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Abstract. We employ state-of-the-art ab initio density functional theory techniques to investigate the
structural, dynamical, mechanical stability and electronic properties of the ternary AgInS2 compounds
under pressure. Using cohesive energy and enthalpy, we found that from the six potential phases ex-
plored, the chalcopyrite and the orthorhombic structures were very competitive as zero pressure phases.
A pressure-induced phase transition occurs around 1.78 GPa from the low pressure chalcopyrite phase
to a rhombohedral RH-AgInS2 phase. The pressure phase transition around 1.78 GPa is accompanied by
notable changes in the volume and bulk modulus. The calculations of the phonon dispersions and elastic
constants at different pressures showed that the chalcopyrite and the orthorhombic structures remained
stable at all the selected pressure (0, 1.78 and 2.5 GPa), where detailed calculations were performed, while
the rhombohedral structure is only stable from the transition pressure 1.78 GPa. Pressure effect on the
bandgap is minimal due to the small range of pressure considered in this study. The meta-GGA MBJ
functional predicts bandgaps which are in good agreement with available experimental values.

1 Introduction

Ternary chalcogenide materials are among the semicon-
ductor materials which have recently received attention
from the scientific community [1–9] due to their potential
technological applications. As other chalcopyrite materi-
als, the tetragonal (chalcopyrite) phase of AgInS2 com-
pound is very attractive in the electronic and optoelec-
tronic industries [10,11]. Both the orthorhombic and the
chalcopyrite structures of AgInS2 are ideal photocatalyst
materials for water splitting [12–17]. With their bandgap
(1.86–1.98 eV) and absorption coefficients, they are also
suitable materials to be used as visible light absorber
layers and outer shell sensitizers of multi junction solar
cells [10,18]. Moreover, they are direct bandgap semicon-
ductors and their electronic and optical properties can eas-
ily be tuned by doping or by stress [14–17,19,20]. Contrary
to the chalcopyrite AgInS2, a limited number of exper-
imental and theoretical studies have been performed on
the orthorhombic AgInS2.

In the early seventies, Range et al. [20] investigated
high pressure transformations of ternary chalcogenides
and observed a high pressure rhombohedral phase of
AgInS2, but their study was limited to structural proper-
ties. To the best of our knowledge further studies on this
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phase have not been performed so far neither theoretically
nor experimentally. Using an energy dispersion technique,
Werner et al. [21] found that the chalcopyrites CuGaS2

and AgGaS2 undergo pressure-induced phase changes
from chalcopyrite to a NaCl type structure at pressures
near 15 GPa. DFT calculations by Addellaoui et al. [22]
predicted a structural phase transition of CuAlX2 (X = S,
Se, Te) materials from the chalcopyrite phase to the rock-
salt phase at pressures below 14 GPa. Because of the po-
tential applications of chalcopyrite AgInS2 and the afore-
mentioned reasons, a more complete study of this family of
compounds need to be done. Here we perform a detailed
study of observed and hypothetical structural phases of
AgInS2 including chalcopyrite, tetragonal, orthorhombic,
hexagonal, rocksalt (NaCl) and monoclinic configurations.

2 Methodology

All our calculations are carried out within the frame-
work of Density Functional Theory (DFT) using the vasp
code [23]. The electron-ion interaction is described by
the projecter augmented wave (PAW) formalism [24]. For
the exchange-correlation interaction, we used the GGA-
PBEsol [25] generalised gradient approximation (GGA)
and the modified Becke-Johnson potential (MBJ) [26].
Since the MBJ potential is not a functional derivative of
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Fig. 1. Cohesive energy versus volume (a) and enthalpy versus pressure (b) for the chalcopyrite (I 4̄2d), the monoclinic C2/m,
the orthorhombic Pna21, the trigonal P3m1, the trigonal R3̄m and the rocksalt Fm3̄m structures.

an energy functional [27], all the structural optimizations
were performed with the GGA-PBEsol functional only.
The advantage of the meta-GGA MBJ is that it usually
overcomes the failure of GGA functionals in predicting the
bandgap at a reasonable computational cost when com-
pared to hybrid functional [28] and GW [29] methods.

