



Comprehensive Analysis of Electronic Band Structure, Structural Phase Stability, and Optical Properties in AgMX2 Compounds (M = Al, Ga, In; X = S, Se, Te)
Abstract
This study investigates the electronic structure, high-pressure phase transition, and optical properties of chalcopyrite compounds AgMX2 (M = Al, Ga, In; X = S, Se, Te) using the self-consistent TB-LMTO method. The equilibrium lattice constants in the body-centered tetragonal (BCT) phase were determined, and the energetic stability of the compounds was assessed by calculating total energies for both the BCT and high-pressure phases. The band structures were computed to analyze the metallic nature of the compounds under pressure. Additionally, optical properties such as the threshold frequency, static dielectric constants, refractive index, and degree of anisotropy were studied using the FP-LMTO "LMTART" method. The results demonstrate the structural stability, band characteristics, and optical behavior of AgMX2 compounds, providing valuable insights for their potential applications.
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1. Introduction

In the past decades, significant attention has been drawn to chalcopyrite semiconductor compounds, particularly due to their potential applications in various fields. The properties of these materials are determined using first principal calculations, which have enabled researchers to explore their characteristics from both experimental and theoretical perspectives [1].

Among the chalcopyrite compounds, AgGaS2 and CuGaS2 have band gaps that fall within the visible range of the optical spectrum. This feature makes them easily study able with visible lasers such as Ar and HeCd lasers. AgGaSe2, on the other hand, possesses a narrow gap that makes it suitable for infrared detectors, photovoltaic solar cells, and light emitting diodes [2, 3]. The high transmission in the infrared (IR) region and large non-linear optical (NLO) coefficients of AgGaS2 and AgGaSe2 crystals have also made them of significant interest for middle and deep infrared applications [4-9].

The chalcopyrite compounds exhibit similar physical properties to binary II-VI2 analogues with the cubic Zinc-blende structure, but their structural complexity poses challenges in electronic structure calculations. Unlike the ordered distribution of cations in the ZnS structure, the chalcopyrite structure features a distribution that results in a tetragonal unit cell with a c-axis approximately twice the length of the a-axis in the Zinc-blende type unit cell.

Under high pressure, the compounds undergo a phase transition where their tetrahedral coordination transforms into a denser cubic structure with octahedral coordination [10]. This transition occurs to accommodate the need for the relatively open tetrahedral structure to become more closely packed under compression. The phase transition and resulting changes in bonding, structure, and properties have attracted considerable attention in the study of chalcopyrite semiconductors.

Previous research has employed various computational methods to investigate the electronic structure, optical properties, and phase transitions of chalcopyrite compounds. For instance, Jaffe et al. [11] utilized the self-consistent potential-variation mixed basis (PVMB) band structure method to analyse the band gap and structural anomalies of chalcopyrite compounds compared to their binary counterparts. 
Jayalakshmi et al [12] studied the optical properties of the AgMX2 (M= Al, Ga, In; X= S, Se, Te) compounds using FPLMART method. They have calculated the static dielectric constant, refractive index, anisotropy of the compounds. Other studies have explored the electronic structure and pressure derivatives of specific chalcopyrite compounds, such as AgGaSe2, using first principle pseudo-potential methods [13].

Furthermore, researchers have employed full potential augmented plane wave methods to study the structural, electronic, and optical properties of specific chalcopyrite compounds, including CuGaS2 and AgGaS2 [14]. These investigations involved analysing complex dielectric functions, refractive index, static dielectric constant, and the degree of anisotropy of the compounds [14]. First principal calculations have also been utilized to explore the electronic structure and optical properties, such as complex dielectric functions and refractive index, of AgGaS2 and AgGaSe2 compounds [15].
Ching-Hwa Ho and Chia-Chi Pan [16] have grown single crystal of CuAlS2 and AgAlS2 and studied their morphological and structural property of the compounds.
Experimental techniques, such as high-pressure X-ray diffraction, energy dispersive X-ray absorption spectroscopy, and single crystal X-ray diffraction, have been employed to investigate the phase transitions and properties of chalcopyrite semiconductors under varying conditions [17-22]. These experimental observations have been supported and complemented by theoretical investigations on electronic structure and optical properties [8, 18, 19, 22].
Saeed Ullah et al [23] studied the structural, electronic and optical properties of the entitled compounds at ambient condition using FP-LAPW method. They have calculated the electronegativity and nonlinear optical properties of the compounds and compared with the available experimental values. The first-principles study on the structural, electronic and optical properties of AgAlTe2 chalcopyrite compound have been studied by Hanene Bendjeddou et al [24] using the full-potential linearized augmented plane wave (FP-LAPW) method based on the density functional theory and compared with the available experimental values.
Omehe N. N et al [25] used the pseudopotential method with projector augmented wave (PAW) method to calculate the electronic structure of AgGaS2 and AgGaSe2 compounds. They have used the LDA+U technique to for their calculation. using the high pressure opposed – anvil apparatus [26] the high pressure phase transition from bct to face centered cubic structure was indexed for AgInX2 compounds.   

