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Fig. S1 Schematic representation of device fabrication. 
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Fig. S2: Schematic representation for use of methanol solution. 
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Procedure of dynamic hot air treatment: Before spin coating of perovskite solution, first set 

the hot air gun temperature at 230 ℃ and turned on the hot air gun. Then, drop the perovskite 

precursor solution on ZnO/SnO2/ITO substrate and start the spin coating process (3000 rpm for 

40 s) as shown in Fig. S3. After spinning of 8 s, dynamic hot air treatment was performed using 

hot air gun (230 ℃) by keeping ~ 2 cm distance from substrate up to 22 s continuously and 

then completed the spin coating process. Afterward, substrate was transferred to hot plate and 

annealed at 240 ℃ for 10 min to form α-CPIB active phase.    

Specific parameters related to hot air gun treatment: We have bought hot air gun from 

Bosch company (Bosch, GHG 630 DCE hot air gun - 0601 94C 740), Temperature of hot air 

gun was 230 ℃ during dynamic hot air treatment, and distance of hot air gun from substrate is 

~ 2 cm during dynamic hot air treatment.  

 

Fig. S3: Schematic representation for fabrication of perovskite film using dynamic hot air process. 
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Characterization Techniques 

Crystallographic analysis 

To investigate the present phase and crystallinity of the prepared perovskite films, XRD 

patterns were recorded using X-ray diffractometer (Bruker-AXS, D8-Advance) with Cu Kα 

radiation, where λ = 1.54 Å). The XRD parameters, such as the average crystallite size, 

microstrain, and dislocation density, were calculated using Debye–Scherrer formula and Hall–

Williamson equation, as demonstrated in the main manuscript. 

Morphological analysis 

The top surface images of perovskite films were captured using field emission scanning 

electron microscopy (FE-SEM; Carl Zeiss, AURIGA) to examine microstructural properties. 

Optical analysis 

The absorption patterns were measured using ultraviolet-visible spectroscopy (UV-2700, 

Shimadzu), and photoluminescence (PL) spectra were recorded with a 495 nm laser excitation 

wavelength using a spectrofluorometer (FP-8600, Jasco) corresponding to the perovskite films 

to examine the optoelectronic properties. 

Elemental analysis 

The x-ray photoelectron spectroscopy (XPS) patterns were obtained through the K-Alpha+ 

system with monochromatic Al Kα x-ray radiation (photon energy = 1486.6 eV) under a high 

vacuum (~5 x 10-8 Torr) to identify the chemical bonding states. 

Fourier transform infrared (FTIR) analysis 

The FTIR patterns were measured using Thermo Scientific Nicolet 6700 spectrometer. 

Photovoltaic analysis under indoor/outdoor lighting conditions 

The current density voltage (J-V) curves for fabricated PSCs were recorded under AM 1.5 

illumination (100 mW/cm2) using a solar simulator (Peccell Technologies, PEC-L01) with a 

scanning rate of 0.25 V/s. The AM 1.5 solar simulator light intensity was adjusted to 100 

mW/cm2 using a reference silicon solar cell. The EQE spectrums were measured using a 

monochromator (DongWoo Optron, MonoRa500i) with a power source (Xenon lamp 150 W, 

Abet Technologies, 13,014). For indoor light performance, the J-V curves were measured 

under LED (3200 K) lighting conditions at 1000 lux with a corresponding power of 382 

μW/cm2 to calculate the indoor PCE.  
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Charge carrier transport and recombination analysis 

The space charge limited current (SCLC) patterns were obtained with an electron-only device 

architecture (ITO/SnO2/ZnO/Perovskite/PCBM/Au) under dark conditions using a Keithley-

2400 source meter. The electrochemical impedance spectroscopy spectrums were recorded 

using CompactStat (Ivium Technologies) with frequency ranges of 2 MHz to 1 Hz and an 

applied bias voltage of 1.0 V under dark conditions, and the curves were fitted using Zview 

software. The transient photocurrent (TPC) and transient photovoltage (TPV) decays were 

measured using multifunctional organic semiconductor parameter system (Mcscience, T400) 

containing a Tektronix digital phosphor oscilloscope with a 100 MHz bandwidth (DPO-2014B). 