For predicting a potential high pressure stable struc-
tural phase, we consider a rocksalt (NaCl) structure with
space group Fm3̄m (No. 225), an orthorhombic structure
with space group Pna21 (No. 33), a rhombohedral struc-
ture with space group R3̄m (No. 166), a hexagonal struc-
ture with space group P3m1 (No. 156) and a monoclinic
phase with space group C2/m (No. 12) in addition to the
well known and well studied chalcopyrite AgInS2 phase
with the space group I 4̄2d (No 122). Details on the struc-
tures can be obtained using the identification numbers
(IDs) from the materials project (MP) [30] or the inorganic
crystal structure database (ICSD) [31] as listed in Table 1.
The selection of these structures was based on previous
experimental and theoretical studies on similar families
of materials including the CuAlX2, the AgAlX2 and the
ZnSiP2 compounds and AgInX2 itself [8,9,20,22,30,32].

Plane waves with kinetic energy up to 550 eV were
considered in the calculations. For the sampling of the
Brillouin Zone (BZ), Monkhorst-Pack [33] k-points meshes
with grids of 7 × 7 × 7 were used for the tetragonal, the
rhombohedral and the rocksalt phase while 6 × 6 × 6,
8 × 8 × 6 and 4 × 9 × 8 were used for the orthorhombic,
the hexagonal and the monoclinic phases. These param-
eters were found to be sufficient for energy convergence
to within 0.1 meV per atom. Full ionic relaxation of all
the structures were performed until the total energy was
converged to within 0.1 meV. To remain in the harmonic
approximation, small distortions of ±0.01 Å were allowed
for the elastic constant calculations. Force constants were
calculated using density functional perturbation theory
(DFPT) [34] as implemented in the vasp code. Phonon

dispersion relations were obtained from the force constants
by means of the phonopy code [35,36]. The coordinates
of the high symmetry k-points in the Brillouin zones for
bandstructure and phonon dispersion curves calculations
were automatically generated from aflow software [37].

3 Results and discussions

3.1 Structural and energetic properties

We started by performing full relaxation calculations of
volume, shape and atomic positions for all the structures
while keeping the lattice type constant. Then a set of
self-consistent calculations at different volumes spanning
each predicted equilibrium volume V0 were carried out
and a third order Birch-Murnaghan [38] equation of state
(eos) was fitted to the obtained energies as depicted in
Figure 1. Information extracted from the (eos) fits are
summarized in Table 1. Comparison to other calculated
and experimental results shows that the lattice param-
eters and equilibrium volume are in general agreement
with our results. Being ternary analogues of the binary
zincblende structures, chalcopyrite structures are defined
by two extra parameters in addition to the lattice pa-
rameters, known as tetragonal distortion η = c/2a and
anion displacement u [39]. We obtained η = 0.970 and
u = 0.250 which are in agreement with experimental
data (η = 0.960 and u = 0.250) [39]. The equilibrium
volume V0 of the orthorhombic (OR-AgInS2) structure
is slightly larger than that of the tetragonal chalcopy-
rite phase (CH-AgInS2). This trend is confirmed by the
experimental results. From Table 1 it can also be seen
that the bulk modulus for the OR-AgInS2 structure is the
smallest while the rocksalt structure has the largest bulk
modulus of the calculated values. The bulk modulus B0

of CH-AgInS2 (62 GPa) is in the range of the previously
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Table 1. Crystallographic description and zero pressure and temperature structural parameters of the six structural phases
of AgInS2 studied using the GGA-PBEsol functional. The space group, the space group number (in square brackets) and the
prototype structures are given as indication for the structures under investigation. Details about the structures can be found using
the identification numbers (IDs) from the Materials Project (MP) [30] or the Inorganic Crystal Structure Database (ICSD) [31]
where available. For the rocksalt-type structure, there are 1 Copper atom, 1 Aluminium and 2 Sulfur atoms respectively at
4a, 4b and 8c Wyckoff positions, i.e. Cu(0.0,0.0,0.0), Al(0.5,0.5,0.5) and X(0.25,0.25,0.25) gotten from reference [22]. Lattice
parameters a, b, c are given in Å, the volume per atom V0 in Å3, the bulk modulus B0 in GPa, the gravimetric density ρ in
g.cm−3 and the cohesive energy per atom Ecoh and the formation energy per atom Efor in eV. The present calculations are
compared to previous calculated (Calc.) and experimental data (Exp.) where available.

