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Ab initio molecular-dynamics simulations of liquid GaSb and InSb
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We report results for the structural, dynamical, and electronic properties of liquid G&&5h and liquid
InSb (I-InSb) simulated by usingab initio molecular dynamics. Our calculated structure factors and pair
correlation functions fol-GaSb and-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(iIBarand Sb atoms in-GaSb and-InSb are
analogous with those in pure-element liquids.
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[. INTRODUCTION GaSb and InSb may change nontrivially with increasing tem-
perature. Although both Glazogt al. and Kakimoto and
The 1lI-V semiconductors have ionic character in chemi-Hibiya used an oscillating viscometer and reported non-
cal bonding compared to group-IV semiconductors. In theArrhenius-type behavior fot-GaSh, the tendencies of the
crystalline phases of GaSb-GaSh and InSb(c-InSh), the ~ temperature dependence of the viscosity reported by them
Ga—Sb and In—Sb bonds have a weak ionic nature, and thei® inconsistent with each other. Recently, Szital.' mea-
Phillips ionicities are 0.261 and 0.31, respective@inc- ~ Sured the viscosities dfGaSb and-InSb by using an im-
blende-type GaSb and InSb crystalline phases are stable Bfoved oscillating viscometer and found a good Arrhenius
ambient conditions with a coordination number of 4. Upon'€lationship in the temperature ranges of 991.9-1487.9 K
melting, GaSb and InSb become metallic, similar to Si and®", |-GaSb and 779.6-1339.0 K féfinSb. However, they
Ge, and transform to a more close-packed structure with derﬁ-J"rjenot measure these viscosities at much higher tempera-

sity increases of 8.2% and 12.5%some of the covalent

blonds are broken by ]Ehe therén?l mlo_t|og of atﬁms., and tth roperties and liquid structures. To explain the abnormal
electronic states transform to delocalized or collective state hange of viscosity versus temperaturd-@aSh, Mizukiet

in which compositional defects or “wrong” bonds exist 5 11 measured the liquid structure of GaSb by neutron dif-
(bonds between the same type of atoms are absent in thgyction from 1073 to 1323 K, but no obvious changes of
crystalline statg Despite the metallic behavior of GaSb and tota) structure factors and pair correlation functions were ob-
InSb in the melts, they do not have entirely free-electronseryed over this temperature range. They used gan
character, but retain some covalent properies. model to explain this experimental phenomenon. But the lat-
Many abnormal phenomena in physical properties of lig-est research indicates that teSn model is not suitable to
uid GaSb(I-GaSh and liquid InSb(l-InSb) have been re- simulate the liquid structure of GaSb alltdRecently, Wang
ported. For example, the temperature coefficient of resistivityet all® investigated the structures of liquid GaSb and InSb
(TCR) has a turning point at 1059 K fdrGaSb and 890 K  with the extended x-ray-absorption fine-structure method and
for I-InSb# This phenomenon has already been observed fosuggested that covalent heteroatomic bonds should be pre-
many liquid-Sb-based alloys on the Sb-rich side, and itserved in the liquid state. It is difficult to determine the par-
shows more obviously with increasing Sb cont&fitFor  tial structure factors of multicomponent liquids by experi-
purel-Ga andl-In, the curve of TCR versus temperature is ment. For example, in order to get the three partial structure
constant over the whole temperature rafdgut for I-Sb,  factors of a liquid binary alloy, researchers generally com-
this curve shows a turning point interpreted as a weak Peribine x-ray diffraction and neutron scattering in which isoto-
erls distortion surviving in liquid Sb.Therefore, the abnor- pic substitution has to be used. Neutron scattering experi-
mal changes observed in the TCR of liquid-Sh-based alloysnents on liquid metals are costly because of the special
should be related to the peculiar local structure of Sb atommstruments needed for high temperature and limited neutron
in these liquid alloys. The viscosities biGaSb and-InSb,  sources. Moreover, to get more accurate partial structures,
which were measured by Glazoet al.®> show non- the alloy composition and the isotope type must be carefully
Arrhenius-type behavior. Kakimoto and HibRalso mea- selected. So the majority of the experimental data on the
sured the viscosities df-GaSb from the melting point to structure of molten alloys are published in the form of total
about 1700 K and observed non-Arrhenius-type behavior. Atructure factors in the literature. Thus, reports of the partial
non-Arrhenius relation means that there is not only one restructure factors or partial pair correlation functions of
gime where the activation behavior can be observed. ThedeGaSh andl-InSb have not been seen so far. In order to
experimental results suggest that the liquid structures ofmake further investigation dfGaSb and-InSb, the three

Generally, there are close relations between physical
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TABLE |. The temperatures and densities leGaSb, |-InSb,
I-Ga, I-In, andl-Sb used in calculations.

