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A. Charges 

In order to evaluate the performance of the electronegativity equalization method 

(EEM)
1-5

 for h-BN we compare the effective atomic charges obtained using the EEM 

with our parameterization for a set of B-N-H molecules to Mulliken atomic charges 

obtained at the B3LYP/6-31G** level of theory as implemented in the Gaussian suite 

of programs.
6,7

 In what follows, all charges are given in units of the elementary charge. 

As can be seen below, good agreement between the first principles results and the 

EEM is obtained for all molecules considered using our parameterization. 

 

Borazine:  

 
Figure S1: Definition of various atomic positions in the borazine molecule 

 

Atom B3LYP EEM 

B 0.30 0.32 

N -0.47 -0.5 

H1 0.25 0.19 

H2 -0.08 -0.01 

Table S1: Partial effective atomic chargers of borazine as calculated via DFT at the 

B3LYP/6-31G** level of theory using the Mulliken charge analysis and the re-

parameterized EEM method. 
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BNH2: 

 
Figure S2: Definition of various atomic positions in the BNH2 molecule 

 

Atom B3LYP EEM 

B 0.14 0.22 

N -0.4 -0.47 

H1 0.26 0.26 

H2 0.0 0.01 

Table S2: Partial effective atomic chargers of BNH2 as calculated via DFT at the 

B3LYP/6-31G** level of theory using the Mulliken charge analysis and the re-

parameterized EEM method. 

 

 

 

 

BNH4:  

 
Figure S3: Definition of various atomic positions in the BNH4 molecule 

 

Atom B3LYP EEM 

B 0.16 0.18 

N -0.53 -0.57 

H1 -0.07 -0.01 

H2 0.26 0.2 

Table S3: Partial effective atomic chargers of BNH4 as calculated via DFT at the 

B3LYP/6-31G** level of theory using the Mulliken charge analysis and the re-

parameterized EEM method. 
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H2B-NH-BH2: 

 
Figure S4: Definition of various atomic positions in the B2NH5 molecule 

 

Atom B3LYP EEM 

B 0.19 0.18 

N -0.39 -0.52 

H1 -0.07 -0.01 

H2 -0.05 0.0 

H3 0.25 0.21 

Table S4: Partial effective atomic chargers of B2NH5 as calculated via DFT at the 

B3LYP/6-31G** level of theory using the Mulliken charge analysis and the re-

parameterized EEM method. 

 

H2N-BH-NH2: 

 
Figure S5: Definition of various atomic positions in the N2BH5 molecule 

 

  Atom B3LYP EEM 

N -0.6 -0.56 

B 0.35 0.31 

H1 0.23 0.21 

H2 0.25 0.19 

H3 -0.1 0.0 

Table S5: Partial effective atomic chargers of BN2H5 as calculated via DFT at the 

B3LYP/6-31G** level of theory using the Mulliken charge analysis and the re-

parameterized EEM method. 
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B. B-N-H ReaxFF parameters: 

In the present implementation, the h-BN ILP is used in conjunction with the 

ReaxFF for describing the intra-layer interactions of molecular h-BN derivatives. 

According to our calculations, the original ReaxFF parameterization, as presented in 

Ref. 8, somewhat overestimates the optimal B-N bond length in the borazine molecule 

giving a value of 1.5 Å as compared to the B3LYP/6-31G** value of 1.43 Å. 

Furthermore, this set of parameters results in qualitatively and quantitatively poor 

torsional strain energy curves for the BNH4 molecule compared to those obtained from 

DFT calculations. Therefore, in order to improve the description of the ReaxFF for the 

intra-layer interactions in h-BN molecular derivatives, the parameterization of the 

ReaxFF for B-N-H molecular systems presented in Ref. 8 is somewhat modified. We 

note that this re-parameterization is performed with the aim to maintain the good 

agreement between ReaxFF and first-principles results as obtained in the original 

derivation of the force field. In what follows, we present the modified parameters 

corresponding to the ReaxFF equations as described in Ref. 9. The original value of 

each modified parameter is given in red in parentheses for comparison purposes. In the 

next section, the performance of the force filed with the modified parameters is 

demonstrated. 

