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Abstract. In this work, we look forward new materials for optoelectronic and photovoltaic applications namely ASrCl3 perovskites (where A=Ag or Cu), using DFT calculations based on the GGA-PBE and HSE06 approximations. The study of their structural, electronic, optical mechanical properties reveals that these compounds are excellent materials for both optoelectronic and photovoltaic applications due to their observed deep absorption of light, with wavelength around 3.105cm-1, their low reflectance around 20% and their optimal band gap.
Introduction
The growing global demand for sustainable and secure energy sources, make the research of new materials for optoelectronic and photovoltaic applications among the most interesting research topics. Photovoltaic solar cells based on perovskites stand out for their exceptional efficiency and cost-effectiveness, with efficiencies exceeding 25% [1 -4] . However, the existence of the hazardous lead element in these components raises concerns about their environmental durability and long-term viability [5 - 11].  In this context, recent studies provide a diverse and complementary perspective on theoretical advances in functional materials. A Monte Carlo survey of the MnFe4Si3 compound reveals its magnetocaloric and magnetic properties, highlighting its potential for magnetic cooling applications [12].  Furthermore, initial ab initio investigations on a doped CsSnBr3 supercell demonstrate substantial absorption for visible light [13].  Ab initio calculations, were also used to explore how vanadium doping enhances the spintronic and thermoelectric performance of a perovskite type oxide, and therefore their applications for multifunctional devices [14]. Finally, recent works shed light on the effects of Mn, V and Vr dopants on the structural, optoelectronic, and thermoelectric properties of CsGeBr3, offering promising prospects for the optimization of these perovskite materials [15, 16]  were study [17]. It was shown that perovskites based of silver AgXCl3 (X= Ca and Sr),  (X = F and Cl) and  (X = Ca, Sr, and Ba) can be used for thermoelectric applications.  (X = Ca, Sr, and Ba) possess also high photon absorption capacity which enhance the performance of solar cells [18,19 ]. The applications of perovskite based of silver are very limited due to their high cost. Therefore, it is necessary to look forward alternative materials. Among them copper-based perovskites  (A = Ag and Cu), obtained by substituting silver by copper, in the previous materials, exhibit interesting physical properties letting them appropriate candidates for photovoltaic applications. Experimental data on these perovskites are too limited but it is possible to make accurate predictions of their physical properties. In this context, we apply computational simulations based on density functional theory (DFT) in order to find the necessary characteristics for the study of solar cells performance based on these perovskites namely their structural, electronic, optical and mechanical properties.
Material and Methods
In the present study, we use Density Functional Theory (DFT) [20. ] to determine different physical properties of the perovskites  (A = Ag, and Cu). To this end, we implement the Full-Potential Linear Augmented Plane Wave (FP-LAPW) approach utilized to solve the Kohn-Sham method [21 ] by using Wien2K and CASTEP computing codes [22, 23 ]. The exchange correlation functional, evaluated in the framework of the Generalized Gradient Approximation (GGA) parametrized by PBE [24 ] and HSE06 [25],  allows us to obtain accurate results. In order to calculate the different parameters, we consider the atoms as rigid spheres, called muffin-tin (MT) spheres, and we choose the following configuration of the harmonic expansion: 2.5 Bohr for all Cl, Sr and A, and IMAX=10 inside the muffin-tin sphere and RMT KMAX=7.5. The Monkhorst Pack k mesh of 5000 K points was chosen for the Brillouin zone sampling [26 ]. The convergence is achieved for energies less than 10-6 Ry. The cutoff Gmax of 12 Ry for the plane wave expansion of the electron density in the interstitial region.
Results and Discussion
[bookmark: _Hlk149755470]Structural Properties
We first fully optimized the structure of the perovskites  (A = Cu, and Ag) and we illustrated the crystal structures in Fig. 1. The Wyckoff positions atoms are (0 0 0), (0.5 0.5 0.5), and (0 0.5 0.5) of the A, Sr, and Cl, respectively, these structures are part of the space group pm-3m (221) and exhibit cubic symmetry. The lattice constant  the ground-state energy  and equilibrium volume   were calculated and listed in Table 1. As summarized in Table 1 the lattice constants and volume of these compounds of  are higher than that of , and this is due to the increase in atomic radius from Ag to Cu in periodic table. The physical properties at the ground state, including the volume  of equilibrium were determined using the fitting of the energy-volume data using the Murnaghan equation.

