Supplementary Materials

Enhancing photostability of complex lead halides through modification with antibacte-
rial drug octenidine
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Figure S1. Absorption coefficients of the pristine and modified perovskite thin films as a function
of the wavelength.



7.5

0.0

.0
1.55

Oct(MA), ,Pb, 5.,

160 165 170 1.75

Energy, eV
Oct(Csy.1,F A g8)n-1Pbyl3n1

1.80

n=0o
n=400
n=40

150 455 160

Energy, eV

Figure S2. Tauc plots for the OctAn1Pbnlsnu films of various compositions used for Eg estimation

(assuming direct bandgap).
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Figure S3. Surface morphology of the perovskite films: MAPbIs (a), Oct(MA)soPbuaoli21 (b),
Cs0.1MAo.15FA07PbIs (c), and Oct(CsoaMAo15FAo.75)39Pbaoli21 (d).
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Figure S4. Grain size distribution for the pristine MAPbIs (a), CsoiMAo.1sFAo7sPbls (c), modified
Oct(MA)39Pbaoli21 (b), and Oct(CsoaMAo.15FAo.75)39Pbaoli21 (d) films.
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Figure S5. FTIR spectrum of the Cso.1MAo1sFAo75Pbls and octenidine dihydroiodide powders.
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Figure S6. The zoomed parts of the diffraction patterns for the Oct(A)n-1PbnIsn+ films with different
Octlz loadings compared to the reference APbls samples, where A = MA (a), FA (b), Cso12FAoss (c),

and CsoaMAo.15FAozs (d).
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Figure S7. The open circuit voltage (Voc) (a), short circuit current density (Jsc) (b), and fill factor
values (FF) (c¢) of the ITO/PTA/Perovskite/PCBM/Al devices based on Cso12FAossPbls and
Oct(Cso.12FAo.s8)399Pbaool1201 absorber films with and w/o exposure to light for 170 h (70 mW/cm?, T=
38+3°C).
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Figure S8. The evolution of the UV-Vis spectra of the APbIzfilms modified by Octl2 surface coating
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upon light exposure for A = MA (a), FA (b), Cso12FAoss (c), and CsoaMAo.1sFAo7s (d).
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Figure S9. Tauc plots for APbIs films modified by the Octlz surface coating used for Eg estimation
(assuming direct bandgap) for A = MA (a), FA (b), Cso.12FAuoss (c), and Cso.itMAo1sFAozs (d).

Table S1. Overview of the relevant reported data on the perovskite solar cells based on the Dion-

Jacobson absorber materials.

Aging

time / Re-

Bulk cation or corre-

tained fraction

. . o . .
sponding amine Light absorber Device structure PCE, % Aging conditions (%) of the ini- ef.
tial efficiency
S TOH0-Cor b
(EDAC) 015 Z(SjSD 275503 Bro/Spiro-Me- 19.68 N/A N/A [1]
2 OTAD/Ag
Ethane-1,2-diammo- MA | xEDAPbI; . .
L) FTO/c-TiO,/Perov- Light (1 sun), T=50 o
nium iodide (EDAIL) 2D/3D skite/spiro-OMeTAD/Au 17.0 5C. RH~50%, 72h / 75% [2]
Ethane-1,2-diammo- . .
. . ) FTO/c-TiO2/Perov- Dark, RT, inert at- o
nium iodide (EDAL) CsPbl;*xEDAPbI4 skite/spiro-OMeTAD/Ag 11.86 mosphere 840 h/75% [3]
Ethane-1,2-diammo- EDAI/FASnI; ITO/PE- 8.9 Dark, RT, ambient
nium iodide (EDAIL) 2D/3D DOT:PSS/PSK/Cg0/BCP/ ) air 2000 h/ 100% [4]
Ag (encapsulated)
;\lfjje‘_‘}”;j;gﬁﬁ'_ DEAL/MAPbI, Darlo R AH ~60-
A 2D/3D 20.2 720 h / 73.7% [5]
nium iodide (unencapsulated)
1,3-propanediammmo-  (PR)(FA)sPbols FTO/c-TiO2/Perov- 12.92 Dark, RT, RH ~80 500 1/ 50% [6]

nium iodide (PRI2)