 

General parameters: 

Atom Mass (a.m.u) Val Vale Valboc nlp,opt 

H 1.0080 1.0 1.0 1.0 0.0 

B 10.811 3.0 3.0 3.0 0.0 

N 14.0 3.0 5.0 4.0 1.0 

Table S6: General parameter values used in the ReaxFF force field for B-N-H 

molecules. 

 

          50.0            0.3989 

          9.4569            3.9954 

          56.6636     - 
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           3.0             5.8374 

           6.5             10.0 

        50.0             1.882 

            1.0701     - 

           15.0            2.1861 

            11.9083            1.5591 

             13.3822                0.01 

            -24.671            0.7151 

         0.0              2.7425 

         20.0 (10.0)              12.5819 

    -            2.1533 

           33.8667     - 

          5.8971     - 

           1.0563     - 

            2.0384     - 

    -            1.4155 

           6.929   

Table S7: General parameter values used in the ReaxFF force field for B-N-H 

molecules. 

Bond order term: 

Bond                               

HH -0.0113 5.6991 - - - - 

BB -0.0691 5.8065 

(5.0065) 

-0.2 15.0 - - 

BH -0.0722 6.255 

(5.1245) 

- - - - 

BN -0.165 7.0248 

(6.5248) 

-0.2935 10.2737 - - 

NN -0.1884 7.7 

(5.6414) 

-0.4426 8.2367 -0.282 12.0357 

NH -0.0491 6.4 

(5.7202) 

- - - - 

Table S8: Parameter values used in the bond order term of the ReaxFF force field for 

B-N-H molecules. 
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Bond   
 (Å)   

 (Å)   
  (Å)   

      

      

 

  
      

      

  
       

      

HH 0.6867 - - 165.7021 - - 

BB 1.3484 1.0 - 109.1015 - - 

BH 1.1948 

(1.1648) 

- - 167.4103 

(177.4103) 

- - 

BN 1.38 

(1.4037) 

1.2273 

(1.2073) 

- 153.9715 

(143.9715) 

94.2037 - 

NN 1.39 

(1.552) 

1.2641 1.12 

(1.0972) 

135.587 

(104.5870) 

85.8215 151.8152 

NH 1.065 

(0.9496) 

- - 231.8918 - - 

Table S9: Parameter values used in the bond order term of the ReaxFF force field for 

B-N-H molecules. 

 

Bond F1(ovc)           Atom                   

HH 0 -0.8328 6.5603 H 3.2094 

(4.8714) 

3.9714 

(6.1752) 

0.0009 

BB 1 1.0 0.8313 B 4.5 

(6.8208) 

3.6 

(4.0943) 

1.0943 

BH 1 -0.4601 9.2806 N 2.0645 

(2.7645) 

2.5862 2.6432 

BN 1 0.2868 0.5585     

NN 1 -0.9395 0.3279     

NH 0 -0.7398 9.1469     

Table S10: Parameter values used in the bond order term of the ReaxFF force field for 

B-N-H molecules. 

 

Lone pair term: 

Atom      

H 0.0 

B 0.0 

N 29.92 

Table S11: Parameter values used in the lone-pair term of the ReaxFF force field for 

B-N-H molecules. 
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Over/Under-coordination term: 

Bond 
        

    

   
  

Atom                 

HH 0.3597 H -15.7683 0.0 

BB 0.1 B -3.6082 7.2404 

BH 0.4971 N -6.434 27.4217 

BN 0.1083      

NN 1.0      

NH 0.4224      

Table S12: Parameter values used in the over/under coordination term of the ReaxFF 

force field for B-N-H molecules. 

