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We report results for the structural, dynamical, and electronic properties of liquid GaSbsl-GaSbd and liquid
InSb sl-InSbd simulated by usingab initio molecular dynamics. Our calculated structure factors and pair
correlation functions forl-GaSb andl-InSb are in good agreement with available experimental data. The
calculated results indicate that covalent heteroatomic bonds similar to those of the crystalline phase are
preserved in the liquid state, and the local structures of GasInd and Sb atoms inl-GaSb andl-InSb are
analogous with those in pure-element liquids.
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I. INTRODUCTION

The III-V semiconductors have ionic character in chemi-
cal bonding compared to group-IV semiconductors. In the
crystalline phases of GaSbsc-GaSbd and InSbsc-InSbd, the
Ga–Sb and In–Sb bonds have a weak ionic nature, and their
Phillips ionicities are 0.261 and 0.31, respectively.1 Zinc-
blende-type GaSb and InSb crystalline phases are stable at
ambient conditions with a coordination number of 4. Upon
melting, GaSb and InSb become metallic, similar to Si and
Ge, and transform to a more close-packed structure with den-
sity increases of 8.2% and 12.5%,2 some of the covalent
bonds are broken by the thermal motion of atoms, and the
electronic states transform to delocalized or collective states
in which compositional defects or “wrong” bonds exist
sbonds between the same type of atoms are absent in the
crystalline stated. Despite the metallic behavior of GaSb and
InSb in the melts, they do not have entirely free-electron
character, but retain some covalent properties.3

Many abnormal phenomena in physical properties of liq-
uid GaSbsl-GaSbd and liquid InSbsl-InSbd have been re-
ported. For example, the temperature coefficient of resistivity
sTCRd has a turning point at 1059 K forl-GaSb and 890 K
for l-InSb.4 This phenomenon has already been observed for
many liquid-Sb-based alloys on the Sb-rich side, and it
shows more obviously with increasing Sb content.5–8 For
pure l-Ga andl-In, the curve of TCR versus temperature is
constant over the whole temperature range.4 But for l-Sb,
this curve shows a turning point interpreted as a weak Peri-
erls distortion surviving in liquid Sb.4 Therefore, the abnor-
mal changes observed in the TCR of liquid-Sb-based alloys
should be related to the peculiar local structure of Sb atoms
in these liquid alloys. The viscosities ofl-GaSb andl-InSb,
which were measured by Glazovet al.,3 show non-
Arrhenius-type behavior. Kakimoto and Hibiya9 also mea-
sured the viscosities ofl-GaSb from the melting point to
about 1700 K and observed non-Arrhenius-type behavior. A
non-Arrhenius relation means that there is not only one re-
gime where the activation behavior can be observed. These
experimental results suggest that the liquid structures of

GaSb and InSb may change nontrivially with increasing tem-
perature. Although both Glazovet al. and Kakimoto and
Hibiya used an oscillating viscometer and reported non-
Arrhenius-type behavior forl-GaSb, the tendencies of the
temperature dependence of the viscosity reported by them
are inconsistent with each other. Recently, Satoet al.10 mea-
sured the viscosities ofl-GaSb andl-InSb by using an im-
proved oscillating viscometer and found a good Arrhenius
relationship in the temperature ranges of 991.9–1487.9 K
for l-GaSb and 779.6–1339.0 K forl-InSb. However, they
did not measure these viscosities at much higher tempera-
ture.

Generally, there are close relations between physical
properties and liquid structures. To explain the abnormal
change of viscosity versus temperature ofl-GaSb, Mizukiet
al.11 measured the liquid structure of GaSb by neutron dif-
fraction from 1073 to 1323 K, but no obvious changes of
total structure factors and pair correlation functions were ob-
served over this temperature range. They used theb-Sn
model to explain this experimental phenomenon. But the lat-
est research indicates that theb-Sn model is not suitable to
simulate the liquid structure of GaSb alloy.12 Recently, Wang
et al.13 investigated the structures of liquid GaSb and InSb
with the extended x-ray-absorption fine-structure method and
suggested that covalent heteroatomic bonds should be pre-
served in the liquid state. It is difficult to determine the par-
tial structure factors of multicomponent liquids by experi-
ment. For example, in order to get the three partial structure
factors of a liquid binary alloy, researchers generally com-
bine x-ray diffraction and neutron scattering in which isoto-
pic substitution has to be used. Neutron scattering experi-
ments on liquid metals are costly because of the special
instruments needed for high temperature and limited neutron
sources. Moreover, to get more accurate partial structures,
the alloy composition and the isotope type must be carefully
selected. So the majority of the experimental data on the
structure of molten alloys are published in the form of total
structure factors in the literature. Thus, reports of the partial
structure factors or partial pair correlation functions of
l-GaSb andl-InSb have not been seen so far. In order to
make further investigation ofl-GaSb andl-InSb, the three
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partial pair correlation functions of these liquids should be
measured.

