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In this work we investigate the microscopic structure and dynamics of the molten equimolar alloy,
Se50Te50 using a combination of neutron and x-ray diffraction experiments, reverse Monte Carlo
analysis, and first principles molecular dynamics. The range of temperatures studied covers the
semiconductor/metal transition. From our results it can be seen that the latter is associated with an
increase in coordination numbers and a reduced tendency to heterocoordination. In agreement with
previous inelastic neutron scattering experiments, our molecular dynamics calculation predict a
certain widening of the stretching vibrational modes band in connection with the increase of
coordination and the presence of longer bonds in the metallic phase. © 2007 American Institute of
Physics. �DOI: 10.1063/1.2790899�

I. INTRODUCTION

SeTe alloys have interesting electronic properties they
share with elemental Se. In particular, the fact that increasing
temperature induces a semiconductor/metal transition has
motivated numerous experimental and theoretical
investigations.1–6 In the case of alloys, this transition can also
be tuned by changes in the composition, a feature that makes
this system even more attractive from the technological point
of view. However, despite the growing number of works con-
cerned with the properties of elemental Se and Te, relatively
few investigations have focused on the behavior of SeTe al-
loys. Some 20 years ago, Bellisent published a rather com-
plete neutron diffraction study7 �in which, however, the dif-
ferent components of the structure factor could not be
extracted� and some data for inelastic neutron scattering of
SeTe glasses8 have only very recently been complemented
by more detailed studies of the dynamic structure factor of
equimolar SeTe.5,6 Additionally, Tsuchiya9 presented a study
of the thermodynamics of isostructural transitions in liquid
SeTe alloys from a careful determination of sound velocities
and isothermal compressibilities. Some ab initio computer
simulation results have also been recently published by

Lomba et al.10 focusing on the compositional dependence of
the microscopic structure and dynamics.

In the solid phases, various Mössbauer spectroscopy
analyses give contradictory results as to where the structure
of the equimolar alloy Se50Te50 should be formed by alter-
nating chains of Se–Te atoms,11 or should present composi-
tional disorder.12 A recent study based on electron energy
loss spectroscopy13 seems to rule out the presence of com-
positionally ordered chains in the trigonal structure of solid
Se50Te50.

It is the main purpose of this work to complement the
available experimental and computer simulation results for
the molten equimolar alloy Se50Te50. To that aim, we have
performed a series of neutron and x-ray diffraction �XRD�
experiments, extracting the relevant structural information by
means of a reverse Monte Carlo �RMC� analysis.14 Addition-
ally, we have carried out extensive ab initio molecular dy-
namics �MD� calculations which yield both structural and
dynamic informations. The latter has been checked against
the inelastic neutron scattering results of Chiba et al.6

The rest of the paper is sketched as follows. In the next
section we summarize the experimental details. Section III is
devoted to a brief account of the RMC method as applied
here. Technical details of the ab initio simulation and the key
formulae for the analysis of the results are contained in Sec.a�Electronic mail: E.Lomba@iqfr.csic.es
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IV. Our most significant results and conclusions are to be
found in Sec. V.

II. EXPERIMENT

Selenium-tellurium alloys were prepared by melting
99.9999% pure elemental Se and Te enclosed in vacuum-
sealed quartz tubes with a length of 15 cm and a diameter of
11 mm. The samples were heated for 24 h at 773 K. Neutron
diffraction was performed with the GEM diffractometer at
ISIS.15 The sample was contained in a sealed cylindrical
quartz tube with an outer diameter of 10 mm and wall thick-
ness of 1 mm. The quartz tube was held by a thin vanadium
tube in a furnace and measurements were performed at 700,
900, and 1100 K. This corresponds to the same points in the
phase diagram measured by inelastic neutron scattering by
Chiba et al.6 Background was subtracted and the data were
normalized to a vanadium measurement. Corrections for ab-
sorption, extinction, and multiple scattering were performed
with the GUDRUN package available at ISIS. Finally, cor-
rected data from the different detector banks were merged to
give the structure factors seen in Fig. 1.

