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Computational Details 

DFT calculations have been carried out on the (001) MAPbI3 surface within the supercell approach 

using the Perdew-Burke-Ernzerhof (PBE) functional1. The plate consists of a 2x2 tetragonal supercell 

in the a and b periodic directions and five layers along the perpendicular non-periodic direction, with 

a 15 Å region of vacuum added in all cases. Starting from the flat PbI2- and MAI-terminated (001) 

surface, we have studied different substituents in the para positions of the aniline molecule as well as 

the coverage by adding an aniline molecule. The total passivation energy (EAds) is calculated 

following this equation:  

EAds = [Epass-slab – (Epristine – n*Aniline-R)]                      (1) 

where Epass-slab is the total energy of the aniline-R passivated slab; Epristine is the total energy of the 

pristine PbI2- or MAI-terminated bare surface and aniline-R is the energy of the isolated molecule. 

We normalize Etot by dividing by the number of molecules (n) corresponding to the number of 

undercoordinated Pb atoms on the two surfaces. Dispersion interactions are considered on the 

optimized geometries using the D3 approach of Grimme2. The aniline-R geometries have been 

optimized using 20x20x20 Å supercells, which are large enough to decouple long-range interactions.  

To calculate the dipole of each aniline derivates we used Gaussian implemented in the g09 software 

by fixing the position of the different molecules after optimization on the slab surface, to ensure the 

right orientation of the dipole and the corresponding vector components.  

In all cases, a symmetrical arrangement of the “passivants” on the outer layers of the plates was 

adopted, resulting in supercells with zero average dipole moments. This arrangement of organic 

cations (methylammonium iodide, MAI units) and molecules (aniline derivatives) ensured a flat 

electrostatic potential in the vacuum region of the supercells for all modelled plates. The energy 

positions of the valence band maxima (VBM) on differently terminated surfaces were quantified by 

calculating the associated ionization energy (IE). The IE is defined here as the energy required to 

extract electrons from the valence band and is distinguished from the work function of the slab, which 



is the energy required to extract electrons from the Fermi level and is significantly influenced by 

carrier densities and surface defects. IEs have been calculated by using the expression: 

IE = E(vac)– E(VMB)           (2) 

The bulk MAPbI3 VBMs used in equation 2 were obtained by matching the electrostatic potential in 

the slab to that in bulk MAPbI3. In equation 2 E(vac) is the potential in the vacuum, i.e. the sum of 

the pseudo and Hartree potentials (VPS + VH) in the vacuum region between periodic slabs, and 

E(VBM) is the energy of the top of the valence band of bulk MAPbI3. The PBE and hybrid HSE06 

functionals were used to calculate ionization energies (IEs) at different slab coverages. For the latter, 

spin-orbit coupling (SOC) was included, and the fraction of exact exchange was increased to α=0.43. 

Semi-local functionals such as PBE are insufficient to accurately describe the electronic properties of 

perovskites due to self-interaction errors. In contrast, the HSE06 functional with an increased exact 

exchange fraction of α=0.43, including SOC, provides an accurate estimate of the electronic 

properties of MAPbI3, in good agreement with state-of-the-art GW calculations and experimental 

results3. To evaluate the IEs at the HSE06-SOC level, we calculated the VBM shift relative to the 

PBE functional in bulk MAPbI3. Using the HSE06-SOC functional, the VBM energy was found to 

be downshifted by 0.5 eV relative to the PBE calculation, in agreement with previous results, as 

shown in table S1 and S2. This downshift at the hybrid SOC level for bulk MAPbI3 was then 

rigorously applied to the IE values calculated at the PBE level to obtain the HSE06-SOC. In order to 

calculate the quantity of charge transferred upon adsorption for the different substituent, we generated 

for each molecule a charge redistribution by subtracting to the bounded system the two part, molecule 

and perovskite respectively in their optimized geometry. We then compute the average along the z-

direction (the one perpendicular to the slab) in order to be able to calculate, by integrating along that 

direction, a physically meaning value for the charge transfer. As pointed out from the text and in 

figure S2, we noticed a linear dependency between the amount of charge transfer and the dipole along 

the z-direction. 



 PBE surface calculations have been performed by using norm conserving pseudopotentials (shells 

explicitly included in calculations: I 5s, 5p; N, C 2s, 2p; O 2s 2p; H 1s; Pb 6s, 6p, 5d) and a cutoff on 

the wavefunctions of 60 Ryd (240 Ryd on the charge density). Hybrid HSE06-SOC4 calculation on 

the unit cell of bulk MAPbI3 has been carried out by using full relativistic norm-conserving 

pseudopotentials (shells explicitly included in calculations: I 5s, 5p; N, C 2s, 2p; H 1s; Pb 5s, 5p, 5d, 

6s, 6p) with an energy cutoff on the wavefunctions of 60 Ryd and a 1x1x1 k-points grid in the BZ. 

All calculations were performed by using the Quantum Espresso package5.  

Table S1: Calculated band gap Egap at the PBE level and Ionization energies at the PBE/HSE06 (SOC) 

level of theory for all the slab-aniline derivates optimized with dispersion (D3). All calculations have 

been performed in the 2x2 supercell at the Γ point by using norm conserving pseudopotentials with a 

cutoff on the wavefunctions of 60 Ryd (240 Ryd on the charge density).  
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PBE (eV) 

IE
align

 

HSE06-SOC 

(eV) 

– NO2 1.52 6.09 5.99 6.50 

– CN 1.52 6.06 5.96 6.46 

PbI2-terminated 

surface 
1.45 5.82 5.84 6.34 

- F 1.51 5.70 5.62 6.12 

– H 1.51 5.57 5.48 5.98 

- NH2 1.54 5.41 5.29 5.79 

 

 

Table S2: Calculated band gap Egap at the PBE level and Ionization energies at the PBE/HSE06 (SOC) 

level of theory for all the slab-aniline derivates changing the amount of surface passivants All the 



structure were optimized with dispersions (D3). All calculations have been performed in the 2x2 

supercell at the Γ point by using norm conserving pseudopotentials with a cutoff on the wavefunctions 

of 60 Ryd (240 Ryd on the charge density).  
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HSE06-SOC 

(eV) 

PbI2-terminated  

surface (θ = 0.0) 

1.45 5.82 5.84 6.34 

1 aniline-H 1.51 5.57 5.48 5.98 

4 MAI (θ = 0.5) 1.78 5.30 4.94 5.44 

4 aniline-H 1.74 5.18 4.96 5.46 

8 aniline-NH2 1.93 4.802 4.44 4.94 

1 aniline-H + 7 MAI 1.88 4.74 4.46 4.96 

4 aniline-H + 4 MAI 1.86 4.78 4.44 4.94 

8 MAI (θ = 1.0) 1.90 4.78 4.44 4.94 

 

 

 

 

 

 

 

 



 

Figure S1: Calculated charge transfer versus Dipole moment for the different aniline derivatives.  

 

 

Figure S2: Projected density of states for the optimized structure of the different aniline derivates 

(shown in the insight). Color code: Pb cyan, I magenta, C grey, N blue, H orange, F yellow, O red 
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Figure S3: a-d) layered projected density of state of the PbI2-terminated, 4MAI, 4 NH2-aniline and 4 

NO2-aniline passivated surfaces, respectively, aligned to the vacuum as reported in the main text. e) 

optimized structure for the 4MAI passivated surface showing the different -PbI2 layers reported in 

the projected density with the associated symmetry.  

 


