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Abstract

We predict the stability of diamondoids made up of boron and nitrogen instead of carbon atoms.
The results are based on quantum-mechanical calculations within density functional theory
(DFT) and show some very distinct features compared to the regular carbon-based diamondoids.
These features are evaluated with respect to the energetics and electronic properties of the boron
nitride diamondoids as compared to the respective properties of the carbon-based diamondoids.
We ﬁnd that BN-diamondoids are overall more stable than their respective C-diamondoid
counterparts. The electronic band-gaps (Eg) of the former are overall lower than those for the
latter nanostructures but do not show a very distinct trend with their size. Contrary to the lower
C-diamondoids, the BN-diamondoids are semiconducting and show a depletion of charge on the
nitrogen site. Their differences in the distribution of the molecular orbitals, compared to their
carbon-based counterparts, offer additional bonding and functionalization possibilities. These
tiny BN-based nanostructures could potentially be used as nanobuilding blocks complementing
or substituting the C-diamondoids, based on the desired properties. An experimental realization
of boron nitride diamondoids remains to show their feasibility.
Keywords: boron nitride, simulations, diamondoids
(Some ﬁgures may appear in colour only in the online journal)
1. Introduction

nitrogen atoms can be interlinked to form functional nanostructures in carbon nanotubes [18]. Boron and nitrogen
functionalized diamondoids were found to be very stable,
consistent with experimental data [19]. Through a site-speciﬁc incorporation of diamondoids on DNA [20] or through
their use as biosensors for reading out DNA molecules [21],
diamondoids can be used also in biotechnological
applications.
On another level, boron and nitrogen are the most common dopants of carbon-based materials. These can form different color centers in diamonds [22], while the site of doping,
interstitial or substitutional, controls the electronic structure of
the doped diamonds [23]. Nitrogen-doped fullerenes can act
as catalysts for hydrogen fuel cells [24], while boron-doped
fullerenes show dissociative chemisorption of hydrogen at
room temperature [25]. Doping graphitic carbon and carbon
nanotubes with boron and nitrogen can lead to composite
structures of different morphologies [26]. B- and N-doping
diamondoids has been shown to tune the electronic band-gap
(Eg) of diamondoids [11], while these can be interlinked

Novel carbon-based functional nanostructures, known as
diamondoids, have recently attracted a lot of attention. Diamondoids are nanoscale hydrogen terminated carbon cages
[1] with a strong potential for nanotechnological [2, 3]
applications. Amine-derivatives [4] of the lower diamondoid,
adamantane, are already in use in pharmaceutical applications
[5, 6] as anti-viral [7] and anti-Parkinsonʼs agents [8]. These
small carbon clusters can assume a large variety of sizes and
can easily be chemically modiﬁed. The size, the art of doping,
and functionalization can tune, e.g., the optical and electronic
properties of diamondoids [9–12]. Diamondoids can be
attached on metallic surfaces through a thiol group [13] and
form self-assembled layers which have a negative electron
afﬁnity [14] and a strong monochromatic emission [15, 16];
thus they are also promising for electronics applications.
Lower diamondoids and their derivatives have been theoretically observed to self-assemble into larger interlinked
nanostructures [17]. Diamondoids doped with boron and
0957-4484/14/365601+08$33.00
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through the dopant atoms to form functional nano-arrays [18].
In addition to boron and nitrogen acting as dopants to carbon
materials, they can also form boron-nitride nanostructures
based upon the similarities in properties between carbon- and
BN-based materials. Accordingly, they can form BN-nanotubes [27, 28] or BN-fullerenes [29]. Hexagonal-BN (h-BN),
for example, is one among the various BN-structures that is
being intensively investigated for electronics applications.
Although it is insulating, it can form vertical layered structures with graphene [30, 31]. These randomly stacked layers
of graphene and h-BN are expected to create new artiﬁcial
van der Waals solids with engineered band structures [32, 33],
allowing the operation of tunneling transistors and ultrasensitive photodetectors [34, 35]. They also can form highquality contacts to metallic leads for functional electronic
devices [36]. Other forms, such as cubic boron nitride do also
exist [37]. Superhard nanocomposites based on aggregated
boron nitride have also been reported in which the grain size
can tune the exact properties of the material [38].
Along the above lines, we were motivated to investigate
the stability of boron nitride (BN) diamondoids as novel
counterparts of diamondoids for practical applications. To this
end, we perform quantum-mechanical calculations to probe
the stability and the electronic properties of possible BNdiamondoid nanostructures. We compare these properties to
the known carbon-based diamondoids and reveal their role
and advantages in potential applications. Although we propose the stability of BN-diamondoids, it remains to be shown
whether these can be synthesized and show their potential as
novel nano-building blocks. In order to provide a thorough
analysis of BN-diamondoids, this paper is structured as follows: in section 2, we outline the methodology used in this
investigation; in section 3 we discuss the most interesting
results on the energetics and electronic properties; we provide
a summary in section 4.