In this study, we focus on the electronic structure and optical properties of AgMX2 compounds, where M represents Al, Ga, or In, and X represents S, Se, or Te. The subsequent sections of this paper will delve into the methodology, results, discussion, and conclusion of our work.
2. Methodology

The methodology employed in this study consists of two main computational approaches: the tight-binding linear muffin-tin orbital (TB-LMTO) method and the full potential linear muffin-tin orbital (FP-LMTO) method. These methods are used for electronic structure calculations and the analysis of optical properties, respectively.

In the TB-LMTO method, the electronic structure and structural phase transitions of the compounds are solved self-consistently. This method divides the space into muffin-tin spheres and interstitial regions. However, in this study, the interstitial region is effectively neglected. The LMTOs outside the muffin-tin spheres are augmented by solutions of the Helmholtz equation at a fixed energy. This approach provides band energies with an accuracy of approximately 0.1 eV.

To ensure accurate results, empty spheres are included in the polytypes within the TB-LMTO method. The average Wigner Seitz radius is scaled so that the total volume of the spheres matches the equilibrium volume of the primitive cell. The calculations take into account the relativistic mass-velocity variation, and self-consistency in the eigenvalues is achieved with an accuracy of 10-6 Ryd. A grid of 576 k-points is used to sample the Brillouin zone for the compounds.

To assess the accuracy of the TB-LMTO calculations based on the atomic sphere approximation (ASA), the full potential version [LMTART] is also employed. In this approach, the unit cell is divided into non-overlapping muffin-tin spheres surrounding the atoms, with an interstitial region outside these spheres. The potential in the interstitial region is expanded in plane waves. The full potential method utilizes a multibasis function to ensure a well-converged wave function, which is particularly important for accurate descriptions of higher lying unoccupied states, especially in optical property studies. The calculations are performed with an energy accuracy of 10-5 Ryd, and the LMTO basis set is expanded in spherical harmonics up to ℓmax = 6. The exchange and correlation part of the potential is calculated using the von Barth and Hedin scheme within the local density approximation (LDA). Spin-orbit coupling effects are neglected in these methods.

By employing the TB-LMTO and FP-LMTO methods, this study aims to investigate the electronic structure and optical properties of the AgMX2 compounds. The TB-LMTO calculations provide insights into the self-consistent electronic structure and structural phase transitions, while the FP-LMTO calculations enable the analysis of optical properties with a focus on accurate descriptions of higher lying unoccupied states.
3. Results and Discussion

In this study, we investigated the electronic structure and high-pressure phase transition of chalcopyrite compounds AgMX2 (M = Al, Ga, In; X = S, Se, Te) using the self-consistent TB-LMTO method [27-29]. These ternary semiconductor compounds crystallize in the chalcopyrite structure with the space group I4_2d (Space group No: 122). The atomic positions for the cations and anions were considered the same as those used for CuMX2 compounds in the previous chapter. To determine the equilibrium lattice constants in the body-centred tetragonal (BCT) phase, we optimized the c/a ratio through total energy calculations and found the energetically favourable values that were in good agreement with experimental data.

The phase stability of the compounds was assessed by calculating the total energies for both the BCT and high-pressure phases and fitting them with the Birch Murnaghan equation of states [30-31]. Additionally, we investigated the metallic nature of the compounds under pressure by calculating their band structures. Optical properties such as the threshold frequency or critical point, static dielectric constants, refractive index, and degree of anisotropy were studied using the self-consistent FP-LMTO "LMTART" method [32-33].

