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InvestIgatIon on structural, electronIc, thermal and thermoelectrIc ProPertIes  
of al0.25B0.75as alloy under Pressure, Based on densIty functIonal theory (dft)

in this paper, structural, electronic, thermal, and thermoelectric properties of Al0.25B0.75As alloy, under pressures 0 GPa, 4 GPa 
and 8 GPa, have been calculated. The value of band gap at present work under 0 GPa, with GGA(PBe) exchange-correlation po-
tential, is very close to other works with TB-mBJ method. This is a result of equal selection of muffin-tin radius spheres that are 
bigger than usual size for Al and B atoms. The values of band gap decrease by increasing pressure. in thermal properties, phonon 
contribution of heat capacity at constant volume and debye temperature have been calculated in the range of 0K to 1000K tem-
peratures and under 0 GPa, 4 GPa and 8 GPa pressures. Thermoelectric properties, under the same pressures and in the range of 
100K to 1000K temperatures have been investigated.
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1. Introduction

The iii-v semiconductor ternary alloys, has attracted atten-
tion of researchers in recent years [1-5]. They are good candidates 
for many device applications such as: high-speed electronic 
and long wave length photonic devices because of their band 
gaps cover a wide spectral range [6,7]. Among many research 
conducted on iii-v ternary alloys, Al1-xBxAs alloys have been 
computationally studied twice, by Boubendira et al. [2] and 
moussa et al. [4].

Boron compounds and their semiconductors in electronic 
and optoelectronic applications areas are extremely attractive for 
scientists due to their good physical properties including their 
wide band gap, large resistivity and high thermal conductivity 
[8-11] as well as low iconicity [12-14].

in the calculation done by moussa et al. it is confirmed 
that these alloys are good candidates for optoelectronic usages. 
Prior to that Boubendira et.al. calculated electronic properties of 
 Al1-xBxAs, including x = 0.75 and other values of x. They plotted 
the diagram of Al0.25B0.75As heat capacity at constant volume 
versus temperature in the range of 0K to 500K and under 0 GPa 
to 8 GPa pressures. however, the electronic and thermoelectric 
properties of this compound under pressure have not been com-
putationally predicted, up to now. According to our calculations, 

the values of band gap of this compound decrease by increas-
ing the pressure which leads to improvement of thermoelectric 
properties. it is important to mention that in our calculations in 
this study, we obtained the value of band gap close to the results 
of TB-mBJ method [16] under 0 GPa, by using GGA(PBe) [15] 
as an exchange-correlation potential. This is because of equal 
selection of muffin-tin radius spheres for all atoms which are 
bigger than usual size for Al and B atoms. This can be considered 
as the novelty of present study.

in the section 2 of this paper, computational details of this re-
search are presented. in result and discussions section (section3), 
first, we investigate structural properties and then we will discuss 
electronic properties. in electronic properties, band structures and 
total dos diagrams of this compound will be plotted under pres-
sure. subsequently, thermal properties, consisting of heat capacity 
at constant volume, and debye temperature under 0 GPa, 4 GPa 
and 8 GPa pressures will be investigated. At the end of section 3, 
the diagrams of thermoelectric properties including seebeck 
coefficient, electrical conductivity(divided by relaxation time), 
power factor, electronic thermal conductivity(divided by relaxa-
tion time) and electronic contribution of heat capacity at constant 
volume in the range of 100K to 1000K temperatures and under 
the same pressures of thermal properties will be analyzed. ulti-
mately, (section 4) the results of this research will be concluded. 
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2. computational details

structural and electronic properties have been calculated 
by computational code Wien2k [17]. ecut = –6 rydberg, rmT 
× KmAX = 7 and number of k-points for super cell 1×1×1 of 
Al0.25B0.75As 100 have been considered. GGA(PBe) as an 
exchange-correlation potential has been used. muffin-tin radius 
spheres for all 8 atoms equals 1.8 a.u. The equal value for all 
atoms, which are bigger than usual size for Al and B, leads to 
increasing band gap in the range of values obtained by TB-mBJ 
method. Thermal properties have been obtained by code GiBBs2 
[18,19], using energy-volume data from output files of Wien2k 
code. We use debye-Gruneisen method for these calculations. 
Thermoelectric properties have been calculated by accessorial 
code BoltzTrap [20], by using output files of Wien2k code con-
sisting of case.struct and case.energy.