approximation. The geometries of all nanostructures have
been energetically minimized.
BN-diamondoids are constructed from carbon-based
diamondoids by replacing each carbon atom with a boron or
nitrogen atom. In the resulting structures, all nearest neighbors of the nitrogen atoms are boron atoms. No atoms of the
same type are exact neighbors. This resembles the atomic
arrangement of other BN structures, such as BN-graphene or
BN-nanotubes. For the above construction we use all lower
diamondoids, from adamantane up to heptamantane. Speciﬁcally, the BN-diamondoids which are modelled here are BNadamantane, BN-diamantane, BN-triamantane, BN-[121]tetramantane, BN-[123]tetramantane, BN-[1(2)3]tetramantane,
BN-[1(2,3)4]pentamantane, BN-hexamantane, and BN-heptamantane. Three different isomers for tetramantane are studied in order to reveal any isomeration-dependent effects. The
boron and nitrogen atoms can replace the carbon atoms at
different sites, resulting in two different structures, as depicted in ﬁgures 1(d) and (g) for BN-adamantane. The second
possibility for each structure is referred to as BN-diamondoid
(iso). We have also generated another set of cages, one in
which all hydrogen atoms have been removed and another
one in which the number of hydrogen-terminations is
reduced. In both cases, though, we did not ﬁnd any reasonable
results, as unphysical bonding occurred between the atoms in
the BN-diamondoids. Overall, results are shown only for the
stable structures, in which the bonding in the diamondoid
cages was kept intact. These correspond to cages in which the
number of boron atoms is less or equal to that of the nitrogen
atoms. We do not include any results for structures which
include unphysical interlinks or dissociation of hydrogen
atoms. In order to draw comparisons to the carbon based
diamondoids (C-diamondoids), we have repeated all simulations for the regular (C-based) adamantane up to
heptamantane.

2. Methodology

3. Results and discussion

Density-functional-theory based (DFT) [39] simulations
within the generalized gradient density approximation (GGA)
approach using the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional [40] were performed. The
high level split-valence double-ζ basis set with polarization
functions (DZP) for all the atoms considered here was
applied. This basis set is based on the double-zeta basis
set [41], for which a polarization was added. To eliminate the
core electrons from the calculation and to produce a smoother
valence charge density, non-local, smooth, norm-conserving
pseudopotentials of Troullier-Martins [42] were used. No
symmetry restriction was applied. We use computational
parameters (number of orbitals in basis, grid spacing, etc) that
ensure a high level of convergence. All the atoms were
allowed to relax until the magnitude of the calculated forces
was smaller than 0.04 eV/Å. The Γ-point was used for the
Brillouin zone sampling. All simulations were performed with
the code SIESTA [43], which describes valence electrons
using the linear combination of atomic orbitals

Representative structures calculated in this work are shown in
ﬁgure 1. As mentioned previously, for BN-adamantane, BNadamantane(iso) is also shown, in which the boron and
nitrogen atoms have been exchanged, compared to BN-adamantane in ﬁgure 1(d). For all BN-diamondoids investigated
in this work, we focus on their structural and electronic
properties. These are provided also in comparison to the
respective properties of the carbon-based diamondoids
obtained from the current investigation. For the stability of the
BN-diamondoids, we use the total energies as obtained from
our DFT calculations. These total energies are compared to
the total energies from the respective simulations for the Cdiamondoids. This gives an estimate of the relative stability of
all these structures. Nevertheless, a more robust investigation
of the stability could additionally be done through the study
of the thermal stability of these cages. The electronic properties are being probed through the electronic density of states
(eDOS) and the corresponding electronic band-gap (Eg) as
well as the frontier orbitals and the highest occupied and
2
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Figure 1. Carbon and BN-based diamondoids. In (a)–(c), adamantane, triamantane, and hexamantane; while in (d)–(f), their BN counterparts,
BN-adamantane, BN-triamantane, and BN-hexamantane, are shown. In (g) BN-adamantane(iso) is given for comparison. The conﬁgurations
depicted are the ones structurally optimized using DFT. Hydrogen atoms are shown in white, carbon in cyan, boron in pink, and nitrogen
in blue.

