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SUPPLEMENTARY FIGURES 

 

Supplementary Fig. 1: Determination of MAI:MACl ratio to induce verticalization. 

a) VOC, b) JSC, c) FF and d) PCE box charts for the n=2 LDP-based solar cells fabricated with different 

ratio of MAI:MACl content (MAI:MACl=100:0 ratio represents the “horizontal” case). Sample size 

is 30. Whiskers limit the 1.5 interquartile range, the box identifies the 25th and 75th percentile and the 



horizontal line and the empty square represent the median and mean values, respectively. e) XRD 

patterns for the n=2 LDP thin films fabricated with different ratio of MAI:MACl content, compared 

with the simulated pattern of TMA2MAPb2I7. 

 

 

Supplementary Fig. 2: Pole Figures and Wulff stereographic projections. 

 Pole Figure (PF) images for horizontal (at the top) and vertical (at the bottom) LDPs for (151) and 

(080) lattice planes and Wulff stereographic projections for the [010] and [101] orientations.  

 



 

Supplementary Fig. 3: Tauc Plot of LDP thin films. 

Tauc Plot of the horizontal and vertical samples, extracted from UV-Vis absorption measurement. 

Through extrapolation of the curve, it is possible to estimate the bandgap of the material at about 2.1 

eV.  

 

Supplementary Fig. 4: Photoluminescence analysis of LDP thin films. 

 Steady-state photoluminescence (PL) spectra of vertical and horizontal n=2 LDP thin films. 



 

Supplementary Fig. 5: Stability of the PL signals of LDPs thin films.  

n=2 and n=3 PL peak position tracking during stability measurements under continuous AM1.5G 1 

Sun illumination and thermal stress at 60°C.  

 

Supplementary Fig. 6: Crystal structure and calculated band structure of TMA2MAPb2I7. 

 a) The primitive unit cell of the orthorhombic TMA2MAPb2I7 structure in space group Aba2 (#41), 

along with the b) Brillouin zone showing the high symmetry points used to calculate the band 

structure. The Brillouin zone is taken from the Bilbao crystallographic server.1,2 



 

 

Supplementary Fig. 7: Mixing energies diagram. 

 Mixing energies for all the 1121 structures ranging from 0 < x < 0.21 and 0.79 < x < 1 in I1-xClx. The 

blue dashed line shows the convex hull. Positive mixing energies for all the structures show a lower 

tendency of I/Cl mixing. However, the lower values near the I-rich (x = 0) and Cl-rich (x = 1) phases 

suggest these states can be thermodynamically accessible at higher temperatures.   

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Fig. 8: Investigations of the strucutral and energetic constraints related to the 

b-parameter. 

 For all the 1121 structures ranging from 0 < x < 0.21 and 0.79 < x < 1 in I1-xClx, a) the DFT ground 

state energies, b) the spacer cation distances, c) the b-lattice parameters with the structure having 

minimum (maximum) DFT ground state energy at each concentration marked in magenta (cyan), and 

d) the unit cell volume. The values corresponding to the maximum (minimum) b-lattice parameters 

at each concentration are marked in green (red) for a), b), and d).  

 

 

 

 



 

 

 

 

Supplementary Fig. 9: Investigation of the structural constraints dictated by bond angles. 

a) The conventional unit cell for x = 0.11 in I1-xClx showing the b-parameter and the spacer cation 

distances.  b) The N-C-C and the c) C-S-C bond angles of each spacer cation for the maximum and 

minimum b-lattice parameter structures for 0 < x < 0.21 in I1-xClx. The presence of Cl in the vinicity 

of the terminal amine of the spacer cation attracts it, influencing the N-C-C bond angle whereas the 

C-S-C angle in the ring is not changed significantly.   



 

Supplementary Fig. 10: Study of the effect of different Cl sources. 

XRD patterns of the n=2 LDP thin films fabricated with different sources of Cl (substituting 10% of 

I): MACl, TMACl, PbCl2. 

 

Supplementary Fig. 11: Cross-section investigation of fabricated solar cells. 

Cross-section HAADF-STEM image and corresponding elemental mapping of LDP-based solar 

cell. 

 



 

Supplementary Fig. 12: Literature review and positioning of this work in the field. 

Representation of the best PCE values for LDP-based solar cells with dimensionality n < 3 reported 

in literature and comparison with PCE values reported in this work. References and PCE values are 

reported in Table S1. 



 

Supplementary Fig. 13: PV parameters of LDP-based PSCs. 

a) VOC, b) JSC, c) FF and d) PCE box charts for the horizontal and vertical n=2 LDP-based solar cells. 

Sample size is 22. Whiskers limit the 1.5 interquartile range, the box identifies the 25th and 75th 

percentile and the horizontal line represents the mean value. 



 

Supplementary Fig. 14: Stability measurements of n=2 LDP-based PSCs. 

Maximum power point tracking (MPPT) for three different 2.0 eV wide bandgap single-junction 

PSCs plotted on a logarithmic time axis. The red curve shows the experimental results for the stability 

of the vertical n=2 LDP-based solar cell presented in this work. The data of the other two curves, 

related to 3D perovskite-based wide bandgap devices, have been reproduced from the literature (ref. 

3 and 4). 

 

Supplementary Fig. 15: PV parameters of semi-transparent LDP-based PSCs. 

a) VOC and b) FF box charts of semi-transparent PSCs fabricated employing the vertical LDP as active 

layer. Sample size is 25. Whiskers limit the 1.5 interquartile range, the box identifies the 25th and 75th 



percentile and the horizontal line and the empty square represent the median and mean values, 

respectively. 

 

SUPPLEMENTARY TABLES 

Supplementary Table 1: Literature review and positioning of this work in the field. 

Summary of the best efficiency reported in the literature for low-dimensional perovskite-based solar 

cells with different n-dimensionality. 

Dimensionality Voc (V) Jsc (mA/cm2) FF (%) PCE (%) Reference 

n = 1 0.76 1.61 29.30 0.36 5 

n = 1  0.91 2.65 46.70 1.13 6 

n = 1 1.09 5.73 54.00 3.39 7 

n = 1 1.01 6.98 0.69 4.90 8 

n = 2 1.08 2.92 53.41 1.68 5 

n = 2 1.40 10.60 63.20 9.37 this work 

n = 3 1.25 16.20 71.50 14.47 9 

n = 3 1.15 18.80 67.80 14.69 10 

n = 3 1.07 18.89 76.30 15.42 11 

n = 4 0.97 18.21 58.20 11.80 12 

n = 4   0.97 18.00 74.30 13.00 13 

n = 4 1.08 17.53 76.34 14.47 14 

n = 4 1.24 19.86 70.44 17.26 15 

n = 5 1.10 16.74 77.00 14.09 16 

n = 5 1.24 18.89 79.74 18.68 17 

n = 5  1.19 22.99 81.07 22.26 18 
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