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We have conducted detailed Monte Carlo and molecular dynamics simulations of a model glass
forming polymeric system near its apparent glass transition temperature. We have characterized the
local structure of the glass using a Voronoi–Delaunay analysis of local particle arrangements. After
aperturbativeface elimination, we find that a significant fraction of Voronoi polyhedra consist of 12
pentagonal faces, a sign of icosahedral ordering. Further, we have identified metabasins of particle
vibrations on the potential energy landscape on the basis of persistence of particle positions and
neighbors over a simulated trajectory. We find that the residence times for vibrations are correlated
with a particular Voronoi volume and number of neighbors of a particle; the largest metabasins
correspond to particles whose average Voronoi volume is close to the value expected on the basis
of the density, and whose approximate number of neighbors is close to 12. The local distortion
around a particle, measured in terms of the tetrahedricity of the Delaunay simplices, reveals that the
particles with a higher degree of local distortion are likely to transition faster to a neighboring
metabasin. In addition to the transition between metabasins, we have also examined the influence of
vibrations at inherent structuressISd on the local structure, and find that the the low frequency
modes at the IS exhibit the greatest curvature with respect to the local structure. We believe that
these results establish an important connection between the local structure of glass formers and the
activated dynamics, thereby providing insights into the origins of dynamic heterogeneities. ©2005
American Institute of Physics. fDOI: 10.1063/1.1888505g

I. INTRODUCTION

One of the long-standing goals of theoretical and experi-
mental research on glasses has been to establish a relation
between local structure and the observed dynamics. The re-
lation between a particle’s mobility and its free volume is a
central tenet of the free-volume theory.1–3 Experiments4 and
computer simulations5 of glass formers indicate that theav-
eragestructure exhibits no dramatic changes as the system
goes through the glass transition even though the dynamics
become increasingly heterogeneous,6,7 thereby indicating an
apparent lack of dependence of the dynamics on the struc-
ture. Since molecular simulations have access to detailed
particle trajectories and positions, they are well-suited for the
investigation of local particle properties, structural arrange-
ments, and dynamic heterogeneities. A detailed analysis of
the dynamics has clearly revealed the presence of dynamic
heterogeneities for several glass formers.8–11 Recent
studies12,13 have attempted to describe the relaxation of
glasses using the concept of “dynamic facilitation” whereby
mobile excitations in one region confer mobility on the sur-
rounding regions leading to the presence of dynamic hetero-
geneities. The fundamental origin of the mobile excitations,
however, is still an open fundamental question.13 Several
molecular simulations have also examined the change of lo-
cal structure and free volume of glass forming liquids as the

glass transition temperaturesTgd is approached. In these
simulations, particles have been classified into liquid- or
solid-like categories on the basis of free volume, and various
measures of shape14 and distortion15 of the Voronoi polyhe-
dra and Delaunay simplices.16,17 Structural signatures in the
form of percolation thresholds14,18,19 of Delaunay networks
and increase in icosahedral ordering20–22have been observed
near Tg. Further, a higher degree of icosahedral order has
been observed when the cooling rate is reduced.23 Experi-
mentally, the degree of nonexponential relaxation and fragil-
ity have been found to exhibit a correlation with chemical
structure for a number of glass formers,24–27 with a general
indication that structures presenting a greater steric hin-
drance exhibit a greater degree of nonexponentiality.

Another useful theoretical framework for the study of
glasses is the potential energy landscapesPELd.28,29 In this
framework, the PEL is partitioned into energy basins con-
nected by saddle points that lead the system from one basin
to another. One view of the dynamics in glasses assumes a
separation of time scales as the system approaches the glass
transition temperature, such that motion at short times occurs
via intrabasin vibrations about a particular inherent structure
slocal potential energy minimumd, and long-time motion oc-
curs via infrequent activated jumps over saddle points into
neighboring basins. An elaboration of this concept has led to
the picture of “metabasins,”30 where each metabasin consists
of several local minima separated by low energy barriers,
and thea relaxation occurs via jumps between neighboring
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metabasins. Past studies have demonstrated the influence of
the PEL on the dynamics of glass formers, with the appear-
ance of a dynamical regime exhibiting a separation of intra-
basin and interbasin motion below a certain crossover
temperature.31,32 Transitions between adjacent minima have
also been shown to exhibit cooperative motion.33,34 More
recent studies have established a link between the topogra-
phy of the PEL and the dynamics for a binary Lennard-Jones
glass.30 Investigation of the energy barriers on the PEL for a
model bulk and free-standing film polymer glass have re-
vealed significant differences arising due to confinement by
free interfaces.34