3.1
AgAlX2 (X = S, Se, Te)

We used the self-consistent TB-LMTO method to calculate the energy band structures of AgAlX2 compounds for both ambient and high-pressure phases. The von Barth and Hedin exchange correlation scheme [34] was employed, considering the valence states of Ag, S, Se, and Te. The calculations were performed with 384 k-points in the Brillouin Zone for the BCT phase, and empty spheres were included in the open BCT structure to maintain symmetry.

3.1.1 Structural stability of AgAlX2 compounds

The equilibrium lattice constants in the BCT phase were determined by calculating the total energies as a function of reduced volume and fitting them with the Birch Murnaghan equation of state. The calculated lattice constants and bulk moduli for the BCT phase agreed well with experimental and theoretical values. To investigate the possibility of a structural transition, the total energies were computed for the FCC structure by reducing the cell volume. The results indicated a transition from BCT to FCC under pressure, and the transition volumes and pressures were determined and presented.

3.1.2 Bulk modulus from volume compressibility

The axial and total compressibility, as well as the aggregate bulk modulus, were calculated for the chalcopyrite compounds based on the linear elasticity approximation. The axial compressibility was derived from pressure-dependent theoretical measurements of the lattice parameters. The calculated values for AgAlS2, AgAlSe2, and AgAlTe2 were presented. The calculated bulk modulus from the volume compressibility was in good agreement with the available bulk modulus calculated from the total energy. However, further comparison with experimental data is necessary.

3.1.3 Band structure of AgAlX2
The electronic band structure of the BCT and high-pressure phases of AgAlX2 compounds was computed, similar to the CuAlX2 compounds. The compounds exhibited direct band gaps with valence band maxima (VBM) and conduction band minima (CBM) at the Γ point. The band structure for the high-pressure fcc phase showed a metallic character, with the band structure profiles crossing the Fermi level for all three compounds.

3.1.4 Optical properties of AgAlX2
The optical properties of AgAlX2 compounds, including the threshold frequency or critical point, static dielectric constants, refractive index, and degree of anisotropy, were investigated using the FP-LMTO "LMTART" method. The equilibrium lattice constants under ambient conditions were used to study the optical properties. The threshold frequency was calculated from the imaginary part of the dielectric function, and the refractive indices were obtained from the real part. The degree of anisotropy was determined using the static dielectric functions. The results and calculated values were presented for further comparison with experimental data.
3.2
AgGaX2 (X = S, Se, Te)

In this section, we focus on the electronic structure, structural phase stability, and optical properties of AgGaX2 compounds (X = S, Se, Te) using the self-consistent TB-LMTO method. The calculations consider the valence states of Ag, Ga, S, Se, and Te, utilizing the 4s, 4p orbitals of Ag, 4s 4p orbitals of Ga, 3s 3p orbitals of S, 4s 4p orbitals of Se, and 5s, 5p orbitals of Te. The electronic structure and optical properties are investigated using the optimized c/a ratio and k-points. To study the electronic structure and optical properties of AgGaX2 compounds, we perform calculations with 384 k-points in the entire Brillouin Zone for the ambient BCT phase.
3.2.1
Structural stability of AgGaX2 (X = S, Se, Te)

To determine the equilibrium lattice constant in the BCT phase, total energy calculations are conducted as a function of reduced volume. The obtained total energies are fitted with the Birch Murnaghan equation of state. The theoretically estimated lattice constants for AgGaX2 compounds are in good agreement with experimental and theoretical data. The bulk modulus, calculated from the derivatives of the fitted energies, also agrees with previous data.

For AgGaS2, experimental studies have shown a transition from the BCT phase to an orthorhombic phase in the range of 15-25 GPa. The present theoretical study confirms a transition from BCT to base-centred orthorhombic with tetrahedral coordination under high pressure. The calculated total energy values are fitted to the Birch Murnaghan equation of state, and the cell volume and bulk modulus for the transition are determined. Further experimental data is needed for a comprehensive comparison.

