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Figure S1. The XRD pattern of the precipitate formed upon interaction of Eu?" with Pb?" in the
presence of MAI and DMF solvent.
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Figure S2. XRD patterns of MAPb,_(Eu,l5 and Csg 1,FA( gsPb; <Eu,l; films with different Eu
loadings.
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Figure S3. The XRD patterns of the Pbl, films with (top) and without (bottom) Eu modification
after 430 hours of exposure to light (85 mW/cm?2, 32 °C).
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Figure S4. AFM topography (left column) and IR s-SNOM images taken at the FA characteristic
vibration frequency for Cs, 1,FA gsPbl; films after exposure to 1x1016 e/cm? fluence of 8.5 MeV
electrons. The images are presented with 5x5 pm (top) and 2x2 pum (bottom) scalebars to show

that the newly formed grains on the surface are enriched with FA cations.
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Figure S5. The XPS analysis of the CSolleAo.ggpbh and CS()_12FAO.83Pb0‘999Eu0.001I3 films before

and after the exposure of high-energy electrons (1-10'6 and 3-10'¢ e-cm2 doses, respectively).
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Figure S6. The influence of Eu-loading on the photovoltaic characteristics (Voc, Jsc, FF, and PCE)
ofn-i-p PSCs (ITO/SHOz/PCBA/CSO.12FA0_88Pb1_XEUXI3 or MAPb1_XMXI3/PTA/V205_5/A1) based on
MAPDb, «Eu,l; (a) and Csg 1,FA( ssPbxEul; (b), where x = 0.001, 0.005, and 0.01.
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Figure S7. The EQE spectra of the solar «cells with the structure of

ITO/SnO,/PCBA/perovskite/PTA/V,05_s/Al based on the or MAPb, (M,I; (a) and Csy 1,FA( gsPb;.

«Euyls (b), where x= 0, 0.001, 0.05, and 0.01.
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Figure S8. Evolution of the EQE spectra of the PET/ITO/PTA/Perovskite/PCBM/BCP/AI solar

cells upon exposure to ®*Co gamma rays.



Table S1. Surface composition of the MAPb,  Eu,l; perovskite films (in at.%).

Sample | Si C (0} N N:(Pb+Eu) Pb I I:(Pb+Eu) | Eu | Eu:Pb
undoped | 5.6 | 459 | 9.2 | 6.6 0.67 9.8 22.9 2.33 - -
1%Eu | 6.1 | 443 | 142 | 5 0.48 93 20.1 1.95 1.0 0.11
5%Eu | 44 | 540 | 13.3 | 39 0.36 6.2 16.1 1.93 2.1 0.34
10% Eu | 3.0 | 53.7 | 13.7 | 45 0.49 5.1 16.0 1.76 4.0 0.78
Table S2. Surface composition of the Csg 1,FA( gsPb; xEu,l; perovskite films (in at.%).
Sample C (0) N N:(Pb+Eu) | Pb | Cs I:(Pb+Eu) | Eu | Eu:Pb
undoped | 30 | 2.1 | 20.1 1,53 13.1 | 33.4 1.3 2.55 - -
1%Eu | 422 | 57 | 147 1,37 9 | 258 0.9 241 1.7 | 0.19
5%Eu | 433 | 13.5 | 8.8 0,80 55 | 228 0.6 2.07 5.5 1
10% Eu | 47.7 | 16.7 | 6 0,55 5.5 18 0.7 1.81 54| 098
20%Eu | 46.2 | 20.6 | 5.2 0,53 35 | 17.5 0.6 1.77 6.4 | 1.83




Table S3. The average and the best (in brackets) values of power conversion efficiency (77), open-
circuit voltage (Voc), short-circuit current density (Jsc), and fill factor (FF) of the
ITO/SDOz/PCBA/MAPb1_XMXI3 or CSO.12FA0_88Pbl_xEuxI3/PTA/V205_5/Al devices (X = 0001,

0.005 and 0.01).*

Composition Scan Voc, V Jsc, mA em’ FF, % PCE, %
MAPbl_xEuij,
(1.042) (23.3) (74.5) (17.6)
o Forward 1, 1)610.009  23.140.1 72.043.1 17.1£0.8
x = 0 (Pristine)
Reverse (1.043) (23.3) (75.1) (17.9)
1.029+0.009|  23.0+0.2 73.642.1 17.5+0.6
(1.047) (23.5) (14.4) (17.9)
F
0.001 orward 1, 0 1+0.004 23303 73.3+0.8 17.740.2
X=U.
(1.047) (23.4) (75.2) (18.2)
Reverse || 14140.005  23.2+0.3 75.0+0.6 18.140.2
(1.034) (23.0) (69.2) (16.3)
0,005 Forward 1 05410008 22.9+0.1 65.742.3 15.440.5
X=U.
(1.035) 23.1) (68.0) (16.0)
Reverse 1 07120.009  23.040.1 63.942.8 15.040.7
(0.987) (20.4) (50.2) 9.7)
F
ool orward ) 56010005 20.040.3 49.0+0.9 9.6+0.1
X =U.
(0.986) (20.2) (52.0) (10.1)
Reverse 1) 076:0.008  19.940.3 50.8+1.2 9.840.2
Csp.12FA 3sPb;<Eu,l;
(0.905) (24.9) (72.7) (16.3)
o Forward 1) 604:0.004  23.6+0.7 71.8+0.7 15.3+0.5
x = 0 (Pristine)
Reverse (0.925) (25.2) (74.4) (16.8)
0.908+0.007]  24.040.9 71.841.7 15.7+0.9
0.911) (24.6) (70.4) (15.6)
0.001 Forward ) o0e10.003  24.5+0.1 70.0+1.1 15.5+0.1
X=U.
(0.925) (24.5) (71.8) (16.2)
Reverse 1) 05240.003  24.440.1 71.5+0.4 16.120.1
(0.877) (23.8) (64.4) (12.6)
F
0005 orward 1) e13.0031] 233205 58.742.8 11.140.7
X=U.
Reverse (0.873) (23.7) (65.0) (12.7)
0.816£0.029  23.240.5 61.342.0 11.6+0.6
(0.749) (10.3) (52.3) (4.0)
F
ool orward ) 51040008 10.020.4 51.6+0.9 3.840.3
X =U.
Reverse (0.743) (10.9) (49.3) (4.0)
0.73540.009  10.4+0.4 48.5+0.9 37403

* _ The J-V curves were measured in forward and reverse directions with the scan rate of 0.01 V/s



Table S4. The average and the best (in brackets) values of power conversion efficiency (77), open-
circuit voltage (Voc), short-circuit current density (Jsc), and fill factor (FF) of the

PET/ITO/PTA/Csg 12FA¢ gsPbi xEugl; (x=0 and 0.001)/PCBM/BCP/Al devices.*

S
Composition ) cal,l Voc, V Jsc, mA em’ FF, % PCE, %
direction >
(0.958) (22.6) (79.3) (17.1)
Forward
0.001 OTWare  10.95040.022|  22.0+0.5 73.7+4.3 15.4+12
X=U.
(0.983) (22.5) (78.7) (17.5)
R
CVEISE  10.949+0.023]  21.8+0.8 75.442.1 15.6+1.3
(1.022) (23.0) (78.2) (18.4)
o Forward ) ger 10,059 22.4+1.1 71.3+7.5 15741 8
x = 0 (Pristine)
Reverse (1.026) (23.2) (79.0) (19.0)
0.978+0.060|  22.4+1.0 72.547.3 15.942.2

* - The J-V curves were measured in forward and reverse directions with the scan rate of 0.01 V/s