 

Valance Angle term: 

Angle                             
 
 Atom       

NNH 28.255 

(24.255) 

2.3034 1.04 0.1 82.7 

(72.7618) 

H 2.1504 

HNH 30.9831 

(27.9831) 

4.0538 1.2487 0.7544 79.5836 

(85.5836) 

B 1.8 

NNN 20.6158 3.9104 1.05 1.7772 73.9146 N 2.6491 

HNB 30.9131 

(14.9131) 

0.529 1.04 0.1 60.0 

(55.0) 

Atom       

BNB 30.87 0.844 1.0576 3.0 47.0 

(50.0) 

H 2.8793 

NNB 40.0 4.0 1.25 1.0 70.0 B 2.8413 

NHH 10.0019 1.0 1.04 0.0 0.0 N 2.8793 

NHN 5.0 2.0 1.04 0.0 0.0   

HHH 27.9213 5.8635 1.04 0.0 0.0   

BHB 5.0 1.0 1.04 1.0 0.0   

BHH 5.0019 1.0 1.5 0.0 0.0   

NHB 9.698 1.0 1.04 1.0 0.0   

HBB 32.2012 4.7029 1.04 3.0 59.0 

(55.0) 

  

BBB 35.0 3.0 1.01 1.5 70.0   
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NBN 40.0571 

(38.0571) 

4.2562 1.3861 1.1083 65.3075 

(72.3075) 

  

NBB 40.0 6.0 1.04 3.0 50.0   

HBN 2.5 0.1 2.2627 0.1 48.0 

(55.0) 

  

HBH 14.6089 2.3811 3.0 3.0 57.5987 

(62.5987) 

  

Table S13: Parameter values used in the valence angle term of the ReaxFF force field 

for B-N-H molecules. 

 

Torsion angle: 

Atom V1 
    

   
  V2 

    

   
  V3 

    

   
              

XBBX 0.25 50.0 0.3 -7.5  0.0 

XBNX -2.0 90.3351 

(19.3351) 

0.3228 -3.4735  

 (-5.4735) 

0.0 

XBHX 0.0 0.0 0.0 0.0  0.0 

XHHX 0.0 0.0 0.0  0.0 0.0 

XHNX 0.0 0.1 0.02  -2.5415 0.0 

XNNX -2.0 88.4048 

(24.4048) 

-0.2617 -3.3327  -2.0 

Table S14: Parameter values used in the torsion angle term of the ReaxFF force field 

for B-N-H molecules. 

 

Intra-layer van der-Waals term: 

In addition to the vdW energy term detailed in Ref. 9 (    ), the LAMMPS code 

implementation adds an inner shield function.
12,13

 The functional form of this shield 

function is:                      
          

   

     
  

 

and the final form of the intra-layer vdW term is given by: 
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In the following table, we present the parameters of      and the inner shield term that 

are used in our implementation. 

Atom   rvdW(Å) DvdW 
    

   
  

Atom rcore ecore acore       

HH 9.385 1.3525 0.0616 H 0.6 0.1 10.0 5.0013 

BB 12.4662 1.65 

(1.8276) 

0.05 B 1.4 0.1 12.0 2.6721 

BH 11.2019 1.501 0.0566 

(0.526) 

N 1.4 0.1 10.0 7.6886 

BN 10.7561 1.7 0.0564 

NN 10.0667 1.7695 0.1375 

NH 10.5106 1.647 0.0567 

(0.0367) 

    

Table S15: Parameter values used in the intra-layer van der-Waals term of the ReaxFF 

force field for B-N-H molecules. 

 

Coulomb term: 

Atom                  

H 10.2 (6.5362) 7.0327     (0.7492) 

B 13.0 (6.8775) 6.7020 0.7 (0.9088) 

N 10.0 (8.1308) 7.0 0.69 (1.0) 

Table S16: Parameter values used in the Coulomb term of the ReaxFF force field for 

B-N-H molecules. 