System I-GaSb I-InSb  |-Ga  I-In I-Sb

S (k)

TemperaturgK) 1073 813 1073 973 933
Density (g cni®)?2 6.01 6.51 561 6.61 6.48

aThe experimental densities are taken from Ssttal. (Ref. 10 for
I-GaSb and-InSh, and WasedeRef. 3] for I-Ga, I-In, andI-Sb.

S (k)

partial pair correlation functions of these liquids should be
measured.

To gain more insight into the structural and dynamical
properties and chemical bonding associated WwiBaSb and
[-InSb, we have performeé@b initio molecular-dynamics
(AIMD) simulations. The AIMD simulations are based on FIG. 1. Calculated total structure factsik) of liquid GaSb and
density-functional theoy (DFT) and the pseudopotential InSb (full lines) compared with the result of experimefuircles.
method!® following the methods pioneered by Car and
Parrinello® DFT is generally accurate for metals and semi-mental resultsS(k) is one of the few experimental data to
cond_llJ;:torsl,gandlgrewouséAIMDZsllrzr;ulatlorg of |IQLZJ£I1dS, suchyield structural information for a semiconductor in the liquid
as Si’ Ge/'® Ga,® GaSe?® GaAs?!?? CdTe} GeTe?” etc., Erase. In our paper, the total structure factor is expressed as

I

have demonstrated close agreement with the experimentgl; P ; .
. . A inear combination of the partial structural fact&$K):
results. Molteniet al2® studied the liquid structure of GaAs P K)

and GaSb with tight-binding molecular-dynamics simula- beb:
tions in which the calculated structure factors are in disagree- SK=>> Ci1/20.1/2—2'1_231(k), (1)
ment with the experimental results since the tight-binding P ' cbf +cb;
simulation has some restrictiofis is not self-consistent and
the basis set is limited In this paper, we will carry out whereb; is the neutron scattering length of tih species
ab initio MD simulations forl-GaSb and-InSb and focus on  [bg,=7.288 fm33 bg,=5.25 fm (Ref. 34], andc; is the con-
studying their structural features, dynamical properties, andentration. Fot-InSh, the neutron scattering lendthin Eq.
electronic structures. (1) is replaced by the atomic scattering factgk).
The calculated structure factors are shown in Fig. 1 in
Il. COMPUTATIONAL METHODS which we compare them with the experimental structure fac-
Our calculations have been performed by using the Vitors obtained by neutron diffraction ft'GaSb(Ref. 11 and
enna ab initio simulation programvasp.262” The first- x-ray diffraction for I-InSb3° respectively. Our calculated
principles calculations presented here are based on densitgtructure factors of-GaSb and-InSb are in agreement with
functional theory within the generalized gradient experimental results in tendency. The liquid structure of
approximation(GGA). Our GGA calculations use the PW91 IlI-V compounds(GaAs and GaSbwas calculated by Mol-
functional due to Perdew and WaffyWe use ultrasoft teniet al?® with a tight-bonding molecular-dynamics simu-
pseudopotentials of Vanderbilt type to describe the electronfation in which they failed to reproduce the small shoulder
ion interactior?®3% As the electronic ground state is calcu- on the right-hand side of the first peak in the structure fac-
lated exactly after each ionic move, the system always retors. The presence of the shoulder on the right-hand side of
mains in the adiabatic ground state, this is an evidenthe first peak inS(k) implies a nonsimple local structure in
advantage in MD simulations for metallic system. the liquid. On further inspection of the change of the shoul-
Our simulations for liquid GaSh, InSbh, Ga, In, and Sbder’s intensity from metallic to covalent liquids in the fourth-
have been performed with a cubic supercell which containgow elements, it first appears in liquid Ge and intensifies in
80 atoms and periodic boundary conditions are imposed. Thihe less metallic liquid Si and is absent in liquid Pb andf%n.
used temperatures and experimental densiti@sire shown  Thus, this shoulder appears to be a signature of local order
in Table I. The simulations are performed in a canonicalresulting from covalent bonding in the liquid.
ensemble with a Nosé thermostat for temperature cofitrol.  Better insight into the liquid structure is provided by the
The equation of motion is solved via the velocity Verlet al- pair correlation functiomy(r). The total pair correlation func-
gorithm with a time step of 3 fs. ThE point alone is used to tions of|-GaSh and-InSb obtained by weighting the partial
sample the Brillouin zone of the supercell. After initial pair correlation function with the neutron scattering length
equilibration, we acquire structure information during an-(or atomic scattering factor fdrinSb) are shown in Fig. 2.
other 12 ps period in which the energy conservation is excelThe calculated total pair correlation functionleGaSh is in
lent and the drift is smaller than 0.5 meV/atom/ps. good agreement with the experimental re'$tilt which the
small peak at 0.2 nm is artificial, arising from the limitkd
lll. STRUCTURAL PROPERTIES range of the experimental structure facftre experimental
In a molecular-dynamics simulation of the liquid state, thepair correlation function is calculated from structure factor
structure factoiS(k) serves as a connection with the experi- S(k) by Fourier transforrh Given the pair correlation func-
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3 TABLE Il. Partial coordination numbers and nearest-neighbor
distancedin nm) for [-GaSbh and-InSb (a=Ga or In,3=Sb).
L HinSb
- System Naoo!/ T aa Nog/ T o Npg/T gs CDN
kS 1} I-GaSh 2.2/0.28 2.5/0.29 1.7/0.305 0.78
L I-InSb 1.7/0.315 2.5/0.31 1.6/0.305 0.66
0 1

