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The critical model size for simulating the structure-
dynamics correlation in bulk metallic glasses
Shengjun Sun and Pengfei Guan*

ABSTRACT Computational simulation provides an effective
way of understanding the disordered structure and structure-
property relationships for metallic glass systems. Here, we
systematically investigated the finite-size effects of the static
structure and dynamical behaviors in a three-dimensional
Cu50Zr50 model metallic glass via classical molecular dynamics
(MD) simulations. It was found that the local structure is in-
sensitive to the system size while the dynamical properties
present evident finite-size effects. The decoupling between
local structure and relaxation dynamics in the investigated
supercooling emerges when the system contains less than
~2000 atoms. However, the collapse can be observed between
the structural relaxation time and the dynamical heterogeneity
for different sized systems across the whole range of our in-
vestigation. Our results support the intrinsic link between the
structural relaxation time and dynamic heterogeneity and
reveal the critical simulated system size for representing the
structural origins of dynamics in bulk metallic glass with ig-
norable surface effects.

Keywords: metallic glass, amorphous structure, structural re-
laxation, computational simulation

INTRODUCTION
Metallic glasses (MGs), which display unique physical
properties of high strength, corrosion resistance, and
excellent soft magnetic properties, have attracted ex-
tensive attention and significant research enthusiasm.
Over recent decades, incessant efforts [1–4] have been
devoted to unraveling the atomic structure model of MGs
and the related structure-property relations for under-
standing the underlying mechanisms of their extra-
ordinary properties. However, due to the limitation of
spatial and temporal resolution of current experimental
technologies, the absence of long-range order in the dis-
ordered structure of MGs poses a great challenge to the

experimental study of atomic-level behaviors of MGs.
Computational simulation provides an effective way of
understanding the disordered structure and its response
at the atomic level.

In the past decades [5], atomistic numerical simula-
tions, serving as the particularly powerful tools, have re-
vealed not only the atomic-scale subtle details of the
disordered structure but also the intrinsic mechanisms of
the related physical properties in MGs. By performing
classical molecular dynamics (MD) simulations based on
the established semi-empirical many-body potentials,
such as embedded-atom method (EAM) potential [6,7],
atomic structure and the related responses of the typical
binary MGs, such as CuZr system, have been investigated
systemically in Refs [8–12]. However, for the multi-
component systems, the precision of the semi-empirical
many-body potential challenges the application of clas-
sical MD simulations. Ab initio molecular dynamics
(AIMD) simulations based on the density functional
theory [13,14] provide precise atomic interactions by
quantum mechanical approximation [1,6] in favor of
clearly delineating the local structural ordering [13,15,16]
of multi-component MG systems. However, the accuracy
of AIMD simulations is at the expense of the attainable
simulation time scale and the achievable system sizes
[17,18]. In principle, the number of atoms in a supercell
with periodic boundary conditions for AIMD simulations
is restricted to 200–300 up to the limited. Take into
consideration the absence of long-range order in glassy
materials, the limited size of the simulated supercell may
not be effective to represent the behaviors of the corre-
sponding bulk counterparts due to the boundary effects.

In general, for computational simulations conducted
with periodic boundary conditions, the system sizes are
supposed to be large enough to represent the properties of
the corresponding infinite system in the thermodynamic
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limit. Otherwise, certain properties will show a significant
deviation from the bulk counterparts, namely, finite-size
effects [19] occur. It is particularly concerning that the
intrinsic length scales of static structure and dynamic
heterogeneity in the liquid are developed with the in-
crease of supercooling. Thus, the finite-size effects should
be scrutinized to ensure the validity of the simulations for
amorphous materials.

