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Calculations of Optical Properties: The complex dielectric function of a crystalline solid can
be expressed by the equation, & ®) = ai(w) + ie(w); where a(w) and &(w) are the real and
imaginary parts of the dielectric function, respectively. The imaginary part of the dielectric
function is required to evaluate other optical constants® and can be derived using the
momentum matrix elements related to the occupied and unoccupied wave functions in
accordance with the selection rules? and is expressed as:
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Here, wis the phonon frequency, e is the electronic charge, 2 is the volume of a unit cell, u
is the unit vector along the polarization of the incident electric field and iy and ) are
respective wave functions for conduction and valence band electrons, respectively at a
particular k. For the derivation of the real part of the dielectric function from imaginary part,
the Kramers-Kronig relations? can be used. The remaining optical properties like absorption,
optical conductivity, reflectivity, refractive index, extinction coefficient can be evaluated by

using the real and imaginary parts of the dielectric function as reported in the literature®.
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Supplementary Figure 1. Crystal structure of organic-inorganic double perovskites. The
structure of inorganic double perovskite Cs,BiCule was initially drawn. Then the Cs atoms were
replaced by MA (methylammonium) or FA (formamidinium) to get the structure of required
organic-inorganic double perovskites. (a) Three and two dimensional views of the unit cell of
inorganic double perovskite Cs;BiCuls. (b) Three and two dimensional views of the primitive
cell of inorganic double perovskite Cs;BiCuls. (c) Molecular structure of CHsNHs (or, MA) and

CH(NH2)2 (or, FA). The carbon-nitrogen double bond is also shown in the figure.



Supplementary Table 1. The calculated enthalpy of formation, H (KJ/mol), electronic band
gap, E; (eV) for GGA-PBE and hybrid HSEO6 potential, and dielectric constants, &i(0) of
inorganic-organic double perovskites ABiCuXs: [A = Csz, (MA)3, (FA)2, CsMA, CsFA, MAFA; X =

1, Br, Cl].
Eg Eg
Compounds €1(0) |Compounds H €1(0)
GGA-PBE HSEO6 GGA-PBE HSEO6
Cs;BiCuls 3426 142 242 636 |(CsMA)BiCuls -369.1 1.64 2.67 4.71

Cs:BiCuBrs  .467.6 1.95 2.78 3.94 |(CsMA)BiCuBrs 5159 1.65 2.84 5.12

Cs2BiCuCle -666.5 2.29 3.11 3.35 [(CsMA)BiCuClsé -765.6 1.88 3.15 3.85

(MA):BiCuls -4004 156 2.65 4.60 |(CsFA)BiCuls -3854 1.53 2.58 5.88

(MA),BiCuBrs 5763 1.63  2.81 4.67 |(CsFA)BiCuBrs .535, 1.84  2.83 4.32

(MA):BiCuCls _gg12 1.98  3.24 3.40 |(CsFA)BiCuCls .7877 2.04 3.25 3.82

(FA):BiCuls  -4349 155 256 527 |(MAFA)BiCuls -417.9 1.61 273 4.47

(FA):BiCuBrs .g169 2.10  3.42 4.13 |(MAFA)BiCuBrs -596.9 1.82  3.11 4.22

(FA):BiCuCls -946.0 2.99 4.18 3.50 |(MAFA)BiCuCls -923.9 2.17 3.53 3.54

Stability: The enthalpy of formation of a material is the change of enthalpy during the
formation of 1 mole of the compound from its constituent elements. A negative formation
enthalpy of a compound suggests that the material is stable while a more negativity implies
more stability>. The formation enthalpy of the considered compounds is presented in
Supplementary Table 1. The enthalpy of FA containing compounds are found as more
negative compared to its counterparts of other A site cation compounds suggesting the FA-
based compounds are more stable than others. On the other hand, the calculated results
suggest that the iodine-based compounds are less stable compared to its Br and Cl containing
counterparts. However, the negative formation enthalpy of the considered compounds
implies that the materials are expected to be stable under considerations.
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Supplementary Figure 2. Calculated electronic band structure of the considered double
perovskites ABiCuls [A = Csz, (MA)2, (FA)2; X =1, Br, Cl] along the high symmetry direction of
the Brillouin zone having path I'(0,0,0)—F(0,0.5,0)—Q(0,0.5,0.5)—Z2(0,0,0.5)— I'(0,0,0). The
green band indicates the highest energy valence band in which the valence band maximum
(VBM) is observed. On the other hand, the pink band indicates the lowest energy conduction

band in which the conduction band minimum (CBM) is observed.
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Supplementary Figure 3. Calculated electronic band structure of the considered double
perovskites ABiCule [A = CsMA, CsFA, MAFA; X = |, Br, Cl] along the high symmetry direction
of the Brillouin zone having path I'(0,0,0)—F(0,0.5,0)—Q(0,0.5,0.5)—Z2(0,0,0.5)— I'(0,0,0). The
green band indicates the highest energy valence band in which the valence band maximum
(VBM) is observed. On the other hand, the pink band indicates the lowest energy conduction

band in which the conduction band minimum (CBM) is observed.
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Supplementary Figure 4. Calculated total and partial densities of states of the considered

double perovskites ABiCuls (A = Csz, (MA)2, (FA)2; X =1, Br, Cl). The Cu-3d states (blue colour

curve) and the p states of halogen (I-5p, Br-4p, Cl-3p) are seen to contribute towards valence

band maximum (VCM). The p states of halogen is also contributed to conduction band

minimum (CBM). However, the maximum contribution towards the CBM is mainly come from

Bi-6p states (pink colour curve).
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Supplementary Figure 5. Calculated total and partial densities of states of the considered
double perovskites ABiCuls (A = CsMA, CsFA, MAFA; X =1, Br, Cl). The Cu-3d states (blue colour
curve) and the p states of halogen (I-5p, Br-4p, Cl-3p) are seen to contribute towards valence
band maximum (VCM). The p states of halogen are also contributed to conduction band
minimum (CBM). However, the maximum contribution towards the CBM is mainly come from

Bi-6p states (pink colour curve).
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Supplementary Figure 6. Calculated (a) Imaginary part of dielectric function and (b)
Reflectivity of the considered double perovskites ABiCuls (A = A = Csz, (MA)2, (FA)2, CsMA,
CsFA, MAFA; X =1, Br, Cl). The variation of the imaginary part of the dielectric function is quite
similar for the considered compounds except an intense peak of (FA).BiCuls and (FA)2BiCuls
at the energy 3.75 eV and 4.3 eV, respectively. The reflectivity of the considered compounds
is seen to vary between 12 to 30 % implies that the materials have low reflectivity for incoming

solar radiation.
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Supplementary Figure 7. Calculated (a) Refractive Index and (b) Extinction Coefficient of the

considered double perovskites ABiCuls (A = A = Csy, (MA)3, (FA)2, CsMA, CsFA, MAFA; X =1, Br,

Cl). The variation of the refractive index is quite similar for the considered compounds.

However, an intense peak is observed in the extinction coefficient spectrum of (FA),BiCuls

double perovskite, this suggests the potential of the material to be used in solar cell and other

optoelectronic devices.
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