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Structural relaxation in binary hard spherical particles has been shown recently to exhibit a wealth of remarkable features when

size disparity or mixture’s composition is varied. In this paper, we test whether or not similar dynamical phenomena occur

in glassy systems composed of binary hard ellipses. We demonstrate via event-driven molecular dynamics simulation that a

binary hard-ellipse mixture with an aspect ratio of two and moderate size disparity displays characteristic glassy dynamics upon

increasing density in both the translational and the rotational degrees of freedom. The rotational glass transition density is found

to be close to the translational one for the binary mixtures investigated. More importantly, we assess the influence of size disparity

and mixture’s composition on the relaxation dynamics. We find that an increase of size disparity leads, both translationally and

rotationally, to a speed up of the long-time dynamics in the supercooled regime so that both the translational and the rotational

glass transition shift to higher densities. With increasing the number concentration of the small particles, the time evolution of

both translational and rotational relaxation dynamics at high densities displays two qualitatively different scenarios, i.e., both

the initial and the final part of the structural relaxation slow down for small size disparity, while the short-time dynamics still

slows down but the final decay speeds up in the binary mixture with large size disparity. These findings are reminiscent of

those observed in binary hard spherical particles. Therefore, our results suggest a universal mechanism for the influence of size

disparity and mixture’s composition on the structural relaxation in both isotropic and anisotropic particle systems.

1 Introduction

The glass problems have been fundamental to technologies

since the dawn of civilization, and continue to be fascinat-

ing.1–3 Despite the intense research during the past decades,

a clear picture for the physical mechanism of the liquid-

glass transition has not been reached yet. In general, super-

cooled liquids and glasses are obtained by cooling or com-

pressing particle systems with size disparity in experimental or

simulation studies, since crystallization easily occurs in one-

component systems with conventional interaction potentials.

Binary mixtures are among the simplest model glass-forming

systems, and, not surprisingly, they have been widely used

to address a number of important questions related to glass

formation; e.g., the Kob-Andersen binary mixture has been

extensively employed to analyze structural relaxation and dy-

namic heterogeneity of supercooled liquids,4,5 to investigate
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aging and shear banding in glasses,6,7 to understand the na-

ture of ultrastable glasses prepared by vapour deposition,8,9

etc.

Apart from being good glass formers, binary mixtures pos-

sess their own importance in nature and have been demon-

strated to exhibit a wealth of dynamical features recently.

Over a decade ago, Williams and van Megen10 performed the

first light-scattering experiment for a binary colloidal hard-

sphere mixture with a relatively large size disparity (i.e., δ =
σB/σA ≃ 0.6, where σB and σA designate the diameters of

small and large particles, respectively). They identified three

mixing effects (i.e., the effects of mixture’s composition) for

the structural relaxation (i.e., the dynamical phenomena at

high densities, which are precursors of the glass transition)

when the percentage of the small particles increases from 10%

to 20% of the relative packing fraction. The first effect is that

the time scale for the final decay of the density correlators de-

creases. This means that the liquid has been stabilized due to

mixing since the small particles induce a plasticization effect.

The other two effects are that the plateau value at intermedi-

ate times increases and that the initial part of the structural

relaxation slows down. Thus, the latter two effects indicate a

stiffening of the dynamics upon mixing. Soon later, the mix-

ing effects in binary hard spheres with moderate size dispar-

ity (where species’ properties are similar) were investigated

in detail via mode-coupling theory (MCT)11,12 and molecular
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dynamics (MD) simulations.13,14 MCT11 not only provides a

description of the experimental result, but also predicts that

the three mixing effects described above hold only for suffi-

ciently large size disparity (e.g., δ ≤ 0.65). Additionally, a

qualitatively different scenario emerges for small size dispar-

ity (e.g., δ ≥ 0.8), i.e., mixing slows down the dynamics for

both the initial and the final decay of the density correlators.