There have been numerous studies [20–24] that have
shown the influence of finite-size effects in the super-
cooled states of simple liquid models, such as the Len-
nard-Jones system. It indicates that although the static
structure scarcely shows a system size-dependence, the
dynamical behaviors, such as the atomic mobility, the
transient hydrodynamics, and structural relaxation, in a
finite-size system manifest apparent deviation from those
of larger systems. For MGs, the previous simulation
studies [25,26] concentrated on the size effect in low-
dimensional metallic liquids and glasses. It was found that
the loosely packed, liquid-like surface layers with faster
dynamics play a dominant role in the strong size de-
pendence of the atomic structure, dynamics, and glass
transition temperature in low-dimensional MGs. It is of
interest to investigate the size effect in a three-dimen-
sional system with the periodic boundary condition re-
presenting the bulk MG with ignorable surface effects.
Amokrane et al. [27] indicated that the system size has
only a negligible effect on the atomic structure and the
metallic bond characteristics in the bulk Cu-Ti-Zr system.
A recent study [28] reported that the structural relaxation
behaviors show an evident system size-dependence in
MG-forming liquids. It implies that the simulated system
size may present different influences of atomic structure
and relaxation dynamics in the atomistic numerical stu-
dies of MGs. Thus, it is important to explore the system
size influences of the atomic structure and various phy-
sical properties for investigating the effective structure-
property relations in MGs.

So far, there is still no systematic study on the system
size effects in the simulated MGs. In this work, we in-
vestigated the system size dependences of static structure
and dynamical properties for the typical binary Cu50Zr50
MG-forming liquid by classical MD simulations. It is
proved that the structure relaxation dynamics are sensi-
tive to the system size. The finite-size effects in the dy-
namics of MG-forming liquids get more pronounced with
decreasing temperature. Meanwhile, the correlation be-
tween the structural relaxation time and the dynamic
heterogeneity collapses on a master curve for systems
with different sizes. Since the short-range order of atomic

structure is insensitive to the system size, the collapse of
the structure-dynamics relation in the investigated su-
percooling can only be obtained for systems with sizes
lager than ~2000 atoms. It suggests that the simulated
system size for representing the structural origins of dy-
namics in bulk MGs should consist of thousands of
atoms, which is far beyond the limited size of AIMD
simulations.

COMPUTATIONAL SECTION
We performed the MD simulations in a binary model
Cu50Zr50 MG using the open-source code large-scale
atomic/molecular massively parallel simulator
(LAMMPS) [29]. The EAM potential developed by
Mendelev et al. [7] was employed to describe the in-
teratomic interactions in the study.

In our simulations, periodic boundary conditions were
imposed in three dimensions of the cubic box. To eval-
uate the finite-size effects, we carried out a wide range of
simulations in different sized systems. These systems
containing 100, 250, 400, 800, 2000, 3200, and 6400
atoms, are denoted as N100, N250, N400, N800, N2000,
N3200, and N6400, respectively.

For each system, the initial configuration was first
equilibrated at 1500 K for at least 1 ns and then it was
quenched by a stepwise approach to 300 K under the
isothermal-isobaric (NPT, constant number, constant
pressure, and constant temperature) ensemble, with a
temperature interval of 50 K. The effective cooling rate
was 1011 K s−1 and the time step was 2 fs. The temperature
was regulated by the Nose-Hoover thermostat [30]. To
obtain the structural and dynamical properties at tem-
peratures of interest, the samples got further relaxation at
each temperature under NPT ensemble. The ensemble
was altered into NVT ensemble to generate the trajectory
snapshots for computing relevant ensemble-averaged
quantities after the system reached a full equilibrium
state. Finally, 103 and 104 atomic configurations were
collected for further structure and dynamics analysis,
respectively.

RESULTS AND DISCUSSION

Static atomic structure characterizations
We primarily studied the static structure of the MG
samples with different system sizes under various tem-
peratures. The structure was characterized by the radial
distribution function (RDF), Voronoi polyhedra (VP),
and the averaged five-fold local symmetry parameter W.
The temperature-dependent system-size influences of
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static structure could be systematically quantified through
these parameters.

We first calculated the radial distribution function
(RDF), which directly provides an averaged description of
the static structure, to check the amorphous nature of all
samples. The radial distribution function is the ratio of
the local number density with the overall particle number
density ρ at the certain radial distance r from a reference
particle in a homogenous and isotropic system, which is
defined [31,32] as g(r) = 4πr2g(r).