To explore the possibility of other phase transitions, total energy calculations are performed for the FCC phase by reducing the cell volume. The obtained cell volume and bulk modulus for the high-pressure phases indicate a transition to FCC. The specific volumes and pressures at which the transitions occur are determined, but experimental data is needed for validation. Similar investigations are carried out for AgGaSe2 and AgGaTe2 compounds, considering their respective experimental phase transitions.
3.2.2
Bulk modulus from volume compressibility
The axial and total compressibility, as well as the aggregate bulk modulus, are calculated for AgGaX2 compounds based on the linear elasticity approximation. The compressibility are derived from pressure-dependent theoretical measurements of the lattice parameters. The calculated values agree with previous experimental and reported data. The volume compressibility and bulk modulus are determined, with the calculated values matching well with the available bulk modulus obtained from total energy calculations.
3.2.3
Band Structure of AgGaX2 (X = S, Se, Te)
The band structure calculations are performed for the BCT and high-pressure phases of AgGaX2 compounds. The compounds exhibit direct band gaps at ambient conditions. In the band structure of the high-pressure phase, the band profiles cross the Fermi level, indicating a transition from a semiconductor to a metallic state under high pressure. Density of states (DOS) and partial density of states (PDOS) calculations reveal that the valence band primarily originates from the Ag 4d states and anion p states, with negligible contributions from the cations (Al, Ga, In) in the conduction band.

The band gaps are calculated and compared with experimental and theoretical data, showing slight underestimation due to the use of the local density approximation (LDA). The band gap decreases from Al to In in the AgGaX2 compounds. The PDOS analysis reveals the contributions of different orbitals to the valence band.
3.2.4
Optical Properties of AgGaX2
The optical properties of AgGaX2 compounds are studied using the FP-LMTO "LMTART" method, similar to the investigation of AgAlX2 compounds. The imaginary and real parts of the dielectric function are calculated, and the critical point or threshold frequency is determined from the imaginary part. The real part of the dielectric function is used to calculate the static dielectric constants, refractive index, degree of anisotropy, and zero crossing points.

The critical frequency values for AgGaX2 compounds are obtained as 0.2649 eV, 0.0550 eV, and 0.0517 eV for AgGaS2, AgGaSe2, and AgGaTe2, respectively. The static dielectric constants are calculated from the parallel and perpendicular components of the dielectric function. The real part of the dielectric function is analyzed, and the refractive index, degree of anisotropy, and zero crossing points are determined. The calculated values, although underestimated due to the LDA, are presented alongside available experimental and theoretical data.
3.3
AgInX2 (X = S, Se, Te)

The electronic band structure and high-pressure phase transition of AgInX2 compounds (X = S, Se, Te) are calculated using the self-consistent TB-LMTO method. The calculations utilize the estimated c/a ratio and k-points for the ambient phase of the compounds. The valence states considered in the calculations are the 4s and 4p orbitals of Ag, 5s and 5p orbitals of In, and 3s and 3p orbitals of S, Se, and Te. The optical properties of the compounds are studied using the FP-LMTO method, similar to the approach used for AgAlX2 compounds.
3.3.1
Structural stability of AgInX2 compounds

The ground-state properties of AgInX2 compounds are investigated by calculating the total energy in the chalcopyrite structure while systematically varying the reduced volume. The calculated total energies are fitted with the Birch Murnaghan equation of state, and the resulting lattice parameters and bulk modulus are found to be in good agreement with experimental and theoretical results. The bulk modulus decreases from S to Te, as expected.

