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Computational Details 

DFT calculations. Density functional theory (DFT) calculations were carried out within the Quantum 

Espresso software package.1 We employed the PBE functional2 with scalar relativistic ultrasoft 

pseudopotentials,3 with valence electrons from 2s, 2p for O, N, and C; 1s for H; 5s, and 5p for I; 6s, 

6p, and 5d for Pb; 3s, 3p for S. Plane-wave basis set cutoffs for the smooth part of the wave functions 

and the augmented density were set to 25 and 200 Ry, respectively. Starting from the experimental 

XRD structures (NBT2PbI4 from ref. 4; MTEA2PbI4 derived from ref. 5 (CIF can be found as 

supplementary document); PEA2PbI4 from ref. 6; I-PMA2PbI4 from ref. 7; ABA2PbI4 from ref. 8), 

geometry optimization has been carried out with fixed cell parameters and followed by single point 

calculations for including Grimme D3 dispersion corrections.9 A k-point grid 4×4×1 was used with 

4 points along the two short periodic directions and 1 point along the long stacking direction. The 

PMA2PbI4* structure was generated starting from the optimized I-PMA2PbI4 geometry, replacing the 

I atoms of the aromatic ring with H and subsequent relaxation while keeping cell parameter and all 

atom positions expected the replaced H fixed in order to understand the explicit role of halogen at 

exactly the same geometry. 

Decomposition of passivation energy. The total passivation energy (ΔETot) was decomposed into 

intermolecular and adsorption contributions ΔEAggr and ΔEAds, respectively. ΔEAggr gives the 

intermolecular interaction energy associated with the formation of the organic layer; ΔEAds represents 

the interaction energy between the organic and the inorganic layer. 

The total passivation energy (ΔETot) is calculated following 

ΔETot = [Ebulk – (Ecut + 4×Emol)]/4 

where Ebulk is the total energy of the perovskite supercell, Ecut is the total energy of the supercell after 

removal of one organic layer, and Emol is the energy of AI (A=NBT, MTEA, PEA, I-PMA, PMA, 

ABA) as a single salt molecule. Please refer to Figure S1. We normalize ΔETot by the number of 

organic molecules, i.e. 4 in our case, which also correspond to the number of the undercoordinated 

Pb atoms on the remaining slab. 

The aggregation energy (ΔEAggr) is calculated as follows: 

ΔEAggr = (Elayer – 4×Emol)/4 

where Elayer is the single point energy of one organic layer that has been taken from the perovskite 

supercell. Note that Elayer is normalized by the number of organic salt molecules, i.e. 4, within the 

organic layer. 

ΔEAds is calculated directly as the difference between ΔETot and ΔEAggr: 

    ΔEAds = ΔETot – ΔEAggr 
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ΔELayer is the interaction energy between 1/2Layer1 and 1/2Layer2, see Figure S1, normalized by 

the number of organic molecules: 

ΔELayer = (Elayer  – E1/2Layer1 –  E1/2Layer2)/4 

 

Finally, ΔEInter is the intermolecular interaction in the E1/2layer1 per organic molecule: 

ΔEInter = E1/2Layer1 – 2×Emol 

To clearly describe the structure associated to Ebulk, Ecut, Elayer, E1/2Layer1, E1/2Layer2 we refer to Figure 

S1. All calculated quantities are reported in Table S1. 

 

Table S1. Decomposition of the chemical interaction in 2D metal-halide perovskites. Interaction 

energies are calculated in eV with and without including DFT-D3 dispersion contribution. The 

difference between the values calculated with and without D3 are also reported. 