The pair distribution function g(r) can be computed as

( )r rg r N r( ) = 1
4 , (1)

i

N

j j i

N

ij2
=1 =1,

where |rij| is the interatomic distance between one particle
and another in an N-particle system.

Fig. 1a–c provide a direct comparison of the overall g(r)
of seven Cu50Zr50 simulated systems with various system
sizes at T = 1500 K (representing a high-temperature li-
quid state), 800 K (representing a supercooled state) and
300 K (representing the glassy state), respectively. The

RDF spectra show the typical pattern of broad peaks and
valleys at small distance r. The first peak gets sharper and
higher with the degree of quenching rising. The second
peak splits into two subpeaks at 300 K, which is a char-
acteristic of MGs [33]. The distinctions among different
RDF spectra are so subtle that it can hardly be perceived.

To catch the nuance, we selected the RDFs of the largest
system (N6400) as the reference data and defined the
difference of the RDFs as ∆g(r, N) = g(r, N) − g(r, N =
6400). The calculated ∆g(r, N) for each sample at selected
temperatures are shown in the inset of Fig. 1a–c. Almost
all the ∆g(r, N) curves fluctuate around zero with a very
small amplitude (less than 0.15), which implies the RDF is
insensitive to the change of system size, the large dis-
crepancy in the second peak range of ∆g(r, N = 100) at
300 K implies a developed medium-range order in N100
sample. It was further confirmed by the snapshot of the
related atomic configuration as shown in Fig. 1d, which
presents partial crystallization with B2 CuZr phase. It
suggests that the 100-atom system under periodic
boundary condition, which was widely employed in

Figure 1 The simulated total radial distribution functions g(r) (vertically shifted for visualization) of Cu50Zr50 samples with different system size N.
(a–c) The selected temperatures are 1500, 800, and 300 K, respectively. The RDF spectra of a given size sample were colored by the same color. The
∆g(r) of smaller samples referring to the N6400 sample are shown in the inset. (d) The snapshot of the atomic configuration with crystal-like behavior
of the system containing 100 atoms (N100) at 300 K.
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previous AIMD simulations, behaves much poor glass-
forming ability. It may be due to the comparable size
between the simulated cell and the critical nucleation size
of Cu50Zr50 liquid.

As we know, the radial distribution function is the one-
dimensional statistical average of atomic packing in-
formation that fails to render the local geometrical motifs
of MGs. Recently, the Voronoi tessellation method [34]
was employed to distinguish the types of local geometrical
motifs in previous simulation results [35,36].

Based on the Voronoi tessellation method, the three-
dimensional space can be partitioned into the in-
dependent Voronoi polyhedra (i.e., the Voronoi cells)
centered by each atom [1]. Each Voronoi cell is enveloped
by a set of planes bisecting the lines connecting the
central atom and its nearest neighboring atoms. The
Voronoi polyhedron type i can be identified in terms of
the Voronoi index n n n n, , ,i i i i

3 4 5 6 , where ni
k(k = 3, 4, 5,

6) denotes the amount of k-edged faces in Voronoi
polyhedron type i. According to the statistical analyses of
these Voronoi polyhedra, the preferred polyhedral pack-
ing clusters can be regarded as the local geometrical or-
derings or short-range order of MGs.

Previous simulation results [35,36] also indicate that
the five-fold local symmetry parameter is an effective
structural parameter, which is highly correlated with the
local dynamics and structural relaxation in MG-forming
liquids. The local five-fold symmetry parameter is quan-

tified as f n
n=i

i

k i
k

5
5

=3,4,5,6

based on the Voronoi tessel-

lation analysis. For a given atomic configuration, if the
fraction of the polyhedron type i is symbolized by Pi, the

definition of the average degree of the five-fold local
symmetry parameter W can be expressed as

W f P= × . (2)
i

i i
5

Here we followed the previous studies and system-
atically extracted the system size influences of the local
geometrical information at 300 K based on the related
instantaneous atomic configurations of samples with
different system sizes.