skite/spiro-OMeTAD/Au

%




1,4-butanediammo-

FTO/c-TiOy/Perov-

Dark, RT, RH ~80

Y o 0
nium iodide (BUI2) (BU)2(FA)sPbolzg skite/spiro-OMeTAD/Au 11.71 % 500 h/30%
])li’}f-dDrfgllllg(r)ilzleeaxéilll Z_ 1,6-DD /MAPbDI; Dark, ambient air,
Y ’ 2D/3D 17.0 RH~10-30% (unen- 384 h/30% [7]
DD)
capsulated)
Dark, ambient air
1,8-octanediammo- 1’8_021]))//;§ Pbl; (ITO/SnOy/perov- 21.18 (RH~20-40%, RT) 884 h / 92% [8]
nium iodide (ODAI) skite/PCBM/Ag ) (unencapsulated) ?
NH;I(CH,)sNH:I
1,8-octanediammo- /MAPbDI3 ITO/Cu:NiOy/perov-
nium iodide (ODAT) 2D/3D skite/PCBM/bis-Ce/Ag 176 N/A N/A [9]
1000 h / 65%
Dark, ambient air, N
RH~65%)
2,2-.(ethylened1- (EDBEPbL)o.03[Cso0s( Light (1 sun), 500 h/95%
oxy)bis(ethylammo- . MPPT, N, atmos-
. T FA0‘33MA0,17)0A95Pb(IoAg ITO/C-TIOz/pEI"OV-
nium iodide) Bro.17)s] skite/Spiro-OMcTAD/Au 216 phere [10]
(EDBEI) 304731097 p (unencapsulated) -
Dark, ambient air,
RH~40-50%)
(encapsulated) 3000 h / 95%
PPE
p-phenylenediammo- /Csg.0sFA¢79MAg1sPbl  ITO/c-TiO,/perov-
nium (PPE) 2.55BT0.45 skite/Spiro-OMeTAD/Au 16.03 NA NA (1]
2D/3D
240 h /100%
Light (1 sun), N, at-
mosphere, RT
(unencapsulated)
Bld.enta.te.hgand 2,2- Bpy /FA¢33Cso.12Pbl3 ITO/c-TiO2/perov- Dark, 1nel;t atmos- -
bipyridine (Bpy) 2D/3D skite/Spiro-OMeTAD/Au 18.6 phere, T =85 °C) [12]
P (unencapsulated) 196 h / 77%
Dark, ambient air,
RH~50%, RT
(unencapsulated --
670 h/43%
p . Dark, ambient air,
yrazine 20.58  RH~55%, RT 50h/90%  [13]
imidazolium iodide /
imidazolium iodide MAPbI; 19.9 Light, MPPT (unen- 300 h/90% [14]
2D/3D ) capsulated)
(FAPbI3), (MAP-
2-Methylimidazole bBr3)« 19.45 N/A N/A [15]
2D/3D
(aminomethyl)pyri- FTO/PEDOT:PSS/perov-
dinium (3AMPY)  CAMPYMARPbLs = e pepiag 732 N/A N/A [16]




(aminomethyDpyri- 5\ \rp) \A 2 5F Ao 25) FTO/PEDOT:PSS/perov-

Light in ambient air

dinium (3AMPY) Pbalis skite/Ce/ BCP/Ag 12.04 (50-70% RH) (unen- 48h/22% [17]
capsulated)
Dark, ambient at- 2304 h /90%
mosphere (25 £ 5%
3-(aminomethyDpyri= 5\ prpy \AG FAg25) ITOPTAA/PFN/perov- RH)
dinium (3AMPY) ot skite/PCo CM/BCP/Ag 1022 [18]
SR 6 (45 £ 5% RH) (un-
encapsulated)
840 h / 80%
3-(aminomethyl)pyri- . )
dinium BAMPY)  3AMPY(MA);Pb,I;3 FT(?:;E%?;;SS{EZ“ 9.20 N/A N/A [19]
4-aminomethyl)pyri- . )
dinium (4AMPY)  (4AMP)(MA),Pbsly © ngi%?;ggg/ g‘fgmv 3.67 N/A N/A [16]
4-aminomethyl)pyri- 1-sun illumination
dinium (4AMP)  (4AMP)(FA)Snily; |10/ Tl(s)ﬁ;tzeﬁgz/ PErov=" 422 Tizsaﬁg‘szl};rcip_ 100h/91%  [17]
sulated)
3- (aminomethyl)pi- 3AMP/ Continuous illumi-
peridinium ITO/PEDOT:PSS/perov- nation in ambient air o
(3AMP) (MAO'SFA;SI)}(PbO'SSHO skite/PCBM/BCP/Ag 20.09 (20-50% RH, RT) 100h/73.2% 18]
A3 (encapsulated)
4-(aminomethyl)pyri- FTO/PEDOT:PSS/perov-
dinium (4AMPY)  (AAMPY)(MA)Pblis ™ G 5 o 0 5.69 N/A N/A [19]
Dark, N, atmos-
phere, RT 1655 h />95%
. . Continuous illumi-
2,5-thiophenedi- ITO/PEDOT: PSS/perov- nation in N, atmos-
methylammonium -y y\rAVWIAPhLs  skite/PCBM/BCP/Ag > phere [20]
(ThDMA) : 668 h / 88%
Dark, T=80 °C, N, h/90%
atmosphere. (unen-
capsulated)
3-(dimethylammo-
nium)-1-propylammo- .
nium (DMAPA)PBL . teF/Z?r/ g_‘g;ﬁefzg Ay 38 N/A N/A [21]
(DMAPA) p u
. Dark, T=85 °C in
2 rfl‘;“f;tﬁ)-‘g;{;ﬁ;o air; 1000 h />90%
. FTO/TiOx/perov-
(Dﬁ‘[g " (DMAPAMAPDIL1s - iio e niro-OMeTAD/AU >1®  Continuous illumi- [21]
nation (unencapsu- 300 h/80%
lated)
3-(dimethylammo-
nium)-1-propylammo- .
nium (DMAPA)MA4Pbsls . teF/Z?r/ g_lgﬁg’;zg Ay 1241 N/A N/A [21]
(DMAPA) p u
1,3-propanediammo- .
’ . FTO/TiOy/ -
nium (PDAMAPbL; /Spim_loi/gx) Ay 127 N/A N/A [22]
1,3-propanediammo- .
pium (PDA)MA,Pb:11 FTO/TiOx/perov- 9.10 N/A [22]