Synchrotron x-ray diffraction measurements at different
temperatures were performed at the beam line 11-ID-C �Ad-
vanced Photon Source, Argonne National Laboratory� using
synchrotron radiation of energy of 115.596 keV ��
=0.107 26 Å�. The sample was loaded in a quartz capillary
and sealed in helium gas environment. An electric furnace

was used to heat the sample to high temperature. A two-
dimensional image plate detector �MAR345� was used to
collect data over a wide Q range �1–30 Å−1�. Up to ten
images were taken on the sample at T=700 K and T
=900 K. X-ray diffraction data of an empty capillary were
also collected at the same experimental condition for back-
ground corrections. The corresponding images/scans were
combined, subjected to geometrical corrections, integrated,
reduced to one-dimensional XRD patterns using the program
FIT2D, which were further converted into absolute �electron�
units, and reduced to the so-called structure functions using
the program PDFGETX2.16 Data were successfully collected
up to 900 K. But attempts to collect data at 1100 K failed
because the sample seemed to react with the quartz capillary
wall above 950 K. Also, the sample moved in the capillary
making the control of the temperature difficult.

To get reliable x-ray measurements of the high tempera-
ture metallic phase, another set of experiments was per-
formed at the wiggler beam line BW5 at HASYLAB in
Hamburg, Germany. The energy of the monochromatic beam
was 100 keV ��=0.124 Å−1�. The samples were contained
within sealed quartz-glass capillaries with an inner diameter
of 2 mm and a 0.02 mm wall thickness. The furnace is a
self-made vacuum resistance heater, giving place for two
samples. Both the heat shielding and the furnace chamber
were equipped with Be windows to avoid background con-
tributions. We performed two complete scans on each
sample. The scattering angle reached from 1° to 17° �giving
Qmax=15 Å−1�. We divided the range into two parts, 1°–10°
and 9°–17°. The former was measured with an angle step of
0.02°, for 2 s at each point, with a Fe absorber applied in the
primary beam, the latter with an angle step of 0.04°, for 4 s,
and no absorber. Both scans were averaged, and the absorp-
tion of the attenuator was corrected making use of the over-
lap region, correction for geometry, and polarization.

With this setup, we managed to do the 1100 K measure-
ment but in a smaller Q range �useful between 0.9 and
13 Å−1�. There are still some small features in S�Q� at this
high temperature which are probably due to some reactions
with the tube. The two lower temperatures were also mea-
sured at HASYLAB and agree well with the measurements
obtained at APS. In the following analysis, we have used
data from APS for 700 and 900 K and data from HASYLAB
for 1100 K. All x-ray structure factors can be seen in Fig. 1.

III. RMC MODELING

To extract the three partial structure factors for the SeTe
system, we need three measurements; each measurement
weighted with different scattering factors for Se and Te. Iso-
tope substitution of atoms with different scattering length for
neutrons is the most obvious way to do this.17 In our case,
however, there are no available isotopes of Se or Te for such
measurement. Instead, we are using a combination of neu-
tron and x-ray diffraction measurements. According to Faber
and Ziman18 the total neutron structure factor S�Q� is a sum
of the partial structure factors Sij�Q� weighted by the con-
stant scattering length b and concentration c of each compo-
nent,

FIG. 1. �Color online� Liquid Se50Te50 structure factors �top� and differen-
tial cross sections �bottom� as obtained from neutron diffraction and x-ray
diffraction experiments in this work.
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S�Q� =
1

�b�2�
i,j

cicjbibjSij�Q� , �1�

while the total x-ray structure factor contains Q-dependent
form factors f i�Q� as

F�Q� =
1

�f�Q��2�
i,j

cicjf i�Q�f j�Q�Sij�Q� . �2�

The simultaneous fit of neutron and x-ray structure fac-
tors by RMC �Ref. 14� has been successfully used to separate
partial structure factors in binary alloys even when there are
only two measurements available.19 In RMC, we can add
constraints such as shortest distance between atoms and oth-
ers, that we know in advance, should be able to make up for
some of the lacking information when only two measure-
ments are available. The final three-dimensional structure
also corresponds to a topological structure that is consistent
with the measured data and imposed constraints.

