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Table S1. The main parameters of O 1s peak in different SnO, films.

SnO, films Peak type Peak position (eV) Percentage (%)
O (vacancies) 531.70 3530
SnO,
O (lattice) 530.46 64.65
O (vacancies) 531.76 31.08
SnO, - NiCl,

O (lattice) 530.53 68.92




Table S2. Fitting parameters of the exponential decay function in TRPL spectra.

Samples A4 T, A, T, T

ave

FTO/PVK 0.423 11.74 0577 1983 1194
SnO,/PVK 0.088 2296 0.881 7535 70.62

SnO, - NiCL,/PVK 0.084 4748 0.867 112.9 107.1




Table S3. Fitted parameters for the EIS measurements acquired under dark for different

samples.

Sample Rs (Q cm?) Rrec (Q cm?)

SnO, 1.06 S.1T X

SnO, - NiCl, 2.63 1.47 x 104




Table S4. Band gaps (E,), secondary—electron cutoff (Equofr), fermi edge (EF, eqge), fermi
level (EF), valence band (Eyg) and conduction band (Ecg) for SnO, and SnO,-NiCl,

films.

Samp]es Eg (CV) Ecutoﬁ“ (eV) EF (eV) EF. edge (eV) EVB (CV) ECB (GV)

SnO, 4.12 16.76 4.46 331 7 3.85

SnO,-NiCl, 4.15 16.68 4.54 341 Fll 3.80

The E.uofr of SnO, and SnO,-NiCl, films are 16.76 and 16.68 eV, respectively. we
calculate as Er=FE yorr— 21.22 eV, where E . 1s the high binding energy cutoff to get
the Fermi level (Ef), and 21.22 eV is emission energy from He irradiation. The Ef of
SnO, and SnO,-NiCl, films are calculated as —4.46 and —4.54 eV, respectively. The
EF ¢qge 0f SNO, and SnO,-NiCl, films are 3.51 and 3.41 eV, respectively. The Evg of
SnO, and SnO,-NiCl, films are =7.97 and —7.95 eV, calculating as Evg= Er — EF, cdge
(Fermi edge). According to the absorption spectrum and Tauc plot, we get the band gap
(Ey) of SnO, (4.12 €V) and SnO,-NiCl, (4.15 eV). Ecg obtained from E, and Evg is

—3.85 and —3.80 eV, respectively.
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Figure S1. (a) The XRD pattern of SnO, without and with NiCl,. (b) The Transmission

spectrum of FTO, FTO/SnO, and FTO/SnO,-NiCl, substrate, respectively.
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Figure S2. (a) X-ray photoelectron spectroscopy (XPS) of Ni 2p. (b) XPS of Cl 2p.
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Figure S3. XPS of Sn 3d.
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Fig. S4. Element distribution analysis of FTO/SnO,-NiCl, film, EDS mapping of (a)

Ni, (b)CI, ¢) O, d) Sn.
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Figure S5. UV-Vis spectra of the SnO, and SnO,-NiCl, films.



Pristine

—— 1 mg/mL NiCl,

—— 3 mg/mL NiCl,

—— 5 mg/mL NiCl,
=
>
-
<

Eg=1.61eV

1.56 1.58 1.60 1.62 164 1.66 1.68
hv (eV)

Figure S6. UV-Vis spectra of perovskite on the SnO, and SnO,-NiCl, films.
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Figure S7. J-V curves of the device of without and with NiCl,.
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Figure S8. (a) Measured Voc, (b) Jsc, (¢) FF, and (d) PCE statistical parameters based

on PSCs of different additive concentrations and unmodified PSCs (20 cells for each

type).