3. results and discussions

3.1. structural Properties

Present structure is zinc-blende super cell 1×1×1 of AlAs 
with 8 basic atoms, in which 3 atoms B were replaced with 
3 atoms Al and one atom of Al remained unchanged. The dia-
gram of energy-volume data was fitted with murnaghan eos. 
The diagram (Fig. 1) has a parabolic shape which indicates the 
stability of the compound.

Fig. 1. The diagram of energy-volume data for super cell 1×1×1 of 
Al0.25B0.75As alloy

structural properties obtained for Al0.25B0.75As alloy in this 
research have been compared to other theoretical studies for this 
compound and experimental work for BAs in TABle 1.

As can be seen lattice constant in comparison with BAs has 
an increment that is due to presence of Al atom and its bigger 
radius compare to B atom. in addition, Bulk modulus of BAs is 
larger than Al0.25B0.75As. This is due to smaller covalent radius of 
B than Al as well as stronger binding of B-As than Al-As. hence, 

BAs demonstrates more resistance against pressure and is harder 
than Al0.25B0.75As. Furthermore, in TABle 1, lattice constant of 
Al0.25B0.75As under 4 GPa and 8 GPa pressures have been listed 
although in absence of other experimental or theoretical work, 
comparison is impossible. under 0 GPa our study has a good 
agreement under 0 GPa, especially with another GGA(PBe) 
work [4] that supports validity of our calculations.

3.2. electronic properties

3.2.a). Band structures under 0 gPa, 4 gPa  
and 8 gPa Pressures

in Figs. 2a to c, The diagrams of band structures for 
Al0.25B0.75As under pressures 0 GPa, 4 GPa and 8 GPa have 
been plotted. The values of band gap obtained in present study, 
under those pressures, have been compared to other theoretical 
researches on Al0.25B0.75As and an experimental study on BAs 
under 0 GPa in TABle 2. our research demonstrates a good 
growth in value of band gap in comparison with other GGA(PBe) 
work and has a good consistency with other TB-mBJ works for 
Al0.25B0.75As under 0 GPa. This is due to increase in band gap, as 
a result of an equal selection value for muffin-tin radius spheres 
,which are bigger than usual size for Al and B atoms that lead to 
increasing coulomb interaction among atoms. When coulomb 
interaction increases, band gap increases, too [22].

TABle 2

The values of band gap in present work for Al0.25B0.75As  
under 0 GPa, 4 GPa, 8 GPa pressures and comparison them  

with other works under 0 GPa

Bas 
(experi- 
mental)

other calculations 
our  
work  
8 gPa

our  
work  
4 gPa

our  
work  
0 gPa

1.45 [21]
1.573 (tB-mBJ) [2]  

and 1.681 (tB-mBJ) [4]
1.191 (gga-PBe) [4]

1.571.581.64

By increasing pressure, the slope of bands in band structures 
in most of energies decreases resulting an increasing effective 
mass. The trace of this fact is visible in thermoelectric properties.

TABle 1

structural properties of Al0.25B0.75As under 0 GPa, 4 GPa  
and 8 GPa pressures and comparison them with other works  

under 0 GPa

Bas  
(experi- 
mental)

other 
calculations

our  
work  
8 gPa

our  
work  
4 gPa

our  
work  
0 gPa

4.77[21]5.07 [2] 
and 5.113 [4]4.99885.05305.1188a (Ao)

173[21]110.41 [2] 
and 99.86 [4]——97.5017B (GPa)

—4.095 [4]——4.3847B’
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Band gap of this compound decreases by increase in hydro-
static pressure. This is because semiconductors are quantum in 
nature. hydrostatic pressure acts like a perturbation on periodic 
potential and breaks the cubic symmetry of cubic structure and 
moves down the nearest bands in conduction band which are 
degenerate. While, this reduction in values of band gap, in the 
range of 0 GPa to 4 GPa, is 0.07ev, the result in the range of 
4 GPa to 8 GPa is only 0.01ev. This is due to increasing coulomb 
interaction among atoms which lead to a decreasing the reduc-
tion in band gap.

The value of band gap in BAs is less than Al0.25B0.75As. 
This is because Al is heavier than B leading to increasing cou-
lomb interaction and resulting a larger band gap. Band gap of 
Al0.25B0.75As as obtained in present work is direct band gap 
at Г point, whereas band gap of BAs is indirect band gap (Г-X).

it is noticeable that present work for band structure dia-
gram under 0 GPa has a good consistency with other TB-mBJ 
studies [2,4].