We first calculated the fractions of the Voronoi poly-
hedra and differentiated them by the centered-atoms (Zr
or Cu). The fraction histogram of the top ten Voronoi
polyhedra in N250 and N6400 system at T = 300 K is
shown in Fig. 2a. The populations of the given co-
ordination polyhedra in N250 are almost equal to their
counterparts in N6400, either for Cu-centered polyhedra
or the Zr-centered one.

The favored Cu-centered Voronoi clusters are icosa-
hedral or icosahedral-like with a high value of the local
five-fold symmetry parameter f 5. It has been shown that
the connectivity of Cu-centered icosahedra exerts a cri-
tical influence on the relaxation dynamics and thermal
stability [9,37,38]. Moreover, Hu et al. [35] proposed that
f 5 ≥ 0.6 can be a rational and effective threshold for
selecting the atoms and illustrated the growing spatial
structure correlation during the quenching process. Thus,
by choosing the threshold value as f 5 = 0.6, we divided
the favored Cu-centered Voronoi polyhedra into two
categories, and the top ten Cu-centered Voronoi poly-
hedra in systems N250 and N6400 at T = 300 K are in-
dicated in Fig. 2b. The negligible difference of the
percentage of the Cu-centered Voronoi clusters between
two systems indicates that the local structure of the si-

Figure 2 The fraction histogram of the representative Voronoi polyhedra (VP) of systems N250 and N6400 at T = 300 K. (a) The Voronoi
polyhedron with the top ten fractions, which is also classified into the Cu-centered clusters and the Zr-centered ones; (b) the top ten Cu-centered
Voronoi polyhedra, which are also labeled by the criterion f 5 ≥ 0.6 or f 5 < 0.6.
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mulated Cu50Zr50 MG is system-size independent. It was
also supported by the average degree of the local five-fold
symmetry parameter W. As shown in Fig. 3, the tem-
perature dependence of the average degree of the five-fold
local symmetry in varying sized systems can collapse into
a master curve. The values of structural parameter W at
different equilibrium temperatures are roughly close to
the earlier study [35]. All these results indicate that the
system size has only a negligible effect on the short-range
features of atomic structure and the averaged structure
features in simulated MGs which is consistent with pre-
vious studies [27]. It demonstrates that the AIMD could
be an effective method for investigating the local structure
information of MGs.

Dynamics
To explore the finite size effects on the relaxation dy-
namics, we calculated the mean-squared displacements
and the self-diffusion coefficients for all temperatures
investigated. The mean-squared displacement (MSD) is
defined as:

r t N r t r( ) = 1 ( ) (0) , (3)
i

N

l l
2

=1

2

where rl(t) is the displacement of the particle l during
time t and N is the total number of particles. The angle
brackets 〈·〉 denotes the ensemble average over different
configurations.

Fig. 4a shows the 〈r2(t)〉 against time in a logarithmic
scale for three represented systems at 1500 and 800 K.
The 〈r2(t)〉 curves show a characteristic crossover [39]

from the short-time ballistic behavior to the long-time
diffusive motion at a high temperature T = 1500 K. There
is a prolonged plateau in the intermediate timescale at
800 K, which is relevant to the cage effect [40]. The su-
perposition within the short-time range confirms the
negligible system size influence on the local atomic
packing behaviors as aforementioned. The deviation of
the long-time diffusive process implies the noticeable
system size effects of the dynamical properties, especially
in supercooled liquids.

The self-diffusion coefficient D(T) is determined di-
rectly from the MSD at the long-time region, where the
MSD is against time linearly, that is 〈r2(t)〉~t, also known
as the Einstein relation [41,42]

D dt r t r=  lim 1
2 ( ) (0) , (4)

t i i
2

where the parameter d denotes the dimensionality. Here,
d = 3 for our systems.

Fig. 4b illustrates the scaled diffusion coefficients D(N,
T) by the values of the system N6400 at the same tem-
perature D(N = 6400, T) versus the system size from 1500
to 800 K. Obviously, for all temperatures investigated, the
atomic motion becomes slower as the system size de-
creases. It suggests that the system size effects cannot be
neglected for studying the relaxation dynamics of MG-
forming liquids.

