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Computational details

We utilize the periodic ab-initio code CRYSTAL14! and an all-electron Gaussian-type basis
set, allowing us for the efficient use of the hybrid DFT-functional B3LYP, shown to outper-
form semilocal functionals like PBE in the prediction of band gaps and structures (Figure
1 shows that PBE-D2 catches on average 56% of B3LYP-D*) as well as vibrational proper-
ties? 7. Additionally, we include electron correlation effects by means of Grimme’s empirical
dispersion correction D2/D*89.

In Figure 3 we show the computed band structures and density of states (DOS) for the
Armchairl structure at 33% and 25% BN-substitutions. In the former, the bands on the
path from I'" to M point and K to I' drop down and close the gap while, for the latter, the
topology of the pattern and the amount of BN lead to a band gap opening. The DOS around
the Fermi level is in both cases dominated by carbon contributions.

Since the in-line patterns exhibit a dipole moment in the unit cell in periodic directions,
we also investigated its influence on the band gap. At 25% BN-substitutions Zigzagl and
Armchairl show a band gap of 1.30 and 1.85 €V, respectively. Zigzag3 (see Fig. ?7) is a
variation of Zigzagl, having a zero dipole moment. The band gap nearly vanishes (0.15 eV).
Also the Armchair3 pattern has a zero dipole moment, and the band gap drops to 0.08 eV.
The Armchairl pattern also allows for different ways to zero the dipole moment, exploited in
Armchaird and Armchaird patterns. They show a band gap of 0.75 and 1.53 eV, respectively,
so that the dipole moment may play a role in increasing the band gap, but not a primary
one. A conclusive dependency on the point group symmetry operators in direct space can
also not be found: e.g. Zigzagl and Zigzag3 both have the same single point symmetry
operator in direct space but the band gap is completely different. The band structures and
DOS of the Armchair patterns Armchairl, Armchair3, Armchair4 and Armchair5 show only
slight differences. While in the first three systems the states around the band gap have
mainly contributions from carbons, and the contributions from boron and nitrogen are close

to zero, in Armchairb there are substantial contributions from nitrogen to the HOMO and



from boron to the LUMO. In this case, the band gap is also slightly indirect.

When adding an underlying h-BN layer as a support to graphene, as shown in Figure ??7 (b),
the picture does not change much for small to intermediate amount of BN-substitutions. The
band gaps are slightly increased from 2 to 10%. At 75% substitutions, the Island2 pattern
does not show a decrease in the band gap with respect to 33% and 47% substitutions. At
50%, the Armchairl pattern opens a band gap of 3.34 €V, only 0.02 €V higher than without
a supporting h-BN layer. The effect of the h-BN support to band structure and DOS of
Zigzagl pattern is also tiny. There are virtually no states of h-BN mixing in the vicinity of

the band gap. The band gap is slightly increased from 1.30 to 1.35 eV.

Figure 1: Average deviations of the band gaps obtained with semilocal PBE-D2 with respect
to the hybrid B3LYP-D* for different patterns.
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Density of States and band structures

Density of States (DOSS) and band structures for different armchair and zigzag patterns as

well as the Zigzagl pattern supported by a layer of hexagonal BN (h-BN) are depicted in

Figure 3.

References

(1)

(6)

Dovesi, R.; Orlando, R.; Erba, A.; Zicovich-Wilson, C. M.; Civalleri, B.; Casassa, S.;
Maschio, L.; Ferrabone, M.; De La Pierre, M.; D’Arco, P.; Noél, Y.; Causa, M.; Rérat, M.;
Kirtman, B. CRYSTAL14: A program for the ab initio investigation of crystalline solids.

International Journal of Quantum Chemistry 2014,

Noel, Y.; D’arco, P.; Demichelis, R.; Zicovich-Wilson, C. M.; Dovesi, R. On the use
of symmetry in the ab initio quantum mechanical simulation of nanotubes and related

materials. Journal of Computational Chemistry 2010, 31, 855-862.

Demichelis, R.; Civalleri, B.; Ferrabone, M.; Dovesi, R. On the performance of eleven
DFT functionals in the description of the vibrational properties of aluminosilicates. In-

ternational Journal of Quantum Chemistry 2010, 110, 406-415.

Demichelis, R.; Noél, Y.; Ugliengo, P.; Zicovich-Wilson, C. M.; Dovesi, R. Physico-
Chemical Features of Aluminum Hydroxides As Modeled with the Hybrid BSLYP Func-
tional and Localized Basis Functions. J. Phys. Chem. C' 2011, 115, 13107-13134.

Orlando, R.; Bast, R.; Ruud, K.; Ekstrom, U.; Ferrabone, M.; Kirtman, B.; Dovesi, R.
The first and second static electronic hyperpolarizabilities of zigzag boron nitride nan-

otubes. An ab initio approach through the coupled perturbed Kohn-Sham scheme. J
Phys Chem A 2011, 115, 12631-12637.

Ferrabone, M.; Kirtman, B.; Rérat, M.; Orlando, R.; Dovesi, R. Polarizability and hyper-



Figure 2: Density of States (DOS) and band structures (21 bands) of Armchairl BNsG at
different amounts of BN substitutions.
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(a) Armchairl at 33% BN-substitutions
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(b) Armchairl at 25% BN-substitutions



Figure 3: Density of States (DOSS) and band structures (21 bands) of different armchair
(la-1d) (using a 8x8 supercell) and zigzag patterns (2a, 2b) (using at 4x4 supercell) at 25%
BN-substitutions without and with a supporting layer of h-BN.
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