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Abstract 

 

 

Solar energy is one of the most prominent renewable energy sources and is widely 

investigated as a solution for reducing carbon emissions. However, conventional silicon-based 

solar cells face limitations associated with intrinsic material properties and high 

manufacturing costs, which drive the search for alternative absorber materials. In this context, 

inorganic halide double perovskites have emerged as promising candidates due to their 

enhanced structural stability and strong resistance to moisture and thermal degradation.  

Solar energy is one of the most popular renewable energy sources, and it is also being 

actively investigated as an approach to reducing carbon emissions. However, traditional 

silicon-based solar cells have limits due to inherent material qualities and high production 

costs, leading to a desire for alternate absorber materials. Inorganic halide double perovskites 

have exhibited promise in this regard, considering that they can be more resistant to moisture 

and heat degradation and also have much more remarkable structural stability. This thesis 

work presents computational methodologies to examine new rubidium-based halide double 

perovskite properties for single-junction and tandem solar cells' absorber layer.  

The proposed materials are carefully investigated utilising the density functional 

theory (DFT) as applied to Quantum ESPRESSO. The structural, mechanical, optoelectronic, 

and photovoltaic properties are assessed. Rb2AuBiCl6, Rb2CuAsCl6, and Rb2InRhCl6 has 

intriguing potential for solar applications due to its outstanding thermodynamic and 

mechanical stability, as well as its optical properties in the visible band. The replacement of 

Rb2AuBiCl6 by Rb2CuAsCl6 boosts carrier mobility and, as a result, device performance. 

Rb2InRhCl6 exhibits a wide band gap, making it appropriate for use in tandem solar cells.  

The SCAPS-1D simulator is also used to assess the devices' performance in terms of 

the most important photovoltaic parameters, shortcircuit current density (Jsc), open-circuit 

voltage (Voc), fill factor (FF), and power conversion efficiency (PCE), as well as the effect of 

different layer thicknesses, series and shunt resistances, and temperature on the solar cell 

efficiency. Rb2AuBiCl6, Rb2CuAsCl6, and Rb2InRhCl6 have estimated power conversion 

efficiencies of 17.38%, 21.57%, and 26.66%, respectively. These findings suggest that 

rubidium-based double perovskites can be used as a stable, high-performance, lead-free 

absorber material in next-generation solar technology.  
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