To gain more insight into the structural and dynamical
properties and chemical bonding associated withl-GaSb and
l-InSb, we have performedab initio molecular-dynamics
sAIMD d simulations. The AIMD simulations are based on
density-functional theory14 sDFTd and the pseudopotential
method,15 following the methods pioneered by Car and
Parrinello.16 DFT is generally accurate for metals and semi-
conductors, and previous AIMD simulations of liquids, such
as Si,17 Ge,18 Ga,19 GaSe,20 GaAs,21,22 CdTe,23 GeTe,24 etc.,
have demonstrated close agreement with the experimental
results. Molteniet al.25 studied the liquid structure of GaAs
and GaSb with tight-binding molecular-dynamics simula-
tions in which the calculated structure factors are in disagree-
ment with the experimental results since the tight-binding
simulation has some restrictionssit is not self-consistent and
the basis set is limitedd. In this paper, we will carry out
ab initio MD simulations forl-GaSb andl-InSb and focus on
studying their structural features, dynamical properties, and
electronic structures.

II. COMPUTATIONAL METHODS

Our calculations have been performed by using the Vi-
enna ab initio simulation programVASP.26,27 The first-
principles calculations presented here are based on density-
functional theory within the generalized gradient
approximationsGGAd. Our GGA calculations use the PW91
functional due to Perdew and Wang.28 We use ultrasoft
pseudopotentials of Vanderbilt type to describe the electron-
ion interaction.29,30 As the electronic ground state is calcu-
lated exactly after each ionic move, the system always re-
mains in the adiabatic ground state, this is an evident
advantage in MD simulations for metallic system.

Our simulations for liquid GaSb, InSb, Ga, In, and Sb
have been performed with a cubic supercell which contains
80 atoms and periodic boundary conditions are imposed. The
used temperatures and experimental densities10,31 are shown
in Table I. The simulations are performed in a canonical
ensemble with a Nosé thermostat for temperature control.32

The equation of motion is solved via the velocity Verlet al-
gorithm with a time step of 3 fs. TheG point alone is used to
sample the Brillouin zone of the supercell. After initial
equilibration, we acquire structure information during an-
other 12 ps period in which the energy conservation is excel-
lent and the drift is smaller than 0.5 meV/atom/ps.

III. STRUCTURAL PROPERTIES

In a molecular-dynamics simulation of the liquid state, the
structure factorSskd serves as a connection with the experi-

mental results.Sskd is one of the few experimental data to
yield structural information for a semiconductor in the liquid
phase. In our paper, the total structure factor is expressed as
a linear combination of the partial structural factorsSijsKd:

Sskd = o
i

o
j

ci
1/2cj

1/2 bibj

cibi
2 + cjbj

2Sijskd, s1d

wherebi is the neutron scattering length of theith species
fbGa=7.288 fm,33 bSb=5.25 fm sRef. 34dg, andci is the con-
centration. Forl-InSb, the neutron scattering lengthbi in Eq.
s1d is replaced by the atomic scattering factorf iskd.

The calculated structure factors are shown in Fig. 1 in
which we compare them with the experimental structure fac-
tors obtained by neutron diffraction forl-GaSbsRef. 11d and
x-ray diffraction for l-InSb,35 respectively. Our calculated
structure factors ofl-GaSb andl-InSb are in agreement with
experimental results in tendency. The liquid structure of
III-V compoundssGaAs and GaSbd was calculated by Mol-
teni et al.25 with a tight-bonding molecular-dynamics simu-
lation in which they failed to reproduce the small shoulder
on the right-hand side of the first peak in the structure fac-
tors. The presence of the shoulder on the right-hand side of
the first peak inSskd implies a nonsimple local structure in
the liquid. On further inspection of the change of the shoul-
der’s intensity from metallic to covalent liquids in the fourth-
row elements, it first appears in liquid Ge and intensifies in
the less metallic liquid Si and is absent in liquid Pb and Sn.36

Thus, this shoulder appears to be a signature of local order
resulting from covalent bonding in the liquid.