Thus, the glass regime is slightly extended due to mixing in

the binary hard spheres with small size disparity. These pre-

dictions have been confirmed by computer simulations.13 The

recent MCT calculations also reveal the effect of spatial di-

mension on the glass formation of binary hard spherical par-

ticles.15 Compared to three dimensions, the extension of the

glass regime due to mixing is found to be much more pro-

nounced and the size disparity needs to be larger in order to

observe the plasticization effect in two dimensions. Never-

theless, the qualitative behavior discovered in the relaxation

dynamics of binary hard spheres is also retained in that of bi-

nary hard disks.15,16 Moreover, it should be mentioned that

binary mixtures with very large size disparity (say δ < 0.5 in

three dimensions and species’ properties are no longer similar

in this situation) also exhibit very rich but different dynamical

features,17 such as sublinear diffusion of small particles18,19

and logarithmic decay of the intermediate scattering function

at specific compositions and wave vectors.20,21

Although size disparity and composition have definitely

profound effects on the relaxation dynamics of binary mix-

tures, it remains unknown so far as to whether a binary system

composed of anisotropic particles displays similar dynamical

features or not. In addition, it is natural to ask how size dis-

parity and composition affect the relaxation dynamics in the

rotational degrees of freedom. Such questions are important

since the constituent particles of many relevant glasses have

non-spherical shapes in reality and since such studies hold po-

tential for revealing novel phenomena and providing new in-

sights. A system composed of ellipse-shaped particles is one

of the simplest models of two-dimensional anisotropic parti-

cles and its jamming and glassy behaviors have recently at-

tracted much attention.22–30 Molecular MCT31 predicts that

new glassy phenomena should appear in hard ellipsoidal par-

ticles. In particular, an orientational glass, in which dynamic

arrest occurs in the rotational degrees of freedom but the trans-

lational motion of particles remains ergodic, is suggested to

form in hard ellipsoids with large aspect ratio, and its exis-

tence has been confirmed recently by video-microscopy ex-

periments for monolayers of colloidal ellipsoids28,29 and by

Monte Carlo (MC) simulations for hard ellipses29. The exper-

iments28,30 and simulations29 also uncover striking structural

features of dynamic heterogeneity in monolayers of colloidal

ellipsoids in both the translational and the rotational degrees

of freedom. However, the glassy dynamics in binary mixtures

of hard ellipsoidal particles has not been explored yet.

The present paper focuses on the glass formation in binary

mixtures composed of hard ellipses and particularly explores

how size disparity and composition influence their relaxation

dynamics. Via event-driven molecular dynamics (EDMD)

simulations, we first demonstrate that both the positional and

the orientational order can be suppressed in the binary hard-

ellipse mixtures with an aspect ratio of k = 2 and moderate

size disparity and that characteristic glassy dynamics emerges

upon increasing density in both the translational and the rota-

tional degrees of freedom. We find that the rotational glass

transition sets in at a density close to the translational one

for the binary mixtures investigated. We examine the influ-

ence of size disparity and composition on the relaxation dy-

namics and test whether similar dynamical features revealed

in binary hard spherical particles appear in glassy systems

composed of binary hard ellipses or not. Our results indi-

cate that increasing size disparity leads to a speed up of the

long-time relaxation dynamics at high densities in both the

translational and the rotational degrees of freedom. Conse-

quently, both the translational and the rotational glass transi-

tion shift to higher densities for the binary mixture with larger

size disparity. When the number concentration of the small

particles is grown from 0.3 to 0.7, the time evolution of both

translational and rotational relaxation dynamics at high densi-

ties displays two qualitatively different scenarios, depending

on whether the size disparity is small or large. For small size

disparity, both the initial and the final part of the structural

relaxation slow down. The scenario changes qualitatively for

large size disparity: The short-time dynamics still slows down

but the final decay speeds up. Therefore, the influence of both

size disparity and composition on the relaxation dynamics are

reminiscent of those observed in binary hard spherical parti-

cles. Our results thus suggest a universal mechanism for un-

derstanding the influence of size disparity and composition on

the structural relaxation in binary mixtures.

2 Model and simulation details

We consider a binary hard-ellipse mixture with moderate size

disparity, consisting of large (denoted by A in the following)

and small (denoted by B in the following) particles. Both

types of particles have the same aspect ratio but differ in their

sizes. Thus, the control parameters for our system include

the size ratio [δ = aB/aA = bB/bA, where aα and bα (with

α = A or B) denote the semi-major and the semi-minor axis of

α particles], the number concentration of the small particles

[x = NB/(NA +NB), where Nα is the number of α particles],

and the area fraction [φ = π(NAaAbA +NBaBbB)/L2 with L

the box dimension]. We use δ = 0.85 to model a small size

disparity, while the case with δ = 0.5 stands for a large size

disparity.

