids

are proportional tol/ »(T), where » is the shear viscosity

100 | . : .
when temperaturdl is not too low. The Stokes-Einstein-
Debye relation holds well in such casé3 ,,s and D,

0580 respectively, measure the rates of increase with the time of

mean-square positional and angular displacements of the par-
ticles. In fragile glass formers in the loWwregion, Dy ans IS
known to be enhanced a hundred times. This phenomenon is
060 - called the “translation-rotation paradox32]. It is possible

that the mean rotational correlation time is dominated by the
slow environment, while the translational displacement oc-
0.40 curs mostly when it is in a fast staf83]. The existence of
accelerated dynamics due to the cooperative motion can rea-
sonably explain the paradox when the number of localized
jump is not remarkable. Qiaat al. [27] have performed a

c(t)

0.20 : . . .
; MD simulation of propylene carbonate and considered dif-
ferent coupling cases of translational and rotational dynam-
0,00 ics. They have pointed out that even in the D-coupling case,

a molecule may display a large 6(t) and a smalls r(t) or
vice versa. The situation in the lithium silicate glass is simi-
lar to this case in some extent. Namely, localized jumps
-020 (fracton show fast rotational dynamics, while the coopera-
tive jumps with large forward correlatiofiévy flight) show
slow rotational diffusion and fast translational diffusion. The
-0.40 ratio of the contribution of the localized motion to enhanced
t(ps) translational diffusion will be different system by system and
depend on the temperature of the system. A NMR measure-
FIG. 7. Mean position vectors of Li ions projected onto the first ment for ionic glassef30] shows that the activation energy
jump vectors,C(t). The lower curve is for type A and the upper for the local motions of alkali metal ions is about one-third
curve is for type B particles. The mean direction of type A particlesof that for diffusion or conductivity. Therefore, localized mo-
is rever§ed at 2 ns, while the type B particle.s sh.ow large forwardjon can more easily occur in the conducting glasses. Such
correlation and have a long memory of the direction. localized motion was enhanced in a mixed alkali-silicate
glass system11].
shown in Fig. 7, orientations of type A particles are reversed
after about 2 ns. It turns out that the memory of the directionD. Relationship between heterogeneity and functional forms of
of the first jump angle was lost for A type particles much decays
faster than B type particles. The localized motion of the type 1 eyistence of fast and slow dynamics sometimes has
A is not a vibrational one in a cage but is a jump betweeryeq giscussed in connection with the heterogeneous sce-
neighboring sites, which leads to a stretched exponential de i, \yhere the stretched exponential behavior found for the
cay of the relaxation. On the other hand, type B particlegg|ayation is a result of the superposition of exponential dis-
have a long memory of the direction of the first jun@Xt)  ibytions in both dynamics. For the present system, the
value becomes greater than 1 for the type B particle af o e_number-dependent density-density correlation function

around 600 ps, which indicates the existence of forward Corg (. ) can also be presented as a stretched exponential form
related motions overcoming the contribution from backward

jumps. The functionC(t) is related with mean rotational Fo(k,t)=Aexd — C(t/)Px], (4
angles of types A and B ions, while the definition of types A

and B particles are based on the translational motion of thevhereC is a constant and,~k™". In Fig. 8 partialF4(k,t)s
particles. Therefore, we can discuss relationships betweeior types A and B particles during 1 ns are shown. The
the rotational and translational motion of types A and B par-stretched exponential region &fy(k,t) is about 20—300 ps
ticles as follows. Fast particles tend to show a small jumgudging from the slope of logog[Fg1}-log(t) plot. In such
angle, while slow particles tend to show large jump anglesa time region, the decay of type A particles by localized
That is, the type A particle contributes less than the B typemotion is slower than the exponential because of the corre-
particle to translational diffusion but it contributes to rota- lation. The waiting time distribution with a long tail can also
tional diffusion in a certain time regime. This trend was alsocause the deviation from the exponential decay in the long