We further analyzed the system-size dependence of the
structural relaxation time τα by measuring the self-inter-
mediate scattering function (SISF) for different sized
systems. The SISF [31] unveils the density fluctuations of
an identical particle in the system over a given time in-
terval t. The definition of SISF can be expressed as fol-
lows:

[ ]q rF q t N t( , ) = 1 exp i ( ) , (5)
i

N
is =1

where q is the wave vector, N is the number of atoms and
Δri(t) = ri(t)−ri(0) represents the displacement vector of
atom i in a time interval of t, 〈·〉 denotes the ensemble
average over different configurations. The structural re-
laxation time τα can be derived from the self-intermediate
scattering function requiring that the Fs(q, t) decays to the
e−1 [40]. The wave vector q is fixed at |q| = qmax, corre-
sponding to the first peak position of the static structure
factor. For Cu50Zr50 system, the calculated |q| is about
2.68.

Fig. 5a shows the evolution of Fs(q, t) with time for
three represented systems N250, N2000, and N6400 at T
= 1500 and 800 K. The N250 system represents the small
size system, and the N2000 and N6400 systems exemplify

Figure 3 The temperature dependence of structural parameter W
characterizing the average degree of the five-fold local symmetry for the
simulated systems with different system sizes. The black solid line is a
guide for eyes.

SCIENCE CHINA Materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ARTICLES

June 2021 | Vol. 64 No. 6 1549© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2021



the medium and the large ones, respectively. At the high
temperature (T = 1500 K), the Fs(q, t) decays from one to
zero exponentially. These curves collapse for three sys-
tems which implies the miniscule system-size influence of
the relaxation dynamics in high temperature liquids. As
the temperature decreases to T = 800 K, the Fs(q, t)
profiles present typical two-step decay [43] distinguished
by the short-time process and the α-relaxation at long-
time regime. Since the short-time process is correlated
with the nearest-neighbor cage effect, the collapse of Fs(q,
t) at short-time region implies that the local structural
packing is insensitive to the system size, which is con-
sistent with the results of the local structure analysis.
However, the deviation of Fs(q, t) at the long-time regime
indicates the system-size-dependent structural relaxation
time in supercooled liquids. The extracted structural re-
laxation times τα(T, N) over the entire range of tem-
peratures are illustrated in Fig. 5b. The data of the sample
N100 are absent when the temperature drops below 900 K
due to the crystallization issue. The τα(T, N) at high
temperature has minimal change with the decreasing
system size N, but gradually transforms into a more
pronounced size dependence as the temperature de-
creases.

To quantitively characterize the system-size influence,
we selected the data of the largest sample N6400 which is
closer to the bulk sample as the reference. Fig. 5c shows
the scaled α relaxation times τα(T, N)/τα(T, N = 6400) as a
function of the system size from 800 to 1500 K. Here, the
scaling parameter γ = τα(T, N)/τα(T, N = 6400) can be
regarded as the degree of deviation from the bulk value.
The scaled values τα(T, N)/τα(T, N = 6400) start to be
greater than 1 as the system size N reduces to 1000 atoms.
The value increases rapidly as the system size decreases,

which indicates the slower dynamics in smaller systems.
It signifies the pronounced finite size effects of relaxation
dynamics which is consistent with the results in Fig. 4b.
Moreover, we further plotted the parameter γ as a func-
tion of the equilibrium temperature for systems N400,
N800, N2000, and N3200. The results are shown in
Fig. 5d. The deviation of the structural relaxation times
from the bulk value extends to a higher temperature with
decreasing system size N. In previous studies [21,23], the
characteristic correlation length of dynamics in super-
cooled liquid grows rapidly during the quenching pro-
cess. As the growing correlation length becomes
comparable to the box size, the system size effect dom-
inates the relaxation dynamics as shown in Fig. 5. It
means that the finite size effects of the dynamical prop-
erties in a simulated box containing hundreds of atoms
with periodic boundary conditions cannot be neglected,
especially in supercooled liquids. For representing the
dynamic behaviors in the bulk MG systems, the model
system is supposed to contain at least thousands of atoms
to avoid the boundary effects.

