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H I G H L I G H T S  

• Electronic, photocatalytic and optical properties of lead-free Perovskites Tl2PtX6 (X = Cl, Br) are discussed. 
• Shrinking gap from 2.37 eV (Cl) to 2.12 eV(Br) due to replacement of Cl to Br anions is observed. 
• Exhibit a significant absorption coefficient α(ω) throughout the visible and ultraviolet spectrum (2–6eV) of light. 
• Possible photoreduction of CO2 by Tl2PtX6 is observed from simulated HER plots.  
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A B S T R A C T   

Metal halide perovskite materials are seamless applicants of photovoltaic and optoelectronic devices. First- 
principles computational approach is carried out in this work to explore the structural, electronic, and optical 
characteristics of Tl2PtX6 (X = Cl, Br). In structural details, the formation energy (Hf) exposes the studied ma
terials as stable and the tolerance factor along with phonon spectrum decide the stability criterion for the cer
tainty of structural stability of these alloys. The robust p-d hybridization between cations (Pt) and anions (Cl and 
Br) descent the semiconducting direct band gap from 2.37 eV (Cl) to 2.12 eV(Br), respectively in response to the 
decreasing size of halide atom. This shrinking gap owed to replacement of Cl to Br anions swings the absorption 
towards visible region. Also, the possible photoreduction of CO2 by Tl2PtX6 is observed from simulated HER 
plots. The present materials exhibit a significant absorption coefficient α(ω) throughout the visible and ultra
violet spectrum (2–6eV) of light, which marks the experimental realization of photocell and optical device 
applications.   

1. Introduction 

Over the past few years, perovskite device materials have revolu
tionized the flexible electronics, solar cell fabrication and solid-state 
battery production as well as their fundamental topographies. In spite 
of many advantages, hybrid perovskite solar cells have some serious 
concerns and the main shortcomings, which primarily consist of stability 

and toxicity [1]. Across-the-board, stability/toxicity concerns need to be 
resolved and it seemingly hinters the largescale production of these 
photovoltaics. Stability originating from organic part of hybrid perov
skite can be resolved by replacing this portion with inorganic cations. 
Lead toxicity is therefore being casted off by subsequent ad-atoms like 
bismuth, germanium, tin, copper and alkaline metal elements (e.g. Ca, 
Ba, Sr) during the fabrication of organic-inorganic halide perovskite 
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