Phase Space Group MP or Prototype a b c V0 ρ B0 Ecoh Efor

ICDS IDs
Tetragonal (CH) I 4̄2d[122] mp-3497 CuFeS2 5.80 5.80 11.33 23.86 4.99 62.40 –3.572 –0.126

icds-52577
5.87a 5.87a 11.20a 24.17a – – – –
5.81b 5.81b 11.21b – – – –
5.80c 5.80c 11.35c – – 65c,62c – –

Orthorhombic (OR) Pna21[33] mp-21459 β-NaFeO2 6.69 6. 98 8,18 23.87 4.98 61.43 –3.570 –0.124
icds-51618

6.69a 6.99a 8.27a 24.21a – –
6.68 b 6.99b 8.25b – – –
6.81d 7.14d 8.33d – – - –

Rhombohedral (RH) R3̄m[166] mp-20162 α-NaFeO2 3.76 3.76 18.75 19.15 6.21 82.94 –3.521 –0.075
icds-659385

3.76e 3.76e 19.35e

Monoclinic C2/m[12] mp-634855 NaNiO2 6.55 3,76 6.59 20.02 5.94 65.78 –3.481 –0.035
icds-85317

Hexagonal P3m1[156] mp-7885 LiMnSe2 4.48 4.48 5.30 23.02 5.17 63.96 –3.378 +0.068
icds-25356

Rocksalt Fm3̄m[225] icds-165739 CuAlS2 6.61 6.61 6.61 18.13 6.58 87.35 –3.058 +0.388

a Exp. [2]. b Exp. [4]. c Calc. [6]. d Calc. [5]. e Exp. [20]

calculated B0 of 62 and 65 GPa [4]. We could not find
any theoretical or experimental values for other phases
for comparison.

At zero pressure and temperature we analyse the sta-
bility on the basis of the cohesive energy (Ecoh) and forma-
tion energy (Efor). Ecoh is defined as the energy required
to separate the atoms infinitely far apart [40] while Efor

is the energy difference between the cohesive energy of a
solid and that of the its constituents in solid form [41,42].
Gherouel et al. [43] noted that in addition to OR-AgInS2,
the binary compounds Ag2S and In2S3 could be present
during the synthesis of CH-AgInS2. We investigated the
possible decomposition of AgInS2 into the stable binary
compounds Ag2S [44] and In2S3 [45,46] according to the
chemical reaction

AgInS2 → 1
2
Ag2S +

1
2
In2S3.

The formation energy is:

Efor(InAgSsol
2 )) = Ecoh(AgInSsol

2 )

−

[1
2
Ecoh(Ag2S

sol)+
1
2
Ecoh(In2Ssol

3 )
]

4
.

(1)

The lower the cohesive or the formation energy, the more
stable the structure. As can be seen in Table 1, the cohe-
sive energies are ordered as follows:

Ecoh(I 4̄2d) < Ecoh(Pna21) < Ecoh(R3̄m) < Ecoh(C2/m)

< Ecoh(P3m1) < Ecoh(Fm3̄m),

suggesting that CH-AgInS2 is the most stable structural
phase of the compounds at zero pressure and temperature.
It is also worth noting that CH-AgInS2 and OR-AgInS2

are energetically competitive phases with a well converged
energy difference of about 20 meV. This is an indication
that care should be taken while synthesising any of the
two phases. The formation energies show the same trend
as the cohesive energies. The rocksalt and the hexago-
nal phases have positive formation energies which indicate
that, should it be possible to synthesise these phases, they
will at best be meta-stable and are likely to dissociate into
their binary solids.