experimental result¥, are also shown in this figure. The pair
correlation functions of-Ga andl-In have a well-defined
first shell. But forl-Sh, its pair correlation function is more
complex with a small shoulder on the right-hand side of the
main peak. The previouab initio calculatiod” and experi-
mental resuf indicate that there are covalent bonds surviv-
ing in I-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 feGaSbh. For

FIG. 2. Calculated total pair correlation functigfr) (full lines) ~ Sb—Sb, the overall features g§,sdr) in I-GaSb resembles
compared with the experimental res(dtrcles, Ref. 11 those inl-Sh including the same positions of the first and

second peaks as well as the small shoulder on the right-hand
tion, it is possible to estimate coordination numbers as in Re$ide of the main peak. The only difference between them is
11 that the first peak ofispsir) in 1-GaSb is lower than that in
[-Sb. In the case of Ga—Ga, there are well-defined first and
fmax second peaks iggacdr), while for liquid GaAs the second
N= 2] 4mrpg(r)dr, (2 peak ofgeacdr) disappeard! Except for the slightly lower
0 first peak, theggacdr) of I-GaSb is also similar to that ih
wherer . is the position of the first peak in radial distribu- -Ga.
tion function 4mr2pg(r). (For I-GaSh, r,,,,=0.295 nm. For For I-InSh, the first peak height @,s4(r) is also higher
I-INSb, r1ay=0.31 nm) We find N=5.5 for I-GaSbh and its than those ofgy,(r) and gspsfr) as inl-GaSh. There are
corresponding experimental value is 5.4+8.3n case of also some differences between the local structures of In—In
I-InSb, the coordination number is 5.6. and Sb—Sb in-InSb instanced by the first peak 9§,sir)

The calculated partial pair correlation functions of being sharper than that @f,,,(r). We find that the overall
[-GaSb and-InSb are shown in Fig. 3. To investigate the features of,,,(r) andgsysdr) in I-InSb are slightly different
character of the correlations between the same types of afrom those inl-In and |-Sb, respectively. The first peak of
oms, the calculated pair correlation functions of plw®a,  gg,sfr) of I-InSb almost overlaps with that ¢fSh, but the
I-In, andI-Sb, which are all in good agreement with the small shoulder on the right-hand side of the main peak of
g(r) in I-Sb shows as a small peakli#inSb. The first peak of

3 3 Oinin(r) in 1-InSb becomes broader than thatlim.

| ] e | l Host Given the partial pair correlation functions, it is possible
3 g to calculate the partial coordination numbers as
® o 1

