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Mobile Ion Concentration (No) Calculations 18 

In this paper, No was calculated using a macro-enabled excel spreadsheet (attached an 19 

additional supplemental file) that was created to automatically determine mobile ion 20 

concentration data. The macro used the transient dark current measured with PAIOS in the form 21 

of a text file along with a designated device area and thickness as input in the main spreadsheet. 22 

It calculates No by first parsing the current and time measurements obtained from the text file 23 

and then performing the data analysis mentioned previously in the experimental section on said 24 

data.  Once this is done, the macro outputs the values into the main sheet. The raw and 25 

processed text file data is also outputted into separate sheets for debugging purposes. 26 

 27 

 28 

Supplementary Figure 1. Visual representation of MHP thin films at different time stamps 29 

(24h, 48h,72h,96h) captured using a camera. These films were aged at 85℃ for a period of 96h 30 

on a hot plate. The pictures show evident degradation in the MHP films in the form of yellowing 31 
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even after aging for just 48h. Hence it was decided that the temperature of 85℃ is too damaging 32 

for the MHP thin films. 33 

 34 

 35 

Supplementary Figure 2. Photoluminescence (PL) plots of Cs0.2FA0.8PbI3 films aged at 45℃ 36 

for a period of 96h without a glass substrate on top. There is a visible redshift after aging in the 37 

films. However, there is no consistent change in the intensity with aging. Hence it was decided 38 

that a glass substrate should be placed on top of the thin films to emulate a device-like structure. 39 

A) PL after 24h at 45℃ B) PL after 48h at 45℃ C) PL after 72h at 45℃ D) PL after 96h at 40 

45℃. 41 
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 44 

Supplementary Figure 3. PL plots of Cs0.2FA0.8PbI3 films aged at 65℃ for a period of 96h 45 

without a glass substrate on top. There is a visible redshift after aging in the films. However, 46 

there is no consistent change in the intensity with aging. Hence it was decided that a glass 47 

substrate should be placed on top of the thin films to emulate a device-like structure. A) PL 48 

after 24h at 65℃ B) PL after 48h at 65℃ C) PL after 72h at 65℃ D) PL after 96h at 65℃. 49 
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51 
Supplementary Figure 4. PL plots of Cs0.2FA0.8PbI3 films aged at 45℃ for a period of 96h 52 

with a glass substrate on top of them. Changes in the PL are much more consistent with a glass 53 

substrate on top of thin film while aging. A) PL after 24h at 45℃ B) PL after 48h at 45℃ C) 54 

PL after 72h at 45℃ D) PL after 96h at 45℃. 55 

 56 



 57 

Supplementary Figure 5. PL plots of Cs0.2FA0.8PbI3 films aged at 65℃ for a period of 96h 58 

with a glass substrate on top of them. Changes in the PL are much more consistent with a glass 59 

substrate on top of thin film while aging. A) PL after 24h at 65℃ B) PL after 48h at 65℃ C) 60 

PL after 72h at 65℃ D) PL after 96h at 65℃. 61 
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 63 

Supplementary Figure 6. Ionic and electronic properties of PSCs with Ag electrode as 64 

shown in Figure 4 after exposure to 65℃ for 72 hours A) Mobile ion concentration (No) vs 65 

time B) Ionic Conductivity () vs time C) Ionic Mobility (µ) vs time D) JSC vs time E) VOC vs 66 

time F) Fill Factor vs time 67 



 68 

Supplementary Table 1. Shift in the PL wavelength towards the right side after aging at 45℃ 69 

and 65℃ respectively at each of the time stamps (24h, 48h, 72h, 96h) 70 

Time Shift in PL wavelength 

(nm) at 45℃ 

Shift in PL wavelength 

(nm) at 65℃ 

After 24h 0 2 

After 48h 6 4 

After 72h 7 8 

After 96h 6 9 

 71 

Supplementary Table 2. Shift in the PL wavelength (very minimal change) after aging at 45℃ 72 

and 65℃ respectively (with a glass substrate on top) at each of the time stamps (24h, 48h, 72h, 73 

96h). 74 

 75 

Supplementary Table 3. Resistance tables show increasing series resistance with silver over 76 
time with an overall 10 times lower shunt resistance than the carbon electrode excluding the 77 

48-hour measurement. Carbon maintains a relatively constant series resistance with a slight 78 
increase in shunt resistance from 0 to 72 hours. 79 

 Carbon Electrode Silver Electrode 

Aging 

Time 

(hours) 

Series 

Resistance (Rs) 

(Ω) 

Shunt 

Resistance (Rsh) 

(Ω) 

Series 

Resistance (Rs) 

(Ω) 

Shunt 

Resistance (Rsh) 

(Ω) 

0 382 2.68 × 106 67.8 4.89 × 105 

24 519 3.05 × 106 65.5 3.52 × 105 

48 287 3.97 × 106 76.9 8.19 × 103 

72 416 3.69 × 106 245 2.87 × 105 

 80 

Time Shift in PL wavelength 

(nm) at 45℃ 

Shift in PL wavelength 

(nm) at 65℃ 

After 24h 0 0 

After 48h 0 0 

After 72h 3 2 

After 96h 0 1 