skite/Spiro-OMeTAD/Au




1,3-propanediammo-

FTO/TiOx/perov-

>95% under various
harsh environmental
stresses,

including in ambient
air with 40-70% RH
after 4000 h,

nium (PDA)MA:Pb.Lis skite/Spiro-OMeTAD/Au 133 [22]
in damp heat condi-
tion with 85 °C and
85% RH after 168 h,
and in continuous il-
lumination for 3000
h. (unencapsulated)
1,3-propanediammo- ITO/PEDOT:PSS/perov-
nium (PDA)MAPb;s110 Ksite/Co/BCP/Ag 9.0 N/A N/A [23]
. Dark, T=85 °C in
1,3-propanediammo- ITO/SnO,/perov- ’ o
nium (PDA)FA,Pbsl 0 skite/Spiro-OMeTAD/Ag 8.45  the N, atmosphere 100 b/ 50% [23]
(unencapsulated)
Dark, T=85°Cin 1000 h/85%
the N, atmosphere
(unencapsulated)
1,3-propanediammo- ITO/SnO,/perov-
nium (PDA)FAPDL1; skite/Spiro-OMeTAD/Ag 138 Dark, under ambient 540 h/ 85% 23]
condition (30-40%
RH, RT) (unencap-
sulated)
propane-1,3-diammo- .
. ITO/PEDOT:PSS/perov-
nium (PDA)MA,Pb;311o skite/PCs BM/BCP/Cu 11.3 N/A N/A [23]
Dark, under ambient
condition (45% RH,
L ITO/PEDOT:PSS/perov- RT) (unencapsu- o
1.3-propanediamine PDAMAPbsli6 skite/PCeoBM/LIF/Al 14.16 Jated) 480 h /30% [24]
1,4-butanediammo- . .
’ . FTO/TiO2/perov- Dark, under ambient o
fum BDAPbL, skite/Spiro-OMeTAD/Ag 1.08 condition 96 h/73.9% [25]
. FTO/c-TiOy/mp-
1,4-butanediammo- TiO,/perovskite N/A
nium BDAPbI,4 1.1 N/A [26]
/Spiro-OMeTAD/Au
1,4-butanediammo- ITO/PTAA/perov- Dark, (50 + 5% RH, o
nium BDAMAWPbshs i pCBM/BCP/Ag 43 RT) (encapsulated) 000 1/85%  [27]
. Dark, ambient air
1,4-butanediammo- ITO/PEDOT:PSS/perov- o/ 480 h/ 80%
nium BDAMA4Pbsl 6 skite/PCeoBM/LiF/Al 16.38  (45% RH, RT) (un- [24]
encapsulated)
Dark, ambient air 1182h / 84%
1,4-butanediammo- (60% RH, RT)
’ . ITO/PEDOT:PSS/perov- ’ o
nium BDAMA;Pbsl6 skite/PCoyBM/LiF/Au 17.91 . 298 h/90% [28]
Light, (unencapsu-
lated)
800 h/100%
Dark, 80% RH (un-
1,4-butanediammo- encapsulated) 800 h/ 80%
nium (BDA)(CSo,lFAO.9)4Pb5 FTO/TiOz/pGI‘OV- 182 [29]
Tis skite/Spiro-OMeTAD/Ag ’ Dark, T= 85 °C (un-
encapsulated) 800 h /90%




