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Figure S1. The schematic illustration of chemical structure of (BA)2(MA)n-1PbnI3n+1 2D perovskite 
unit cell with different n value. 

 

The TRPL spectra of pristine and urea treated films were fitted by a bi-exponential decay 
function as shown below: 
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Where A0 is a constant for the baseline offset, A1 and A2 are the amplitudes of the TRPL decay, 
τ1 is the fast decay time responsible for interface (trap-assisted) recombination, and τ2 is the 
slow decay time responsible for bulk (carrier radiative) recombination. The average lifetimes 
(τave) were estimated with the function as: 
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The obtained results of TRPL data were listed in the table below. The results showed the 
obtained pristine films exhibit a short decay time (τ1) of 2.32 ns accounting for 88.5%, a long 
decay time (τ2) of 6.38 ns accounting for 11.5%, and average lifetime (τave) of 3.39 ns. In 
comparison, the TRPL fitting results of urea teated films show τ1 of 1.47 ns accounting for 
94.4%, τ2 of 4.68 ns accounting for 5.56%, and average lifetime (τave) of 1.98 ns. The increament 
of interface recombination indicated that urea treatment can improving the film quality.  

 

Table S1. The PL life time was calculated from TRPL spectra of pristine and urea treated films 
which was fitted by a bi-exponential decay function. 

 λEm [nm] A1 [%] τ1 [ns] A2 [%] τ2 [ns] τave [ns] 

with urea 675 94.4 1.47 5.56 4.68 1.98 

without urea 725 88.5 2.32 11.5 6.38 3.39 

 

 



Table S2. The calculation of crystallite size of 2D perovskite materials with/without urea 
treatment by the Scherrer equation from XRD spectra in Figure 2 (a). 

 Plane 2 Theta 

(deg.) 

d-spacing 

(Å) 

Intensity ratio of 

(111)/(202) 

Crystallite size 

(nm) 

Without urea 
(111) 14.1 6.35 0.16 39.4 

(202) 28.5 3.12 

With urea 
(111) 14.1 6.35 1.11 42.1 

(202) 28.5 3.12 

 

 

Figure S2. XRD features of the pristine film and urea treated film prepared from a precursor 

solution of (a) (BA)2Pb1I4 and (b) (BA)2(MA)1Pb2I7. 

 

Figure S3. The photo conversion efficiency (PCE) of the device were tracked over 240 

hours under ambient condition (the temperature of ~25 ◦C and humidity of ~60 RH%). 



 

Figure S4. J–V curves of 2D RP PSCs with using TiO2 and SnO2 as ETL under simulated AM 
1.5G illumination (100 mW/cm2). 

 

To find out the effect of ETL on the PCE of 2D perovskite solar cell device, TiO2 film was 
deposited on FTO in comparison with SnO2 on ITO. Here, SnO2 was used as ETL over its 
counter part of TiO2 due to the superior physical and chemical properties such as high electron 
mobility, high conductivity and less photo-activity to provide better stability under light 
illumination. However, the conduction band minimum (CBM) of SnO2 is slightly deeper than 
CBM of TiO2, which might reduce the value of Voc when 2D ruddleson popper perovskite was 
used as light absorber. Chemical modification of CPTA was applied onto SnO2 to create dipole 
between ETL and perovskite layer to enlarge the built-in potential at SnO2/CPTA interface. This 
resulted in a better energetic cascade structure for photo-generated electrons transferring to the 
ITO and therefore sustained a better electron potential and higher Voc as shown in Figure S4. 
The modification also promoted the ability of electron transfer and suppress recombination, 
leaded to a higher solar cell performance. By contrast, there is only physical contact between 
TiO2 and 2D perovskite layer (no interfacial dipole), significant charge recombination could not 
be prohibited and giving to a lower Voc. However, the rougher surface of TiO2 ETL provide 
higher interface area for charge separation than SnO2 ETL, and increase the photocurrent (Isc). 

 



 

Figure S5. 2D RP perovskite film with mixed phases (n=1, 2 and 3) was prepared by a precursor 
of urea treated (BA)2(MA)1Pb2I7 solution with using spin coating process. 2D intensity mapping 
of the PL spectra for a 5 µm × 5 µm area of (a) the pristine film and (b) the urea treated film. 
The two wavelength ranges (one is 550 nm to 600 nm and the other is 600 nm to 685 nm) of PL 
mapping were selected. According to the PL mapping, we found that with urea treatment, the 
2D RP film with mixed n values (including n=1, 2 and 3) did form successfully over a large area 
compared to the pristine films, which tended to form 3D phases. 

 