We focus on the dynamics of binary hard ellipses with a
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fixed aspect ratio of k = 2 (k = aA/bA = aB/bB). The reasons

why we choose this aspect ratio are explained as follows. For

hard ellipses with large aspect ratio (say k ≥ 3), the system

has a strong tendency to form a nematic phase (where par-

ticles have their centers of mass at random but exhibit some

long-range orientational order) at high densities, although the

positional order is highly suppressed.32 We found that this

is even true for a binary hard-ellipse mixture with moderate

size disparity, at least for small systems composed of sev-

eral hundred particles. (The formation of a nematic crystal

may be avoided for larger systems since the nematic order

parameter is expected to decrease with the system size.33)

On the other hand, the positional and the orientational or-

der can be simultaneously suppressed in binary hard ellipses

with smaller k. However, if the aspect ratio is too small (say

k ≤ 1.5), the dynamics in the rotational degrees of freedom

resembles that of a free rotator, which is quite different from

the typical relaxation dynamics in a glass-forming liquid and

which has been also observed in MD simulations of hard el-

lipsoids with aspect ratios close to unity.34,35 Instead, we have

found that a binary hard-ellipse system with an aspect ratio

of around k = 2 exhibits characteristic glassy dynamics on

increasing density for the chosen size disparities both trans-

lationally and rotationally. We thus focus on a single aspect

ratio of k = 2 in the present work since this will facilitate

the analysis of glassy phenomena in binary mixtures. There-

fore, the results in the present paper only stand for a particular

case of binary hard ellipses. Note that the glass formation in

monolayers of monodisperse colloidal ellipsoids with k ≃ 2

has been studied very recently in experiments29,30 and simu-

lations.29 We also mention that the equilibrium phase diagram

of monodisperse hard ellipses has been investigated by EDMD

simulations,32 and more accurately determined by the recent

replica exchange MC simulations.36 For instance, the replica

exchange MC simulations36 indicate that an isotropic-plastic

transition occurs for monodisperse hard ellipses with aspect

ratios up to k ≃ 1.6, while a nematic liquid crystal forms at

sufficiently high densities when k ≥ 2.4. Therefore, the results

from the phase diagram of monodisperse hard ellipses support

our analysis above that a nematic phase becomes irrelevant for

hard ellipses with an aspect ratio of around k = 2.

We performed EDMD simulations of binary hard ellipses in

a square box under periodic boundary conditions. The main

ingredients for implementing an EDMD simulation for hard

ellipses have been described in Refs. 32,37,38. The results in

the present paper are presented for the binary mixtures with

the total particle number N = NA +NB = 500. Since our aim

here is to qualitatively identify the influence of size disparity

and composition on the dynamics of binary mixtures, rather

than to quantify a true liquid, it is faithful to consider a small

system with several hundred particles, where finite size effects

for the dynamics are expected to be small.32,39 We also per-

formed simulations for binary mixtures with N = 300, and the

same conclusion can be drawn from the smaller system. All

the particles have the same mass m and the same moment of

inertia I. Both m and I are set to be unity, with the recogni-

tion that the general trends of static and dynamic quantities

will not be affected by the choice of m and I. The temper-

ature T is irrelevant for athermal systems and remains con-

stant due to the conservation law of the total kinetic energy.

We set the temperature as kBT = 1. Length and time are ex-

pressed in units of 2bA and

√

4mb2
A/kBT . The starting con-

figuration of a binary hard-ellipse system was generated by

the Lubachevsky-Stillinger compression algorithm.37,38,40,41

At each state point, the system was first equilibrated for at least

several relaxation times (see subsection 3.2 for the definition

of relaxation time) before collecting data. We performed at

least four independent runs in order to obtain reliable results

and improve the statistics.

3 Results and discussion

This section begins with a demonstration of the presence of

characteristic glassy dynamics on increasing density for the

binary hard ellipses in both the translational and the rotational

degrees of freedom. We then discuss in detail how size dispar-

ity and composition affect the relaxation dynamics of the bi-

nary mixtures by investigating the time correlation functions.

3.1 Characteristic glassy dynamics in the binary hard el-

lipses

(a) (b)

0 π 2π
θ

Fig. 1 Representative snapshots of the binary hard ellipses with the

number concentration x = 0.5 at a high area fraction of φ = 0.855

for (a) δ = 0.85 and (b) δ = 0.5, respectively. Particles are colored

according to their orientation and θ denotes the angle between the

particle semi-major axis and the x-axis.