An appropriate method for analysing the pressure
phase transition at zero temperature is to make use of
the enthalpy-pressure relation: H = Ecoh + PV . A pres-
sure phase transition occurs between two phases when,
at a given pressure Pt, the enthalpy-pressure curves cross.
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Fig. 2. Variation of the relative volume with pressure. V0 is
the equilibrium volume of the tetragonal phase at zero pressure
and temperature.

The stable phase is the one with the lowest enthalpy. Fig-
ure 1b depicts the enthalpy versus pressure curves for
all the structures under investigation. The competition
between CH-AgInS2 and OR-AgInS2 can be noted once
again, but CH-AgInS2 remains the ground-state phase as
previously predicted from the eos. Within the numerical
accuracy of our calculations, there is a possible phase tran-
sition from CH-AgInS2 to the rhombohedral (RH-AgInS2)
phase around 1.78 GPa. Such a transition was observed
experimentally by Range et al. [20], but at a pressure
of 2 GPa. The volume of the two phases as a function
of pressure is shown in Figure 2. A volume collapse of
about 19.30% is observed at this transition pressure. The
relaxed lattice parameters of RH-AgInS2 at the transition
pressure (1.78 GPa) are a = 3.74 Å, c = 18.55 Å which
are within 5% relative error of the experimental values
(a = 3.76 Å, c = 19.35 Å) obtained at 2 GPa [20].

As mentioned in the introduction, a number of studies
suggested a high pressure rocksalt phase in chalcopyrite
CuAlX2 (X = S, Se, Te) materials [8,21,22]. We therefore
extended our investigation up to 100 GPa to search for a
high pressure rocksalt phase of AgInS2. However, we found
that the rhombohedral phase has the lowest enthalpy be-
tween 1.78 GPa and 93.5 GPa where a structural phase
transition from a rhombohedral to a rocksalt phase takes
place, as seen in Figure 1b. Such a high transition pressure
is practically difficult to achieve, therefore we focus on the
low pressure (0–2.5 GPa) phases, namely the chalcopyrite,
the orthorhombic and the rhombohedral phases.

3.2 Dynamical and mechanical stabilities

We study the dynamical stability by investigating phonon
dispersions at different pressures. Accurate force constants
and phonon dispersion relations were computed using
2 × 2 × 2 supercells based on the optimised structures
at a given pressure using the vasp DFPT interface to the
phonopy code [35,36]. A structure is dynamically stable

when all the normal vibration modes have real and fi-
nite frequencies. Phonon dispersion curves along the high
symmetry directions in the Brillouin zone are shown in
Figure 3. The dispersion curves of CH-AgInS2 and OR-
AgInS2 are above zero frequency as depicted in Figures 3a,
3d and 3f at 0, 1.78 and 2.5 GPa, respectively. Thus they
are dynamically stable at these pressures. Figure 3g shows
the phonon spectrum of RH-AgInS2 at 0 GPa. Vibration
modes with imaginary frequencies are seen near the Γ
and the F points showing that RH-AgInS2 at 0 GPa is dy-
namically unstable. Negligible imaginary modes are found
at 1.78 GPa (seen in Fig. 3h) while only positive frequen-
cies are observed at 2.5 GPa as depicted in Figure 3i.

Elastic constants were calculated to check for mechan-
ical stability. Under stress, the total energy at volume V∗,
in Voigt notation, is given by [47]:

E(ε) = E(V ∗, ε = 0) + V ∗ ∑
i

σiεi

+
V ∗

2

∑
ij

Cij(V ∗)εiεj + O(ε3), (2)

where σi is the stress, εi is the strain and the Cij are the
elastic constants which correspond to the second deriva-
tive of the energy E(ε) with respect to the applied stress
evaluated at V ∗:

Cij =
1

V ∗

(
∂2E(ε)
∂εi∂εj

)

V ∗
. (3)