Better insight into the liquid structure is provided by the
pair correlation functiongsrd. The total pair correlation func-
tions of l-GaSb andl-InSb obtained by weighting the partial
pair correlation function with the neutron scattering length
sor atomic scattering factor forl-InSbd are shown in Fig. 2.
The calculated total pair correlation function ofl-GaSb is in
good agreement with the experimental result11 in which the
small peak at 0.2 nm is artificial, arising from the limitedk
range of the experimental structure factorfthe experimental
pair correlation function is calculated from structure factor
Sskd by Fourier transformg. Given the pair correlation func-

TABLE I. The temperatures and densities ofl-GaSb, l-InSb,
l-Ga, l-In, and l-Sb used in calculations.

System l-GaSb l-InSb l-Ga l-In l-Sb

TemperaturesKd 1073 813 1073 973 933

Density sg cm−3da 6.01 6.51 5.61 6.61 6.48

aThe experimental densities are taken from Satoet al. sRef. 10d for
l-GaSb andl-InSb, and WasedasRef. 31d for l-Ga, l-In, and l-Sb.

FIG. 1. Calculated total structure factorSskd of liquid GaSb and
InSb sfull linesd compared with the result of experimentscirclesd.
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tion, it is possible to estimate coordination numbers as in Ref
11:

N = 2E
0

rmax

4pr2rgsrddr, s2d

wherermax is the position of the first peak in radial distribu-
tion function 4pr2rgsrd. sFor l-GaSb,rmax=0.295 nm. For
l-InSb, rmax=0.31 nm.d We find N=5.5 for l-GaSb and its
corresponding experimental value is 5.4±0.5.11 In case of
l-InSb, the coordination number is 5.6.

The calculated partial pair correlation functions of
l-GaSb andl-InSb are shown in Fig. 3. To investigate the
character of the correlations between the same types of at-
oms, the calculated pair correlation functions of purel-Ga,
l-In, and l-Sb, which are all in good agreement with the

experimental results,31 are also shown in this figure. The pair
correlation functions ofl-Ga andl-In have a well-defined
first shell. But forl-Sb, its pair correlation function is more
complex with a small shoulder on the right-hand side of the
main peak. The previousab initio calculation37 and experi-
mental result38 indicate that there are covalent bonds surviv-
ing in l-Sb near the melting point.

It can be seen that there is a certain difference between the
local structures of Ga–Ga and Sb–Sb forl-GaSb. For
Sb–Sb, the overall features ofgSbSbsrd in l-GaSb resembles
those in l-Sb including the same positions of the first and
second peaks as well as the small shoulder on the right-hand
side of the main peak. The only difference between them is
that the first peak ofgSbSbsrd in l-GaSb is lower than that in
l-Sb. In the case of Ga–Ga, there are well-defined first and
second peaks ingGaGasrd, while for liquid GaAs the second
peak ofgGaGasrd disappears.21 Except for the slightly lower
first peak, thegGaGasrd of l-GaSb is also similar to that inl
-Ga.

For l-InSb, the first peak height ofgInSbsrd is also higher
than those ofgInInsrd and gSbSbsrd as in l-GaSb. There are
also some differences between the local structures of In–In
and Sb–Sb inl-InSb instanced by the first peak ofgSbSbsrd
being sharper than that ofgInInsrd. We find that the overall
features ofgInInsrd andgSbSbsrd in l-InSb are slightly different
from those inl-In and l-Sb, respectively. The first peak of
gSbSbsrd of l-InSb almost overlaps with that ofl-Sb, but the
small shoulder on the right-hand side of the main peak of
gsrd in l-Sb shows as a small peak inl-InSb. The first peak of
gInInsrd in l-InSb becomes broader than that inl-In.

Given the partial pair correlation functions, it is possible
to calculate the partial coordination numbers as

Nab = 2E
0

Rmax

4pr2rbgabsrddr, s3d

where Rmax is the first maximum coordinatesthe nearest-
neighbor distanced in 4pr2rbgabsrd. The nearest-neighbor
distances and the calculated partial coordination numbers of
l-GaSb andl-InSb are illustrated in Table II. To estimate the
compositional defects, a compositional disorder number
sCDNd, defined as the ratio of homogeneous and heteroge-
neous bondssNaa+Nbbd /2Nab is calculated and also illus-
trated in Table II. We find that both the compositional disor-
der numbers ofl-GaSb andl-InSb are smaller than 1. This
indicates that the atoms are likely to have neighbors of dif-
ferent type species inl-GaSb andl-InSb.