Structure-dynamics relation
Recent studies [2,36–38] have demonstrated that short-
range order is inadequate to give a reasonable inter-
pretation for the relaxation dynamics in MGs. The dy-
namical slowdown approach to the glass transition in
supercooled liquids is determined by the static config-
uration correlation length rather than the local structural
orderings [28]. Wei et al. [44] ascertained the weak cor-
relation between short-range orders and the atomic dy-
namic process in terms of the wide-distributed activation
energy spectrum of one specific atom in MG. Since we
had investigated the system size dependence of short-

Figure 4 System size dependence of (a) the atomic mobility in terms of MSD and (b) the scaled self-diffusion coefficients for all temperatures
investigated.
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range order and the relaxation dynamics simultaneously,
it is intriguing to further examine the system size effects
of the relation between the local structure and the
structural relaxation.

As mentioned above, the static structural properties,
such as the local geometrical orderings, are independent
of the system size.

However, as shown in Fig. 6, the scaling parameter γ =
τα(T, N)/τα(T, N = 6400), which characterizes the system
size effects of relaxation dynamics, indicates the com-
bined influences of the system size and temperature. It
suggests that the relations between the local structure and
structural dynamics are discrepant in systems with var-
ious sizes, which manifests the decoupling between the
local structural orderings and dynamics in MGs. More-
over, as the temperature decreases, the system size for
eliminating the boundary effects of dynamical properties
increases. The number of atoms in a cubic simulated
model should be over thousands for investigating the

structural origins of dynamics in MGs. It challenges the
application of atomistic numerical simulations in multi-
component MGs.

Correlation between structural relaxation time and
dynamic heterogeneity
Heterogeneity, an intrinsic nature for amorphous mate-
rials, establishes a general connection between spatially
heterogeneous dynamics and nonexponential relaxation
[43,45]. It had been comprehensively analyzed in super-
cooled liquids via experimental techniques and compu-
tational simulations [46–49]. Wang et al. [50] reported a
general correlation between the dynamic heterogeneity
and relaxation time in a variety of model glass-forming
liquids with pairwise potentials by using the identical
dynamic heterogeneity condition, which was also con-
firmed in MG-forming systems [51] with many-body
potentials. However, how the system size affects this
correlation in the MG system is still unclear. To address

Figure 5 System size dependence of the relaxation dynamics of bulk Cu50Zr50 systems. (a) The self-intermediate scattering function Fs(q, t) for three
Cu50Zr50 MG-forming liquids at T = 1500 K and T = 800 K. The selected systems are N250, N2000, and N6400. The structural relaxation time is
determined as the Fs(q, t) decays to e−1 (marked with the horizontal dashed line). (b) The system-size dependence of structural relaxation times τα(T,
N) from the high-temperature liquid T = 1500 K, down to the near-Tg temperature T = 800 K. (c) The plots of scaled α-relaxation times versus the
system size N at various temperatures. (d) The temperature evolution of the scaled structural relaxation times τα(T, N)/τα(T, N = 6400) for four
represented systems (N400, N800, N2000, and N3200).
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this issue, we introduced the non-Gaussian parameter to
unravel the dynamic heterogeneity.

The significant deviations from Gaussian approxima-

tion of the self-part of the van Hove correlation function
suggest the existence of nontrivial spatiotemporal fluc-
tuations in glass-forming liquids [49,52]. The degree of
deviations can be characterized by the time-dependent

non-Gaussian parameter [53,54] t r t
r t

( ) = 3 ( )
5 ( )

12

4

2 2 ,

where r(t) is the displacement of a particle during time t.
Fig. 7a and b show the time dependence of the non-

Gaussian parameter α2 for three represented systems
(N250, N2000, and N6400) at 1500 and 800 K, respec-
tively. With the temperature decreasing, the peak value of
the non-Gaussian parameter α2,max increases, accom-
panied by the characteristic time t* corresponding to the
peak value extending to a longer time scale. It indicates
that the dynamic heterogeneity tends to get stronger as
the temperature decreases. We can conjecture that, from
the time evolution of non-Gaussian parameter for three
chosen systems at identical temperature, the α2,max in-
creases with the system size decreasing. The system size
dependence of the α2,max at different temperatures is

Figure 6 The two-dimensional contour map of the structural relaxa-
tion times as the functions of system size N and scaled reciprocal
temperature 1000/T in a semi-logarithmic scale. The parameter γ = τα(T,
N)/τα(T, N = 6400) and the horizontal dotted line is a guide for Nc =
2000.