1000 20 00 4000
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1 restricted angles seem to be characteristics for the glass
where the framework made by SjChains is stable and
therefore the structure of the jump paths has a much longer
lifetime compared with the time scale of the jump motion of
01 F the lithium ion. At higher temperatur¢$673, 2000 K, there
was no clear jump and a mutual change of fast and slow
dynamics occurred with a high rate, whérgk,t) was fitted
well in an exponential form at a longer time regig$ 10].
Namely, in liquid states, there is no distinguishable different
0 500 1000 component of dynamicglQ]. In a supercooled liquid state
(1200 K), the jump motion and the stretched exponential
t(ps) decay ofF¢(k,t) were observed, although the motion is not

FIG. 8. Partial self part of the density-density correlation func-tyPical one[34]. In this case, both components may show
tion, F4(k,t), for k=27/10 at 700 K. The lower curve is for type B N€arly exponential decay and form a stretched exponential
and the upper curve is for type A ions. Decay for type A is S|owerregi0n, where the time scale of fluctuations is Comparable to
than the exponential type decay due to back-correlated jump motiofhat of the jump motion. Such behavior leads to the so-called
(fracton). Decay for type B is faster than that for type A ions. heterogeneous scenario. Therefore, it is not surprising that
Recovery of the decay curve observed for type B is caused by ththe heterogeneous scenario may hold well in a supercooled
mixing of slow dynamics. A relatively small time windo@0 pg liquid state for the other glass-forming systems. Details for
was used here to distinguish types A and B clearly. the motion of lithium ions in a supercooled liquid state will

be examined in a separate paper.
Since jump paths of lithium and potassium ions in the
LIKSiO4 system are nearly independent in a relatively short

time region. On the other hand, type B particles show fastefime scale and the mixing of the jump paths occurs in a long
decay than type A particles and show recovery of the curvéime scale[28], the mixed alkali-metal system shows a kind
due to mixing of localized motion. The contribution of the Of heterogeneity. Namely, heterogeneity can be realized only
n<2 component in th&(k,t) [8] in the lithium motion can When the “memory” of characteristics of the dynamics is
be attributed to such fast decay. Intervals of the jumps tend tignificantly longer than the relaxation time for the mixing.
be shortened in the fast dynam[&] and this means that the Observation of the heterogeneity is also dependent on the
fast dynamics of the type B particle is of the non-Debye andime (or spatial resolution.

nonexponential type. lon dynamics in the present system in

both fast and slow components obeys nonexponential decay

Fk, t)

0.01

(and power law behavior in MSDTherefore, heterogeneity IV. CONCLUSION
in the present system is a superposition of two kinds of dy- st and slow dynamics of lithium ions in a metasilicate
namics where both show nonexponential decay. lass have been examined. A large forward correlation prob-

The fast dynamics may be represented by a superpositidlyjji and short time intervals of the jumps accelerate the
of expongntlal decgys wr.[h different effective jump d'Stancesdynamics, where cooperative motion of like ions plays a
and/or different waiting times. On the other hand, slow dy- 5|6 By contrast, a large back correlation probability and the
namics contains both localized motion and a long wa|t|ng|0ng time intervals of single jumps cause slow dynamics.
time component. Decz_:ly curves for_the fOfT"ef seem 10 b, spatial and temporal terms determine the characteristics
difficult to decompose into exponential functions due to Con-y¢ the gynamics. Large fluctuations between both dynamics
tl‘lbutIO!’] of backwarq Jumps, Wh,”e the, Iattgr can b? d‘_ecom'were observed. The stretched exponential form of the decay
posed into exponential contributions with different life times. ;g ~5,,sed by the superposition of nonexponential forms of
The existence of such components is consistent with basiGyi, gynamics. The translation-rotation paradox can be ex-
assumptions in the trapping diffusion mod@iDM) [31],  pained by the existence of fast dynamics, which mainly con-

which was successfully proposed to deal with the glass trargjy jtes to the translational diffusion but not to the local ro-
sition in fragile liquids, such as soft core systems, based 0f ional diffusion.

the power law distribution of the waiting time of jump mo-

tions. We have previously shown that a lithium ion moves
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