Stability analysis 

The air stability of perovskite films was monitored in ambient conditions (relative humidity: 

45%, temperature: ~22.8 ℃) at different time intervals. The thermal stability of the devices 

was measured in a dry box at 85 ℃ over 720 h. The performance of the PSCs was measured 

periodically using an AM 1.5 solar simulator with light illumination (100 mW/cm2) under 

ambient conditions.  

All these measurements for perovskite films and devices were performed in an ambient 

environment (relative humidity range: 40% ~ 48%, temperature: 21~ 26 °C). 
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Role of 4-tertbutylpyridine (tBP) additive into P3HT perovskite precursor: 

The poly(3-hexylthiophene) (P3HT) was extensively used as hole transport material (HTM) in 

the fabrication of perovskite solar cells due to its unique properties such as wide optical band 

gap, low production cost, thermal stability, good solubility in variable solvents, etc [S1-4]. 

However, P3HT has low hole mobility owing to poor crystalline feature [S4], causes charge 

carrier recombination at HTL/perovskite interface, resulting degrade the device performance. 

To overcome this issue, various research groups suggested that 4-tertbutylpyridine (tBP) 

dopant with P3HT improves hole selectivity at HTL/perovskite interface [S1], increases 

packing and crystallinity [S5], enhances charge carrier mobility by improvement of the 

polymer chain ordering [S1,2], significantly reduced the trap assisted charge recombination 

and hence leading to higher photovoltaic performance. 
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Fig. S4 Enlarged X-ray powder diffraction patterns corresponding to the (100) and (200) lattice 

planes of the CPIB and 0.8 mg PEAI assisted CPIB perovskite films. 
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Fig. S5 Tauc plots of the CPIB and 0.8 mg PEAI assisted CPIB perovskite films. 
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Fig. S6: High resolution C1s spectrum of CPIB and 0.8 mg PEAI CPIB films. 
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Fig. S7: XPS survey scan of CPIB and 0.8 mg PEAI CPIB films with surface as well as after surface 

treatment via Ar ion etching gun for 20 sec. 
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Fig. S8: FTIR spectrums for PEAI, CPIB and 0.8 mg + PEAI CPIB films. 
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Fig. S9: Cross section FESEM image of cell. 
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Fig. S10 Current-density (J-V) curves for the CPIB and 0.4, 0.8, and 1.2 mg PEAI assisted 

PSCs. 
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Figure S11. Photovoltaic parameter statistics analysis: (a) JSC, (b), VOC (c) FF, and (d) PCE for 

20 independent PSCs of the CPIB and 0.8 mg PEAI assisted CPIB.  
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Figure S12. Summary of the high PCE for the reported CPIB based PSCs.  
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Figure S13. Schematic representation of (a) applications of Indoor PSCs, (b) power 

consumption for various modern electronic devices.   
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Fig. S14: Pin diagram of ANA618 IC and corresponding pin descriptions. 
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Table S1 Reported CsPbI2Br (CPIB) based research works with PEAI.  

Reference for CsPbI2Br-

device fabrication with 

PEAI & device structure 

Strategy Novelty Description Processing 

conditions 

PCE 

(%) 

 

FTO/TiO2/ 

perovskite/PTAA/Au 

[S19]  

Surface passivation of 

CsPbI2Br (CPIB) film  

(Surface passivation strategy) 

(2-step approach) 

Authors suggested that surface 

treatment of CPIB film with 

PEAI, reduced the trap states, 

improved the film quality.  

Not 

mentioned 

14.68 

ITO/SnO2/ZnO/ 

perovskite/passivation 

layer/carbon  

[S20] 

Surface passivation of 

CsPbI2Br film 

(Surface passivation strategy) 

(2-step approach) 

Authors demonstrated that 

PEAI was used as a 

passivation layer on top of 

CPIB perovskite film. The 

post treatment of PEAI 

reduced perovskite defects, 

leading to higher device 

performance.  