diamondoids show larger variations in their bond-angles and
bond-lengths, thus larger deviations from the perfect tetrahedral case. In the higher BN-diamondoids investigated here
(BN-hexamantane and BN-heptamantane), the inner B-N
bond-lengths, i.e., the ones in which boron and nitrogen are
bonded only with each other and not with H atoms, are the
shortest.
The N-B-N and B-N-B bond-angles in BN-adamantane
are close to tetrahedral and equal to 108.47° and 109.96°,
respectively. These angles are 108.26° and 111.84° in the BNadamantane(iso) case. In BN-diamantane, the N-B-N and BN-B bond-angles are in the ranges 104.95°–107.66° and
111.62°–114.11°, respectively. These angles are in the same
range for BN-diamantane(iso). In BN-1(2,3)4pentamantane,
the N-B-N and B-N-B angles are within the range 107.78°–
109.93° and 109.68°–111.34°. In BN-hexamantane, the N-BN and B-N-B angles are between 104.86°–110.81° and
108.11°–114.89°. Finally, a small increase of the N-B-N and
B-N-B bond-angle range (106.42°–111.08° and 108.85°–
113.51°, respectively) was found for BN-heptamantane.
Overall, the N-B-N angles are smaller than those formed by
the successive B-N-B atoms.
Comparison of the structural properties of the BN-diamondoids and the regular C-based diamondoids have
revealed large differences. As an example, the C-C bondlengths in diamantane are 1.53 Å–1.54 Å, while the bondangles are in the range 109.16°–110.70°. The respective
values in [121]tetramantane are for the C-C bond 1.53–1.54 Å
and the bond-angles are in the range 109.26°–111.59°. In
heptamantane, the C-C bond is 1.53–1.55 Å wide, and the
bond-angles are in the range 108.15°–110.80°. In all these
cases, the C-H bond-length is 1.11 Å. Overall, the bondlengths in BN-diamondoids are more elongated, and the
variation in the bond-angles is also larger in BN-diamondoids
compared to their carbon counterparts. This fact denotes that

Table 1. Bond-lengths of BN-diamondoids.

B-N
length (Å)

B-H
length (Å)

N-H
length (Å)

BN-adamantane

1.53/
1.55(iso)

1.26/
1.24(iso)

1.02/
1.06(iso)

BN-diamantane

1.54–1.63

1.23–1.24

1.10–1.11

BN-triamantane

1.55–1.60

1.23–1.24

1.02

BN-[121]
tetramantane

1.52–1.69

1.23–1.24

1.02

BN-[123]
tetramantane

1.53–1.62

1.23–1.27

1.02–1.03

BN-[1(2)3]
tetramantane

1.54–1.56

1.23

1.04–1.09

BN-[1(2,3)4]
pentamantane

1.53–1.55

1.23

1.06

BN-hexamantane

1.52–1.60

1.23

1.02

BN-heptamantane

1.53–1.60

1.23–1.24

1.03–1.07

structure

lowest unoccupied molecular orbitals, HOMO and LUMO,
respectively.

3.1. Structural details and stability

In the following, the structural properties of BN-diamondoids
are analyzed. The bond-lengths of these nanostructures are
summarized in table 1 and are close to the tetrahedral C-C
bond length. Compared to the C-diamondoids, BN3

Nanotechnology 25 (2014) 365601

M Fyta

Figure 3. Electronic band-gap (Eg) of the BN-diamondoids with
respect to the ratio of the boron to nitrogen atoms in the cages. The
labels correspond to the exact BN-diamondoids.

Figure 2. (a) Relative stability of the BN-diamondoids. The relative

stability for all BN-diamondoids is given with respect to the energy
of the C-adamantane, as well as with respect to the energy of the
respective C-diamondoid counterparts. (b) Electronic band-gap (Eg)
of the BN- and C-diamondoids. The stars in both panels correspond
to the second BN-adamantane structure in ﬁgure 1(g).

relative energy for ﬁgure 1(g) corresponds to the star in
ﬁgure 2(a).