 

 

 

 

 

 

 



11 

 

C. Intra-layer B-N-H Molecular Benchmark 

Tests  

Here, we present benchmark tests for the performance of the ReaxFF using the new 

set of parameters as detailed above for describing various equilibrium geometries, 

bond dissociation energies, valance angles strain, and torsional angles strain of several 

B-N-H molecules. The DFT data presented below is taken from Refs. 8,10,11 and our 

own calculations utilizing the Gaussian suit of programs
7,12

 at the B3LYP/6-31G** 

level of theory. The Benchmark tests are carried out by an initial optimization of the 

molecular structure followed by single point calculations at each strained 

configuration. In what follows, we present results of our calculations using our local 

implementation of the ReaxFF with the modified parameters against results of the 

original ReaxFF implementation within the LAMMPS code 
13,14

 and the DFT results. 

 

Molecular geometries: 

We start by comparing optimal bond lengths and valence angles of various B-N-H 

molecules, including borazine, which can be thought of as the smallest h-BN molecular 

derivative, as obtained using DFT, the LAMMPS code,
13,14

 and our implementation of 

the ReaxFF with the modified parameters presented above. As can be seen in Tab. 17 

below, in most cases considered our new parameterization results in improved 

agreement with the first-principle geometries as compared to the LAMMPS results. 

Molecule Angle/Bond DFT* Our parameterization LAAMPS 

     

H2B-BH2     

 B-B(A) 1.74 1.76 1.89 

 B-H(A) 1.19 1.16 1.16 

 < H-B-H(degrees) 116.20 117.27 110.35 

BH3     

 B-H(A) 1.19 1.17 1.17 

 < H-B-H(degrees) 120.00 120.00 120.00 

B3N3H6 
(borazine) 

    

 B-N(A) 1.43 1.45 1.50 

 B-H(A) 1.19 1.19 1.18 

 N-H(A) 1.01 1.00 0.89 
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 < B-N-B(degrees) 122.90 122.50 122.40 

 < N-B-N(degrees) 117.10 117.45 117.50 

 
H2B-NH2 

    

 B-N(A) 1.39 1.43 1.40 

 B-H(A) 1.19 1.18 1.18 

 N-H(A) 1.01 1.02 0.96 

 < H-B-H(degrees) 119.90 118.40 118.60 

 < H-B-N(degrees) 121.80 120.70 120.60 

 < H-N-B(degrees) 123.20 126.60 116.50 

 < H-N-H(degrees) 113.40 106.70 109.60 

HB-NH     

 B-N(A) 1.23 1.20 1.22 

 B-H(A) 1.17 1.17 1.18 

 N-H(A) 0.99 0.98 0.90 

 < H-B-N(degrees) 180.00 180.00 174.40 

H2B-NH-BH2     

 B-N(A) 1.42 1.44 1.43 

 B-H(A) 1.19 1.18 1.18 

 N-H(A) 1.02 1.00 0.90 

 < B-N-B(degrees) 126.40 128.70 125.50 

H2N-BH-NH2     

 B-N(A) 1.42 1.42 1.43 

 B-H(A) 1.20 1.19 1.19 

 N-H(A) 1.01 1.02 0.96 

 < N-B-N(degrees) 123.20 120.20 120.20 

     

Molecule Angle/Bond DFT** Our code LAMMPS 

H2N-NH2     

 N-N(A) 1.49 1.48 1.51 

 N-H(A) 1.02 1.01 0.98 

 < N-N-H(degrees) 103.30 104.50 110.70 

 < H-N-H(degrees) 102.20 107.20 111.30 

NN     

 N-N(A) 1.11 1.10 1.09 

HNNH     

 N-N(A) 1.25 1.25 1.24 

 N-H(A) 1.04 1.01 0.90 

 < H-N-N(degrees) 106.00 112.00 119.60 

 

*   DFT data from reference 10. 