The calculations are also performed under high pressure to explore the phase transition from the BCT to FCC phase, as observed in experimental studies on AgInX2 compounds. The calculations for the high-pressure FCC phase are conducted with 145 k-points in the irreducible part of the Brillouin Zone, and the position of atoms is the same as in AgAlX2 compounds. The total energy is calculated for the FCC phase, and the cell volume and bulk modulus are obtained. The results are presented in tables, but further experimental data is needed for comparison.
3.3.2
Volume Compressibility and Aggregate bulk modulus
The volume compressibility for AgInX2 compounds is calculated in a similar manner to AgAlX2 compounds. The calculated volume compressibility (κ) values for AgInS2, AgInSe2, and AgInTe2 are 38.73 TPa-1, 21.55 TPa-1, and 24.57 TPa-1, respectively. Using these values, the aggregate bulk modulus for the compounds is calculated as 25.82 GPa, 46.40 GPa, and 40.70 GPa. The calculated bulk modulus for AgInSe2 and AgInTe2 compounds agrees well with the bulk modulus obtained from the fitted total energy calculation. However, experimental data is needed for a comprehensive comparison.
3.3.3
Band structure of AgInX2
The electronic band structure is computed for the BCT and high-pressure phases of AgInX2 (X = S, Se, Te) compounds. In the ambient BCT phase, the compounds exhibit a direct band gap with the valence band maximum (VBM) and conduction band minimum (CBM) at the Γ point. The band structure for the FCC phase shows band profiles crossing the Fermi level, indicating a transition from a semiconductor to a metallic nature under pressure.

The band gaps are calculated using the density of states, but they may be underestimated due to the use of the local density approximation (LDA). The calculated band gap values for AgInX2 compounds are presented in a table, along with available experimental data for comparison. The density of states for the FCC phase of AgInX2 compounds indicates a metallic nature with no band gap.
3.3.4
Optical Properties of AgInX2 compounds
The optical properties of AgInX2 (X = S, Se, Te) compounds are studied using the FP-LMTO "LMTART" method within the LDA framework. The frequency-dependent complex dielectric function ε(ω) = ε1(ω) + iε2(ω) is calculated to describe the optical response at all energies. The imaginary and real parts of the dielectric function are averaged to obtain the optical constants.

The critical point or threshold frequency for AgInX2 compounds is determined, starting at 0.6831 eV for AgInS2, 0.3066 eV for AgInSe2, and 0.2233 eV for AgInTe2. However, experimental data is needed for comparison.

The static dielectric constant, refractive index, and degree of anisotropy are calculated from the parallel and perpendicular components of the static dielectric constants. The calculated values show an increase in the static dielectric constant and refractive index from S to Se, corresponding to the higher atomic number. The zero-crossing point of the real part of the dielectric function is also calculated and presented in a table, along with the static dielectric constant, refractive index, and degree of anisotropy. The zero crossing point decreases from S to Te, as expected with the increase in atomic number.
4. Conclusion
The study focused on analysing the electronic band structure, structural stability, and optical properties of AgMX2 compounds (where M represents Al, Ga, or In, and X represents S, Se, or Te). Using the tight binding version of the LMTO method, the researchers investigated the electronic structure and structural stability, while the full potential method was utilized to study the optical properties at ambient conditions. The calculations involved estimating the c/a ratio and k-points for the AgMX2 compounds ambient BCT phase.

For AgAlX2 compounds, the researchers observed a phase transition from ambient BCT to FCC under pressure. The lattice parameters and cell volume increased from S to Se due to the atomic size effect, while the bulk modulus exhibited a decreasing trend for both phases. The pressure at which the transition occurred was calculated as 5.27, 11.06, and 7.18 for AgAlS2, AgAlSe2, and AgAlTe2, respectively. The band structure and density of states indicated a direct band gap for the ambient BCT phase, and the high-pressure phase transition led to a transition from semiconductor to metal behavior.

Similarly, for AgGaX2 compounds, the researchers found that AgGaS2 transitioned from BCT to a base-centered orthorhombic structure and then to a high-pressure FCC phase. AgGaSe2 exhibited transitions from BCT to base-centered orthorhombic and eventually to a primitive tetragonal structure with a disordered zinc blend structure. AgGaTe2 transitioned from BCT to a disordered base-centered orthorhombic structure. The calculated bulk modulus and pressure values aligned with experimental work, and the band structure indicated a transition from semiconductor to metal under pressure.

For AgInX2 compounds, the researchers estimated the lattice parameters and observed a high-pressure phase transition from BCT to FCC, consistent with experimental results. The calculated values for cell volumes, bulk modulus, and transition pressures need experimental data for comparison. AgInX2 compounds also demonstrated metallization under pressure.

The study also evaluated compressibility and bulk modulus for all chalcopyrite’s, finding that the compressibility along the c-axis was greater than along the a-axis. The optical properties analysis using the FP-LMTO method revealed the critical point, static dielectric constants, refractive index, degree of anisotropy, and zero crossing point for the AgMX2 compounds. The anion was observed to influence the optical properties.

