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Abstract
Herewe present the optoelectronic properties of pure inorganic lead-free halide perovskites in the
formofCs2AgBiX6 (X=Br, Cl, F, I)using the density functional theory calculations on cubic phase
(Fm 3̅ m) and tetragonal phase (I4/m). First, all the structures of the two phases were optimized at the
PBE level. Structural, electronic, optical properties, phonon, and thermal properties of Cs2AgBiX6 in
cubic (Fm 3̅ m) and tetragonal phases (I4/m)were obtained using theVASP code. Tetragonal phases
of all compounds of the formCs2AgBiX6, except Cs2AgBiBr6, are reported here for the veryfirst time.
Among all theCs2AgBiX6 (X= F, Cl, Br, I) structures, the cubic phase of Cs2AgBiBr6 was seen to have
the highest absorption coefficient alongwith prominent electronic features that are favorable for
optoelectronic applications. Thus, the cubic phase of Cs2AgBiBr6 was selected as the host lattice and
bromine atomswere partly replacedwith chlorine and iodine atoms. Electronic and optical properties
of thesemixed halide compounds of Cs2AgBiBr6−xFx, Cs2AgBiBr6−xClx, andCs2AgBiBr6−xIx where
x= 1, 2, 3, 4, 5 are investigatedwith hybrid functional HSE06 level. The electronic structure revealed
that thesemixed compounds exhibited indirect band gap nature regardless of the halide substitution
(different x concentration) and the band gap of Cs2AgBiBr6 could be variedwith the substitutions of
fluorine, chlorine, and iodine atoms.Our in-depth analysis shows that Cs2AgBiBr6 and theirmixed
halides have the potential to become active double perovskitematerials for photovoltaic applications
and as photocatalysts forwater splitting.

1. Introduction

The silicon solar cells-based research community gave a new phase to photovoltaic devices in the 1950s [1].
Search for new concepts in the development of photovoltaics (PV) has resulted in the rise of organic–inorganic
hybrid halide perovskite as alternative PVmaterials. Perovskites have become promising candidates for cheap
andflexible PV technology with amuch-improved power conversion efficiency (PCE) from3% to 28%within a
few years [2]. Lead-based halide perovskites exhibit great potential for the new generation of solar cells due to
their attractive features such as narrowdirect band gap, long carrier diffusion length, high absorption
coefficient, the small effectivemass of electrons and holes, small exciton binding energy and high carrier
mobility [3]. However, lead toxicity and instability in ambient conditions are themain barriers faced by lead-
based perovskites when it comes to practical applications. Owing to these difficulties, researchers have been
seeking alternative environmentally friendly photovoltaicmaterials with similar optoelectronic properties as
Methyl AmmoniumLead Iodide (CH3NH3PbI3) perovskite. Researchers have been focusing on perovskites of
the formABX3 whereA=CH3NH3, CH(NH2)2, Cs, Rb; B=Pb, Sn, Ge;X= F, Cl, Br, I. Newfindings suggest
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