Continuous illumi-
nation at MPP (en-

capsulated)
Dark, N, environ- o
ment, RT 1000 h / 92%
1,4-butanediammo- ITO/PEDOT:PSS/perov 200 h / 89%
. . - 0 0
nium (BDA)FA:Sn;3lio skite/PCBM/Ag 6.43  Dark, (40% RH, RT) [30]
o
Dark, T=100°C 0 R/82%
(unencapsulated)
1,4-butanediammo-
’ . (PEDOT:PSS/ perov-
nium (BDA)MA;Pbal3 skite/ bathocuproine/Ag) 12.81 N/A N/A [31]
1,4-butanediammo- .
nium (BDA)(MA0.07FA0.9 I/gol/r ir_‘gﬁ};;rzg}zf 19.55 N/A N/A [32]
3 )4Pb5116 P
Dark, 15-20% RH,
1600 h /93%
1,4-butanediammo-
’ . ITO/SnO,/perov-
nium (BDA)FA4Pbsl 6xBrx . . 16.75 [33]
skite/Spiro-OMeTAD/Au Dark, T = 60 °C 4001/ 91%
(4F-PhDMA) ITO/PEDOT:PSS/Pero
(4F-PhDMA) (MA)3Pb4113 vskite/PCBM/BCP/Ag 17.37 NA N/A [34]
Pentamethylenedia- Dark, ambient air
. ITO/PEDOT:PSS/perov- o/ 1 1000
mine (PeDA) PeDAMAPbsl 6 skite/PCooBM/LiF/Al 12.95 (45% l:ﬁ;t(f:liir;encap- 480 h/~100%  [24]
1,6-diaminohexane di- FTO/TiO./perov- Dark, ambient con- o
hydroiodide HDAPbI4 skite/Spiro-OMeTAD/Ag 0.592 dition 96 h/57.4% [25]
Dark, 50-60% RH 1248 h/41.3%
Continuous illumi- 4.5h/69.6%
L . nation at MPP
1,6-diaminohexane di- ITO/SnO,/perov-
’ . HDAMAG;Pb4l;3 . . 7.35 68h /60.2% [35]
hydroiodide skite/Spiro-OMeTAD/Au Dark, T = 60 °C
68 h/54.9%
Dark, T =70 °C (en-
capsulated).
1,6-diaminohexane di- ITO/PEDOT:PSS/perov- Dark, ambient air 480 h / 60%
hydroiodide HDAMAWPbshs i pogBM/LiF/AL 103 (45% RH) [24]
1,8-diaminooctane di- FTO/Ti02/perov-
hydroiodide ODAPbL it /Spiro-OMeTAD/Ag 0! VA N/A [25]
(TTDMA)(MA)3Pb4 ITO/PEDOT:PSS/Pero .
TTDMA 13 vskite/PCBM/BCP/Ag 18.82 Dark, N, 4400 h /99% [36]
trans-1,4-cyclohex-
anediamine dihydroio- FTO/SnOx/perov- N/A
dide (CHDAIPDL: 1 iie/Spiro-OMeTAD/AU 02 N/A [33]
trans-1,4-cyclohex-
anediamine dihydroio- FTO/SnOx/perov-
dide (CHDA)MAPb.I; skite/Spiro-OMeTAD/Au 2.89 N/A N/A [33]
trans-1,4-cyclohex-
anediamine dihydroio- FTO/SnOx/perov-
dide (CHDA)MA:Pbslig skite/Spiro-OMeTAD/Au 6.2 N/A N/A [33]
trans-1,4-cyclohex- Dark, (50-60% RH) 1248 h/94.7%
anediamine dihydroio- (CHDA)MASPbals ITO/SnO,/perov- 15.01 35]