We first show that the binary hard-ellipse mixtures with the

chosen size disparities exhibit neither long-range positional
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φ = 0.85

φ = 0.855

Fig. 2 (a) Self-intermediate scattering function Fs,A(q, t) at q ≃ 4.0
and (b) 3rd order orientational correlation function L3,A(t) for the

large particles at various area fractions φ [indicated in (a)] in the

binary hard ellipses with the size ratio δ = 0.85 and the number

concentration x = 0.5.

nor orientational order even at high densities. As an illustra-

tion, two representative snapshots after long simulation runs

are presented in Fig. 1 for the binary mixtures with x = 0.5
at a high density φ = 0.855 for δ = 0.85 and δ = 0.5, respec-

tively. Although some short-range order does form at very

high densities, the system lacks any long-range order both po-

sitionally and orientationally. This can be also confirmed by

the pair correlation functions and the angular correlation func-

tions (Figs. S1 and S2 in the Electronic Supplementary Infor-

mation). For example, the pair correlation function quickly

decays to unity and only displays several peaks at short dis-

tances, indicative of the absence of long-range positional or-

der [Figs. S1(a) and S2(a) in the Electronic Supplementary

Information]. Likewise, the angular correlation function de-

cays much faster than that in a nematic liquid crystal even

at the highest density studied [Figs. S1(b) and S2(b) in the

Electronic Supplementary Information], and hence, the sys-

tem remains disordered in the rotational degrees of freedom.

Therefore, glass formation occurs upon increasing density for

the binary mixtures in both the translational and the rotational

degrees of freedom.

The relaxation dynamics we concentrate on here is explored

mainly by the self-intermediate scattering function and the nth
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(b)x = 0.5 δ = 0.5

φ = 0.7

φ = 0.8

φ = 0.83

φ = 0.84

φ = 0.85

φ = 0.855

φ = 0.86

Fig. 3 (a) Self-intermediate scattering function Fs,A(q, t) at q ≃ 4.0
and (b) 3rd order orientational correlation function L3,A(t) for the

large particles at various area fractions φ [indicated in (a)] in the

binary hard ellipses with the size ratio δ = 0.5 and the number

concentration x = 0.5.

order orientational correlation function, which are defined as

Fs,α(q, t) =
1

Nα
<

Nα

∑
j=1

exp{iq · [rα , j(t)− rα , j(0)]}>, (1)

and

Ln,α(t) =
1

Nα
<

Nα

∑
j=1

exp{in[θα , j(t)−θα , j(0)]}>, (2)

where rα , j and θα , j are the position and orientation of parti-

cle j belonging to species α , < · · · > indicates the thermal

average, i =
√
−1, q is the wave number, and n is a pos-

itive integer. In the following, the results will be given for

Fs,α(q, t) with q ≃ 4.0 (which is close to the first peak of the

static structure factor for the large particles at high densities),

and Ln,α(t) with n = 3, since the reasonable choice of q and

n does not affect the qualitative behavior of the corresponding

time correlation functions.28,30 We note, however, that the ori-

entational correlation function has a form different from eqn

(2) in three-dimensional anisotropic particle systems and de-

pends crucially on its order n, as pointed out in Refs. 31,35,42.

Fs,α(q, t) is commonly used to characterize the structural

relaxation of a supercooled liquid in the translational degrees

4 | 1–9

Page 4 of 10Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



of freedom, while Ln,α(t) has been shown recently to effec-

tively capture the rotational relaxation of a two-dimensional

anisotropic system on approaching the glass transition.27–30

Therefore, the glass formation in the binary mixtures upon in-

creasing density can be nicely illustrated by the time corre-

lation functions. Since the variation of the dynamics of both

species with density is similar, we only show the results of

the time correlation functions for the large particles in Figs. 2

and 3, where we present the results of Fs,A(q, t) and L3,A(t) for

the binary mixtures with x = 0.5 at various area fractions for

δ = 0.85 and δ = 0.5, respectively. Both Fs,A(q, t) and L3,A(t)
are nearly exponential at area fractions below φ = 0.8, while