However, possible links between the local structure and
activated dynamics on the PEL have not been extensively
explored, though earlier studies have indicated the influence
of potential energy,35 icosahedral ordering,36 and H
bonding37,38 on mobility. This work presents results for a
model glass forming polymer that establish a relation be-
tween the periods of vibration on the PEL and the local struc-
ture of the particles in the inherent structuressISd. These
results indicate that the time of vibration of a particle in a
so-called “metabasin” is correlated with the structure of its
Voronoi polyhedron and the distortion of the Delaunay sim-
plices to which it belongs. It is shown that the longest me-
tabasins occur for particles that have approximately 12 geo-
metrical neighbors and a Voronoi volume that is close to the
value expected from the system’s density.

The paper is organized as follows. In Sec. II, we describe
the model employed in this study, and discuss some of the
canonical “glassy” features that are exhibited by the model.
Section III discusses the local structure of the system in
terms of the Voronoi–Delaunay analysis. In Sec. IV, we
present the algorithm for calculating the particle metabasins
of vibration on the PEL, and discuss the correlations between
the structure of the Voronoi–Delaunay constructions and the
lengths of the metabasins. Section V discusses the influence
of the normal modes of vibration at the inherent structures on
the system structure. Finally, we conclude in Sec. VI and
discuss some of the implications of this study.

II. MODEL AND SIMULATION DETAILS

The model employed in this work consists of polymer
chains of spherical interaction sites of diameters. Non-
bonded sites interact through a modified39 6-12 Lennard-
Jones potential with characteristic energye, and bonded sites
interact through a harmonic potential,

Uij
nb = 4«FS s

r ij
D12

− S s

r ij
D6G + c0« + c1«S2.5 −

s

r ij
D , s1d

Uij
b = khsr ij − l0d2, s2d

where c1=0.016 316 891,c2=0.038 999 477,kh=1000« /s2

is the spring constant, the equilibrium bond length isl0=s,
andr ij is the distance between the interaction sites. The cut-
off distance for the Lennard-Jones potential is 2.5s. The
modified potential is required in order to avoid a discontinu-
ity in the energy and the force at the cutoff. These parameters
were chosen to prevent crystallization and facilitate trapping

of the system in an amorphous glassy state. This glassy state
is also stable and reproducible under varying geometries
such as thin films.34,50 The chains used in this work have
lengthL=32, which is close to one entanglement length for
this model. The number of chains used was 22. All results
are reported in reduced variables, i.e., temperatureT*

=kT/« and densityr* =Ns3/V.
The equilibration of these systems was carried out using

advanced Monte Carlo moves40,41and molecular dynamics in
the NPT ensemble at zero pressure. The system was first
equilibrated atT* =1.0. The temperature was then reduced in
steps of 0.1 untilT* =0.6 and then in steps of 0.05. An ap-
parent glass transition temperature was identified atTg

b*

=0.40 from the change in slope of the specific volumesor
energyd versus temperature for a bulk systemsFig. 1d. The
values ofTg determined from both curves agree within the
statistical error. The static structure factor of the system,
Ssqd, is shown in Fig. 2 over a range of temperatures from
the melt-like state to near the glass transition. From Fig. 2,
one observes no qualitative change asTg is approached, as
expected for a glass-former.

Microcanonical molecular dynamics simulations were

FIG. 1. Specific volume and enthalpy as a function of temperature for the
bulk system for a typical simulation.