dide

skite/Spiro-OMeTAD/Au

Continuous illumi-  4.5h/80.7%

nation at MPP




68h/96.5%

Dark, T= 60 °C
68h / 74.4%
Dark, T= 60 °C (en-
capsulated).
p-phenylenediamine ITO/PEDOT:PSS/perov-
dihadroiodide  PPDXMARPbslion. ~oitre o pcpicy 123 NA NA 371
1,4- phenylenedi- 1?;8/7_?02/;1 tp )
methylammonium (PDMA)PbL, yperovskite 0.91 N/A N/A [38]
/Spiro-OMeTAD/Au
1,4- phenylenedi- Ifrj;g/f_gg)zs/gg
methylammonium (PDMA)FAPb,I; yperov 291 N/A N/A [38]
/Spiro-OMeTAD/Au
Dark, ambient air
(30-50% RH, RT)
1,4- phenylenedi- Lo Ti0mp- MPP tracking unde 14400/ 85%
methylammonium  (PDMA)FA,Pbsl;o 1oa/perovsite 7.11 | racking undet [38]
continuous illumina- 500 1/ 60%
/Spiro-OMeTAD/Au tion, T = 60 °C in N, ’
atmosphere (unen-
capsulated)
MPP tracking under
continuous illumina-
. : 700 h/90%
1,4- phenylenedi- tion, N, atmosphere
X ITO/PEDOT:PSS/perov- ’
methylammonium  (PDMA)(MA),Pbsl;o skite/PCe BM/BCP/Cu 15.6 1500 1/ 90% [37]
Dark, N atmos-
phere. (unencapsu-
lated)
1,4- phenylenedi- 1:‘1“38/7-:?(?25/122-
methylammonium (PDMA)FA;Pb4l;3 vperov 6.52 N/A N/A [38]
/Spiro-OMeTAD/Au
1,4- phenylenedi- (PDMA)(Cso0sMAo.15 1}{8/7_;1325/122 ) Dark, ambient air 84 1/ 220%
methylammonium  FAqg)oPbio(I.93Bro.07)3 7P 15.6  (20-50% RH) . (un- °37]
1 /Spiro-OMeTAD/Au encapsulated)
1 4-benzenedi- (BzDA)- FTO/c-TiOs/mp- ggﬂf’ gﬁfggg‘f
methylammonium io- (Cs0.05MA0.15FA0.8 TiOy/perovskite 15.6 ch sulated) 160 h / 60% 39]
dide (BzDAI) )9Pb10(10.93Br0.07)3 ' P ’
1 /Spiro-OMeTAD/Au
N-(3-aminopropyl)-2- .
pyrrolidinone  NAP/MASny sPby sI,C ITO/PEDOT:PSS/perov- Dgirg’onasn(lgﬁn;g‘in'
(NAP) I3 skite/PCs1BM/Bhen- 134 o 720 h/ 90% [40]
5%) (unencapsu-
2D/3D NaDPO/Ag 1ated)

Table S2. Experimental Eg values and the absorption edge (in brackets) for the OctAn-1Pbxlsns films

of various compositions obtained from the corresponding Tauc plots.

Eg, eV

Perovskite composition n = o (pristine) =400 =40

OctMA,,.1Pbul3n+1 1.608 (771 nm) 1.612 (769 nm) 1.633 (759 nm)

OctFA,. 1 Pbalsn 1.535 (808 nm) 1.529 (811 nm) 1.525 (813 nm)

Oct(Cs0.12FA058)nt Pbalsne | 1.546 (302 nm) 1.550 (300 nm) 1.555 (797 nm)

Oct(Cso.1MAg 15F Ao 75)5 1 Pbylsg i 1.555 (797 nm) 1.552 (799 nm) 1.545 (303 nm)




Table S3. Average and the best (in brackets) values of the device parameters based on

Oct(Cso.12FAos8)n-1Pbnlsn+1 absorber layers with different Octlz contents.*.

Oct(Cso.12FAo.88)n-1Pbalzn+1

n=

Scan direction

Voc, mV

Jsc, mA/cm?

FF, %

PCE, %

oo (pristine)

Forward

1041£15
(1056)

21.4+0.3 (21.7)

72.443.2 (75.6)

16.3+1.0 (17.3)

Reverse

1045+16 (1061)

21.3£0.4 (21.7)

73.143.9 (77.0)

16.5:1.2 (17.7)

400

Forward

1019+12 (1031)

20.9+0.4 (21.3)

71.943.3 (75.2)

15.3£1.2 (16.5)

Reverse

1024=11 (1035)

21.0+0.3 (21.3)

75.443.7 (19.1)

16.2+1.2 (17.4)

200

Forward

841+17 (858)

17.540.7
(18.2)

50.8+5.0 (55.8)

7.5+1.2 (8.7)

Reverse

862+18 (880)

17.0+0.6 (17.6)

56.2+4.8 (61.0)

8.3%1.1 (9.4)

40

Forward

679421 (700)

10.2+0.9 (11.1)

46.8+5.0 (51.8)

3.440.7 (4.1)

Reverse

704+19 (723)

9.7+1.1 (10.8)

55.244.9 (60.1)

3.8+0.9 (4.7)

Notes: * the -V curves were measured in forward directions with a scan rate of 0.01 V/s.
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