The configurations used for the RMC simulations con-
sisted of 10 000 atoms randomly placed in a box and then
separated to a minimum distance between the atoms, as
given in Table I. A configuration was produced by first fitting
to the partial pair correlation functions obtained from ab ini-
tio MD for this system. These configurations were then used
as start configurations to RMC. This leads to very good fit to
the experimental data. We have checked that the final results
are independent on the initial guess configuration using vari-
ous sets of particle coordinates generated by MD runs at
different temperatures. Once the RMC cycles have con-
verged, no discrepancies were found in the fits using differ-
ent initial guesses, within statistical error.

As can be seen from Fig. 1, both the neutron and the
x-ray differential cross sections �DCS� are relatively similar,
this is probably the reason why a full separation of the partial
functions was not possible using a totally random configura-
tion as initial guess in the RMC procedure. In the upper part
of Fig. 1 one can see the corresponding experimental struc-
ture factors that have been used as input for the RMC pro-
cedure. The resulting RMC structure factors are practically
identical and are, thus, not represented in Fig. 1.

IV. SIMULATION DETAILS

As in Ref. 10, the ab initio molecular dynamics calcula-
tions in this work have been carried out using the Vienna ab
initio simulation package �VASP�.20 We used ultrasoft Vander-
bilt type pseudopotentials,21 as supplied by Kresse and
Hafner.22 The density functional theory �DFT� calculations
have been performed in the generalized gradient approxima-
tion using the PW91 exchange functional of Perdew and

Wang23 with a �-point sampling and an energy cutoff of
150 eV.

Once the ab initio forces are evaluated, ionic positions
are displaced according to the solution of the equations of
motion, appropriately modified so as to keep a constant tem-
perature using a Nosé-Hoover thermostat. This procedure is
repeated using a time step of 5 fs. As a whole, we performed
an equilibration run of 5 ps followed by a production run of
15 ps using samples of 256 particles.

The static structure factor is calculated by means of di-
rect Fourier transformation of the partial pair distribution
functions, g���r�, and by direct sampling. Since the sample is
sufficiently large, the Fourier transformation of the g��

yields reliable estimates even at relatively low Q vectors
fully compatible with the direct sampling estimates, but is
better behaved at medium and large Q vectors. In order to
make a proper comparison with neutron scattering data, an
average g�r� is obtained from the partial distribution func-
tions g���r� weighted with the atomic neutron scattering
lengths,

g�r� =
1

�b�2 �x2bSe
2 gSeSe�r� + �1 − x�2bTe

2 gTeTe�r�

+ 2x�1 − x�bSebTegSeTe�r�� , �3�

with �b�=xbSe+ �1−x�bTe x being the fraction of Se atoms,
and the scattering lengths bSe=0.797�10−14 m and bTe

=0.58�10−14 m. Fourier transformation of h�r�=g�r�−1
from Eq. �3� leads to the Faber-Ziman structure factor,

S�Q� = 1 + �h̃�Q� , �4�

with h̃�Q� determined from the Fourier transform of Eq. �3�.
Here, � is the total number density and the tilde denotes a
Fourier transform. This is consistent with the definition of
Eq. �1�.

As to the dynamic quantities, the intermediate scattering
function reads

F�Q,t� =
1

N�b2���
i,j

bibj exp�Q�ri�t� − r j�0���	 . �5�

The temporal Fourier transform of Eq. �5� yields the
dynamic structure factor,

S�Q,�� =
1

2�



−	

	

exp�i�t�F�Q,t�dt . �6�

with � being the angular frequency. The dynamic structure
factor can also be expressed in terms of frequency 

=� /2� or energy E=h� /2� �h being Planck’s constant�.
Following Chai et al.,24 we calculate

S�Q,�,t1,t2� =
1

�



t1

t2

exp�i�t�F�Q,t�dt , �7�

for a sufficiently long t2 so that

S�Q,�,t1� � S�Q,�,t1,t2� ,

and then average over a correspondingly large number of
time origins, Nt1

, to obtain

TABLE I. Number density and distances of closest approach used in RMC
simulations.

