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Popper (RP) phase 2D perovskite A’ , where the A’ cation can be 



value) for 2D perovskites formed with a variety of A’ site cations. The grey horizontal 



illustrates the crystal structure of α



based n=2 2D perovskites with various A’ 
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a much more abrupt transition from δ phase to α
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lowered the effective tolerance factor and stabilized the α

. As a result, the abrupt  δ → α  transformation occurred at 75

templated sample, no region of gradual δ → α transformation was observed.
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peaks formed weakly and the α phase emerged earlier than for the control sample, but no δ → α 

transformation was observed. Instead, the δ

to a limited extent but slowed the δ 

→ α transformation. FAPbI

α with 1 mol% PEA n=2 also retained δ

but also suppressed δ → α transformation kinetics. 

C. This plot revealed the incomplete δ → α transformation for the 

volatilization of the A’ cation in A’
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in a 2D perovskite may facilitate nucleation of a stable α

favoured the formation of a compressively strained α

temperature α

2D did not show the same δ → α 

A’ cation and underwent a slow FA intercalation process, which increased its n

Other reports have suggested that the A’ cation of 2D perovskites incorporated into FAPbI
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ray scattering from both cubic (i.e., α) and tetragonal phases was 
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minimal α → δ conversion over 170 min in the degrading environment. In contrast, the δ
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–

Stabilization of formamidinium lead triiodide α

–

–

–

Impact of strain relaxation on performance of α

–

–

Enhanced stability of α

–

Pure α



for Stabilizing α –

Volatile 2D Ruddlesden‐Popper Perovskite: A Gift for α‐Formamidinium Lead 

–

Memory Seeds Enable High Structural Phase Purity in 2D Perovskite Films for High‐

–

– –

–



–

–

–

–

–

–

–

–

–

–

–

–



–

–





≥98%), and butylamine (BA, Sigma Aldrich, 99.5%) in precise stoichiometric ratios. This mixture 

lead oxide (PbO, Sigma Aldrich, 99%), formamidine hydrochloride (FACl, Sigma Aldrich, ≥98%), 



100˚C without stirring. A clean glass is introduced at the bottom of the vial, allowing the large

annealing at 100 ˚C for 10 minutes.
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of 2500 rpm/s.  The samples were subsequently annealed at 150 ˚C for 20 minutes.  Lastly, the 
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ߠ between 2˚ and 30˚, 

with a step of 0.01˚ and a speed of 2

α ߣ
the substrate. The scraped films were then coated with a thin film of PMMA to prevent α → δ 



for the α
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Authority from Rice University. The analysis field of view covered an area of 80 × 80 μm

The cycle times were set at 90 μs, corresponding to a mass range of m/z = 0 –

During sputtering, a raster of 450 × 450 μm



paste. To initiate the deposition process, a liquid precursor containing 1 M PbI

4000 rpm for 30 s to create a thin film. During the second spin coating step, precisely 10 s into the 

° ° °°C. The temperature was then maintained at 150 °C for the duration of the experiment, which 

 = 300 s. The incident X

energy of 10 keV. The distance between the sample and detector, known as the sample detector 

distance (SDD), was approximately 155 mm. The detector itself was positioned at an angle of 39° 

2D Pilatus 1 M detector (Dectris Ltd.). Photoluminescence excitation was achieved by utilizing a 

532 nm Thorlabs diode state laser with a power density of 40 mW/cm
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plotted. Furthermore, a linear regression of Γ versus q2 was performed, focusing on the range 

received signal between time t and later time t+τ,(

,ݍ)(2)݃ ߬) = <ூ(௧)ூ(௧+ఛ)><ூ(௧)2>

,ݍ)(2)݃ ߬) − 1 = ,ݍ)(1)݃|ߚ ߬)|2
where β is a constant proportional to the signal

,ݍ)(1)݃ ߬) = (߬߁−) ݌ݔ݁



,ݍ)(2)݃ ߬) − 1 = ∑௜ 𝛼௜|݃௜(1)(ݍ, ߬)|2 = ∑௜ 𝛼௜|݁݌ݔ (−߁௜߬)|2
௜,்ܦ௜߁

௜߁ = 2ݍ௜,்ܦ

ݍ = 4గఎఒ ݊݅ݏ (ఏ2)
ߟ ߣ ߠ 

௜,்ܦ = ௞ಳ்6గఓோಹ,೔
݇஻ ܶ ߤ ܴு,௜



ray beam had a size of 200 μm × 20 μm (horizontal × vertical). On the other hand, 

ray beam had dimensions of 200 μm × 50 μm (horizontal × vertical).



ℎ௞௟ܦ = ௄ఒఉℎೖ೗௖௢௦௖௢௦ ߠℎೖ೗ ߣ Å ߠ ߚ

SEM images were captured at a voltage of 12.5 kV, and a dwell time of 30 μs was utilized during 



of 26 N/m. The root mean square (RMS) roughness values were extracted from a 5μm x 5μm 



with a Keithley 2401 instrument from 1.2 to 0 V and back, with a step size of 0.05 V and a dwell 

time of 0.1 s, after light soaking for 10 s. The defined active area was 3.14 mm

spectrum simulated AM 1.5G (100 mA cm
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(black) showing δ → α conversion at lower temperature for 2D –



solution doped with 10mol% A’ iodide salt, annealed for 5 min at 
PEAI. In each case the A’I precipitates as phase

A’
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film formation showing the coexistence of δ
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δ Simulated diffraction pattern for δ

The δ
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crystals. Illustrated on the contour plots are Miller indices for the α (3D), δ, and 2D phases. 
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