Figure 7 The correlation between structural relaxation time and dynamic heterogeneity. The extracted non-Gaussian parameter α2 against time t at
(a) T = 1500 K and (b) T = 800 K. (c) The system size dependence of the maximum of non-Gaussian parameter α2,max for all equilibrium temperatures
investigated. (d) Log-log plot of α2,max versus relaxation time τα.
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shown in Fig. 7c. The measured α2,max shows a descending
tendency until a plateau is reached at a crossover system
size. The crossover system size is enlarged along with the
equilibrium temperature decreasing.

Fig. 7d shows the maximum of non-Gaussian para-
meter α2,max increases monotonously with the structural
relaxation times τα, which is reminiscent of the correla-
tion between dynamic heterogeneity and dynamics
slowdown [50,55]. Moreover, the existence of a general
link between α2,max and τα can be perceived in terms of the
collapse of curves for three systems with different sizes. It
indicates the generalization of the link between the
structural relaxation time and dynamic heterogeneity in
MG-forming liquids.

CONCLUSIONS
In summary, we presented a molecular-dynamics study to
systematically explore the finite size effects of the struc-
tural and dynamical properties in a model Cu50Zr50 bulk
MG system. Our results demonstrated that the structural
indicators of short-range orders are insensitive to the
change of system size. Moreover, the system-size effects
are extensive in the dynamical phenomena, including
atomic diffusion, structural relaxation, and dynamic
heterogeneity. The correlation between the relaxation
dynamics and dynamic heterogeneity is qualitatively in-
dicated, which verifies the generalization of the link be-
tween the structural relaxation time and dynamic
heterogeneity in MG-forming liquids as recently pro-
posed in Ref. [51].

We further uncover the decoupling between static
structure and relaxation dynamics in the context of the
scarce system size. It can be anticipated that the structural
mechanism in relaxation dynamics originated from high-
order correlations and medium-range orders. To char-
acterize the structural origins of dynamics in bulk MGs,
the system size should consist of thousands of atoms,
which is far beyond the limits of system size in AIMD.
The structural information in the medium-range order
scale may better reveal the dynamics behavior in metallic
liquids and glasses. Former studies demonstrated that the
local environments of atomic clusters have a different
impact on dynamics in MG-forming liquids [9]. The
adoption of local connectivity based on graph theory
[9,11,38] provides a novel perspective to understand this
long-standing subject which remains to further in-
vestigation.

Concerning the exploration of structure-dynamics re-
lationship in molecular simulations, hitherto, another
conundrum is the multi-component interatomic poten-

tials fail to accurately describe the physical properties in
full composition range. The neural-networks potential
and other machine learning-based force fields are ex-
pected to be the powerful icebreaker.
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块体金属玻璃结构-动力学关联模拟研究的临界
模型尺度
孙胜君, 管鹏飞*

摘要 原子尺度模拟是当前理解金属玻璃体系的无序结构及其构
效关系的有效方法. 基于分子动力学模拟, 本文以代表性金属玻璃
Cu50Zr50为研究对象, 系统地研究了块体金属玻璃体系的原子结构
和动力学行为的有限尺度效应. 通过研究发现, 其结构短程序对模
型尺寸并不敏感, 但其动力学性质却表现出明显的尺寸相关性. 通
过定量计算可知, 当立方体模型所含原子数低于~2000时, 金属玻
璃体系的结构短程序特征和结构弛豫之间的相关性发生退简并 ,
但其结构弛豫时间和动力学非均匀性依然遵循简并的普适关系 .
本文的结论给出了结构弛豫和动力学非均匀性之间存在本征关联
的有力证据, 并第一次明确给出了在没有表面效应的情况下基于
计算模拟研究块体金属玻璃结构、动力学及其关联所需要的临界
模型尺度.
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