FIG. 2. Static structure factor for the model bulk glass.
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then carried out atT* =0.425 and at a density ofr* =0.984,
with a time step of 0.001; configurations were saved every
20 time steps. The ensemble average pressure is zero under
these conditions. The choice of this temperature was dictated
by several preliminary studies conducted at temperatures
ranging fromT* =0.4 to 0.475. The incoherent intermediate
scattering functionFq

sstd is shown in Fig. 3 for several tem-
peratures in this temperature range. This function was calcu-
lated at a value ofq corresponding to the first peak inSsqd.
One can clearly observe the onset of a two-step relaxation
with a stretched exponential decay asTg is approached. At
temperatures lower than 0.425, it was found that the time
scale for a relaxation ta, as defined byFq

sstad=0.3, was
extremely large, thereby rendering detailed calculations com-
putationally unfeasible for the system sizes considered here.
At higher temperatures, the motion of the particles is influ-
enced to a lesser degree by the PEL;T* =0.425 was therefore
chosen as the temperature for further study. In order to study
the PEL of the model glass, it is necessary to minimize the
potential energy of the system to the local minima. Such a
mapping was proposed by Goldstein29 and Stillinger28 and
has been extensively used to investigate both model
glasses30,31 as well as atomistic systems.38,42 Several
algorithms43 exist for finding the minimumsor conversely,
the maximumd of a function. We employed a conjugate gra-
dient algorithm43 for this study. The energy minimization is
assumed to have converged if the decrease in energy between
subsequent steps is below 10−9«. The final forces on the par-
ticles are of the order of 10−4« /s.

III. AVERAGE LOCAL STRUCTURE OF THE SYSTEM

This section describes the local structure of the inherent
structures of the system in terms of the Voronoi polyhedra
and the Delaunay simplices. By construction, a Voronoi
polyhedron of a site is the region of space that is nearest to
that site than to any other site. The Voronoi polyhedron
serves as a measure of the local empty space around a site.
These polyhedra possess the property that they completely
tile space, i.e., they fill up space without any overlaps or

voids. For a completely amorphous system, every face of a
Voronoi polyhedron is shared by two sites, every edge is
common to three sites and every vertex of a Voronoi polyhe-
dron is shared by exactly four sites. The tetrahedron formed
by these four sites is called a Delaunay simplexsor Delaunay
tetrahedrond. The Delaunay simplices are theduals of the
Voronoi polyhedra, and also possess the property that they
tile space. While the Voronoi polyhedra enclose the volume
arounda particle, the Delaunay simplices enclose the volume
betweenparticles. The shape of the Voronoi polyhedra and
the arrangement of the Delaunay tetrahedra can provide a
measure of the local packing in amorphous systems. Several
measures have been used for Voronoi polyhedra; these in-
clude the volumesVVd, surface areasAVd, asphericitysSVd,17

and curvaturesCVd.15 The asphericity and curvature are de-
fined by

SV =
1

36P

AV
3

VV
2 − 1, s3d

CV =
AVoi

l iui

24pVV
, s4d

wherel i is the length of edgei of the polyhedron andui is the
angle between the normals of the intersecting faces. The
value ofSV is zero for a sphere and increases with increasing
deviation from a spherical shape. For the Delaunay simplex,
the measures include the tetrahedricitysGd,17,44 octahedricity
sOd,17 and void sizesvTd,39,45 i.e., the largest void that can be
inscribed inside the tetrahedron without overlap with the par-
ticles. The units forl i , AV, VV, andvT are in terms ofs , s2,
ands3, respectively.

Figure 4 shows the distribution of tetrahedricityG and
octahedricityO, for the Delaunay simplices obtained from
the inherent structures atT* =0.425. One can observe a dis-
tinct bimodal structure that arises from the presence of both
slightly distorted tetrahedra and quart-octahedrasi.e., the tet-
rahedron formed from one quarter of an octahedrond. The
tetrahedricity of an ideal quart-octahedron isGO=0.05, and
the octahedricity of an ideal tetrahedron isOT=0.08. Though

FIG. 3. Incoherent intermediate scattering function for several temperatures
approachingTg.

FIG. 4. Distribution ofG andO for the Delaunay simplices.
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not in exact agreement, the values at the second peaks of the
distributions are close to the expected values, and confirm
that the second peak inG arises from quart-octahedra and the
second peak inO arises from distorted tetrahedra. Such bi-
modal distributions have also been observed in model soft-
sphere glasses.39,45 Figure 5 shows the two-dimensional dis-
tribution of Delaunay simplex void size and the
octahedricity. This figure corroborates the previous conclu-
sions, and confirms the existence of two distinct populations
of simplices. As expected, the octahedral voids have a larger
value ofvT than the tetrahedra.