they become stretched and develop a two-step relaxation upon

further increasing density. The two-step decay is typical of su-

percooled liquids and reflects the rattling motion of particles

being trapped in cages formed by their nearest neighbors at

short times (β -relaxation) and the motion of particles escap-

ing from the cages at long times (α-relaxation). In addition,

we find that the time correlation functions satisfy the t-φ su-

perposition property, i.e., a master curve can be obtained at

long times by plotting Fs,α(q, t) or Ln,α(t) versus t/τ at var-

ious φ (Figs. S3 and S4 in the Electronic Supplementary In-

formation), where τ is the corresponding relaxation time (see

subsection 3.2 for its definition), and that the relaxation times

have a power-law dependence on φ at high densities (see sub-

section 3.2). The above observations are also signatures of the

glassy dynamics, as predicted by MCT.43 Thus, our results

indicate the formation of glasses at high densities in both the

translational and the rotational degrees of freedom. Note that

the onset density of the two-step decay in the binary hard el-

lipses is much larger than that in their spherical counterpart

(i.e., hard disks); e.g., the two-step decay is already evident

at φ = 0.77 for a hard-disk system with a polydispersity of

12%.21 We will further discuss this point in subsection 3.2.

3.2 Influence of size disparity

We now discuss the influence of size disparity on the relax-

ation dynamics. To this end, we directly compare the time cor-

relation functions at different size disparities, when the other

parameters are held constant. Figures 4 and 5 display the re-

sults of the time correlation functions for both size disparities

for fixed x and φ for A and B particles, respectively. In nor-

mal liquid states, the dynamics of binary hard spheres can be

quantitatively explained by Enskog’s kinetic theory,13 which

predicts that an increase of size disparity (smaller δ ) leads to

a slowing down of the long-time dynamics for the large parti-

cles and a speed up for the small particles. Such phenomena

are also seen in the binary hard ellipses when the density is

low (e.g., compare different types of curves at φ = 0.8 in Figs.

4 and 5). Note that the same scenario also holds in the rota-

tional degrees of freedom. When the liquid enters into the su-

0.0
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(b)

φ = 0.8
φ = 0.84
φ = 0.85

Fig. 4 (a) Self-intermediate scattering function Fs,A(q, t) at q ≃ 4.0
and (b) 3rd order orientational correlation function L3,A(t) for the

large particles at three area fractions φ (indicated in each panel) in

the binary hard ellipses with the number concentration x = 0.5 for

δ = 0.85 (solid lines) and δ = 0.5 (dashed lines).

percooled regime, the trend of the dynamics for the small par-

ticles remains unchanged (see Fig. 5), since their size always

diminishes upon decreasing δ provided that the large particle

size is used as the length unit. While, the influence of size dis-

parity on the relaxation dynamics changes qualitatively for the

large particles. In both the translational and the rotational de-

grees of freedom, we observe that the long-time decay for the

large particles becomes faster for smaller δ (compare different

types of curves for φ > 0.8 in Fig. 4), a result again similar to

that in binary hard spheres.13 This effect becomes more pro-

nounced at higher densities and has been also identified as a

remarkable feature of structural relaxation since the behavior

is qualitatively different from the Enskog’s prediction.

The size-disparity effect at high densities, typical of struc-

tural relaxation, has further implications. Since the long-time

dynamics becomes fast on the approach to the glass tran-

sition as the size disparity increases (i.e., as δ decreases),

a higher glass transition density is expected for smaller δ
in both the translational and the rotational degrees of free-

dom. This conclusion is supported by the empirically de-

termined mode-coupling singularity φc, obtained by power-

law fits of the φ -dependence of the relaxation time τ , i.e.,

τ ∼ (φc − φ)−γ , where φc and γ are fitting parameters. Here,
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Fig. 5 The same as in Fig. 4, but for the small particles.

we define the translational relaxation time τT,α and the rota-

tional one τR,α for particle α as Fs,α(q, t = τT,α) = 0.1 and

L3,α(t = τR,α) = 0.1, respectively. As found in other glass

formers, both γ and φc are sensitive to the range of density

fitted, but we confirmed that the general trend of φc in varia-

tion with δ remains independent of the fit interval. Our best

fits are shown in Fig. 6 and the fitted results for γ and φc are

summarized in Table 1. Furthermore, the critical area frac-

tions for both types of particles differ by no more than 0.001

in both the translational and the rotational degrees of freedom,

which confirms the coupling of the glassy dynamics for both

species. (The fitted exponents γ are also similar in our study

for different types of particles.) In accord with the influence

Table 1 MCT fittings for the binary hard-ellipse mixtures. The table

summarizes the results of γ and φc for both species in both the

translational and the rotational degrees of freedom for δ = 0.85 and

δ = 0.5, respectively.