The bond-angle distributions of the same type atoms are
presented in Fig. 4. The functions are defined as the average
of angles between a reference atom and all pairs of the same

FIG. 2. Calculated total pair correlation functiongsrd sfull linesd
compared with the experimental resultscircles, Ref. 11d.

FIG. 3. The calculated partial pair correlation functions of
l-GaSb andl-InSb sfull linesd, and the pair correlation functions of
l-Ga, l-In, andl-Sb. Dash lines,ab initio MD; circles, x-ray diffrac-
tion of WasedasRef. 31d. The vertical arrow denotes the nearest-
neighbor distance of Ga–Sb and In–Sb in the crystalline states.

TABLE II. Partial coordination numbers and nearest-neighbor
distancessin nmd for l-GaSb andl-InSb sa=Ga or In,b=Sbd.

System Naa / raa Nab / rab Nbb / rbb CDN

l-GaSb 2.2/0.28 2.5/0.29 1.7/0.305 0.78

l-InSb 1.7/0.315 2.5/0.31 1.6/0.305 0.66
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type atoms within a cutoff distancerc of the reference atom.
In our calculations, we select therc that includes the sym-
metric part of the first peak of the partial correlation func-
tion. To emphasize the deviation from random distributions,
bond-angle distributions are normalized by sinsud. Both the
bGaGaGaof l-GaSb andbInInIn of l-InSb have two peaks near
60° and 120°. Such peaks are expected in close-packed liq-
uids, and are also found in purel-Ga sRef. 19d and l-In. The
first peaks ofbGaGaGaandbInInIn in l-GaSb andl-InSb are in
good coincidence with those inl-Ga and l-In. Both the
bSbSbSbof l-GaSb andl-InSb have two peaks at,90° and
,180°. Seifertet al.37 also studied the structure of pure
l-Sb, and found these two peaks in which they indicated that
a weak Peirels distortion exists inl-Sb as its crystalline state.
Thus, the local structures of Sb inl-GaSb andl-InSb are
similar to that inl-Sb. As compared withl-Sb, thebSbSbSbof
l-GaSb has a lower first peak and a higher second peak, and
its first peak shifts to smaller angle, while thebSbSbSb of
l-InSb is almost identical with that ofl-Sb.

To investigate the peak around 180° ofbSbSbSb of
l-GaSb andl-InSb in detail, we calculate the angular limited
triplet correlation function of Sb–Sb–Sb inl-Sb, l-GaSb,
and l-InSb, which are plotted in Figs. 5 and 6. This function
Psr1,r2d is defined as the probability of finding an atomC at
a distancer2 from an atomB, which is at a distancer1 from
the reference atomA. A constraint is placed on the position
of atomC; namely, theBC bond is constrained in a cone of
small angular apertureshere, 20°d around theAB axis. For an
undistorted disorder structure, the maximum of the distribu-
tion should be on the diagonalsi.e., a maximum atr1=r2d.
For l-Sb, the maxima of the distribution are located at
s0.295 nm,0.295 nmd and the other two strong correlation
regions are central at s0.29 nm, 0.32 nmd and
s0.32 nm, 0.29 nmd. This indicates that the weak Peierls dis-
tortion exists inl-Sb. From Fig. 6, we find that forl-GaSb an
obvious correlation appears: a short bond of length
r1 s0.28 nmd is most probably followed by a longer bond of
length r2 s0.30 nmd, and vice versa. Forl-InSb, there are

FIG. 5. Angular limited triplet correlation functionPsr1,r2d of
l-Sb.

FIG. 6. Angular limited triplet correlation functionsPsr1,r2d of
l-GaSb andl-InSb.

FIG. 4. Bond-angle distributions of Ga, In, and Sb atoms. The
cutoff distances ofbGaGaGa, bInInIn, andbSbSbSb, are 0.36, 0.40, and
0.34 nm, respectively.
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three maxima of probability Psr1,r2d. One is at
s0.30 nm, 0.30 nmd, and the other two at
s0.30 nm, 0.315 nmd and s0.315 nm, 0.30 nmd, respec-
tively. Although there are several differences of local struc-
ture for Sb atoms betweenl-GaSb, andl-InSb, they have a
common feature in which a correlation between the short and
long bonds for Sb atoms as inl-Sb.

