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Figure S1. (a) SEM images and (b) XRD patterns of (CsGA)xFA1-2xSnI3+y% EDAI2 perovskite thin films 

with x = 5 and 10, and y = 0, 0.5, 1.0, 1.5 and 2.0. (c) The cubic lattice parameter and (d) the (100)/(111) 

peak intensity ratio as a function of percent EDAI2 for each (CsGA)5 and (CsGA)10 perovskite thin films. 

(e) Zoomed in (100) peak of XRD patterns for (CsGA)15 where EDAI2 ranges from 0-2.0%.



Figure S2. Low magnification SEM images of (CsGA)xFA1-2xSnI3+y% EDAI2 perovskite thin films with x 

= 5, 10, and 15, and y = 0, 0.5, 1.0, 1.5, and 2.0. 



Figure S3. XRD pattern of (CsGA)15+1.0% EDAI2 thin film along with simulated XRD patterns of cubic 

and orthorhombic phases of FASnI3.



Table S1. Average A-site cation radius (Ra) and Goldschmidt tolerance factors (GTF) for (CsGA)x 

with x = 0, 5, 10, 15, 20, and 25. The average A-site cation radius was calculated as Ra = (x(RCs + 

RGA) + (1-2x)RFA)/100, where RCs is the radius of Cs+ (1.67 Å), RGA is the radius of GA+ (2.78 Å), 

and RFA is the radius of FA+ (2.53 Å). The EDAI2 effect was not included in the calculations. 

For the perovskite structure ABX3, the inorganic components (B and X) are in-plane 

covalently bonded, while the cation component (A) interacts with the metal-halide cage through 

van der Waals forces and hydrogen bonding. The possible crystal structure phase range of the 

perovskite can be estimated by the Goldschmid tolerance factor (GTF).  GTF was first used for 

metal-oxide perovskites and has been applied to metal-halide perovskites as a way to quasi-

quantify the stability of various composition perovskites.1,2 The GTF of a 3D cubic ABX3 

perovskite is represented by:

GTF = 

where rA, rB and rX are the ionic radii of the monovalent cation, divalent transition metal cation, 

and halide anion, respectively. Stable cubic α–phase perovskites are expected to exhibit a GTF 

between 0.8 to 1.3 Experimentally, perovskites are more cubic stable when GTF is between 0.9 



and 1 as GTF > 1 enters the hexagonal/tetragonal phase and GTF < 0.8 enters the orthorhombic 

phase. The tetragonal and orthorhombic structure are affected by more severe octahedral tilting, 

pushing the bond angles to be less linear. 



Figure S4. (a) XRD patterns and (b) SEM images of (CsGA)20+y% EDAI2 with y = 0, 0.5, and 1.0. 



Figure S5. Percent change in lattice parameter of (CsGA)5, (CsGA)10 and (CsGA)15 thin films 

comparing the percent lattice parameter change of adding 0.5, 1.0, 1.5 and 2% EDAI2 relative to 

0% EDAI2.



Figure S6. PL spectra and normalized UV-Vis absorption spectra of (CsGA)x+y% EDAI2 thin films for (a) 

x = 5 and (b) x = 10 with y = 0 and 1.0 for each x. Tauc plots for (c) (CsGA)5, (d) (CsGA)10, and (e) 

(CsGA)15 are displayed with y = 0 and 1.0 for each x. The optical band gaps are derived from the Tauc 

plots.



Figure S7. The photocurrent density–voltage (J–V) characteristics of PVSCs with the active layer 

containing (a) (CsGA)5+y% EDAI2 and (b) (CsGA)10+y% EDAI2 thin films with y = 0, 0.5, 1.0, 1.5 and 

2.0 under AM 1.5G illumination scanned from -0.1 to 0.6 V at a scan rate of 0.01 V s-1.

Table S2. Average photovoltaic parameters and the best performance device photovoltaic 

parameters in parenthesis along with series resistance, Rs and Shunt resistance, Rsh of PVSCs 

containing (CsGA)xFA1-2xSnI3+y% EDAI2 with x = 0.05 and 0.10, and y = 0, 0.5, 1.0, 1.5 and 

2.0 measured under AM 1.5G illumination obtained from forward J–V measurements. 



Calculations of Rs and Rsh: 

This method utilizes the fact that the J-V curve at Jsc and Voc are free from resistance effects. We can 

calculate series resistance using the equation outlined in 1963 by Wolf: 4

𝑅𝑠 =
(𝑉𝑜𝑐 ‒ 𝑉𝑚𝑝𝑝)

𝐽𝑚𝑝𝑝

The following equation was used to calculate shunt resistance:

𝑅𝑠ℎ =
(𝐽𝑠𝑐 ‒ 𝐽𝑚𝑝𝑝)

𝑉 𝑚𝑝𝑝



Figure S8. UPS spectra for (a) the valence band edge region and the Fermi levels and (b) the 

secondary electron energy cut off region for (CsGA)5, (CsGA)10 and (CsGA)15 with 1.5% EDAI2 

thin films. 
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