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Figure S1. UV-vis absorption spectra of perovskite CH3NH3PbI3 on mesoporous TiO2 films as a 

function of annealing time at 100
o
C using precursors containing (a) 0 MACl, (b) 0.5 MACl, (c) 1 MACl, 

and (d) 2 MACl.  
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Table S1. Effect of MACl Amount (x) on Short-Circuit Photocurrent Density Jsc, Open-Circuit Voltage 

Voc, Fill Factor FF, and Conversion Efficiency η of Solid-State Mesostructured (Meso) and Planar 

Perovskite CH3NH3PbI3 Solar Cells. The mean values and standard deviations of the PV parameters 

from 12–20 cells for each type of devices are given in parentheses. 

Cell Type (x) Jsc (mA/cm
2
) Voc (V) FF ηηηη (%) 

Meso (0) 
16.91 

(16.96±0.64) 

0.835 

(0.826±0.013) 

0.583 

(0.545±0.032) 

8.23 

(7.64±0.64) 

Meso (0.5) 
18.55 

(17.91±0.67) 

0.845 

(0.836±0.016) 

0.582 

(0.552±0.039) 

9.12 

(8.25±0.54) 

Meso (1) 
19.31 

(19.44±0.61) 

0.833 

(0.824±0.019) 

0.595 

(0.565±0.023) 

9.57 

(9.03±0.33) 

Meso (2) 
19.48 

(19.38±0.50) 

0.829 

(0.823±0.016) 

0.625 

(0.597±0.020) 

10.09 

(9.52±0.37) 

Planar (0) 
5.55 

(4.75±0.82) 

0.813 

(0.735±0.060) 

0.413 

(0.375±0.035) 

1.86 

(1.34±0.39) 

Planar (0.5) 
17.90 

(17.38±0.66) 

1.004 

(0.974±0.022) 

0.607 

(0.561±0.038) 

10.91 

(9.50±0.85) 

Planar (1) 
20.85 

(20.08±0.76) 

1.016 

(1.019±0.029) 

0.566 

(0.515±0.048) 

11.99 

(10.51±0.92) 

Planar (2) 
20.36 

(19.84±0.63) 

1.023 

(1.013±0.042) 

0.581 

(0.540±0.029) 

12.10 

(10.85±0.79) 

 

 

 

 

 
Figure S2. Dark J–V curves of (a) mesostructured and (b) planar perovskite solar cells as a function of 

added amount of MACl in the precursor solution for growing CH3NH3PbI3. 
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Figure S3. Typical Nyquist plots of the impedance responses for a planar perovskite cell with three 

different bias voltages. The model used for impedance analysis has been previously discussed by 

others.
1-2

  

 

 

 

 

Figure S4. Typical large-scale SEM images of CH3NH3PbI3 films grown on planar TiO2 compact layer.  
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Figure S5. Effect of MACl on (a) electron diffusion coefficient as a function of photoelectron density 

and (b) recombination lifetime as function of voltage in mesostructured perovskite CH3NH3PbI3 solar 

cells. 

 

Charge transport and recombination properties in mesostructured perovskite CH3NH3PbI3 solar 

cells are studied by IMPS and IMVS as described previously.
3-4

 Figure S5a shows the effect of using 

MACl on the diffusion coefficient (D) as a function of photoelectron density (n). All cells exhibit 

essentially the same power-law dependence (D ∝ n
1/α−1

, with α being a disorder parameter) that is 

attributable to the electrons undergoing multiple trapping and detrapping through the mesoporous 

electrode film.
5-10

 There is no obvious difference of the D values for mesostructured perovskite cells 

using different amounts of MACl in the CH3NH3PbI3 precursor solution, suggesting that using MACl 

does not affect the trap distribution on the TiO2 surface. Similarly, no significant difference is observed 

for the recombination lifetime as a function of voltage for mesostructured cells prepared using different 

amounts of MACl (Figure S5b). These results imply that the charge collection (determined by the 

competition between transport and recombination) is not affected by the use of MACl. 
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Figure S6. UV-vis absorption spectra of perovskite film as a function of annealing time at 100
o
C using 

a precursor containing equimolar mixture of MACl and PbI2.  

 

 

 

 

Figure S7. J–V curves of planar perovskite solar cell based on the mixed halide CH3NH3PbI3-xClx 

prepared from the precursor containing MAI and PbCl2 (3:1 molar ratio). The cell efficiency is 11.86% 

with a Jsc of 20.57 mA/cm
2
, Voc of 0.995 V, and FF of 0.579. 
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