° Rmax

° — . . . — . . Nup= ZJ A7rr2ppQG,p(r)dr, (3

1o di 0
54 S -s - where Ra IS the first maximum coordinatéhe nearest-
® o ) neighbor distandein 4mr?pg,,(r). The nearest-neighbor

0 . . : 0 — . . distances and the calculated partial coordination numbers of

2t T A [-GaSb and-InSb are illustrated in Table 1. To estimate the
5 < . compositional defects, a compositional disorder number
A EN (CDN), defined as the ratio of homogeneous and heteroge-

, . . _ Jed . . neous bondg¢N,,+Ngg)/2N,z is calculated and also illus-

0z a4 (‘::) oa 1o oz o4 (‘::) oa e trated in Table II. We find that both the compositional disor-

der numbers of-GaSb and-InSb are smaller than 1. This
FIG. 3. The calculated partial pair correlation functions of indicates that the atoms are likely to have neighbors of dif-

I-GaSb and-InSb (full lines), and the pair correlation functions of ferent type species ihGaSb and-InSb.

I-Ga,l-In, and|-Sb. Dash linesab initio MD; circles, x-ray diffrac- The bond-angle distributions of the same type atoms are

tion of WasedaRef. 3]). The vertical arrow denotes the nearest- presented in Fig. 4. The functions are defined as the average

neighbor distance of Ga—Shb and In—Sb in the crystalline states. of angles between a reference atom and all pairs of the same
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FIG. 4. Bond-angle distributions of Ga, In, and Sb atoms. The

cutoff distances 0bgagaca Pininin @ndbspspsy are 0.36, 0.40, and
0.34 nm, respectively.

type atoms within a cutoff distanag of the reference atom.
In our calculations, we select thrg 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(#n Both the
bgacacaOf [-GaSh andy, i, of I-INSb have two peaks near

60° and 120°. Such peaks are expected in close-packed lig-

uids, and are also found in puréGa (Ref. 19 andl-In. The
first peaks otbgacaca@ndbjnnmn in 1-GaSb and-InSb are in
good coincidence with those ihrGa andl-In. Both the
bspspspOf 1-GaSb and-InSb have two peaks at90° and
~180°. Seifertet al®” also studied the structure of pure

[-Sb, and found these two peaks in which they indicated that

a weak Peirels distortion existsli¥Sb as its crystalline state.
Thus, the local structures of Sb IrRGaSb and-InSb are
similar to that inl-Sbh. As compared with-Sb, thebgygpsp0f

[-GaSb has a lower first peak and a higher second peak, anc

its first peak shifts to smaller angle, while thwy,g,s;, Of
[-InSb is almost identical with that dfSb.

0.34
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FIG. 5. Angular limited triplet correlation functioR(rq,r,) of
I-Sh.
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FIG. 6. Angular limited triplet correlation functior®(r,r,) of
I-GaSb and-InSb.

To investigate the peak around 180° bf,g,gy Of
I-GaSh and-InSb in detail, we calculate the angular limited
triplet correlation function of Sb—Sb—-Sb IkSb, I-GaSb,
andl-InSb, which are plotted in Figs. 5 and 6. This function
P(r4,r,) is defined as the probability of finding an at@@rat
a distance, from an atomB, which is at a distance; from
the reference atom. A constraint is placed on the position
of atomC; namely, theBC bond is constrained in a cone of
small angular aperturéhere, 20¥ around theAB axis. For an
undistorted disorder structure, the maximum of the distribu-
tion should be on the diagonéle., a maximum at,=r,).

For 1-Sb, the maxima of the distribution are located at
(0.295 nm, 0.295 ninand the other two strong correlation
regions are central at (0.29 nm, 0.32 nmm and
(0.32 nm, 0.29 nm This indicates that the weak Peierls dis-
tortion exists inl-Sh. From Fig. 6, we find that fdrGaSb an
obvious correlation appears: a short bond of length
r, (0.28 nm is most probably followed by a longer bond of
length r, (0.30 nm, and vice versa. Fol-InSb, there are
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FIG. 7. The time dependence of the mean square displacement FIG. 8. Velocity autocorrelation functions of-GaSb and
of atoms inl-GaSh and-InSb. |-InSb.
three maxima of probability P(ry,r;). One is at More detailed information about the single-particle dy-