When the applied stress is hydrostatic, the Born stability
criteria [48–50] must be applied to the coefficients [51,52]

C̃αα = Cαα − P ; α = 1, 2, . . . , 6; C̃12 = C12 + P ;

C̃13 = C13 + P ; C̃23 = C23 + P ; C̃14 = C14. (4)

Note that in absence of the pressure, C̃ij and Cij are equal.
The stability conditions for a tetragonal system are [53]:

C̃11 − C̃12 > 0, C̃11 + C̃33 − 2C̃13 > 0

C̃ii > 0, 2C̃11 + C̃33 + 2C̃12 + 4C̃13 > 0. (5)

According to Mouhat and Coudert [48] the necessary
and sufficient mechanical stability conditions for an or-
thorhombic system are:

C̃11C̃22C̃33+2C̃12C̃13C̃23−C̃11C̃
2
23−C̃22C̃

2
13−C̃33C̃

2
12 >0

C̃ii > 0, C̃11C̃22 − C̃2
12 > 0, (6)

while for a rhombohedral structure the following condi-
tions have to be satisfied [48]

C̃11 − C̃12 > 0,
(
C̃11 + C̃12

)
C̃33 − 2C̃2

13 > 0

C̃44 > 0,
(
C̃11 − C̃12

)
C̃44 − 2C̃2

14 > 0. (7)
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Fig. 3. AgInS2 phonon dispersion curves at different pressures. Negative frequencies observed around the Γ and the F points
of the rhombohedral structure at zero pressure are an indication of instability.

Bulk and shear moduli can be expressed respectively as
follows:

BV =
1
9

[
(C̃11 + C̃22 + C̃33) + 2(C̃12 + C̃13 + C̃23)

]
,

GV =
1
15

[
(C̃11+C̃22+C̃33)−(C̃12+C̃13+C̃23)+3C̃′

]

with C̃′ = (C̃44 + C̃55 + C̃66). (8)

Elastic constants and moduli are presented in Table 2.
In order to confirm the reliability of our elastic constants
calculations, we compared our results with other calcu-
lated results for CH-AgInS2 at 0 GPa, the only results
available. We are not aware of any experimental data.
Fairly good agreement is found between our calculated
elastic constants for CH-AgInS2 and those reported by
Verma et al. [54]. The notable differences could be at-
tributed to the different calculation methods and pseu-
dopotentials used.

The chalcopyrite structure satisfy the mechanical sta-
bility criteria as stated above at all three pressures at
which calculations were performed. For the case OR-
AgInS2, the stability criteria in equation (6) are satisfied.
Their elastic constants C11, C22, C33, C12, C13 and C23

increase with increasing pressure while C44,C55 and C66

decrease. For the rhombohedral structure, the two first
conditions in equation (7) are satisfied at all the pres-
sures. At 0 GPa and 1.78 GPa, C44 < 0, hence C̃44 < 0
and (C̃11−C̃12)C̃44−2C̃2

14 < 0. It follows that RH-AgInS2

is mechanically unstable at 0 GPa and 1.78 GPa.

Bulk moduli are also calculated and listed in Table 2.
However, because of the instability of RH-AgInS2 at low
pressure, the bulk moduli were only reported at 2.5 GPa.
The bulk moduli are consistent with those obtained from
the equation of state for all the structures (in brackets) or
previously calculated values. It can be noted that the bulk
moduli increase with pressure as expected. Poisson’s ratio
ν is associated with the nature of the atomic bonding. For
all three structures, ν is greater than the critical value
(ν ≥ 0.25) predicting an ionic character of the atomic
bonding [55]. The G/B ratio is commonly used as a mea-
sure of brittleness and ductility of materials. According to
the Pugh criteria [56,57], a typical brittle material should
have G/B ≥ 0.5, otherwise the material is ductile. Over-
all, the structures have G/B < 0.5 indicating that the
materials are ductile. The Young moduli E are also re-
ported in Table 2. At zero pressure, E (CH-AgInS2) > E
(OR-AgInS2) suggesting that CH-AgInS2 is stiffer than
OR-AgInS2. It is also worth noting that E decreases under

http://www.epj.org
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Table 2. Elastic constants Cij (GPa), bulk moduli B (GPa), shear moduli G (GPa), Young’s moduli E (GPa), Poisson’s ratio
ν and G/B for CH-AgInS2, OR-AgInS2 and RH-AgInS2 at 0, 1.78 and 2.5 GPa.