the boron and nitrogen atoms need to be stabilized in a
structure deviating from the almost tetrahedral carbon cages.
Table 1 reveals that there is a difference in the upper value of
the B-N bond-length which, together with the size, leads to
the differences in the properties of these cages. Note also,
again based on table 1, that even for the cases which show
similar ranges for one of the bond-lengths, the ranges for at
least one of the other bond-lengths varies. For example, both
the B-N and B-H bond-lengths for BN-hexamantane and BNheptamantane are very similar, but their N-H bond-length
ranges vary. Also, as discussed previously, the ranges (or at
least one of the bounds) of the bond-angles differ. These
differences in the structural details, together with the variations in size, are factors leading to differences in the energy
and the other properties, as will be discussed in the following.
Energetically the BN-diamondoids were found to be
more stable than their C-based counterparts. This is easily
revealed from the stability curves in ﬁgure 2. The stability is
evaluated with respect to the C-diamondoids and shows a
higher relative energy, which slightly increases towards
higher BN-diamondoids. For comparison, the relative energy
of the BN-diamondoids with respect to C-adamantane is
depicted, which systematically increases from BN-adamantane to BN-heptamantane. In all cases, apart from BNadamantane, we found two possibilities regarding the two
structures which can be formed for each BN-diamondoid. The
ones depicted in ﬁgure 1 and the same cages in which the
boron and nitrogen atoms were interchanged—what we have
denoted as BN-diamondoids(iso)—have either very similar
stabilities, or one of the two leads to a larger deviation from
the carbon cage and is not considered as a diamondoid-like
structure. Only in the case of BN-adamantane we found two
different possible structures with different energies. These
structures are depicted in panels (d) and (g) in ﬁgure 1. The

3.2. Electronic properties

We probe the electronic properties of BN-diamondoids
through their electronic band-gap, the charge density, the
eDOS, and the frontier orbitals, i.e., the highest occupied and
lowest unoccupied molecular orbitals (HOMO and LUMO,
respectively). The band-gaps are deﬁned as the difference
between the HOMO and LUMO levels of each structure.
These are again compared to the electronic properties of the
regular C-based diamondoids. First, the Eg of the BN-diamondoids predicted here and the respective C-based diamondoids are summarized in ﬁgure 2(b). The smallest
diamondoids for both materials (BN and C) show very similar
and large Eg. The trend in the C-diamondoids shows a slow
decrease in the band-gaps as the diamondoids become larger.
It has already been shown that the Eg of higher diamondoids
C286H144 are still 75% of the adamantane band-gap [11]. The
band-gaps for the BN-diamondoids show a larger decrease,
and already for BN-diamantane the band-gap is about 53%
the respective C-heptamantane value. However, we could not
observe a smooth variation in these band-gaps, as two of the
BN-tetramantane isomers (BN-121tetramantane and BN123tetramantane), as well as BN-hexamantane, do not follow
the general trend of decreasing band-gaps with structure size.
For the two BN-adamantane structures, as mentioned before,
we ﬁnd two different band-gaps. Again the star in ﬁgure 2(b)
corresponds to the BN-adamantane(iso) in ﬁgure 1(g). Note
that the values for the band-gaps are not exact, as we do not
use any correction for calculating these. Nevertheless, we are
interested in the qualitative trends and not an exact quantitative analysis. An interesting trend is also observed through
the variation of the Eg with the ratio of the boron to nitrogen
atoms, as evident from ﬁgure 3 . In this ﬁgure, it is clearly
shown that the band-gaps increase as the boron atoms in the
4
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Figure 4. Three-dimensional contours of the frontier orbitals in (a)–(c) and the total charge densities (in silver) in (d)–(f) of BN-adamantane,

BN-triamantane, and BN-heptamantane, respectively. The conﬁgurations depicted are the ones structurally optimized using DFT. In (g) and
(h), the frontier orbitals and the charge density of triamantane are shown for comparison. The atom coloring is the same as in ﬁgure 1. The
HOMO levels are depicted in blue, the LUMO in red.