3.2.b). total density of states under 0 gPa, 4 gPa  
and 8 gPa Pressures

As demonstrated in Fig. 3 in total density of states diagram, 
apart from reduction in band gap peaks move to more negative 
energies in valence band, while they move to more positive 
energies in conduction band. These are due to abandon equi-
librium and decrease in stability, although in a few points some 
changes in intensity and places of peaks have been occurred. As 
mentioned, flatness of bands in band structure in most of ener-
gies increases By increasing pressure. By considering this note 
that the sharpest peak belongs to 8 GPa in conduction band, this 
subject has been confirmed. 

van hove singularities are the sharp peaks of dos diagram. 
When ∇k ε = 0, the sharp peaks appear in dos diagram that indi-
cates the bands in band structure are flat or denser in that energy. 
The biggest van hove singularity belongs to 8 GPa near the 4ev.

Fig. 3. The diagram of total density of states for Al0.25B0.75Asalloy 
under 0 GPa, 4 GPa and 8 GPa pressures

3.3. thermal properties

As demonstrated in Figs. 4a and b thermal properties con-
sisting of phonon contribution of heat capacity at constant vol-
ume and debye temperature for Al0.25B0.75As alloy in the range 
of 0K to 1000K and under 0 GPa, 4 GPa and 8 GPa pressures 
have been calculated. heat capacity at constant volume under all 
of the pressures at low temperatures has T3 debye behavior and 
at high temperatures trends to saturation dulong-Petit limit. The 
reason of increase in heat capacity by increasing temperature is 
rise in phonon oscillations affected by increment in temperature. 
in the next section we will discuss about electronic contribution 
of heat capacity at constant volume. By increasing pressure pho-
non contribution of heat capacity at constant volume decreases. 
This is due to reduce in volume and restriction of possibility of 
atoms oscillations affected by pressure increasing that itself is 
a result of increment in coulomb interaction among atoms.

Fig. 2. The diagrams of band structures for Al0.25B0.75As alloy under pressures a) 0 GPa, b) 4 GPa and c) 8 GPa
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in Fig. 4b debye temperature slowly decreases by increas-
ing temperature which lead to increase in atoms oscillations and 
subsequent increase in sound scattering and reduction in sound 
velocity. This is due to direct relation between debye temperature 
and sound velocity. by increasing pressure and reducing volume, 
debye temperature increases. This is due to invert relation be-
tween debye temperature and volume. By reducing in volume, 
atoms oscillations decrease due to increasing coulomb interac-
tion. This lead to increasing sound velocity in alloy.

3.4. thermoelectric properties

in Figs. 5a to e thermoelectric properties of Al0.25B0.75As 
alloy versus temperature in the range of 100K to 1000K tem-
peratures under 0 GPa, 4 GPa and 8 GPa pressures have been 
plotted. in Fig. 5a the diagrams of seebeck coefficient versus 
temperature have been demonstrated. under different pressures, 
and by increasing temperature to 450K, the diagrams have a de-
scending behavior, followed by a climb to 800K. These diagrams’ 
trend in final 200K reach to saturation limit. From 100K to 450K 
charge carriers are electrons and these electrons arrive at the end 
of solid body and produce an electric field opposite of tempera-
ture gradient. When the ascending behavior of diagrams starts 
i.e. affected by heat, electrons are excited to conduction band 
and charge carriers convert to holes. When enough electrons are 
excited, seebeck coefficient tends to saturation limit. increase 
in flatness of band structure by increasing pressure, increases 
seebeck coefficient by enhanced effective mass. moreover, when 
volume decreases, electrons arrive at the end of solid body faster. 
By increasing pressure, value of band gap decreases and small 
band gap can improve seebeck coefficient.

The diagrams of electrical conductivity divided by relaxa-
tion time under different pressures have been demonstrated in 
Fig. 5b. since the number of excited electrons to conduction band 
affected by heat, exponentially changes with 1/T, the diagram 
of electrical conductivity in semiconductors must be ascending. 
According to our calculations, in most temperatures under dif-
ferent pressures, it confirmed the correction of our calculations. 
Also, as mentioned, by increasing pressure in this compound ef-
fective mass increases. This note appears at low temperatures in 
electrical conductivity under different pressure. so that, at 100K 
electrical conductivity under 0 GPa is more than that of under 
8 GPa and 4 GPa, while in above 300K by increasing pressure 
electrical conductivity increases. This is due to reduction in 
volume and faster traveling electrons in solid body. 