** DFT data from reference 11. 

Table S17: Equilibrium geometrical parameters obtained using the ReaxFF with the 

original parameterization, the modified parameters, and DFT benchmark calculations. 
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B-B bond dissociation in B2H4: 

The dissociation curve of the B-B bond in the B2H2 molecule as calculated using the 

modified ReaxFF parameters (left panel of Fig. S6) fits well the original 

parameterization results, as well as DFT benchmark data, calculated at the B3LYP/6-

311G** level of theory, of Ref. 10 (right panel of Fig. S6). 

 

Figure S6: Comparison of the B-B bond dissociation curve in the B2H4 molecule as 

calculated using the modified ReaxFF parameters (left panel) and the original 

parameterization results, as well as DFT benchmark data, calculated at the B3LYP/6-

311G** level of theory in Ref. 10(right panel).  

 

 

BNH2 and BNH4 bond dissociation: 

 

The dissociation curve of the B-N bond in the BNH2 and BNH4 molecules as 

calculated using the modified ReaxFF parameters (left panel of Fig. S7) fits well the 

original parameterization results, as well as DFT benchmark data, calculated at the 

B3LYP/6-311G** level of theory, of Ref. 8 (right panel of Fig. S7). 
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Figure S7: Comparison of the B-N bond dissociation curve in the BNH2 and BNH4 

molecules as calculated using the modified ReaxFF parameters (left panel) and the 

original parameterization results, as well as DFT benchmark data, calculated at the 

B3LYP/6-311G** level of theory in Ref. 8 (right panel). 

 

 

 

N2 bond dissociation: 

The dissociation curve of the N-N bond in the N2 molecule as calculated using the 

modified ReaxFF parameters (left panel of Fig. S8) fits well the original 

parameterization results, as well as DFT benchmark data of Ref. 11 (right panel of Fig. 

S8). 

 

Figure S8: Comparison of the N-N bond dissociation curve in the N2 molecule as 

calculated using the modified ReaxFF parameters (left panel) and the original 

parameterization results, as well as DFT benchmark data of Ref. 11 (right panel).  
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N2H2 bond dissociation: 

The dissociation curve of the N-N bond in the N2H2 molecule as calculated using 

the modified ReaxFF parameters (left panel of Fig. S9) fits well the original 

parameterization results, as well as DFT benchmark data of Ref. 11 (right panel of Fig. 

S9). 

 

Figure S9: Comparison of the N-N bond dissociation curve in the N2H2 molecule as 

calculated using the modified ReaxFF parameters (left panel) and the original 

parameterization results, as well as DFT benchmark data of Ref. 11 (right panel).  

 

N2H4 bond dissociation: 

In the case of the dissociation curve of the N-N bond of the N2H4 molecule the 

modified ReaxFF parameterization (left panel of Fig. S10) provides a somewhat worse 

agreement with the DFT benchmark data of Ref. 11 than the original parameterization 

results (right panel of Fig. S10). 

 

Figure S10: Comparison of the N-N bond dissociation curve in the N2H4 molecule as 

calculated using the modified ReaxFF parameters (left panel) and the original 

parameterization results, as well as DFT benchmark data of Ref. 11 (right panel). 
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H-B-H valance angle strain energy: 

H-B-H valence angle strain energy as calculated using the modified ReaxFF 

parameters (left panel of Fig. S11) fits well the original parameterization results, as 

well as DFT benchmark data, calculated at the B3LYP/6-311G** level of theory, of 

Ref. 10 (right panel of Fig. S11). 

 

Figure S11: Comparison of the H-B-H valence angle strain energy curve as calculated 

using the modified ReaxFF parameters (left panel) and the original parameterization 

results, as well as DFT benchmark data, calculated at the B3LYP/6-311G** level of 

theory in Ref.10  (right panel). 