(0.30 nm, 0.30 nm and the other two at namics can be obtained by studying the velocity autocorre-
(0.30 nm, 0.315 nm and (0.315 nm, 0.30 ny respec- lation functiony(t) defined a¥

tively. Although there are several differences of local struc-

ture for Sb atoms betwedrGaSb, and-InSb, they have a (V;(0) - V(1))

common feature in which a correlation between the short and ) = W.(0) V.0 5

long bonds for Sb atoms as irSh. : :

where V(1) is the velocity of particleé and(---) denote an

average over particles and over time origins. The corre-
In Fig. 7, we illustrate the mean-square displacements asgponding spectral densi(») is given by

function of time forl-GaSb and-InSbh. The calculated dif-

fusion coefficients are shown in Table Ill. Unfortunately, o

there appear to be no experimental data for the diffusion Z(V):J Y(t)cogdpt)dt. (6)

coefficients ofl-GaSb and-InSb. To verify the calculated 0

results, we calculate the viscositiesleGaSbh and-InSb by

using their relationships with the diffusion coefficients cal- The two functions for each atomic species are shown in Figs.

IV. DYNAMICAL PROPERTIES

culated by the Stokes-Einstein relatih: 8 and 9. Shoulders af(v) occur at about 2.5 THz for Ga
and Sb atoms il-GaSb and 3.0 THz for In and Sb atoms in
7= keT (4) I-InSb. In the crystalline states, the optical phonon peak is at
2maD’ about 7 THz for GaSb and 6 THz for InSb at 300 K. It will

shift to lower values as the temperature rises.

WhereD,:(D_Ga('">+D_Sb)/2’ anda |§ the effecﬂye “d.lameter" The diffusion coefficients can also be calculated by using
of the diffusing particles. We define the particle s&eas the  he relation

average value of the nearest-neighbor distances of Ga—Ga
(In=In) and Sb-Sb inl-GaSb andl-InSb (0.29 nm for

28
I-GaSb and 0.31 nm fdrinSh). The calculated viscosities of 0y
[-GaSb and-InSb are in good agreement the experimental :E, 20
results39-10 £
=
TABLE Ill. Diffusion coefficients (in 10> cm™2/s) for GalIln) o
and Sb atoms and viscositi€ln mPa $ of |-GaSb andl-InSh.
Values in parentheses show the diffusion coefficients obtained from =
Eq. (7). 5
g
System T Dgain) Dsp Ui z
I-GaSb 1073 9.329.39 8.72(856 0.90 0.87 o P -
6 1 2 3 4 5 6 7 8
[-InSh 813 4.034.02 3.45(3.66 154 114
Frequency (THZ)
aThis work.
bThe experimental resuliRef. 10. FIG. 9. Spectral densities ¢fGaSb and-InShb.
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FIG. 12. Real part of optical conductivites ¢fGaSb and

FIG. 10. Total electronic density of states and the local den5|ty -InSb

of states for GaSb in zinc-blende structuyleft pane) and liquid
structure(right panel. ) o )
acter of the DOS and LDOS in the liquid and crystalline

states. In the zinc-blende structure, a gap at the Fermi level
f Z(t)dt— Z(O) (7)  @s asignature 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 theptwo
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 treandp levels for Ga, In, and Sb
atoms and less overlap between the twetates of the dif-

The structural behavior of liquid alloys can be understooderent type atoms. Some similarities of the DOS and LDOS
in terms of the electronic structure. Here we have investiof the liquids to those of crystalline states are also visible.
gated the electronic density of statBOS) and the local For instance, the peak positions of §dn s, and Shs states
density of state$.DOS).*! The LDOSs are obtained by pro- in |I-GaSb and-InSb are the same as in the crystalline states,
jecting the wave functions onto spherical harmonics centereénd the overlaps of the LDOS between @8 and Sh atoms
on each atom with a radius of 0.144 nm for In atoms,mainly resulting from the tw states in liquids are similar
0.128 nm for Ga atoms, and 0.14 nm for Sb atqowsalent  to those in the crystalline states.
radiug. Both the DOS and LDOS are obtained by averaging Once the energy states and wave functions for a given
on ten configurations. atomic configuration are obtained, the optical conductivity

The DOS and LDOS fol-GaSb ana-GaSb(zinc-blende can be calculated by using the Kubo-Greenwood
structure as well ad-InSb andc-InSb are shown in Figs. 10 expressiorf? The real part of the conductivity is determined
and 11, respectively. It is instructive to investigate the charby the sum of all possible dipole transition at a given fre-
quency:

—— Total — Total 2 62 occ unocc
A M/\ M ()= 25 QE 2 > [l pal Y|P SE, — Eny— )
a=X,y,z
(8)

Ins
---Inp

kT
M

D=

The data derived by Ed7) are really close to the data cal-
culated from MSD.

