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Figure S1. a) XPS spectra of N 1s in ODPSK+(GO),, and ODPSK+(GO)s. b) PL spectra of PSK+(GO),
and ODPSK+(GO), showing a blue shift.
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Figure S2. ASE characterizations of the perovskite films. a-b) Excitation fluence-dependent PL
spectra of 1.50DPSK+(GO)s, and 3.50DPSK+(GQ); quasi-2D perovskite films.
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Figure S3. a-f) Absorption spectra of the pure PSK+(GO),, ODPSK+(GO), (without annealing and
annealed at 130 °C for 24 hours), and GO-treated perovskite films PSK+(GO),, ODPSK+(GO), films
(without annealing and annealed at 130 °C for 24 hours).
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Figure S4. a-f) PL spectra of the pure PSK+(GO),, ODPSK+(GO), (without annealing and annealed
at 130 °C for 24 hours), and GO-treated perovskite films PSK+(GO),, ODPSK+(GO), films (without
annealing and annealed at 130 °C for 24 hours).
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Figure S5. a-f) The FWHM and ASE intensity versus excitation fluence of the PSK+(GO),,
PSK+(GO)3, PSK+(GO)s, PSK+(G0O);, PSK+(GO)e, and PSK+(GO)4; thin films after annealing at 130
°C for 24 hours under a nitrogen atmosphere. (Fitted with the formula (y = ax + b)).
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Figure S6. a-f) The FWHM and ASE intensity versus excitation fluence of the ODPSK+(GO),,
ODPSK+(GO);, ODPSK+(GO)s, ODPSK+(GO),, ODPSK+(GO)y, and ODPSK+(GO)y; thin films after
annealing at 130 °C for 24 hours under nitrogen atmosphere. (Fitted with the formula (y = ax +

b)).
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Figure S7. FTIR spectra of ODPSK+(GO)4; solution after filtration.
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Figure S8. XRD patterns of ODPSK+(GO)o,

@ Model Gauss 40000 ®) e rery 40000 © rreee Gauss
Equation  y=y0 + (Af{w"sqri(pi/2)))"exp(-2*((x- Equation ¥ + (AW sqri{pif2)]) “exp(-2"((rxc) Equation  ¥=y0 + (Al{w’sqrt(pif2))\"exp{-2((x
- Plot Peaki(intensity) Peak2(intensity) 35000 - Plot Peaki(intensiy)  Pask2(intensity) 35000 | Plot Poaki(intansity) Peak2(Intansity)
yO 77394192 9.754 773.9419 £ 9.754 ¥ 771948912 9.7426 771.94891290.74 ¥ 76162975 ¢+ 9.35 761620975+ 0.35
L xe 15.13229  0.002 30.59902 # 9.779 £ TRANIED (LU0} 0000 £ LA, 30000 - xc 15.13978 + 0.002 3061573 + 0.001
w 021436400048 022705 £ 0.0019| 30000 - w 2’;:"323’7:;1“‘5’;3:3 gf;:?:;f::i; w 0.20033 + 0.0048 0.21645 + 0.0022
A 2753.03653 £ 54. 745126708 4 65. | __ : e TooTea e =] = A 254361472  51. 5712.38105 + 52.
Reduced Ch 19686172825 3 25000 | R_’g:::m ;clo THST 3 25000 Reduced Chi 181110.47829
R-Square (C D00 s Ad). R-Square 091573 = R-Square (C 091076
L Ad). R-Squar 093517 2 20000 - 220000 - Ad. R-Squar 09105
e 2
£
= g £ 15000 |
£ 15000 - c
[ 10000 - 10000 |
3 5000 | 5000
10 20 30 40 50 60 0 7
0 20 30 40 50 50 10 20 30 40 50 60
20 (degree) 20 (degree) 20 (degree)
40000
(d) Model Gauss . (e) Model Gauss 48000 Model Gauss
Equaton  y=Y0 + (W(wsan(pU2))exp(-2"((xxc) Equation  y=y0 + (AW sqrtpi2))exp(-2"((xx (f) Equaion  ¥=y0 + (A(w*sari{pii2))Y'expi-2-((
- Plot Paaki(intensity)  Peak2(intensity) L P Peaki(intensity) Peak2(inte L = i
35000 ot ( y) ( y) 35000
Plot Peaki(Intensity) Peak2(Intensity)
Yo 764.7246 £ 9.7881 764.7246 2 9.7881 o BO7.0891 + 11,38 BO7.0891 + 11.36
o 1515735 2 0.0018 30.63086 2 9.4319 o 16.14882 £ 0,001 30.61641 £ 8.340 ¥ 72226414 8.26/722.2641 2 .25
F ™ 0.18473 £ 0.00383 0.19802 £ 0.00189 30000 = 048454 1 6,00 | 0.30235 1 00078 30000 |- xc 15.13948 + 0.00 30.6087 £ 0.002
3 2810.69337 £ 50.6 6365.9855 £ 52.53 A 3787 41467 + 58. B567.79655 + 61, w 0.25387 £ 0.008 0.25251 £ 0.004
Roduced Chi- 106780.13043 - -
L ‘R_S:HM 28 A 3 25000 |- Reduced Chi 267912.50506 S 25000 | A 178313579 + 4 3212322014
Adj. R-Squara 092642 & FR-Square (C 0.04305 s Reduced C 140407.50198
[ . > 20000 Adi. R-Squar 094349 = R-Square 0.79412
= r £20000 |- Ad).R-Squa 079353
g 5
r E 15000 | *_e 15000
r 10000 10000 -
r 5000 |- J 5000 |- 1
- - - 0
] 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
20 (degree) 20 (degree) 20 (degree)