Temperature �K� 700 900 1100
Box side �Å� 71.806 72.091 71.446
Density �atoms/Å3� 0.0270 0.0267 0.0274

Se–Se Se–Te Te–Te
Min. separation 2.1 2.3 2.5
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S�Q,�� =
1

Nt1

�
t1

S�Q,�,t1� .

As in Ref. 10, we have set t2=15 ps and averaged over 1000
time origins that span a time interval of 5 ps. The Q vector
orientation has been sampled for a given Q= �Q�, choosing a
random orientation among those compatible with the peri-
odic boundary conditions, i.e., Q= �n1 ,n2 ,n3�2� /L �ni being
integer and L the side of the cubic simulation box� for each
configuration. Then, an experimental resolution function is
incorporated into the final dynamic structure factor,24 such
that

S�Q,�� = 

−	

	

R�� − ���Sraw�Q,���d��, �8�

where Sraw�Q ,�� represents the raw data as obtained from
the sampling and averaging procedure. The resolution func-
tion is

R��� =
1

��0

exp�− �2/�0
2� , �9�

and �0 is the experimental width of the resolution function,
which we have set to 2.5 meV as in Ref. 24. Once this is
done, we can get additional information on the vibrational
properties of the sample6,10,24 using the relation between the
longitudinal current correlation function Jl�Q ,��, which is
related to the dynamic structure factor by25

Jl�Q,�� =
�2

Q2S�Q,�� . �10�

Information on the vibrational structure �and other col-
lective excitations� can also be accessed via the velocity self-
correlation function,

C�t� =
1

3N��
i=1

N
vi�t�vi�0�

vi�0�2 	 , �11�

whose Fourier transform gives the frequency spectrum Z���.
Additionally, the self-diffusion constant D is given by

D =
kBT

M
Z�0� , �12�

where kB is Boltzmann’s constant and M is the particle mass.
This quantity can also be obtained from Einstein’s relation,
which correlates the time dependent mean square displace-
ment with the diffusion via

��r�t� − r�0��2� → 6Dt + constant �13�

in the long time limit.

V. RESULTS

In what follows, we summarize the key results of our
experiments and ab initio simulations. The latter have been
performed for the temperature and number densities indi-
cated in Table I. These correspond to values interpolated
from the experimental measures of Thurn and Ruska.26

A. Microscopic structure

We will first focus on the pair structure of our equimolar
molten alloy. A comparison of the structure factors obtained
from x-ray and neutron diffraction measurements and those
of ab initio simulation is presented in the upper part of Fig.
1. We see that both neutron scattering and x-ray structure
factors exhibit the same qualitative temperature dependence.
Actually, as mentioned before, they are quite similar which
represents a handicap for a good partial structure factor sepa-
ration using RMC simulation. Also, the MD estimates for
S�Q� agree qualitatively with the experimental results. There
is some shift in the phase of long wave vector oscillations
due to errors in the ab initio estimation of the equilibrium
nearest neighbor distance, i.e., in the location of the first g�r�
maximum, a well known limitation of the DFT calculation
when dealing with Te atoms.27,28 Despite this, we see that the
temperature dependence of the height and location of the first
and second maxima of S�Q� is the same both in MD and in
the experimental data. From Fig. 1, it is apparent that the
MD somewhat underestimates the height of the second
maxima. The analysis of the partial pair distribution func-
tions below will point to a likely source for this discrepancy.
The peculiar low Q behavior of the neutron data for the
900 K sample is most likely due to some errors in the ex-
perimental setup.