Pres (GPa) Phase C11 C22 C33 C12 C13 C23 C14 C44 C55 C66 B G G/B E ν
CH-AgInS2 76 75 57 56 23 24 63 18 0.28 49 0.37

79c,84f 79c,97f 64c,52f 64c,61f 18c,23f 22c,28f 69c,62c 13c 0.19c 36c 0.41c

0 OR-AgInS2 97 79 84 46 46 53 13 14 15 61 16 0.26 44 0.38
RH-AgInS2 123 111 61 70 15 −20 −13
CH-AgInS2 82 80 67 64 20 23 70 16 0.22 45 0.39

1.78 OR-AgInS2 102 80 85 55 56 61 12 12 14 68 14 0.20 39 0.40
RH-AgInS2 124 124 73 78 9 −1 2
CH-AgInS2 84 82 69 67 18 22 73 15 0.20 42 0.40

2.5 OR-AgInS2 106 81 89 63 63 69 11 9 12 74 12 0.16 34 0.42
RH-AgInS2 135 124 70 73 8 5 34 91 21 0.23 58 0.39

c Calc. [6]. fCalc. [54].

the effect of pressure and at 2.5 GPa, RH-AgInS2 becomes
the stiffest amongst the three structures.

3.3 Electronic and optical properties

We investigated the electronic properties by analysing the
band structures and density of states (DOS). The GGA-
PBEsol predicted a zero pressure bandgaps of 0.27 eV
and 0.40 eV for CH- and OR-AgInS2 respectively while
RH-AgInS2 has a metallic character. These values are
very small when compared to the experimental values
which are 1.86 eV and 1.98 eV, respectively [12]. This is
a well known problem in the DFT community; employing
a semilocal functional such as GGA-PBEsol can lead to
the under-estimation of bandgaps. More reliable bandgaps
were obtained by means of the meta-GGA MBJ func-
tional, known to give a reasonable estimate of bandgaps
for a wide range of materials [58,59]. It predicts bandgaps
of 1.73 eV and 2.08 eV at 0 GPa for CH-AgInS2 and
OR-AgInS2 respectively, which are in the range of their
experimental values. RH-AgInS2 changes from metal to
semiconductor when the GGA-PBEsol exchange correla-
tion potential is replaced by the MBJ approximation with
a 2.5 GPa bandgap of about 0.95 eV. As we mentioned
before, some structural measurements were done on RH-
AgInS2, but we are not aware of any previous experimental
or theoretical work that determined its bandgap. As seen
in Figure 4, we note that the bandgaps of CH-AgInS2 and
OR-AgInS2 increase with increased pressure for both the
GGA-PBEsol and MBJ potentials. Using GGA-PBEsol,
RH-AgInS2 is not sensitive to the effect of the pressure,
remaining metallic at all pressures, but with MBJ a de-
crease of the bangap can be noted.

The bandstructures and the density of states (DOS)
are depicted in Figures 5–7. The calculations were per-
formed without inclusion of spin orbit coupling since it
does not have a large impact on the electronic proper-
ties of sulfur based chalcopyrite materials [9,60]. The band
structures are plotted along the high symmetry directions
in the Brillouin zone and show that these compounds are
direct bandgap materials. The bandgaps of CH-AgInS2

and OR-AgInS2 occur at the Γ point and for RH-AgInS2
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Fig. 4. Pressure dependant bandgap of the CH-, OR- and
RH-AgInS2.