While the Delaunay simplices serve as a useful measure
of the local arrangement of particles, an analysis of the local
structure in terms of the Voronoi polyhedra reveals greater
information about the arrangement of particlesaround the
particle of interest. Figure 6 shows the distribution of the
Voronoi volume, surface area, curvature and face areasAF, of
the polyhedra. One can observe that the distributions of the

first three quantities are unimodal and exhibit no specific
features. However, forAF, one observes a strong peak close
to zero, which implies the presence of geometrical neighbors
that have aperturbative origin, i.e., arise from distant
neighbors44 that will cease to be neighbors if the position of
the particles is slightly perturbed. Such perturbative artifacts
often mask the underlying nature of the local arrangement.
We have therefore eliminated such effects by the following
procedure:

s1d Construct the complete Voronoi polyhedron for the par-
ticle.

s2d Calculate the face areas and the corresponding neigh-
boring particles.

s3d Reconstruct the Voronoi polyhedra by eliminating those
particles which lead to face areas below a certain cut-
off, Ac.

We term the new neighbors obtained in this fashion astrue
geometric neighbors. A similar procedure has also been em-
ployed previously to study local arrangements.44 Figure 7
shows a dramatic change in the probability distribution of the
number of faces as the perturbative faces are eliminated. The
distribution does not change furtherswithin the uncertaintyd
as the cutoff for the elimination is changed from 0.1 to 0.15.
Specifically, after the elimination procedure, we observe the
presence of a large fraction of polyhedra with 12 faces,
which is a signature of icosahedral ordering. Further, upon
closer inspection of the number of edges per facesFig. 8d, we
find a large fraction of pentagonal faces, which provides ad-
ditional evidence for the presence of an underlying icosahe-
dral order in the system. Section IV details the calculation of
the metabasins of vibration and investigates the correlation
between structural and dynamical aspects.

IV. METABASIN CALCULATION AND INFLUENCE OF
STRUCTURE ON DYNAMICS

In a departure from previous detailed studies of the PEL
of model glasses, this work considers systems that are rela-

FIG. 5. Distribution ofvT vs O. The numbers on the contour plot are pro-
portional to the probability,PsvT,Od. The units forvT are in terms ofs3.

FIG. 6. Distribution ofsad Voronoi volume,sbd surface
area of Voronoi polyhedra,scd curvature of Voronoi
polyhedra, andsdd face areas of Voronoi polyhedra. The
arrow indicates the face area cutoffAc=0.15 below
which two sites sharing that face are not considered
true neighbors. The units for volume and area are in
terms ofs3 ands2, respectively.
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tively large. Large systems are necessary to reduce finite-size
effects when studying a polymeric system. The simulation
box length is approximately 1.5 times the average end-to-end
distance of the polymer chains. Previous reports have indi-
cated that a large supercooled-liquid system can be decom-
posed into smaller, weakly interacting subsystems.46 Further-
more, the number of minima on the PEL grow exponentially
with system size. In such a scenario, relaxations from the
different subsystems will superimpose, and it is not possible
to identify metabasins solely on the basis of the energies and
configurations of the inherent structures, as has been done
before.30 We have therefore adopted an alternative approach
to identify the metabasins for our system. More specifically,
a variant of the algorithm proposed by Heueret al.30 is used
to track the positions and neighborhood of individual par-
ticles, and to identify metabasins of vibration for each par-
ticle instead of the entire system. We define that a change in
the environment of a particle has occurred if the number or
identities of the geometrical neighbors of the particle have
changed. Thus at timet, a particlei ’s state is characterized by