As mentioned before, the structure factors derived from
the RMC modeling are practically indistinguishable from
their experimental counterparts. The corresponding partial
pair distribution functions are depicted in Fig. 2 together
with the MD estimates. The location of maxima is well re-
produced by the simulation results. As to the height of the
maxima in the first coordination shell, MD data are in good
agreement for SeSe and SeTe �except for the latter at 700 K�,
but there are substantial discrepancies as to the TeTe corre-
lation, its maxima being clearly overestimated. This can be
explained by the well documented failure of DFT treatments
to properly account for bonding in solid and liquid
tellurium.27,28 Additionally, these inaccuracies in the first
TeTe coordination shell are likely to be responsible for the
systematic underestimation of the second maximum of the
total structure factor seen in Fig. 1. The other significant
discrepancy is found in the height of the first maximum of
gSeTe at 700 K, which is much lower in the RMC results.
This indicates that the strength of SeTe bonding �and hence
the tendency to heterocoordination� is overestimated by the
ab initio calculation. Below, we will see how this reflects in
the coordination numbers as predicted by RMC and MD.
Concerning the temperature dependence of the distribution
functions, from Fig. 2, one sees that, except for the MD
gSeTe, the pair correlations are not too sensitive to changes in
T. Aside from the decrease of the first maximum of gSeTe

when T rises, the only effect that can be appreciated is that
the position of the first peak of the simulated gTeTe is shifted
from 2.8 Å at 700 K to 2.92 Å at 1100 K. In the case of the
RMC results, the changes with temperature are less apparent
�the shift in the first peak position of gTeTe is from 2.8 Å at
700 K to 2.85 Å at 1100 K.�.

If we turn now our attention to three particle correla-
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tions, in Fig. 3, we have the most relevant bond angle distri-
butions. At first sight we can say that the agreement between
RMC and MD results is acceptable. Both techniques predict
similar values for the principal maxima of the distribution,
namely, 100° for gSeSeSe and 98° for gTeSeTe, and 94° and 95°
for gTeTeTe and gSeTeSe, respectively. This indicates that the
bond angles for Se atoms remain close to 100° and those of
Te atoms close to 94°. This latter value is somewhat smaller
than that the estimated experimental value in molten elemen-
tal Te ��100°, close to the value in the solid which is known

to be preserved upon melting29�. As to the bond angle XSeYˆ

whose distribution peaks around 100°, is somewhat lower
than the experimental and ab initio values30 found in molten
Se ��110° �. It seems that the accurate ab initio description
of Se atoms somewhat compensates the deficiencies in the
treatment of Te atoms �note that the stability of the cubic
structure is overestimated28 in the DFT for Te and this tends
to favor bond angles close to 90°� as found in Ref. 29.

As it was the case for the pair structure, the temperature
dependence of the RMC bond angle distributions is very
weak, whereas in the case of the ab initio results, all those
functions that involve Se atoms �and very especially those in
which there is direct SeTe bonding� have a much larger de-
pendence. In the latter case, obviously, the heights of the

bond angle distributions increase with decreasing tempera-
ture. Aside from this difference, in general, the RMC distri-
butions are substantially more spread than their ab initio
counterparts. This is likely a consequence of the tendency of
the RMC method to lead to configurations with an excess of
entropy �disorder�.

In Fig. 4, we have plotted the global distribution of co-
ordination numbers as obtained from the RMC and MD cal-
culations, using as global cutoff distance of 3.2 Å, which
corresponds to the minimum of the TeTe pair distribution
function. As a general trend, we observe that threefold and
twofold coordination are dominant �in all cases, more than
75% of the atoms are either twofold or threefold coordi-
nated�. The MD somewhat overestimates the ratio of twofold
coordinated atoms but, in any case, the agreement between
MD and RMC is more than acceptable. Both techniques
yield the same temperature dependence of the coordination
numbers, namely, as temperature increases, twofold coordi-
nation decreases and the number of single, three, and four-
fold coordinated atoms augments. This points to a destruc-
tion of the chains remnant from the solid trigonal structure.
We can get a more precise picture analyzing the distributions
of partial coordination numbers, which are plotted in Figs. 5
and 6 for RMC and MD configurations, respectively. The

FIG. 2. �Color online� Partial pair distribution functions for Se50Te50 at
various temperatures, as calculated from ab initio MD �curves� and RMC
fitting of the experimental structure factors.