IV. DYNAMICAL PROPERTIES

In Fig. 7, we illustrate the mean-square displacements as a
function of time for l-GaSb andl-InSb. The calculated dif-
fusion coefficients are shown in Table III. Unfortunately,
there appear to be no experimental data for the diffusion
coefficients ofl-GaSb andl-InSb. To verify the calculated
results, we calculate the viscosities ofl-GaSb andl-InSb by
using their relationships with the diffusion coefficients cal-
culated by the Stokes-Einstein relation:39

h =
kBT

2paD
, s4d

whereD=sDGasInd+DSbd /2, anda is the effective “diameter”
of the diffusing particles. We define the particle sizea as the
average value of the nearest-neighbor distances of Ga–Ga
sIn–Ind and Sb–Sb inl-GaSb andl-InSb s0.29 nm for
l-GaSb and 0.31 nm forl-InSbd. The calculated viscosities of
l-GaSb andl-InSb are in good agreement the experimental
results.3,9,10

More detailed information about the single-particle dy-
namics can be obtained by studying the velocity autocorre-
lation functioncstd defined as40

cstd =
kV is0d ·V istdl
kV is0d ·V is0dl

, s5d

whereVistd is the velocity of particlei and k¯l denote an
average over particles and over time origins. The corre-
sponding spectral densityZsnd is given by

Zsnd =E
0

`

cstdcossntddt. s6d

The two functions for each atomic species are shown in Figs.
8 and 9. Shoulders ofZsnd occur at about 2.5 THz for Ga
and Sb atoms inl-GaSb and 3.0 THz for In and Sb atoms in
l-InSb. In the crystalline states, the optical phonon peak is at
about 7 THz for GaSb and 6 THz for InSb at 300 K. It will
shift to lower values as the temperature rises.

The diffusion coefficients can also be calculated by using
the relation

FIG. 7. The time dependence of the mean square displacement
of atoms inl-GaSb andl-InSb.

TABLE III. Diffusion coefficients sin 10−5 cm−2/sd for GasInd
and Sb atoms and viscositiessin mPa sd of l-GaSb andl-InSb.
Values in parentheses show the diffusion coefficients obtained from
Eq. s7d.

System T DGasInd DSb ha hb

l-GaSb 1073 9.32s9.39d 8.72 s8.56d 0.90 0.87

l-InSb 813 4.03s4.02d 3.45 s3.66d 1.54 1.14

aThis work.
bThe experimental resultssRef. 10d.

FIG. 8. Velocity autocorrelation functions ofl-GaSb and
l-InSb.

FIG. 9. Spectral densities ofl-GaSb andl-InSb.
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D =
kBT

M
E

0

`

Zstddt =
kBT

M
Zs0d. s7d

The data derived by Eq.s7d are really close to the data cal-
culated from MSD.

V. ELECTRONIC STRUCTURE

The structural behavior of liquid alloys can be understood
in terms of the electronic structure. Here we have investi-
gated the electronic density of statessDOSd and the local
density of statessLDOSd.41 The LDOSs are obtained by pro-
jecting the wave functions onto spherical harmonics centered
on each atom with a radius of 0.144 nm for In atoms,
0.128 nm for Ga atoms, and 0.14 nm for Sb atomsscovalent
radiusd. Both the DOS and LDOS are obtained by averaging
on ten configurations.

The DOS and LDOS forl-GaSb andc-GaSbszinc-blende
structured as well asl-InSb andc-InSb are shown in Figs. 10
and 11, respectively. It is instructive to investigate the char-

acter of the DOS and LDOS in the liquid and crystalline
states. In the zinc-blende structure, a gap at the Fermi level
as a signature of a semiconductor is observed, a sharpening
of both thes and p peaks for Ga, In, and Sb atoms can be
found, and there are complete overlaps between the twop
states which contribute to the heteroatomic bonds. In the
liquid state, the gap at the Fermi level disappears, demon-
strating metalliclike behavior, but a small “dip” still exists.
There is a broadening of thes andp levels for Ga, In, and Sb
atoms and less overlap between the twop states of the dif-
ferent type atoms. Some similarities of the DOS and LDOS
of the liquids to those of crystalline states are also visible.
For instance, the peak positions of Gas, In s, and Sbs states
in l-GaSb andl-InSb are the same as in the crystalline states,
and the overlaps of the LDOS between GasInd and Sb atoms
mainly resulting from the twop states in liquids are similar
to those in the crystalline states.