the vectorSistd=fr istd ,I1t ,… ,INV
i tg, wherer i is the position

vector of the particle,I jt denotes the Voronoi neighborj of
the particle, andNV

i denotes the total number of Voronoi
neighbors at timet. The algorithm begins by scanning the
vectorSi over the length of the simulation. Two state vectors
are considered different from each other if the displacement
between their positions is greater than a certain tolerance,
ddisp, or if there is a change in the list of Voronoi neighbors.
During the scan, the times at which each statek occurs are
found and a note is made of the time of first occurrencetkf,
last occurrencetkl, number of occurrencesnk, and fractional
occurrence,fk=nk/ stkl− tkfd. Since a metabasin consists of a
particle residing in several neighboring local energy minima,
the time intervalsftkf ,tklg overlap with several other time
intervals. We follow a variant of the procedure proposed by
Heueret al.30 in order to combine these intervals to obtain
time periods corresponding to metabasins. Briefly, the proce-
dure is as follows:

s1d Time intervals with a fractional occurrence of less than
1% are eliminated.

s2d Next, we eliminate the intervalsftkf ,tklg that are com-
pletely contained in another larger time interval.

s3d Two intervals that overlap are combined, either if the
length of overlap is greater than half the maximum
length of the two intervals, or if the length of overlap is
greater than 80% of the smaller interval.

s4d Two overlapping intervals that do not satisfy the above
criterion are split into smaller nonoverlapping intervals
as prescribed by Heueret al.30

In some rare cases, we find that certain long intervals consist
of small fractional visits, which indicates that the same state
vector,Si, is revisited after a long gap in time. Further, we
reiterate that we only look at particle positions and identity
of the neighbors in defining the state point. Thus the sameSi

could result from a different arrangement of neighbors or
from a short-lived fluctuation in the position. We usefk as a
simple indicator of such an event and eliminate those inter-
vals, in order to prevent unphysically large metabasins. The
next two steps eliminate the short-lived vibrations between
local minima within a larger metabasin and combine time
intervals of significant overlap into a single metabasin. Fig-
ure 9 shows the trajectory of energies of inherent structures
generated during the NVE simulation. It is clear that the
system does not exhibit the distinct presence of metabasins
as defined in earlier studies.47,48 However, Fig. 9 shows the
typical trajectory of a particle over the same inherent struc-
tures. In Fig. 9 one observes that, over several long periods
of time, a particle vibrates about a mean position, and infre-
quently jumps into a different metabasin. The dotted lines
show the metabasins identified by our algorithm for a typical
trajectory. The length of the dotted line is the size of the
metabasin in units of time. In order to ascertain whether the
PEL actually influences the dynamics, i.e., if a separation of
time scales exists between vibrations and activated jumps,
we have examined the correlation of the magnitude of the
jumps between successive metabasins in the IS trajectory
and the actual molecular dynamicssMDd trajectory. This was

FIG. 7. Probability distribution for number of faces of the Voronoi polyhe-
dra with and without small face elimination.

FIG. 8. Probability distribution for number of edges per face of the Voronoi
polyhedra with and without small face elimination.
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done as follows: over the time period of the metabasin, the
average position of the particle was calculated over the IS
trajectory and the MD trajectory. Next, the displacements
between the average positions were calculated for successive
metabasins, for both trajectories. Figure 10 shows the corre-
lation between the displacements for the two trajectories. We
find that the two are in excellent agreement, thereby confirm-
ing that the true dynamics are a reflection of the underlying
motion on the PEL.

Figure 11 shows the distributions of Voronoi volumes
versus the number of neighbors, averaged over the vibrations
in a metabasin. As stated earlier, the elimination of perturba-tive faces reveals the presence of a large fraction of 12 co-

ordinated particles. Figure 12 shows the average length of
the particle metabasins in units of number of time steps,
kLMBl, as a function of the average Voronoi volume of the
particle and number of neighbors during its residence in the
metabasin. One can observe a clear correlation, with shorter
metabasins associated with largerkvVl. The value of the av-
erage Voronoi volume over all the sites in the systemsi.e.,
number densityd is 1.02. Note that in the construction of this
figure, the small face elimination was not performed. If such
an elimination is conducted, then the distribution shifts to-
ward 12 neighbors, as shown in Fig. 7. Such a Voronoi cell is
reminiscent of icosahedral ordering, and the results indicate
that a greater degree of icosahedral ordering leads to a lon-
gevity of the particle metabasins. Figure 13 shows the distri-
bution of average tetrahedricity in a metabasin,kGl, for sites
belonging to metabasins with differentL. The distributions
shift to the left as the size of the metabasins increase, reveal-
ing a distinct influence ofG on metabasin size.