FIG. 3. �Color online� Bond angle distribution functions for Se50Te50 at
various temperatures as calculated from ab initio MD �curves� and RMC
fitting of the experimental structure factors.
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changes in this partial coordination numbers with tempera-
ture are less apparent than those of the global coordination,
but one can see, for instance, that the percentage of Se atoms
surrounded by two Te atoms and the percentage of Se an Te

atoms with no other Se or Te atom around �i.e., heterocoor-
dinated� decreases. The increase in the global coordination
number is parallel to a decrease in the tendency to heteroco-
ordination. This implies that the increase in entropy compen-
sates the fact that the SeTe bonds are energetically favored
with respect to SeSe and TeTe bonds.11,13 This trends are
summarized in Table II in which the partial averaged coor-
dination numbers are collected. Here, one can also appreciate
that, as temperature rises, the global coordination number
increases slightly whereas the tendency to heterocoordina-
tion diminishes. These effects are enhanced in the ab initio
results.

B. Electronic structure and dynamics

The thermodynamic states studied in this paper span the
semiconductor/metal transition.5 Thus, the 700 K sample is a
semiconductor and, at 1100 K, the alloy becomes metallic.

FIG. 4. �Color online� Average distribution of coordination numbers evalu-
ated from MD �striped bars� and RMC �shaded bars� configurations for
Se50Te50 at various temperatures.

FIG. 5. �Color online� Average of the partial distribution of coordination
numbers evaluated from RMC configurations for Se50Te50 at various tem-
peratures %�X�Y denotes the percentage of atoms of type X surrounded by
Nc atoms of type Y.

FIG. 6. �Color online� Same as Fig. 5 computed from MD configurations.

TABLE II. Coordination numbers calculated from the pair distribution func-
tions from MD and RMC. The atom in parenthesis is the atom of reference.

T �K�

N�Se�Se N�Se�Te N�Te�Te

MD RMC MC RMC MC RMC

700 0.6 0.8 1.6 1.3 1.1 1.1
900 0.8 0.8 1.5 1.2 1.4 1.3

1100 0.8 0.8 1.5 1.2 1.6 1.3
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The fact that our ab initio model qualitatively reproduces this
transition is illustrated in Fig. 7 where we have plotted the
total density of electronic states �DOS�. The gap in the re-
gion of −7 eV and −5 eV corresponds to the separation be-
tween the low lying s states and the p band. In the latter one
can still observe the three-peaked structure typical of chalco-
gens, which corresponds to bonding � states, nonbonding �or
lone-pair� p states, and the conduction band, formed by an-
tibonding �* states. The Fermi energy is located at around
2.1 eV, where at the lowest T there is a clear pseudogap
which is completely closed at 1100 K. The increase in the
DOS at the Fermi energy is correlated with the correspond-
ing increase in the conductivity when going from semicon-
ductor to metal. An explicit calculation could be carried out
in the framework of the one electron approximation, which
might be expected to yield reasonable values for the metallic
states.31 This issue will be addressed in future works.

As far as the dynamics are concerned, the first property
to consider is the diffusion coefficient, whose values are col-
lected in Table III, as calculated from Einstein’s relation �Eq.
�13�� and the velocity autocorrelation, Eq. �12�. Both Se and
Te have similar diffusion constants, and the value of these
substantially increases in the metallic phase. For the sake of
comparison, the diffusion constant of Te at 743 K is32,33