In summary, the study provided insights into the electronic, structural, and optical characteristics of AgMX2 compounds, shedding light on their behavior under pressure and their potential applications in various fields.
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Fig.1 Total energy curve of AgAlS2
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Fig.2 Total energy curve of AgAlSe2
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Fig.3 Total energy curve of AgAlTe2
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    Fig: 4. The imaginary and real part of AgAlX2 compounds
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Fig. 5 Total energy curve of AgGaS2
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Fig.6 Total energy curve of AgGaSe2
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Fig: 7 Total energy curve of AgGaTe2
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Fig: 8 The imaginary and real part dielectric function of AgGaX2 (X= S, Se, Te) 
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              Fig: 9. The total energy graph for AgInS2 compound
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     Fig: 10. The total energy graph for AgInSe2 compound

[image: image11.emf]400 500 600 700 800 900 1000

-8.4

-8.2

-8.0

-7.8

-7.6

-7.4

-7.2

-7.0

 

 

FCC

BCT

T.E(-4953+)Ryd

Volume(a.u)

3

AgInTe

2


Fig: 11. The total energy graph for AgInTe2
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    Fig: 12. The imaginary and real part of AgAlX2 compounds
Table: 1 Estimated lattice constant and calculated bulk modulus for the bct phase of the compounds
	Compounds
	a(A0)
	c(A0)
	c/a
	u
	Bulk modulus (GPa)

	AgAlS2
	5.6097 
(5.695 a) 
	10.5743
 (10.26 a) 
	1.885

(1.802 a)
	0.3
	68.72 (75.15b) 

	AgAlSe2
	5.9994
 (5.956 a) 
	10.5949 
(10.75 a) 
	1.766

(1.805 a)
	0.27
	66.12 (62.77b) 

	AgAlTe2
	6.1964
 (6.296 a) 
	12.2131
(11.83 a)
	1.971

(1.879 a)
	0.26
	53.99 (40.42b) 


a Experimental value in ref [11], b Reported value of ref[16]

Table: 2 calculated cell volume with the bulk modulus for the high pressure fcc phase of the compounds.

	Compounds
	Cell volume (a.u)
	Bulk modulus (GPa)

	AgAlS2
	435.4969
	120.87

	AgAlSe2
	494.3909
	89.84

	AgAlTe2
	600.1744
	72.27


Table:  3 The volume and pressure value at which transition occurs for the compounds

	Compounds
	 Volume (a.u)3
	Pressure (GPa)

	AgAlS2
	475.7169
	5.27

	AgAlSe2
	506.8977
	11.06

	AgAlTe2
	642.453
	7.18


Table: 4 The band gap values for the chalcopyrite compounds with the available exp values
	Compounds
	Bang gap

	AgAlS2
	2(3.13)a

	AgAlSe2
	1(2.55)a

	AgAlTe2
	1.25(2.27)a



     a Experimental value in ref [11]

Table: 5 The static dielectric function, degree of anisotropy and refractive index and zero crossing point for the chalcopyrites

	Compounds
	ε1 (0)
	ε1⊥ (0)
	ε1װ (0)
	Δ ε
	n (0)
	Zero crossing point (eV)

	AgAlS2
	3.2632
	3.2310
	3.1925
	- 0.0118
	1.806
	8.1623

	AgAlSe2
	3.8863
	3.9010
	3.6533
	- 0.0637
	1.971
	6.9577

	AgAlTe2
	4.6987
	4.6662
	4.7638
	0.0208
	2.168
	4.8367


Table: 6 Estimated lattice constant for the calculated volume with bulk modulus for the bct phase of the compounds
	Compounds
	a(A0)
	c(A0)
	c/a
	U
	Bulk modulus (GPa)

	AgGaS2
	5.6544 (5.755a,

5.587b)
	10.6472 (10.278a,

10.4086 b )
	1.883

(1.786a,

1.863b)
	0.282
	69.72
(81.226b, 67.15d)

	AgGaSe2
	6.0321(5.985a,

5.838 b)
	10.7293 

(10.73a, 11.0221b)
	1.779

(1.793 a, 

1.888 b)
	0.272
	58.21
(64.621b, 59.86d)

