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Figure S1. SEM image of T-CSCNT-50.



Figure S2. Raman spectra of CSCNT-50, T-CECNT-50 and I-CSCNT-50. The ID/IG 

ratio of I-CSCNT (1.29) was much lower than that of CSCNT (1.37), demonstrating a 

lower density of defect sites due to the iodine doping. The Raman peaks at 155 cm-1 

can be assigned to iodine doping.

Figure S3. (a) XPS survey spectra and (b) high-resolution I3d spectra of CSCNT and 

I-CSCNT.  



Figure S4. Typical cross-sectional image of the FTO/compact TiO2 layer/ 

mesoporous TiO2 layer in a PSC.



Figure S5. The J-V curves of CSCNT-50-based PSC with different scan directions 

and rates.



Table S1. Photovoltaic parameters of CSCNT-50 based PSCs with different scan 

directions and scan rates under simulated AM1.5, 100 mW cm-2 solar irradiation. 

Scan rate [V s-1] Scan directions Voc [mV] Jsc [mA cm-2] FF PCE [%]

0.225 FS 873 15.60 0.683 9.327

RS 805 14.09 0.634 7.136

0.096 FS 854 15.21 0.678 8.822

RS 820 14.83 0.638 7.727

0.0313 FS 854 15.22 0.678 8.812

RS 836 15.03 0.658 8.268

0.0215 FS 850 14.91 0.678 8.602

RS 840 14.75 0.665 8.265

0.0127 FS 852 15.31 0.670 8.720

RS 840 15.13 0.660 8.390



Figure S6. The J-V curves of standard PSCs with the spin-coated spiro-OMeTAD 
HTM and evaporated gold back contact and I-CSCNT-based PSCs with spiro-
OMeTAD HTM (FTO/TiO2/perovskite/spiro-OMeTAD/I-CSCNT) and without spiro-
OMeTAD HTM (FTO/TiO2/perovskite/I-CSCNT).

Table S2. Photovoltaic parameters of standard PSCs under simulated AM1.5, 100 
mW cm-2 solar irradiation.

Samples Voc 
[mV]

Jsc

[mA cm-2]
FF PCE

[%]

Spiro-OMeTAD+Au 1050 20.74 0.68 14.76
Au 763 14.58 0.53 5.92
I-CSCNT-50 880 17.48 0.50 7.70
Spiro-OMeTAD+I-CSCNT-50 1030 18.78 0.68 13.12



Figure S7. The J-V curves of different PSCs with different scan directions at a rate of 

0.0215 V s-1.



Figure S8. The photocurrent density as a function of time for the cells held at a 

forward bias of maximum output power point (0.64, 0.67, and 0.68 V for the devices 

based on T-CSCNT-50, I-CSCNT-50 and CSCNT-50, respectively).



Figure S9. XRD pattern of the CH3NH3PbI3 perovskite deposited on glass


