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Figure 1S: Optical microscope images for layered PSCs ((R)2(MA)n-1PbnBr3n+1, n=50) where 
(A)  R= benzyl ammonium; (B) phenylethyl ammonium; (C) propylphenyl ammonium; (D) 
3D (MAPbBr3). 

R Voc (v) Jsc (mA/cm2) FF (%) Efficiency (%)

BA 1.18 ± 0.04
 (1.24)

8.2 ± 0.6
 (8.8)

64 ± 2
(67)

6.1 ± 0.1
(7.3)

PEA 1.28 ± 0.01
 (1.28)

7.9 ± 0.4
(7.4)

56 ± 5
(64)

5.6 ± 0.4
(6.1)

PPA 1.15 ± 0.01
 (1.14)

7.3 ± 0.2
(7.5)

57 ± 3
(64)

4.8 ± 0.2
(5.1)

Table 1S: Average photovoltaic results for HTM free PSCs with layered perovskite (R)2(MA)n-

1PbnBr3n+1 were n=40. 
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R Voc (v) Jsc (mA/cm2) FF (%) Efficiency (%)

BA 1.17 ± 0.05
(1.14)

8.6 ± 0.8
(9.7)

62 ± 3
(66)

6.2 ± 0.5
(7.3)

PEA 1.23 ± 0.03
 (1.25)

8.1 ± 0.8
(8.2)

55 ± 5
(62)

5.4 ± 0.3
(6.3)

PPA 1.15 ± 0.01
 (1.16)

8.5 ± 0.3
 (8.7)

60 ± 2
(60)

5.8 ± 0.2
(6.1)

Table 2S: Average photovoltaic results for HTM free PSCs with layered perovskite (R)2(MA)n-

1PbnBr3n+1 were n=60. 

Figure 2S: Exciton binding energies according to Elliott formula. 



Figure 3S: Cross-section HR-SEM images of the HTM-free PSCs. (A) BA as the barrier. (B) 

PEA as the barrier. (C) PPA as the barrier. (D) No barrier. 

Figure 4S: (A) DFT simulations of the optimized geometries presenting the distances between 
the perovskite layers (Br-Br) for the different studied barriers. (e.g. BA, PEA, PPA) for n=1 
and for (B) n=4. 





Figure 5S: Electronic structures of the studied systems, for the valence (left) and conduction 
(right) bands manifold, plotted in the directions perpendicular to the photo-current direction 
upper figure and in the directions across the heterostructures bottom figure. The color 
projections denote the contribution of the Wannier functions centred at the molecules. (for 
n=4).



Figure 6S: The differential electronic density (∆n) mapped on the plane-cut through the PbI-
frame for the three barriers. The positive value means the electron-rich region and the negative 
value means the deficit of electrons (i.e. the positive charge). The legend is the same for all 
cases.

Figure 7S: Hysteresis J-V curves for layered PSCs ((R)2(MA)n-1PbnBr3n+1, n=50) were R= 
benzyl ammonium (A)/ phenylethylammonium (B) or phenylpropylammonium (C) and 3D 
PSC (MAPbBr3) (D). 

Figure 8S: (A) EQE and J–V curves of the cells observed for quasi-2D (n=50) and 3D 
perovskite with the use of spiro as a hole transport layer. (B) J–V curves of quasi-2D (n=50) 
perovskite at different scan rates. 



Figure 9S: Contact angle images of the initial and the final (saturated angle) drop for the 
studied barriers molecules. 

Figure 10S: J–V curves of the best-performing cells observed for quasi-2D (n=50) and 
3D perovskite without HTM. 

      



Figure 11S: Stability measurements of the studied cells when stored in the glove box and 
measured under ambient air. 



Theoretical calculations 

Technical details

The excitonic binding, Eb, energies were obtained from a fit of the absorbance spectra to the 
phenomenological spectrum of the Elliott formula [1], which contains the band gap and 
dispersion parameters for the excitonic and continuum transitions, respectively. The position 
of the absorbance peak is shifted to the “red”, with respect to the band gap, by the binding 
energy of the exciton. While the electrical band gap is not known from the optical experiment, 
the same Eb parameter is sensitive to the relative difference between the maximum of the first 
absorption peak and the minimum before the continuum shoulder. Thus, an experienced eye 
can see, even without calculations, that the excitons are more bound for n=1 than for n=50. 
Smaller contribution to Eb is correlated with the width of the absorption peak; Eb is higher for 
n=1 and PPA than for smaller molecules.

The electronic structure calculations were performed with the density functional method [2] 
implemented in the Quantum ESPRESSO code [3], which rests on the pseudopotentials for the 
atomic cores and plane waves. The generalized gradient approximation for the exchange-
correlation functional was chosen for Perdew, Burk and Ernzerhof [4]. The kinetic energy 
cutoff for the wave functions was
set to 60 Ry. The geometries were optimized with the Broyden-Fletcher- Goldfarb-Shanno 
algorithm [5] until forces were smaller than 7·10-3 eV/Å . The band structures were accurately 
interpolated with the use of the maximally-localized Wannier functions [6,7] obtained with the 
wannier90 package [8]. The same numerical tool was used for the electrical conductivity 
calculations according to the Boltzmann semiempirical equations, which base on the energy 
bands dispersions [9] within the constant relaxation time approximation time assumed for 10 
fs for all cases.
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