	AgGaTe2
	6.1796 (6.283a,

6.275c) 
	12.3431(11.94a, 11.906 c) 
	1.997

(1.900 a, 1.897c)
	0.26
	51.66 (38.85d)


a Experimental value of ref [1], b reported value of ref[15], 
c Experimental value of ref [24], d reported value of ref[16]

Table: 7 The band gap values for the chalcopyrite compounds with the available exp/theoretical values
	S.No
	Compounds
	Band gap (eV)

	1
	AgGaS2
	2 (2.51a,0.95b)

	2
	AgGaSe2
	1.5(1.83a, 0.19b) 

	3
	AgGaTe2
	1.0(1.1a, 0.42c)



       a Experimental value in ref[11], b reported value of ref [15], 
       c reported value of ref [19]
Table: 8 The static dielectric function, degree of anisotropy and refractive index and zero crossing point for the chalcopyrites
	Compounds
	ε1 (0)
	ε1⊥ (0)
	ε1װ (0)
	Δ ε
	n (0)
	Zero crossing point (eV)

	AgGaS2
	5.7755 (6.056a)
	5.4675 (6.114a)
	6.0689 (5.94 a)
	0.1041 

(-0.028a)
	2.403 (2.461a, 2.299 b)
	6.2079
(7.2)a

	AgGaSe2
	5.1573
(7.226)a
	4.9127
(7.233)a
	5.2959
(7.212)a
	0.0743
(-0.0028)a
	2.271
(2.688a, 2.72b)
	5.9180
(6.2) a

	AgGaTe2
	6.9345
	6.3312
	7.6066
	0.1839
	2.633
	4.5035


a Reported value of ref [11], b Experimental value of ref [18]
Table: 9. Estimated lattice constant and calculated bulk modulus for the bct phase of the compounds
	Compounds
	a(A0)
	c(A0)
	c/a
	u
	Bulk modulus (GPa)

	AgInS2
	5.7665
(5.816a, 5.827b) 
	11.3629
(11.17a, 11.19 b) 
	1.971

(1.921a, 1.9204 b)
	0.25
	51.87(55.00)b 

	AgInSe2
	6.0264
(6.090 a, 6.102 b) 
	11.9178
(11.67 a, 11.691 b) 
	1.978

(1.916 a,

1.916 b)
	0.25
	47.73(48.67)b 

	AgInTe2
	6.3704
(6.406 a, 6.419 b) 
	12.7007
(12.56 a, 12.580 b) 
	1.994

(1.961 a
1.96 b)
	0.25
	41.64(24.51)b


a ref [11], b ref [16]

Table: 10. Calculated cell volume with the bulk modulus for the high pressure fcc phase of the compounds.

	Compounds
	Cell volume (a.u)
	Bulk modulus (GPa)



	AgInS2
	488.7438
	102.89

	AgInSe2
	599.9227
	106.76

	AgInTe2
	657.8159
	77.46


Table: 11 The volume and pressure value at which transition occurs for the compounds

	Compounds
	 Volume (a.u)3
	Pressure (GPa)

	AgInS2
	498.3172
	17.5

	AgInSe2
	561.6706
	14.46

	AgInTe2
	709.6024
	4.289


Table: 12 The band gap values for the chalcopyrite compounds with the available exp values
	Compounds
	Bang gap

	AgInS2
	1.0 (1.87) a

	AgInSe2
	0.75 (1.24) a

	AgInTe2
	0.9(0.96) b




     a Experimental value in ref [36], b reported value in ref [11]

Table: 13 The static dielectric function, degree of anisotropy and refractive index and zero crossing point for the chalcopyrites

	Compounds
	ε1 (0)
	ε1⊥ (0)
	ε1װ (0)
	Δ ε
	n (0)
	Zero crossing point (eV)

	AgInS2
	3.8146
	3.7883
	3.7396
	-0.0128
	1.953
	7.1643

	AgInSe2
	4.6371
	4.5570
	4.5129
	-0.0095
	2.153
	6.4162

	AgInTe2
	5.4226
	5.1196
	5.5587
	0.0810
	2.329
	4.7951
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