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Computational Methods 
 

Plane-wave DFT calculations were carried out to 

simulate the solid- and gas-phase (monomer and dimer) 

structures of BH3NH3 using the CASTEP package available 

through the Materials Studio suite of software.[1] For the 

crystal calculation, starting parameters were taken from 

the neutron diffraction study.[2] The basis set expressed at 

a cut-off of 600 eV was sufficient to converge the total 

energy to within 3.0 meV per unit cell. The electronic core 

wave function was described using the standard ultrasoft 

pseudopotentials available with the software package. The 

k-point set used to sample reciprocal space was generated 

using a Monkhurst-Pack grid[3] (6 x 6 x 6, giving 27 k-

points in the symmetry-reduced 1st Brillouin zone). The Fast 

Fourier Transform grid used to communicate between real and 

reciprocal space was set at 25% in excess of levels 

prescribed by the program in order to minimise wrap around 

errors in the transformation. The PW91 functional was used 



to model electronic exchange and correlation.[4] 

Optimisation of atomic positions and unit cell parameters 

were performed on alternate cycles using the BFGS method 

until the convergence criteria were met (maximum energy 

change per atom  = 5.0 x 10-6 eV, maximum RMS force = 0.03 

eV Å-1, maximum RMS stress = 0.02 GPa and maximum RMS 

displacement = 5.0 x 10-4 Å). For the supercell calculation, 

a cell size of 10 x 10 x 10 Å3 was found to break all 

intermolecular interactions without giving rise to overly 

long computational times. The basis set cut-off used 

previously for the crystal lattice calculation was 

sufficiently high to avoid lowering the total energy due to 

the increased number of plane waves in the basis set (as 

the cell volume increases), and so comparing the energies 

between the two different cell sizes is legitimate. We 

estimate any error incurred due to inconsistency in basis 

set to be within 0.4-0.8 kJ mol-1 per hydrogen bond. For the 

dimer supercell calculation, the cell parameters were 

further increased to 12 x 12 x 12 Å3. 
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