 

 

 

N-B-N and B-N-B valance angle strain energies: 

N-B-N and B-N-B valence angle strain energies in the H2-N-BH-N-H2 and H2-B-

NH-B-H2 molecules, respectively, as calculated using the modified ReaxFF parameters 

(left panel of Fig. S12) fits well the original parameterization results, as well as DFT 

benchmark data, calculated at the B3LYP/6-311G** level of theory, of Ref. 8 (right 

panel of Fig. S12). 
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Figure S12: Comparison of the N-B-N and B-N-B valence angle strain energy curves 

of the H2-N-BH-N-H2 and H2-B-NH-B-H2 molecules, respectively, as calculated using 

the modified ReaxFF parameters (left panel) and the original parameterization results, 

as well as DFT benchmark data, calculated at the B3LYP/6-311G** level of theory in 

Ref. 8 (right panel).  

 

N2H4 torsional strain energy: 

The N2H4 torsional strain energy curve as calculated using the modified ReaxFF 

parameters (red curve) somewhat overestimates the DFT benchmark data (black 

curve), calculated at the B3LYP/6-31G** level of theory. The original ReaxFF 

parameterization (green curve) as implemented in the LAMMPS code, on the other 

hand, seems to considerably underestimate the strain energy curve. 

 

Figure S13: N2H4 torsional strain energy curve as calculated using the modified 

ReaxFF parameters (red-curve), the original parameterization results as implemented 

in the LAMMPS code (green curve), and DFT benchmark data calculated at the 

B3LYP/6-31G** level of theory (black curve). 
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N2H2 torsional strain energy: 

The N2H2 torsional strain energy curve as calculated using the modified ReaxFF 

parameters (red curve) fits well the DFT benchmark data (black curve), calculated at 

the B3LYP/6-31G** level of theory. 

 

Figure S14: N2H2 torsional strain energy curve as calculated using the modified 

ReaxFF parameters (red-curve), DFT benchmark data calculated at the B3LYP/6-

31G** level of theory (black curve) and LAMMPS (green curve). 

 

 

 

BNH4 torsional strain energy: 

The BNH4 torsional strain energy curve as calculated using the modified ReaxFF 

parameters (red curve) corresponds well to the DFT benchmark data (black curve), 

calculated at the B3LYP/6-31G** level of theory. The original ReaxFF 

parameterization (green curve), as implemented in the LAMMPS code, considerably 

underestimates the strain energy. 
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Figure S15: BNH4 torsional strain energy curve as calculated using the modified 

ReaxFF parameters (red-curve), the original parameterization results as implemented 

in the LAMMPS code (green curve), and DFT benchmark data calculated at the 

B3LYP/6-31G** level of theory (black curve). 

 

 

D. Hirshfeld volumes approximation 

As described in the main text, the DFT+TS-vdW calculations for the binding energy 

curves of the largest h-BN flake considered (Fig. 2(IV)) and for the sliding energy of 

borazine on h-BN (Fig. 3(a)) have been performed using an approximation of fixed 

values for the Hirshfeld volumes. The fixed values used in these calculations (see Tab. 

S18) were chosen as the average of the highest and lowest Hirshfeld volumes obtained 

by the full TS-vdW corrected DFT scheme, as implemented in FHI-aims, when 

performing the binding energy calculations of the smaller dimer systems 

considered.
15,16

  

 

Table S18: Unit less parameters used in the TS-vdW DFT correction: Average values 

of the relative Hirshfeld volumes (
    

     
),  , and   . 

 

    
      

      
           

0.865 
0.768 0.617 0.84 20.0 
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In order to evaluate the effect of this approximation we compare in Fig. S16 the 

binding energy curve of the borazine dimer as calculated using the full TS-vdW 

scheme and the fixed Hirshfeld volumes approach. As can be seen, the deviation along 

the full binding energy curve are minor with equilibrium distance and binding energy 

differences of 1.78 % (0.07 Å) and 5.29 % (0.39 meV/atom), respectively. 

 
Figure S16: Binding energy curves for the borazine dimer obtained at the B3LYP level 

of theory using FHI-aims with the full TS-vdW scheme (black) and Gaussian + TS-

vdW correction with fixed average Hirshfeld volumes (red). 