it is at the F point. The spin polarized DOS’s presented in
Figures 5b, 6b and 7b show that the spin up and spin down
DOS’s are symmetric indicating that these compounds are
non-magnetic. Partial DOS show similar features for OR-
AgInS2 and CH-AgInS2, but that of RH-AgInS2 looks dif-
ferent, despite the fact that all three compounds have the
same atomic coordination. We observe that the shortest
distance between Ag and In is 4.05 Å and 3.98 Å for CH-
AgInS2 and OR-AgInS2 respectively, but for RH-AgInS2

it is more than twice as large at (9.22 Å). This difference
in the atomic environment of RH-AgInS2 could explain
the contrast in the partial DOS. For all the structures,
the uppermost valence band is dominated by the Ag-d
and S-p orbitals. The minimum of the conduction band
has mainly S-s, S-p and In-s character. These features are
usually observed in chalcopyrite materials [9,61,62].

The absorption coefficient α is a key property of a ma-
terial since it measures the amount of light that can be ab-
sorbed by a given medium. It can be described by Beer’s
law [63]:

I(z) = I0e
−αz (9)

where I0 the initial light intensity. Theoretically, it can be
obtained from the frequency dependent dielectric function

http://www.epj.org
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using the relation

α(ω) =
√

2ω

[(
ε2
1(ω) + ε2

2(ω)
) 1

2 − ε1(ω)
] 1

2

(10)

where ε1 and ε2 are respectively the real and the imagi-
nary part of the dielectric function. Calculations for the
absorption coefficient were performed within the random
phase approximation with local fields included using MBJ.
In Figure 8 the absorption spectra of the three com-
pounds are shown for ω from 0 to 6 eV. The absorption
threshold for CH-AgInS2 and OR-AgInS2 occurs at 1.27
and 2.07 eV, respectively. The maximum absorption for
CH-AgInS2 and OR-AgInS2 are in the visible range at
0.26 × 105 cm−1 and 0.22 × 105 cm−1, respectively. RH-
AgInS2 starts absorbing light in the infra-red region at
0.95 eV. At the edge of the visible range (3.1 eV), it
reaches an absorption of 0.4× 105 cm−1 and a very sharp
peak located around 5.13 eV can be observed in the spec-
trum. The high absorption in the visible range could make
RH-AgInS2 more suitable for solar application compared
to the other structures.

4 Conclusion

The aim of this work was to investigate the structural,
mechanical, dynamical and electronic properties of the
ternary chalcogenide materials AgInS2 using ab initio
techniques. The effect of the pressure on these properties
was carried out at selected pressure of 0, 1.78 and 2.5 GPa.
Six potential different phases of AgInS2 were investigated.
Using the cohesive energy, we found that the chalcopyrite
phase was the most energetically favoured stable struc-
ture at zero pressure and temperature although the energy
difference with the orthorhombic phase was very small.
The variation of enthalpy with respect to pressure con-
firmed that the chalcopyrite was the zero pressure and
temperature structure. It also showed that a pressure-
induced phase transition from the chalcopyrite to the
rhombohedral occurs around 1.78 GPa. This prediction
is in agreement with the experimental report by Range

et al. [20] at 2 GPa. A rocksalt phase occurs at 93.5 GPa
contrary to the expectation around 15 GPa. The high pres-
sure made this phase practically difficult to achieve. We
also found a positive formation energy for the hexago-
nal and rocksalt phases which suggest that they are more
likely to decompose into their elementary constituents.
The chalcopyrite and the orthorhombic phases remained
mechanically and dynamically stable at the selected pres-
sure of our interest while the rhombohedral structure was
only stable above the transition pressure. With the use
of the new modified Becke-Johnson potential MBJ, we
were able to predict accurately the bandgap of the chal-
copyrite and the orthorhombic structures. For the first
time, electronic properties of the rhombohedral structure
were investigated and found that it has a bandgap of
about 0.95 eV. Overall, the electronic properties were
slightly sensible to the effect of the pressure.

This work was funded by the African Institute for Mathemat-
ical Sciences (AIMS) and the DAAD under Grant No. A/14/
90078. The Centre for High Performance Computing (CHPC)
is thanked for the computational resources.
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