Translational Rotational

δ Particle species γ φc γ φc

0.85 A 2.94 0.8602 3.47 0.8598

0.85 B 2.94 0.8603 3.19 0.8589

0.5 A 2.48 0.8659 3.05 0.8648

0.5 B 2.47 0.8663 2.70 0.8647

0.0

0.2

0.4

0.6

0.8

τ
−
1
/γ

T
,α

(a)

0.0

0.2

0.4

0.6

0.8

0.80 0.81 0.82 0.83 0.84 0.85 0.86 0.87
τ
−
1
/γ

R
,α

φ

(b)

A, δ = 0.85
B, δ = 0.85
A, δ = 0.5
B, δ = 0.5

Fig. 6 (a) τ
−1/γ
T,α and (b) τ

−1/γ
R,α as a function of area fraction φ for

both size ratios. Here, τT,α and τR,α denote the translational and the

rotational relaxation time of particle α , respectively. The lines are

MCT fits [i.e., τ ∼ (φc −φ)−γ ] with the fitted results summarized in

Table 1.

of size disparity on the relaxation dynamics observed in Figs.

4 and 5, we find that φc for the large particles increases from

0.8602 to 0.8659 in the translational degrees of freedom and

from 0.8598 to 0.8648 in the rotational degrees of freedom,

when δ decreases from 0.85 to 0.5.

The translational glass transition density in the binary hard

ellipses is clearly much larger than that in the hard disks,

where the MCT critical area fraction is determined to be

∼ 0.791 when the polydispersity of the system is about 12%.21

This observation is in agreement with the numerical studies

on the jamming transition in ellipse-shaped particles,22,24,27,29

which indicate that the jamming transition density in a system

of pure ellipses with k = 2 are significantly higher than that

in a system of pure disks. Moreover, we notice that the trans-

lational glass transition density φ T
c is slightly larger than the

rotational one φ R
c for both size disparities studied. Neverthe-

less, they do not differ too much, consistent with the previous

analysis based on the self-diffusion of monodisperse hard el-

lipses32 and recent experiments for monolayers of colloidal

ellipsoids with k ≃ 2.29,30 Of course, the difference between

φ T
c and φ R

c may become fairly evident for large aspect ratios,

which is indeed seen in the experiments for monolayers of

hard ellipsoids with k > 2.28,29
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3.3 Influence of composition

0.0

0.2

0.4

0.6

0.8

1.0

F
s,
A
(q
,t
)

(a)

0.0

0.2

0.4

0.6

0.8

1.0

10−1 100 101 102 103 104

L
3
,A
(t
)

t

(b)

δ = 0.85 φ = 0.855

x = 0.3
x = 0.5
x = 0.7

Fig. 7 (a) Self-intermediate scattering function Fs,A(q, t) at q ≃ 4.0
and (b) 3rd order orientational correlation function L3,A(t) for the

large particles for various compositions x [indicated in (a)] in the

binary hard ellipses with the size ratio δ = 0.85 at the area fraction

φ = 0.855. The results are similar for the small particles.

Turning to the influence of mixture’s composition on the

relaxation dynamics, we focus here on how the number con-

centration of the small particles affects the time correlation

functions at a single high density (φ = 0.855 for δ = 0.85

and φ = 0.86 for δ = 0.5), since the previous work13,15,16

suggests that the influence of mixture’s composition becomes

more pronounced as the liquid is more supercooled. Figures

7 and 8 display the results of Fs,A(q, t) and L3,A(t) at a fixed

density for various compositions x for δ = 0.85 and δ = 0.5,

respectively. It is obvious that the influence of composition is

similar for both Fs,A(q, t) and L3,A(t), regardless of whether the

size disparity is small or large (compare both panels in Figs. 7

and 8), indicating that mixture’s composition affects the trans-

lational and the rotational relaxation dynamics in the same

way. Moreover, two qualitatively different scenarios, reminis-

cent of those in binary hard spherical particles, appear in the

binary hard-ellipse mixtures, depending on whether the size

disparity is small or large. For small size disparity (δ = 0.85),

a slowing down of the relaxation dynamics occurs for both

the initial and the final decay when the number concentration

x grows from 0.3 to 0.7 at a fixed area fraction, and thus no

0.0
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F
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L
3
,A
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)

t

(b)