�1.5–2.6��10−9 m/s2, and for Se at 570 K �semiconductor
regime� 0.4�10−9 m/s2 and 5.4�10−9 m/s2 at 1370 K, in
the metallic regime.34 Clearly the presence of Te atoms en-
hances the mobility with respect to the elemental Se, mainly
by destabilization of the covalent chains responsible for the
semiconducting character of molten Se. As to what extent

our calculations reproduce the experimental values for the
alloy, unfortunately, to our knowledge, the only experimental
diffusion coefficient available6 corresponds to 1100 K,
namely, D=6.1�10−9 m/s2 somewhat lower than our esti-
mates. This might be connected with the fact, already com-
mented above, that the ab initio calculations tends to over-
estimate bonding, in particular, SeTe bonds, at least when
comparing RMC and MD structural results.

If we turn now to the vibrational structure, in Fig. 8, we
have plotted the partial contributions to the frequency spectra
calculated from the velocity autocorrelation functions. No
excitations are visible beyond 30 meV. The bond stretching
band in the range of 17–30 meV corresponds to excitations
in which Se atoms are involved. As mentioned in Ref. 10,
this band is somewhat redshifted with respect to elemental
Se, since the presence of Te atoms weakens the Se–Se cova-
lent bonds. The torsion modes are located in the range of
3–5 meV and the bending modes in the range of
10–15 meV �in elemental Te at 10 meV and in Se at
15 meV�. In any case, as expected, most of the features are
smeared out as temperature is increased. At the highest tem-
perature, only the bending mode associated to Te atoms can
be clearly assigned at 9 meV �somewhat redshifted due to
the decrease of bonding strength�. Finally, in Fig. 9, we have

FIG. 7. �Color online� Temperature dependence of the electronic density of
states �DOS� of molten Se50Te50. The increase in conductivity is correlated
with a larger DoS at the Fermi energy ��2.1 meV�.

TABLE III. Diffusion constants �units of 10−9 m2� calculated from Ein-
stein’s relation �MSD� and the velocity autocorrelation function �VACF�.

Temperature �K�

Se Te

MSD VACF MSD VACF

700 3.16�2� 3.0�2� 3.05�2� 2.1�3�
900 7.47�3� 9.3�5� 7.74�2� 7.6�3�

1100 11.20�2� 12.1�4� 10.42�1� 9.0�4�

FIG. 8. �Color online� Partial atomic contributions to the frequency spectra
of molten Se50Te50 as obtained from ab initio MD simulations.
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plotted the apparent density of vibrational states as calcu-
lated from the longitudinal current correlation function, Eq.
�10�, i.e., from the dynamic structure factor. The result of our
calculation is compared with the experimental results of
Chiba et al.6 From the figure, we observe that the locations
of the vibrational excitations obtained from the dynamic
structure factor and the velocity autocorrelation function are
consistent. A comparison with the experimental data can only
be carried out as to the temperature dependence of the
stretching band, since other vibrational features are com-
pletely smeared out in the experimental results. What one
can see is that, as temperature increases, the stretching band
substantially broadens towards lower energies both in the
experiment and in our calculations. As discussed by Chiba et
al.,6 this is due to the presence of longer �weaker� bonds in
the metallic phase, which is consistent with the shift in the
position of the TeTe peaks commented on when discussing
Fig. 2. In any case, one should note that these apparent vi-
brational densities of states obtained either from the Fourier
transform of the velocity autocorrelation functions or from
the longitudinal current correlation refer to a liquid, i.e., the
collective excitations, whose density of states is depicted in
Figs. 8 and 9, are not only vibrational but include also atomic
diffusion.

In summary, we have presented the results of series of
neutron and X-ray diffraction experiments and ab initio mo-
lecular dynamics calculations aimed at providing a deeper
insight and better description of the dynamics and micro-
scopic structure of molten Se50Te50. Experiment and ab initio
MD agree reasonably well and confirm the view that the
semiconductor/metal transition brought about by temperature
is correlated with a subsequent increase in the coordination
numbers, a lower tendency to heterocoordination, and the
presence of longer �weaker� bonds in the metallic phase,
which becomes apparent by the widening of the stretching
band.
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