V. ELECTRONIC STRUCTURE

Ins

whereE; and ¢; are the eigenvalues and eigenfunctions, and
) 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 IrSi, |-Ge, and
I-GaAs as a signature of a metallic liquiti*®2>We can ex-
trapolate the frequency-dependent conductivity to zero fre-
quency to estimate the dc conductivity. The estimated value
~10500Q tcmt for 1-GaSb and~9660Q tcm™t for
[-InSb are in remarkable agreement with the experimental
values of 10 000-11 400 and 92 000-940C cm1* re-

FIG. 11. Total electronic density of states and the local densityspectively. However, considering the several approximations
of states for InSb in zinc-blende structufleft pane) and liquid  in our calculation, such good agreement is to some extent
structure(right pane). fortuitous.

LDOS (arb.units) DOS (arb.units)

Al

=
[N
AN A e
P T /\n'_" e
5

-10 5 o 5 -15

EE,(sV) EE (sV)

LDOS (arb.units)
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By fitting a Drude curve 90° and 180° corresponding to covalent and chainlike struc-
tures, and the local structure of Sb atomsliGaSb and
o(w) = a(0) (9) [-InSb is similar to that in purd-Sb. The persistence of
1+ w?? bonds of Ga—Sb and In—Sb similar to those of the crystal in

i o the liquid state is indicated by the overlaps between the two
to our data,_l/ve extract a relaxation time'=2.69 eV for  , giates of the different type atoms in the liquid state, similar
I-GaSb and—"=2.59 eV forl-InSh. Although no experimen- {5 those of the crystalline states. We have also calculated the
tal values ofr are available fot-GaSb and-InSb, a value of  giffusion coefficients for Ga, In, and Sb atoms, and the vis-
the same order of magnitude,*=2.99 eV, has been mea- cosities of I-GaSb andl-InSb calculated by the Stokes-
sured inl-Si** By using these values of, and the free- Einstein relation are in good agreement with the experimen-
electron expressioh=#k:7/m for the mean free path, we tal results. Our investigations of the electronic structures
find that the ratios of/a, wherea is the nearest-neighbor show that there is no gap at the Fermi level in the electronic
distance, are 1.6 fdrGaSb and 1.5 fol-InSb, indicating a  density of states d-GaSb and-InSb, demonstrating metal-
strong scattering behavior iRGaSb and-InSh. Inl-Si the  lic behavior. The dc conductivities $fGaSbh and-InSb cal-
ratio, calculated in a similar way, is slightly larger, i.e., culated by the Kubo-Greenwood relation are in agreement
[/a=1.817 with the experimental results.

In conclusion, the calculated results indicate th&aShb
andl-InSb contain some features of their crystalline phases
and pure Gdor In) and Sb liquids. Therefore, compared with

We have performedb initio molecular-dynamics simula- regular liquid metals, the structuresleGaSb and-InSb are
tions of I-GaSb at temperature 1073 K ahthSb at 813 K. complex. The anomalous variations of the resistivities and
Our theoretical results are in good agreement with availabléhe viscosities at certain temperatured-@aSbh and-InSh
experimental data. In agreement with experimdaGaSb may be due to the remaining peculiar local structure of Sb
and I-InSb have metallic behavior with the coordination atoms and the heteroatomic bonds. To understand the ob-
numbers~5.5 and 5.6. The calculated results for the pairserved phenomena, more extensive and accurate investiga-
correlation functions and the bond-angle distributions indi-tions of the structural dependence upon temperature of
cate that the correlations of Ga—Ga and Sb—Sb-@aSb, [|-GaSb and-InSb are needed.

In—In, and Sb—-Sb irl-InSb are similar to those in pure

[-Ga,l-In, andl-Sb, respectively. The partial bond-angle dis- ACKNOWLEDGMENT
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