Once the energy states and wave functions for a given
atomic configuration are obtained, the optical conductivity
can be calculated by using the Kubo-Greenwood
expression.42 The real part of the conductivity is determined
by the sum of all possible dipole transition at a given fre-
quency:

ssvd =
2pe2

3m2vV
o
m

occ

o
n

unocc

o
a=x,y,z

zkcmupaucnlz2dsEn − Em − "vd

s8d

whereEi andci are the eigenvalues and eigenfunctions, and
V is the volume of the supercell. The calculated conductivi-
ties are illustrated in Fig. 12. They show a Drude-like falloff.
This behavior has also been found inl-Si, l-Ge, and
l-GaAs as a signature of a metallic liquid.17,18,22We can ex-
trapolate the frequency-dependent conductivity to zero fre-
quency to estimate the dc conductivity. The estimated value
,10 500V−1 cm−1 for l-GaSb and,9660V−1 cm−1 for
l-InSb are in remarkable agreement with the experimental
values of 10 000–11 400 and 92 000–9900V−1 cm−1,4 re-
spectively. However, considering the several approximations
in our calculation, such good agreement is to some extent
fortuitous.

FIG. 10. Total electronic density of states and the local density
of states for GaSb in zinc-blende structuresleft paneld and liquid
structuresright paneld.

FIG. 11. Total electronic density of states and the local density
of states for InSb in zinc-blende structuresleft paneld and liquid
structuresright paneld.

FIG. 12. Real part of optical conductivities ofl-GaSb and
l-InSb.
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By fitting a Drude curve

ssvd =
ss0d

1 + v2t2 s9d

to our data, we extract a relaxation timet−1=2.69 eV for
l-GaSb andt−1=2.59 eV forl-InSb. Although no experimen-
tal values oft are available forl-GaSb andl-InSb, a value of
the same order of magnitude,t−1=2.99 eV, has been mea-
sured in l-Si.43 By using these values oft, and the free-
electron expressionl ="kFt /m for the mean free path, we
find that the ratios ofl /a, wherea is the nearest-neighbor
distance, are 1.6 forl-GaSb and 1.5 forl-InSb, indicating a
strong scattering behavior inl-GaSb andl-InSb. In l-Si the
ratio, calculated in a similar way, is slightly larger, i.e.,
l /a=1.8.17

VI. SUMMARY AND CONCLUSION

We have performedab initio molecular-dynamics simula-
tions of l-GaSb at temperature 1073 K andl-InSb at 813 K.
Our theoretical results are in good agreement with available
experimental data. In agreement with experiment,l-GaSb
and l-InSb have metallic behavior with the coordination
numbers,5.5 and 5.6. The calculated results for the pair
correlation functions and the bond-angle distributions indi-
cate that the correlations of Ga–Ga and Sb–Sb inl-GaSb,
In–In, and Sb–Sb inl-InSb are similar to those in pure
l-Ga, l-In, andl-Sb, respectively. The partial bond-angle dis-
tributions for Ga and In atoms reveal a pronounced peak near
60° corresponding to the close-packed structure. But for Sb,
the partial bond-angle distribution has two main peaks near

90° and 180° corresponding to covalent and chainlike struc-
tures, and the local structure of Sb atoms inl-GaSb and
l-InSb is similar to that in purel-Sb. The persistence of
bonds of Ga–Sb and In–Sb similar to those of the crystal in
the liquid state is indicated by the overlaps between the two
p states of the different type atoms in the liquid state, similar
to those of the crystalline states. We have also calculated the
diffusion coefficients for Ga, In, and Sb atoms, and the vis-
cosities of l-GaSb andl-InSb calculated by the Stokes-
Einstein relation are in good agreement with the experimen-
tal results. Our investigations of the electronic structures
show that there is no gap at the Fermi level in the electronic
density of states ofl-GaSb andl-InSb, demonstrating metal-
lic behavior. The dc conductivities ofl-GaSb andl-InSb cal-
culated by the Kubo-Greenwood relation are in agreement
with the experimental results.

In conclusion, the calculated results indicate thatl-GaSb
and l-InSb contain some features of their crystalline phases
and pure Gasor Ind and Sb liquids. Therefore, compared with
regular liquid metals, the structures ofl-GaSb andl-InSb are
complex. The anomalous variations of the resistivities and
the viscosities at certain temperatures inl-GaSb andl-InSb
may be due to the remaining peculiar local structure of Sb
atoms and the heteroatomic bonds. To understand the ob-
served phenomena, more extensive and accurate investiga-
tions of the structural dependence upon temperature of
l-GaSb andl-InSb are needed.
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