[bookmark: _Toc195084171]Figure 1. Variation of total energy versus volume for the  with A= Ag and Cu, with the corresponding crystallographic model shown inside the plot area
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Furthermore, to ascertain the structural stability of the perovskite-type compounds, Goldschmidt’s tolerance factor (t) and the octahedral factor (μ) were used [27 ]:
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Here,  for radii of Cu/Ag and  for the radii of Sr, while  correspond to the radii of the halogen Cl [28] . For an ideal cubic perovskite structure, the values of t should range between 0.7 and 1, and   should be between 0.4 and 0.7 [29] . The calculated values for these compounds are provided in the Table 1 and fall within this range. 
	
	TABLE 1, which Calculated lattice parameter , volume of equilibrium , ground state energy , formation energy , tolerance factor (t), octahedral factor (μ) of  cubic perovskites

	Compound
	 a (Å)
	
	(Ry)
	 (Ry)
	t
	μ

	
	5.613
	176.84
	-12439.1132
	-0.88
	0.531
	0.662

	
	5.616
	177.12
	-19763.7447
	-0.91
	0.578
	0.753


Electronic Properties
The electronic properties of a material provide an insight into the nature of the bonds formed between its constituent elements. Among these electronic properties, the density of states and band structure are essential for obtaining detailed information about the material.
[bookmark: _Hlk207717285] In order to explore the electronic structure of halide -based perovskites   (A = Cu, and Ag), the band gap energy and the density of states (DOS) are examined. The graphs obtained for the band structure and DOS are presented in Fig. 2. The calculated values for these perovskites are provided in the Table 2. The band structure was plotted along the path connecting the high-symmetry points in the Brillouin zone R-ꓩ-X-M-ꓩ. The calculated band gap energies in Fig. 2. (a and c) show that the compounds behave like semiconductors with indirect band gap, with a gap of 1.28 eV for  and 0.82 eV for  calculated by GGA-PBE, with a gap of 1.58 eV for  and 1.05 eV for  computed by HSE06. The density of states for both compounds confirms the semiconducting nature of the perovskites, as shown in Fig. 2. (e, f, g and h).
Figure. 2. shows that the band gap in the copper-based perovskite arises primarily from the hybridization between Cl and Cu orbitals, whereas in the silver-based perovskite, it originates from the interaction between Cl and Ag orbitals.

	
	[bookmark: _Toc195084169]Table 2 Calculated band gap energy for  (with A= Cu and Ag) compounds.

	Compound
	 Band gaps-PBE (eV)
	Band gaps-HSE06 (eV)
	Other theoretical results

	
	1.28
	1.58
	1.27 [30 ]

	
	0.82
	1.05
	0.76  [30 ]


Optical Properties
The optical properties of the studied perovskites focus on the interaction between matter and light, which is fundamental for understanding their application as solar cells. The characteristics of the band gap are crucial because they determine the amount of absorbed light. Here, we presented the optical parameters for halide perovskite materials,  (A = Cu, and Ag) compounds, including the absorption coefficient α(ω), reflectivity R(ω), as well as the real (ω) and imaginary (ω) parts of the dielectric functions
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Figure. 2. (a, b, e, f, g and h) GGA-PBE calculated band structure and density of states of  (with A= Ag and Cu) compounds, (c and d), HES06 calculated band structure and density of states of compounds, (g) and (h) zoom of partial density of states.










