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Fig. S1 'H NMR spectrum of the CL-1.
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Fig. S2 HRMS spectrum of the CL-1.
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Fig. S3 'H NMR spectrum of the CL-2.
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Fig. S4 HRMS spectrum of the CL-2.
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Fig. S5 *H NMR spectrum of the CL-3.
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Fig. S6 MALDI/TOF spectrum of the CL-3.
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Fig. S7 Water contact angle of various HTLs spin-coated onto the ITO glass.



Table S1 Device performance based on ITO/HTMs/CH3sNH3Pbls/PCs1BM/BCP/Ag
configuration

HTM Jsc (MA cm‘z) Vo (V) FF (%) Havg (%0) Hmax (%0)
CL-2 18.91+1.29 0.99+0.37 70.30£2.29 13.09+0.52 14.01
CL-3 17.93+0.69 0.99+0.05 66.98+2.44 11.84+0.49 12.46

2 Calculated from 10 devices.

Table S2 Lifetimes of perovskite thin films of MAPbI3-based perovskite devices

Sample 71 (NS) Au T2 (NS) Az TAverage (NS)
NiOx/PVSK 74 32% 53.3 68% 38.7
NiOx/CL-2PVSK 8.1 34% 49.9 66% 35.6
NiOx/CL-3PVSK 6.8 35% 48.7 65% 34.1

The lifetime was obtained by fitting the PL data measured from the perovskite films with a

biexponential decay function of the form: t =Ae " + Aze‘f/fz
Average 1

Table S3 FWHM and crystallite size results of the perovskite films with different HTL layers

HTL FWHM Crystallite size? (nm)

NiOx 0.37239 21.74
NiOx/CL-2 0.37199 21.77
NiOx/CL-3 0.36944 21.92

2 The crystallite size is determined by the peak of (110) at 26 of around 14.1° and calculated from the
Debye—Scherrer equation t=k\/BCosf (t = crystallite size).

Table S4 EIS results of the perovskite devices based on various HTLs?

Sample Rs Rp CPE-T CPE-P
NiOx 16 467 7.94E-9 0.98
NiOx/CL-3 12 265 5.44E-9 1.03

CPE-T

2Equivalent circuit model:

Rp CPEP

R2



Table S5 Contact angles and surface energies of various HTLs

HTL waterl ] ok ] Yo [mN m ] Vyspersvel ™ m ] 7, [MN m ]
CL-2 73.58 15.36 9.85 49.98 58.87
CL-3 72.90 14.24 10.11 49.02 59.37
NiOx 11.45 10.36 35.29 49.98 85.27
NiOx/CL-2 13.37 21.31 35.62 47.44 83.06
NiOx/CL-3 20.51 22.546 33.86 47.06 80.92
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