δ = 0.5 φ = 0.86

x = 0.3
x = 0.5
x = 0.7

Fig. 8 (a) Self-intermediate scattering function Fs,A(q, t) at q ≃ 4.0
and (b) 3rd order orientational correlation function L3,A(t) for the

large particles for various compositions x [indicated in (a)] in the

binary hard ellipses with the size ratio δ = 0.5 at the area fraction

φ = 0.86. The results are similar for the small particles.

crossing of the curves in the entire time interval is observed

(see Fig. 7). This implies that mixing yields a slight extension

of the glass regime in both the translational and the rotational

degrees of freedom. By contrast, an increase of x in the binary

mixture with large size disparity (δ = 0.5) leads to a slowing

down of the initial decay but a speed up of the final decay,

resulting in the curves’ crossing in the time interval for the

second relaxation step (see Fig. 8). In this case, mixing in-

duces a plasticization effect and leads to the stabilization of

the liquid. As explained in Ref. 10, along with Refs. 44,45,

this plasticization effect arises because admixing small parti-

cles while maintaining volume fraction increases packing ef-

ficiency of the system, and thus enhances flow and structural

relaxation. Therefore, the influence of composition in binary

hard ellipses is qualitatively the same as in binary hard spher-

ical particles. As introduced in section 1, these mixing effects

are characteristic of structural relaxation. Our results thus sug-

gest that a universal mechanism for the influence of size dis-

parity and composition on the structural relaxation of binary

mixtures can be established in both isotropic and anisotropic

particle systems.

Finally, it would be interesting to explore the dynamic het-

erogeneity (i.e., the relaxations of particles are not uniform
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in space) in the binary hard ellipses, since the recent exper-

iments and simulations28,29 reveal that dynamic heterogene-

ity exhibits remarkable structural features in monolayers of

colloidal ellipsoids. For instance, the distributions of trans-

lational and rotational fast-particle clusters are found to be

anticorrelated in space in monolayers of monodisperse col-

loidal ellipsoids with k ≃ 6, and the fasted particles in the

translational degrees of freedom form a few ribbonlike clus-

ters aligned with their long axes within the pseudonematic

domains, while the clusters of the rotationally fastest parti-

cles have branchlike structures extending over several small

domains around the domain boundaries. Such topics are ab-

solutely a worthwhile line of research to pursue in the binary

hard ellipses. However, the system size used in the present

work is not faithful to address such questions. Thus, an anal-

ysis of the dynamic heterogeneity in binary mixtures of hard

ellipses is not performed in the present paper.

4 Summary

In summary, we have shown via EDMD simulations that the

glass transition can occur both translationally and rotationally

in binary mixtures of hard ellipses with an aspect ratio of k = 2

and moderate size disparity. For this aspect ratio, the rota-

tional glass transition is found to set in at a density close to

the translational one for both size disparities studied. We have

examined the influence of size disparity and mixture’s com-

position on the relaxation dynamics in order to test whether or

not the binary hard-ellipse mixtures exhibit the dynamical fea-

tures observed in binary systems composed of spherical par-

ticles. Our results indicate that increasing size disparity leads

to a speed up of the long-time relaxation dynamics in both the

translational and the rotational degrees of freedom. Thus, both

translational and rotational glass transition are at higher den-

sities for the binary mixture with larger size disparity. When

the number concentration of the small particles is increased,

the time evolution of both translational and rotational relax-

ation dynamics displays two qualitatively different scenarios,

depending on whether the size disparity is small or large. For

small size disparity, both the initial and the final part of the

structural relaxation slow down. While, the short-time dynam-

ics still slows down but the final decay speeds up in the binary

mixture with large size disparity. Therefore, the influence of

mixture’s composition on the relaxation dynamics is also sim-

ilar to those in binary hard spherical particles. Our results sug-

gest a universal mechanism for the influence of size disparity

and mixture’s composition on the structural relaxation in both

isotropic and anisotropic particle systems.
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Simulations reveal a wealth of dynamical features in a glass-forming liquid composed of 

binary hard ellipes. 
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