N2 filled 

glovebox 

12.88 

 

FTO/SnO2/perovskite 

/carbon  

[S21] 

Surface passivation of CPIB 

film 

(Surface passivation strategy) 

(2-step approach) 

Authors suggested that PEAI 

surface treatment decreased 

the trap density, enhanced the 

CPIB film quality. 

Not 

mentioned 

13.38 

FTO/TiO2/perovskite 

/carbon  

[S22] 

Surface passivation of 

CsPbI2Br film 

(Surface passivation strategy) 

(2-step approach) 

Authors treated perovskite 

film surface with PEAI + 

ethylammonium iodide (EAI), 

and suggested that synergetic 

effect of PEAI+EAI 

effectively reduced the surface 

defects, decreased trap states, 

resulting increased film 

quality.    

glovebox with 

dry air 

controlled at 

about 20% 

relative 

humidity 

13.76 

FTO/TiO2/perovskite 

/spiro-OMeTAD/Ag  

[S23] 

Surface passivation of CPIB 

film 

(Surface passivation strategy) 

(2-step approach) 

Authors explored that PEAI 

treatment on the perovskite 

surface plays key role in the 

improvement of film quality. 

 

Not 

mentioned 

11.20 
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<This work> 

ITO/SnO2/ZnO/ 

perovskite/P3HT/Au 

PEAI added into the 

perovskite precursor as an 

additive  

Additive Engineering  

(In situ crystal reconstruction 

strategy) 

(1-step approach) 

We proposed that PEAI 

additive into CPIB perovskite 

precursor plays a key role to 

modulate the crystallization 

process by forming 

intermediate phase. The PEAI 

additive controls the 

perovskite crystal growth, 

limits nuclei center, and 

retards the crystallization 

kinetics, result in improving 

the film quality.    

Ambient air 17.40 
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Table S2 Crystal lattice parameters corresponding to (100) and (200) planes of the CPIB and 

0.8 mg PEAI treated CPIB perovskite films. 

Parameters Symbol CPIB  

(100)  

CPIB + 0.8 

mg PEAI 

(100) 

CPIB  

(200) 

CPIB + 0.8 

mg PEAI 

(200) 

Full width at half 

maximum (˚) 

β 0.10088 0.093534 0.171413 0.16937 

Peak angle (˚) 2θ 14.78514 14.78521 29.68805 29.68769 

Average crystallite 

size (nm) 

D 79.40964 85.64632 47.94595 48.52434 

Strain ε 0.160455 0.148771 0.13347 0.13188 
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Table S3 Photovoltaic parameters of the CPIB, 0.4, 0.8, and 1.2 mg PEAI additives based PSCs. 

Devices  JSC  

(mA/cm2) 

VOC  

(mV) 

FF  

(%) 

PCE  

(%) 

CPIB Champion 16.03 1226 80.15 15.75 

 Average 15.75 ± 0.25 1210 ± 

15 

79 ± 1.10 15.05 ± 

0.65 

CPIB + 0.4 mg 

PEAI 

Champion 16.43 1259 83.16 17.20 

 Average 16.20 ± 0.22 1244 ± 

13 

82.50 ± 

0.65 

16.62 ± 

0.54 

CPIB + 0.8 mg 

PEAI 

Champion 16.47 1264 83.56 17.40 

 Average 16.25 ± 0.20 1252 ± 

10 

83 ± 0.54 16.88 ± 

0.46 

CPIB + 1.2 mg 

PEAI 

Champion 16.44 1255 81.48 16.81 

 Average 16.15 ± 0.21 1238 ± 

15 

80.80 ± 

0.65 

16.18 ± 

0.55 
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Table S4: Nyquist parameters of the CPIB and 0.8 mg PEAI based PSCs. 

Parameters CPIB 0.8 mg PEAI + 

CPIB 

Rs (Ω) 29 26 

Rrec (Ω) 4759 8745 
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