FIG. 9. sad Trajectory of IS energies,UIS. sbd Typical trajectories of particle
coordinates. The particle numbers and directions are indicated in the top-
right corner. The dotted lines denote the metabasins calculated for this
trajectory.

FIG. 10. Correlation of particle displacements between metabasins in the
MD trajectory and the IS trajectory.

FIG. 11. Distribution of Voronoi volume as a function of number of neigh-
bors, during vibration in a metabasin:sad without face elimination, andsbd
with face elimination withAc=0.15. The numbers are proportional to prob-
ability PsNV,VVd. The units for volume are in terms ofs3.
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V. INFLUENCE OF COOPERATIVITY ON STRUCTURE

It is well established that the dynamics in supercooled
liquids exhibit a cooperative nature,8,35,49even at the level of
single transitions between neighboring inherent structures.34

While the results presented so far demonstrate that a corre-
lation exists between dynamics and structure based on single
particle properties, a study of the structure of cooperatively
rearranging regions could provide even greater insights into
the microscopic origins of heterogeneous dynamics. Our
work suggests that some insights into the nature of collective
motion on the structure of the system could be obtained by
studying the vibrations at the IS in the harmonic limit, i.e.,
the normal modes of vibration, and their influence on the
tetrahedricity of the system,Gs. The tetrahedricity of the in-
herent structures can be expanded in a second-order Taylor’s
series:

Gs = Gs0 − FG · D + 1
2DT ·HG · D, s5d

whereGs0 is the tetrahedricity of the system at the minimum,
FG and HG denote the force and Hessian equivalents of the

tetrahedricity, andD is the displacement field. The expres-
sions forFG andHG are given in the following:
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where t is the index over the tetrahedra containing particle
m, p andk are the indices of the particles in tetrahedront , l t
is the average length of the edges in tetrahedront, anda, b
denote the Cartesian directions. In a previous publication50

we discussed the cooperative nature of the modes and the
significance of the Boson peak on the observed dynamics in
glasses. In simulations, one can obtain the Boson peak by
calculating the dynamic structure factorSincsq ,vd, or by di-
agonalizing the Hessian matrix at the IS. Figure 14 shows the
results obtained from both methods; they are in excellent
agreement, with a clear Boson peak present atv<2.5. The
advantage of the Hessian method is that one can obtain the
eigenvectors to examine the nature of the motion with a par-
ticular frequency. Each eigenvectorQk has length 3N, which
can be thought of asN displacement vectorsqi

k acting on the
particles in the system:

Qk = fqk
1,…,qk

Ng.

These particle vectors give the direction and displacement of
the particles in a particular eigenmode. The eigenvector de-
scribes the collective instantaneous vibrational dynamics of
the system, since it gives the direction of displacement of all
the particles in the system. One can investigate the nature of
the vibrations on the local structure by studying howG varies
as the system is moved along a normal mode of frequencyv.
This can be quantified by

DGssvd = Gssvd − Gs0 = − FG ·Qsvd

+
1

2
QsvdT ·HG ·Qsvd = DFGsvd + DHGsvd,

s8d

where the frequency-dependent contributions due to the
force and the Hessian are denoted asDFGsvd and DHGsvd,
respectively. Figure 15 shows these contributions for the low

FIG. 12. Average lengthkLMBl of a metabasin as a function of Voronoi
volume and number of geometrical neighbors. The units in the contour plot
are in terms of number of MD time steps.

FIG. 13. Distribution of average tetrahedricity for particles vibrating in
metabasins of different lengths. The units in the legend are in terms of
number of MD time steps.
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frequency modes. One can make the observation that the low
frequency modessdirections with lowest curvature of poten-
tial energy on the PELd correspond to the greatest change in
local structure measured in terms of the tetrahedricity. How-
ever, a distinct change in the nature of the curve is observed
at v<2, which is close to the Boson peak frequency for this
model. Similar observations were also made by Schoberet
al.17 for soft-sphere glasses. Thus, we find that similar mea-
sures of local structurestetrahedricity in this cased influence
the motion in both the vibrational limit as well as in the limit
governing the transitions between metabasins.