	
	Table 3 The static values of the real dielectric function ε1(0), and reflectivity R(0), refractive index n(0),  

	Compound
	  ε1(0)
	R(0)
	n(0)

	
	3.508
	0.092
	1.873

	
	3.054
	0.074
	1.747








This study provides the predicted values of ε1(0) for ASrCl3 are shown in the Table 3. The peaks of spectra of the real part repented in Fig. 3. (a), ε1max are found 3.82 at 1.94 eV for AgSrCl3 and 4.53 at 1.78eV for CuSrCl3. The imaginary part ε2 provides a description the optical absorption in the material, the spectra of ε2 repented in Fig. 3. (b) reveals demonstrated the maximum value of 3.56 at 6.53 eV for AgSrCl3 and 3.75 at 2.34 eV for CuSrCl3. 
Figure. 3. (a) represents real part verses energy, (b) imaginary part verses energy, (c) refractive index verses wavelength, (d) reflectivity index verses wavelength and (e) the absorption coefficient α(ω) verses wavelength.
(c)
(a)
(d)
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Figure. 3. (c) represents reflectivity indexes. The values range between 0.9 and 2.2. Fig. 3. (d) shows the reflectivity for both compounds. The variation is similar for both compounds and remains below 23%. In visible range, CuSrCl3 shows a reflectivity index about 5% higher than that of AgSrCl3.  Fig. 3 (e). illustrates the variation of the absorption coefficient for both compounds. The results reveal that both materials exhibit similar behavior, characterized by a significantly by high absorption in the ultraviolet region, reaching values around 9.105 cm-1. In the visible region, both compounds maintain efficient photon absorption, with values ranging between 1.104 and 3.104 cm-1, indicating that they are potential candidate for optoelectronic applications. Using the Shockley-Queisser (SQ) method [31-  33], we show that the copper-based perovskite exhibits higher absorption than the silver-based, starting from 480 nm which influences the photovoltaic cell efficiency. In fact, for a cell thickness of 1 mm, the efficiency increases from 18.7% to 21.22% when silver is substituted by copper in perovskite ASrCl3 (A= Cu and Ag).
Phonopy
Figure. 4. The calculated phonon dispersion curves of AgSrCl3 and CuSrCl3

[bookmark: _Hlk207731490]To study the dynamic stability of AgSrCl3 and CuSrCl3 perovskites, we analyze of vibrational properties through phonon dispersion curves (Fig.4). To evaluate the stability of both perovskites, we calculate their phonon dispersions. The spectra obtained along the high-symmetry directions (R- Γ-X-M- Γ) of the Brillouin zone confirm the absence of imaginary frequencies for the silver-based perovskite (AgSrCl3), attesting to its dynamic stability as reported in the literature [34, 35 ]. In contrast, the occurrence of a few imaginary frequencies in CuSrCl3 reveals a thermic instability.
Mechanical Properties
To verify the mechanical stability of AgSrCl3 and CuSrCl3 perovskites, we study their mechanical properties by focusing only on the key constants   (longitudinal stiffness),  (shear stiffness) and  (the coupling constant between deformation in different directions). These elastic constants describe a material’s response to stress and strain, providing insight into its strength, deformability, and overall mechanical stability. The application of  the Born- Huang elastic stability criterion for cubic systems [36] states that the elastic stiffness matrix must be positive definite, implying that all its eigenvalues are positive. This condition yields to the following inequalities:

	
	   – ,  + 20 and 0
	(4)




The calculated elastic constants are presented in Table 4.  According inequalities (4), the Born-Huang elastic stability criterion is fulfilled for both perovskites. Thereby confirming their mechanical stability. 



	
	Table 4 The elastic constants of 

	Compound
	(GPa)
	(GPa)
	(GPa)

	
	51.27
	6.34
	0.70

	
	63.75
	7.03
	0.41








CONCLUSION
In this study, we used the full potential augmented plane wave method based on DFT with the Wien2k code to find the structural, electronic, optical and mechanical properties of the perovskites ASrCl3 with (A= Ag and Cu). The study of the electronic properties, reveals that both materials have the indirect band gap of 1.27 eV (1.5 eV) and 0.82 eV (1.05 eV) for AgSrCl3 and CuSrCl3 respectively, using PBE and HSE06. Both perovskites can absorb a significant amount of light in the visible and ultraviolet ranges. Furthermore, they have a good refractive index and exhibit a low reflectivity around 20%. Finally, we have shown that both perovskites are mechanically stable. 
All these results suggest that AgSrCl3 and CuSrCl3 perovskites could be used as absorber layers, with higher performance, in conventional and multijunction solar cells respectively.
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