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Fig. 1. Thermogravimetric analysis (TGA) of GASCN.



Fig. 2. Corresponding statistical size distributions for the MAPbI3 films with GASCN 

contents, respectively. All films were deposited on glass/FTO/c-TiO2 substrates.



Fig. 3. Atomic force microscopy (AFM) images of the pristine and 0.05mg/ml 

GASCN treated film. The region of the AFM images is 5 × 5 μm.
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Fig. 4. UV-vis absorbance spectrum of the perovskite films with the different amounts 

of GASCN modification.



Fig. 5. Fourier transform infrared (FTIR) spectra of (a) GASCN and MAI before and 

after annealing and (b) GASCN with and without PbI2 in DMSO solutions.

Fig. 6. Fourier transform infrared (FTIR) spectra of different films. All films were 
deposited on glass/FTO/c-TiO2 substrates.



Fig. 6. XPS spectra of (a) pristine film and (b) GASCN treated film, and high 

resolution XPS of C 1s (c) and (d) N 1s of pristine and GASCN-MAPbI3 films.



Rs Rtr

Ctr

Rrec

Crec

Element Freedom Value Error Error %
Rs Free(+) 11.94 0.14884 1.2466
Rtr Free(+) 41926 5379.9 12.832
Ctr Free(+) 5.7462E-08 4.4531E-09 7.7496
Rrec Free(+) 1.8681E05 4465.3 2.3903
Crec-T Free(+) 7.9659E-08 6.5869E-09 8.2689
Crec-P Free(+) 0.9121 0.0038999 0.42757

Chi-Squared: 0.0022506
Weighted Sum of Squares: 0.3601

Data File: H:\20160530\剪 剪 \剪 剪 \剪 剪 剪 \0.5.txt
Circuit Model File:
Mode: Run Fitting / Freq. Range (0.001 - 1000000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus

Fig. 7. Equivalent circuit model for the EIS spectra at bias voltage of 1.0 V. Rs, Rtr, 

Rrec and Crec are series resistance, transport resistance, recombination resistance and 

the chemical capacitance, respectively.



Fig. 8. The Jsc as a function of the light intensity for the corresponding devices.



Fig. 9. The J-V curves of MAPbI3 perovskite cells without and with GASCN 

treatment are recorded with forward and reverse voltage scanning directions under 

AM 1.5G irradiation (100 mW cm−2).



Fig. 11. J-V curve of device with the champion VOC and champion PCE measured by 

reverse scan under standard AM 1.5G irradiation.

Fig. S12 Photovoltaic parameters statistics of MAPbI3 based n-i-p PCSs in recent 

three years.



Table 1. Photovoltaic parameters for typical MAPbI3 devices based on different 

solvent of GASCN with reverse scanning directions. All J-V curves were measured 

under simulated AM 1.5G illumination with a reverse scan rate of 0.15 V s−1.

Table 2. Fitted parameters based on TR-PL spectra of the perovskite films.

Sample τ1 (ns) % of τ1 τ2 (ns) % of τ2 τave (ns)

W/O 22.095 37.20 12.808 62.80 22.095

S1 71.545 51.02 33.668 48.98 52.992

S2 65.687 57.86 27.374 42.14 49.540

S3 55.261 51.20 20.975 48.80 38.529

Table 3. Equivalent circuit fitting parameters for the EIS spectra.

Sample Rs (Ω) Rtr (Ω) Ctr (nF) Rrec (Ω) Crec (nF)
W/O 33.85 124 38.46 3130 12.18
With 33.36 385 71.08 7885 23.45

Sample Voc (V) Jsc (mA/cm2) Fill Factor (%) PCE (%)

CH 1.112
(1.103±0.007)

23.99
(23.69±0.18 )

76.54
(74.92±1.46)

20.23
(19.58±0.48)

CB 1.154
(1.133±0.014)

23.95
(23.81±0.11)

79.65
(77.76±1.14)

21.26
(20.98±0.14)

EA 1.129
(1.100±0.018)

23.98
(23.76±0.17)

75.95
(74.01±1.29)

20.23
(19.35±0.58)

IPA 1.113
(1.083±0.012)

23.99
(23.67±0.16)

74.71
(72.63±1.40)

19.38
(18.61±0.41)



Table 4. Literature survey of recent works on polycrystalline MAPbI3-based n-i-p 

PSCs.

Device Structure
Jsc

(mA/cm2)
Voc (V)

FF 

(%)
PCE(%) Ref.

SnO2/MAPbI3/FAI/HTL 22.99 1.127 77.50 20.09 1

c-TIO2/m-

TIO2/MAPbI3/AVA/HTL
22.30 1.060 76.00 18.00 2

SnO2/MAPbI3/EDBEPbI4/HTL 23.17 1.110 73.90 19.13 3

SnO2/MAPbI3/QA/HTL 23.19 1.130 80.00 21.06 4

c-SnO2/MAPbI3/HTL 23.98 1.120 78.62 21.09 5

c-SnO2/MAPbI3/HTL 23.73 1.100 78.00 20.36 6

Li–SnO2/MAPbI3/HTL 23.24 1.133 76.66 20.18 7

c-TiO2/SnO2/MAPbI3/HTL 23.39 1.104 81.90 21.16 8

c-TiO2/SnO2/MAPbI3/HTL 22.92 1.110 79.00 20.05 9

c-TiO2/MAPbI3-xClx/HTL 21.91 1.063 80.00 18.70 10

SnO2/Chol-SnO2/MAPbI3/HTL 22.80 1.145 72.41 18.90 11

c-TiO2/MAPbI3/HTL 23.89 1.100 76.40 20.09 12

c-TiO2/SnO2/MAPbI3/HTL 23.31 1.082 82.25 20.65 13

TiO2/MAPbI3/HTL 23.75
1.123

1.154 (highest)
79.66 21.26

This 

work

Respectively, all HTL in the table refer to Spiro-OMeTAD.
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