Power factor with formula (s2σ)/τ whose high value 
indicates the compound is a good thermoelectric material. in 
Fig. 5c under different pressures versus temperature has been 
plotted. Because of increasing seebeck coefficient by increasing 
pressure and that electrical conductivity in most temperatures 
(above 300K) has the same behavior, Power factor increases by 
increasing pressure. however, power factor by increasing tem-
perature has the same behavior of seebeck coefficient i.e. first 
it has a descending behavior and then has an ascending trend. 
however, because of increase in electrical conductivity at high 
temperatures power factor has not tend to saturation limit.

in Fig. 5d, the diagrams of electronic thermal conductivity 
divided by relaxation time versus temperature, under 0 GPa, 
4 GPa and 8 GPa pressures, have been demonstrated. electronic 
thermal conductivity increases by increment in temperature 
because of faster moving of electrons in solid body. According 
to Wiedmann-Franz law, electronic thermal conductivity has a 
direct relation to electrical conductivity and temperature and 

Fig. 4. Thermal properties of Al0.25B0.75As alloy versus temperature in the range of 0K to 1000K temperatures under 0 GPa, 4 GPa and 8 GPa 
pressures a) Phonon contribution of heat capacity at constant volume, b) debye temperature
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Both increase by increasing temperature. by increasing pressure 
because of reduction in volume, electrons move faster in solid 
body and electronic thermal conductivity increases.

in Fig. 5e, the diagrams of electronic contribution of heat 
capacity versus temperature in the range of 100K to 1000K 
temperatures, under 0 GPa, 4 GPa and 8 GPa pressures, have 
been plotted. By increasing temperature because of increment 
in electrons oscillations, electronic contribution of cv increases, 
while by increasing pressure and decreasing in volume, electron 

oscillations are restricted because of increasing coulomb interac-
tion. Therefore, electronic contribution of cv decreases.

As shown in Figs. 5a to c electrical conductivity divided by 
relaxation time is in the range of 1019 which is noticeable since 
this alloy is semiconductor. The seebeck coefficient is in the 
range of 10–4 to 10–5 v/K that except at very low temperatures 
is not considerable. Power factor at very low temperatures is 
close to 1012 and at very high temperatures is near the 6×1011. 
At low temperatures because of better seebeck coefficient at low 

Fig. 5. Thermoelectric properties of Al0.25B0.75As alloy versus temperature in the range of 100K to 1000K temperatures under 0 GPa, 4 GPa and 
8 GPa pressures a) seebeck coefficient, b) electrical conductivity divided by relaxation time, c) power factor, d) electronic thermal conductivity 
divided by relaxation time, e) electronic contribution of heat capacity at constant volume
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temperature in comparison with higher temperatures. The value 
at high temperatures, because of increase in electrical conductiv-
ity, are better than middle temperatures.

4. conclusion 

in this paper, structural, electronic, thermal and thermo-
electric properties of Al0.25B0.75As alloy under pressures 0 GPa, 
4 GPa and 8 GPa have been investigated. structural properties 
have a good agreement with other works. lattice constant under 
0 GPa pressure in comparison with BAs under this pressure has 
an increment. This is due to bigger atomic radius of Al than 
B Bulk modulus of Al0.25B0.75As. it is due to smaller covalent ra-
dius of B than Al and stronger bindings in BAs than Al0.25B0.75As. 
in electronic properties, band gap at 0 GPa, 1.64ev was obtained 
by GGA(PBe) potential that is close to values obtained by 
TB-mBJ method and is larger than another GGA(PBe) work. 
The reason is equal selection of muffin-tin radius spheres that 
is bigger than usual size for Al and B. By increasing pressure 
band gap decreases. in thermal properties, phonon contribution 
of heat capacity at constant volume by increasing temperature 
at low temperatures under all pressures has T3 debye behavior 
and at high temperatures trends to dulong-Petit limit. debye 
temperature gradually decreases by increasing temperature and 
increases by increase in pressure. in thermoelectric properties, 
electrical conductivity divided by relaxation time is in the range 
of 1019, and considering that this compound is semiconductor, 
it is noticeable. Power factor at low temperatures is in the range 
of 1012 and at very high temperatures is in the range of 6×1011. 
Furthermore, seebeck coefficient, electronic thermal conductiv-
ity divided by relaxation time and electronic contribution of heat 
capacity at constant volume versus temperature under 0 GPa, 
4 GPa and 8 GPa pressures have been calculated.
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