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XRD analysis

In the range of the measurement, 4 distinctive peaks are seen (Fig. S4) at 2θ values of ~14⁰, 

~20⁰, ~24⁰ and ~28⁰ which were identified to be corresponding to 100, 110, 111, 200 planes 

respectively, as seen in prior reports for triple cation perovskites.1 The occurrence of an excess 

PbI2 phase is not seen in the LTM films as can be seen by the lack of any peaks at lower 2θ 

values near the main 100 perovskite peak. The peak positions have shifted to higher 2θ values 

following the GABr treatment. When fitted with the orthorhombic model;
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the unit cell parameters can be calculated as, a = 6.33 Å, b = 6.34 Å, c = 6.34 Å for the reference 

LTM and a = 6.32 Å, b = 6.29 Å and c = 6.33 Å for the GABr treated LTM, clearly showing 

the contraction of unit cells following the GABr treatment. 

Modified Williamson-Hall method for microstrain estimation 

Reduction in grain size (Scherrer broadening) and/or non-uniform strain (microstrain) causes 

a broadening and peak shifts in XRD spectra. It is noted that Scherrer broadening is significant 

only for grains whose sizes are less than 100 nm which is below that, observed in this work.  

For crystalline materials, small fluctuations in the lattice spacing as a result of crystal 

imperfections/structural defects including dislocations, vacancies, stacking faults, interstitials, 

twinning and grain boundaries2–4 can result in microstrain. By considering Braggs law5:

                                                                 (S2)𝑛𝜆 = 2𝑑𝑠𝑖𝑛𝜃

where n is an integer, λ is the wavelength of the X-ray energy used, d represents the lattice 

parameter and  represents the diffraction angle, it is evident that small fluctuations in d results 𝜃

in small fluctuations, or broadening, in θ. For this work, the extent of microstrain in the LTM 

perovskite films studied in this work were evaluated by analyzing the peak broadening in the 

diffraction patterns based on the modified Williamson-Hall method2,4. Under experimental 

conditions, three factors affect the effective d-space broadening (dobs) of an XRD peak. This 

includes the instrument response (dins), the grain size (dsize) and the microstrain (dε) width 
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broadening, which contributes towards the Gaussian full width half maximum broadening in 

the 2θ scan. These can be de-convoluted from the observed broadening, via, 

                                                    ∆𝑑 2
𝑜𝑏𝑠 = ∆𝑑2

𝜀 +  ∆𝑑 2
𝑖𝑛𝑠 + ∆𝑑 2

𝜀𝑖𝑧𝑒 (S3)

In the above, the unit-less microstrain ε is defined as ε = (dε/𝑑), where d is the mean d-spacing. 

As mentioned above, based on the grain sizes observed in this work, the size effect induced 

peak width broadening can be neglected. Therefore,  

(∆ 2
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As a result, the microstrain, ε, in the crystals can be estimated from the slope of 

 vs . In contrast to the pristine perovskite film, we can clearly observe an (∆ 2
𝑜𝑏𝑠 ‒ ∆ 2

𝑖𝑛𝑠)
1
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𝑑

increase in microstrain following the GABr treatment which is attributed to the formation of 

Cs0.05FA0.79MA0.16Pb0.5Sn0.5(I0.8Br0.2)3 perovskite phase at the grain boundaries of 

Cs0.05FA0.79MA0.16Pb0.5Sn0.5I3 and on the film surface. 

Estimation of bandgap energies

To estimate the bandgap energies of the LTM films, the steady state photoluminescence 

(PL) spectra of the two films were investigated. Each film was excited at 475 nm from both 

surfaces as shown in Fig. S5. The resulting spectra show a blue-shift in the peak positions 

following the GABr treatment. In order to determine the bandgap energies of the LTM 

perovskites, the back excited PL spectra were fitted with Voigt functions, and centre x-values 

are taken as the EBG. 

Estimation of work function

The work functions were measured with He Iα (21.22 eV) on the sample biased at -5 V and the 

valence band spectra were measured at room temperature with He II (40.8 eV).

The work function ( ) was evaluated as:Φ𝑠

Φ𝑆 = 𝐸𝑐𝑢𝑡𝑜𝑓𝑓 + 𝐸𝑏𝑖𝑎𝑠 + Φ𝐴 (S8)
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where Ecutoff is the low-kinetic energy cutoff (evaluated in Fig. 7a & b); Reference 5.243 eV 

and GABr 5.163 eV), Ebias is the bias potential (-5V) and  is the work function of the analyser Φ𝐴

(4.135 eV). 

 was evaluated from the Fermi level of Au(111) single crystal. The work functions with Φ𝐴

respect to the vaccum level (fermi level; Ef)were calculated as -4.4 eV for the reference LTM 

and -4.3 eV for the GABr treated LTM.

The valence level with respect to the work function was calculated by the onset of the valence 

band in each sample (Fig. 7c). There appears to be an energy offset of the two samples where 

the GABr treatment has shifted onset to 1.037 eV compared to 0.827 eV for the reference. The 

valence band positions were hence calculated to be -5.2 eV for the reference sample and -5.3 

eV for GABr LTM. The conduction band positions were evaluated by:

𝐶𝐵 = 𝑉𝐵 ‒  𝐸𝐵𝐺 (S9)

where, CB and VB denotes conduction and valence band energies and EBG is the bandgap 

energy. As calculated conduction band energies are -3.9 eV for reference and -4.0 eV for GABr 

LTM.
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Fig. S1. The EDX mapping of surface of the treated perovskite layer showing 

homogeneous Br- distribution (indicated by red dots) laid on top of the SEM micrograph 

of the tested LTM perovskite surface. 



6

Fig. S2. XPS surface analysis of LTM thin films. The Br 3d peak is clearly visible for the 

GABr treated sample whereas the reference does not show any such feature. Here, the 

Br(3d) and I(3d5) atomic percentages are 4.37% and 17.07%, resulting in a Br-1: I-1 ration 

of 0.2:0.8. The rest of the spectra are largely seen to be similar in both LTM films showing 

no major changes in the elemental structure due to the surface treatment.
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Fig. S3. Cross sectional SEM image of a Cs0.05FA0.79MA0.16Pb(I0.85Br0.15)3 film. A bright 

capping layer on the perovskite layer is observed despite the lack of any additional 

surface passivation. 
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Fig. S4. XRD spectra of LTM perovskite films. Shift in peaks are seen following the 

GABr treatment to lower lattice spacing.
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Fig. S5. Fits for determination of bandgap energy (EBG) based on steady state PL spectra 

obtained from back excitation of the perovskite layer (excitation wavelength = 475 nm). 

The spectra are fitted with Voigt functions (fittings shown in dotted lines) to obtain the 

bandgap. 
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