ODPSK+(GO)s,
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0]

DPSK+(GO),,

ODPSK+(G0O)o, and ODPSK+(GO),; films showing the FWHM variations along with the fitting
formula without annealing.
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Figure S9. XRD patterns of ODPSK+(GO)o,

ODPSK+(GO)s,

ODPSK+(GO)s, ODPSK+(GO),,
ODPSK+(GO)y, and ODPSK+(GO); films showing the FWHM variations along with the fitting
formula after annealing at 130 °C for 24 hours under nitrogen atmosphere.
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Figure S10. a-b) The normalized PL spectra of the ODPSK+(GO), and ODPSK+(GO)q films during
the CW irradiation, and c) The plasma temperature varies with irradiation time of 6 hours. These
temperatures are determined by fitting the high-energy tail of photoluminescence spectra to an
exponential function, | = Ae™ £/kbT \which reflects a Boltzmann thermal distribution, where E, |
energy of the photon, and the intensity of the PL spectra, kj, is the Boltzmann constant, and T
represents the plasma temperature.
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Figure S11. XPS spectra of Pb 4f in ODPSK+(GO),, and ODPSK+(GO)s.



Figure S12. HR-TEM image shows sheet-like morphology of GO.



Table S1. Comparison of FWHM and threshold values of different types of films after annealing
at 130 °C for 24 hours.

Film Type FWHM after FWHM Threshold Threshold
Annealing after values values after
PSK+(GO), Annealing after Annealing

ODPSK+(GO),  Annealing  ODPSK+(GO),

PSK+(GO),
CsPbBr; 11 nm 7.2 nm 41.7 21.3
CsPbBr3+0.3 wt% (GO) 9.3 nm 7.3 nm 38.1 21.1
CsPbBrs+0.5 wt% (GO) 8.7 nm 7.2 nm 31.9 23.1
CsPbBr;+0.7 wt% (GO) 8.1nm 7.6 nm 32.1 22.5
CsPbBrs+0.9 wt% (GO) 8.1 nm 7.8 nm 30.4 20.7
CsPbBr3+1.1 wt% (GO) 7.2nm 7.3 nm 25.2 254

Table S2. The average longitudinal crystal sizes of the ODPSK+(GO), film and the ODPSK+(GO),

films before and after annealing at 130 °C for 24 hours.

Film Type Before Annealing Annealed at 130 °C

after 24 hours

ODPSK+(GO)q 35.3 nm 47.9 nm
ODPSK+(GO); 39.1 nm 42.2 nm
ODPSK+(GO)s 36.5 nm 43.1 nm
ODPSK+(GO); 40.6 nm 42.3 nm
ODPSK+(GO)g 41.7 nm 43.8 nm

ODPSK+(GO)y; 32.1nm 36.9 nm



Table S3. Comparison of reported thermal stability results of ASE films

Study Condition RH Atmosphere Phase+ PL shift+ Ref.
(%) Degradation)
ODPSK+(G0O), 130 50 Air Stable Phase + No shift + This
Significant degradation work

(95%) observed

ODPSK+(G0O); 130 50 Air Stable Phase + No shift + This
Significant improvement in  work
stability with (27%)
degradation.

CPB-CN film 60 60 Air split peaks observed with (Huang
structure transformation + etal,,
shift toward yellow+ (97%) 2017)
degradation

MAPbBr; 60-180 NA PMMA CB solution The intensity of the (Cao et
coating protection diffraction peaks slightly al.,
increases between (60-90 2023)
°C), then decreases at 180
°C, indicating the
decomposition + No Shift

+NA
MAPbI3 150 NA Stable Phase + No shift + (You et
%50 degradation of PCE al.,

2020)
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