 

Furthermore, we compare in Fig. S17 the sliding energy profile of a borazine 

molecule on-top of a 8x10 h-BN flake (see Fig. 3(d) of the main text) along the X axis 

direction calculated using Gaussian at the B3LYP/6-31G** level of theory and the TS-

vdW correction with Min, Max, and average values of the fixed Hirshfeld volumes. As 

can be clearly seen, the sliding energy profiles, calculated using the various fixed 

Hirshfeld volumes values, differ by less than 3.94 % (0.003 eV) along the full sliding 

path. 



21 

 

 
Figure S17: Sliding energy profile of a borazine molecule on-top of a 8x10 h-BN flake 

(see Fig. 3(d) of the main text) along the X axis direction, calculated using Gaussian at 

the B3LYP/6-31G** level of theory and the TS-vdW correction, with Min (red), Max 

(green) and average (black) values of the fixed Hirshfeld volumes. These values were 

extracted from the binding energy calculations of the small h-BN molecular derivative 

dimers calculated using the full TS-vdW scheme as implemented in FHI-aims (see 

main text). 

 

E. Basis Set Superposition Error Tests 

When performing binding energy calculations, basis set super position errors 

(BSSE) may become important. In order to evaluate their effect in the present study we 

have performed binding energy curves calculations for the borazine dimmer with and 

without the counterpoise (CP) BSSE correction
17,18

 using both the FHI-AIMS and the 

Gaussian codes. These calculations have been performed using the B3LYP functional 

approximation with the full TS-vdW scheme and the tier-2 basis set with tight 

convergence conditions in the FHI-AIMS calculations and TS-vdW with fixed 
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Hirshfeld volumes (see discussion above) and the 6-31G** basis set in the Gaussian 

calculations. 

The resulting binding energy curves are presented in Fig. S18. As can be seen, the 

binding energy curves calculated using the FHI-AIMS code and the tier-2 basis set 

with and without the CP correction (black and red curves) are quite similar indicating 

that BSSE effects her are relatively small. On the other hand, a strong BSSE effect is 

observed for the Gaussian calculation (green and blue curves), indicating that the 6-

31G** basis set is not converged with respect to BSSE. Nevertheless, after applying 

the CP correction the binding energy curve calculated with Gaussian resembles those 

calculated with FHI-AIMS. A similar picture arises when considering the binding 

energies and equilibrium distances as extracted from these diagrams and presented in 

Tab. S19. 

 

Figure S18: Binding energy curves of the borazine dimmer as calculated using the 

FHI-AIMS code with the full TS-vdW scheme with (red line) and without (black line) 

the counterpoise BSSE correction and the Gaussian suite of programs with fixed 

Hirshfeld volumes used for the TS-vdW scheme with (blue line) and without (green 

line) the counterpoise correction. 
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 AIMS 

TS-vdW 

With CP 

AIMS 

TS-vdW 

 No CP 

Gaussian 

Fixed Hirshfeld 

With CP 

Gaussian Fixed 

Hirshfeld 

No CP 

Equilibrium 

Distance (Å) 

3.32 3.32 3.39 3.29 

Binding Energy 

(meV/atom) 

-6.9 -7.4 -7.0 -13.6 

Table S19: Equilibrium distances (Å) and binding energies (meV/atom) of the 

Borazine dimmer as calculated using the FHI-AIMS code with the full TS-vdW 

scheme with and without the counterpoise BSSE correction and the Gaussian suite of 

programs with fixed Hirshfeld volumes used for the TS-vdW scheme with and without 

the counterpoise correction. 

 

Hence, when performing the calculations presented in the main text, the Gaussian 

binding curves were calculated with the CP BSSE correction and the FHI-AIMS 

calculations have been performed without the CP BSSE correction. The sliding energy 

calculations have been performed with no CP BSSE correction as well as its effect 

there is expected to be negligible since the interlayer distance is kept fixed. 
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