VI. DISCUSSION AND CONCLUSIONS

The model glass forming polymer considered in this
work exhibits the canonical features expected from a glass-
former, such as a well-defined apparent glass transition tem-
perature and a two-step nonexponential relaxation behavior
over time. For each particle, metabasins of vibration have
been identified in the inherent structure trajectory using an
algorithm based on the position and neighborhood of the
particles. We have investigated the relationship between the
local structure around a monomer for this glass former and
its period of vibration on the PEL. We find that its Voronoi
volume and coordination number correlate with its residence
time in the metabasin. Our results provide concrete evidence
that activated dynamics are governed by both the local free
volume and thegeometryof the free volume. Recent results
by Cooperet al. have shown that the starting configuration
influences the spatial distribution of dynamic
heterogeneities.9 However, the specific aspect of the local
structure influencing the dynamics was not investigated. Our
finding that specific structural arrangements have a direct
impact on the observed dynamics make this study novel.
Since certain local environments can lead to greater tendency
for motion, our results also aid in understanding the origin of
“mobile excitations” in the dynamically facilitated models
for glasses.12,13It has been previously hypothesized that frus-
tration of nonspace filling structures51,52 could be at the ori-
gin of dynamic heterogeneities, with motion occurring along
the domain walls between preferred local structures. Domain
frustration has also formed the basis of a recent thermody-
namic theory of glass transition.53 Interestingly, an increase
in the coordination number has been shown to influence the
dynamics in supercooled water.38 These observations were
rationalized through geometric frustration arguments in a tet-
rahedral network. Atomistic simulations of am-toluidine
have revealed the presence of pairs of strongly H-bonded
molecules that exhibit slower dynamics than the rest of the
system.37 However, both of these systems exhibit strong di-
rectional interactions in the form of H bonding, and it is not
clear from the above studies whether such conclusions ex-
tend to glassy systems in general, including polymeric
glasses. Studies of a model potential36 that imitates the struc-
ture of metallic glass formers have also shown the influence
of local structure on the dynamics, with substantial reduction
in the mean-square displacement for particles present in an
icosahedral ordering. However, the potential is constructed to
favor icosahedral ordering54 in the first coordination shell.
Our system lacks specific directional interactions, and our
results indicate that the specific preferred structural arrange-
ments have a clear and well-defined influence on glassy dy-
namics in general. Identification of such structural motifs in
different glass formers could considerably improve our un-
derstanding of the influence of chemical structure on the dy-
namics in glass formers.

Furthermore, we have also found that the vibrations at an
inherent structuresnot a metabasind exhibit a nontrivial de-
pendence on the structure, which changes at a frequency
close to the Boson peak for this model. In a previous study50

using the same model, we demonstrated the cooperative

FIG. 14. Calculating the location of the Boson peak fromsad dynamic
structure factor andsbd Hessian diagonalization. The units forq are in terms
of s−1.

FIG. 15. Change of system tetrahedricity as a function of normal mode
frequency.
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character of the vibrations of the low frequency modes. From
earlier studies on soft-sphere glasses17,55 it is known that the
low frequency modes are concentrated onOs10d sites that
are spatially correlated and exhibit structural differences
from the average structure of the glass.56 Excitation of the
low frequency modes in Ni81P19 glass57 was also found to
result in well-defined atomic motions with cooperative char-
acter. Other studies have shown that short time vibrational
dynamics correlate both with the local free volume58 and the
long-time relaxation of several small-molecule and poly-
meric glass formers.59–61 The intensity at the Boson peak
frequency has also been interpreted in terms of the length
scale of the frozen-in fluctuations of the local elastic
constants.62 Our results indicate that motions at both short
and long time scales exhibit a dependence on the tetrahedric-
ity which is a measure of the local structure and distortion.
We believe that our finding of a common structural origin
provides a mechanistic explanation for the experimental
observations59–61 that relate the nature of the short-time vi-
brational dynamics to thea relaxation.
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