  ΔETot ΔEAggr ΔEAds ΔELayer ΔEInter 

NBT2PbI4 

w/o D3 -1.82 -1.16 -0.66 0.03 -1.19 

D3 -2.63 -1.56 -1.08 -0.12 -1.43 

Diff. -0.81 -0.40 -0.42 -0.15 -0.24 

MTEA2PbI4 
w/o D3 -1.62 -1.06 -0.56 0.04 -1.10 

D3 -2.60 -1.60 -1.00 -0.21 -1.38 

Diff. -0.97 -0.54 -0.44 -0.25 -0.28 

PEA2PbI4 

w/o D3 -1.95 -1.28 -0.67 0.03 -1.31 

D3 -2.96 -1.85 -1.11 -0.14 -1.71 

Diff. -1.01 -0.57 -0.43 -0.16 -0.41 

I-PMA2PbI4 

w/o D3 -1.76 -1.12 -0.64 0.04 -1.16 

D3 -2.93 -1.84 -1.10 -0.30 -1.53 

Diff. -1.18 -0.72 -0.46 -0.35 -0.37 

 

PMA2PbI4* 

 

w/o D3 -1.79 -1.13 -0.66 -0.01 -1.12 

D3 -2.65 -1.56 -1.10 -0.11 -1.44 

Diff. -0.87 -0.43 -0.44 -0.10 -0.33 

ABA2PbI4 
w/o D3 -2.85 -2.06 -0.79 -0.80 -1.26 

D3 -3.90 -2.65 -1.24 -1.10 -1.55 

Diff. -1.05 -0.60 -0.45 -0.31 -0.29 
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Figure S1. Schematic representation of the structural decomposition for the evaluation of the 

interaction energies.  

 

To verify the absence of artificial electrostatic interactions upon cutting the perovskite slabs, we 

investigate the planar averaged electrostatic potential along the plane stacking direction for the A2PbI4 

bulk, as well as the Cut and Layer constituents in the structural decomposition process, see Figure 

S1. In Figure S2, we visualize the electrostatic potential for PEA2PbI4 and ABA2PbI4. The 

electrostatic potential of the constituents follows the ones of the bulk and, most importantly, remains 

completely flat in the removed regions. Thus, we may rule out the presence of artificial electrostatic 

interactions in the structural decomposition.  

 

 

Figure S2.  Planar electrostatic potential, averaged along the plane stacking direction, for (a) 

PEA2PbI4 and (b) ABA2PbI4. In blue and red color, the electrostatic potential of the Cut and Layer 

constituents are visualized.  
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Validation of interaction energies for non-local exchange correlation functionals. To understand 

potential limitations when using the semilocal PBE functional plus D3 dispersion interactions, we 

calculate each interaction energy using the non-local exchange-correlation functional optB88-vdW10-

13 for PEA2PbI4 and ABA2PbI4 as two of our examples using the optB88-vdW functional within the 

Quantum Espresso software package. We observe a comparable change in ΔETot when using the 

optB88-vdW of 0.32 eV for PEA and of 0.38 eV for ABA with respect to the PBE+D3 values, see 

Table S2. The change in ΔETot is evenly distrib ted between ΔEAggr and ΔEAds. Consequently, trends 

predicted from PBE+D3 calculations hold also when employing more advanced models, while the 

absolute values of interaction energies increase equally for all considered cations. 

 

Table S2. Decomposition of the chemical interaction in 2D metal-halide perovskites for A = PEA 

and ABA. Interaction energies are calculated in eV using the PBE+D3 and the non-local optB88-

vdW exchange correlation functional. The difference between the values calculated with PBE+D3 

and optB88-vdW are also reported. 

  ΔETot ΔEAggr ΔEAds ΔELayer ΔEInter 

PEA2PbI4 

PBE+D3 -2.96 -1.85 -1.11 -0.14 -1.71 

optB88-vdW -3.28 -2.00 -1.28 -0.22 -1.78 

Diff. -0.32 -0.15 -0.17 -0.08 -0.07 

ABA2PbI4 
PBE+D3 -3.90 -2.65 -1.24 -1.10 -1.55 

optB88-vdW -4.28 -2.85 -1.42 -1.23 -1.62 

Diff. -0.38 -0.20 -0.18 -0.13 -0.07 

 

 

Solvation free energies. To evaluate the cation solvation free energies (ΔGsolv) reported in Table 1, 

we carried out with Gaussian09 program package.14 The geometry optimization in water (Gsolv) using 

the C-PCM model,15 followed by a single point in vacuo (Gvac). The ΔGsolv is calculated as a difference 

between Gsolv – Gvac. These quantities are calculated employing B3LYP functional16 along with 6-

31g* basis set and, only for I species in I-PMA+, we used lanl2dz17 and related lanl2 pseudo potential. 
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