cages increase and become equal to the number of nitrogen
atoms. An exception is shown through the peak, which corresponds to the BN-adamantane and has the largest band-gap,
while for an equal number of boron and nitrogen atoms, the
band-gaps are over 2 eV overall, and their exact value
depends also on the cage size. An exception is again seen for
BN-[121]tetramantane, BN-[123]tetramantane, and BN-hexamantane, probably due to symmetry arguments. Note that in
these structures, the number of boron to nitrogen atoms is
equal.
We next turn to the frontier orbitals of the BN-diamondoids, which also provide an indication of the way these
nanostructures can bond to other ones, based on the frontier
molecular orbital theory [44]. According to this theory,
adjacent HOMO and LUMO orbitals of neighboring molecules attract each other. The HOMO and LUMO levels of
representative BN-diamondoids are depicted in ﬁgure 4. The
frontier orbitals for one of their C-based counterparts are also
shown in this ﬁgure for comparison. As a ﬁrst comment, we
observe that overall the frontier orbitals are spread out across
the molecules. In this sense, there is no localization of the
frontier orbitals, which is also seen in the case of C-diamondoids (ﬁgure 4(g)). There is also no speciﬁc symmetry
observed. In the case of C-diamondoids, though, the HOMO
and LUMO orbitals are more symmetrically distributed along
the molecule.
The charge density distributions of representative BNdiamondoids are also shown in ﬁgure 4. The results suggest a
charge depletion at the boron sites and charge accumulation at
the nitrogen and hydrogen sites. This was expected, as nitogen has more valence electrons than boron. In addition,
nitrogen is more electronegative, it attracts more electrons
from its neighboring boron atom. In the case of the C-diamondoids (see ﬁgure 4(h) for a reference), there is no charge

depletion but a stronger accumulation on the carbon sites.
According to the Pauling scale, the electronegativity of
hydrogen and carbon are much closer (2.2 and 2.6, respectively) compared to that of the boron and nitrogen atoms (2.0
and 3.0, respectively). This trend is exactly observed in the
total charge density distributions in ﬁgures 4(d)–(h) and has a
direct impact on the different electronic and bonding properties of the BN-diamondoids as compared to the Cdiamondoids.
In ﬁgure 5 , an additional view of the charge density of
representative BN-diamondoids is given as two-dimensional
(2D) contours and compared to the respective C-diamondoids. Two representative cases are shown, adamantane and
heptamantane. Again, the different arrangement of the charges on the different types of diamondoids is evident. The total
charge is uniformly arranged around the carbon atoms in the
C-diamondoids, while the density of the total charge in the
BN-diamondoids is preferably arranged around the most
electronegative nitrogen atoms, increasing the B-N bond
compared to the respective C-C bonds in the C-diamondoids.
As a result, there are larger regions in the BN-diamondoids
with no or less total charges compared to the C-diamondoids.
Finally, we investigate the eDOS of the BN-diamondoids
also in comparison to the eDOS of their C-based counterparts.
The results for representative BN-diamondoids are summarized in ﬁgure 6. In each panel, all data have been shifted with
respect to the LUMO (set at zero energy) of the respective Cdiamondoid, which is taken as a reference. First, in all cases,
the BN-diamondoids introduce electronic states into the
electronic gaps of the corresponding C-diamondoids. In this
way, for all BN-diamondoids, the band-gap shrinks with
respect to the C-diamondoids. The HOMO and LUMO states
are differently populated in the BN-diamondoids than in their
carbon counterparts, which is also clear from ﬁgure 4 and the
5
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Figure 5. 2D charge density contours on the (001) plane for representative C- and BN-diamondoids. Panels (a)–(e) correspond to BN-

diamondoids (BN-adamantane: (a)–(b) and BN-heptamantane: (c)–(e)), while panels (f)–(j) show the respective C-diamandoids. Panels (d),
(e), (i), and (j) depict the charge density on the (010) plane. The atom coloring is the same as in ﬁgure 1.

both structures differs signiﬁcantly. On the other hand, for
BN-121tetramantane and BN-123tetramantane and their (iso)
structures, we observe that though the distribution of the
frontier orbitals is not very similar for the two possible
structures of both of these isomers (shown in the right panels
in ﬁgure 7), they show almost identical stability, and their
eDOS is very similar. In this respect, for these two BN-diamondoids, the isomeration does lead to different bonding
possibilities to other molecules, denoted by the differences in
the frontier orbitals, but it does not affect their stability.

4. Conclusions
Quantum-mechanical simulations have predicted the stability
of boron nitride diamondoids. We have investigated here
theoretical BN-diamondoids from BN-adamantane up to BNheptamantane. Compared to their carbon-based counterparts,
the BN-diamondoids show a higher stability. We have evaluated their stability with respect to their total energies
obtained from the DFT calculations. A more thorough
investigation of the stability should include the inﬂuence of
temperature or other effects on these structures. The Eg of
BN-diamondoids decrease much faster as more cages are
added to the structures compared to C-diamondoids. We ﬁnd
that, though the band-gap for BN-adamantane is close to the
one for C-adamantane, it has almost closed moving up to BNheptamantane, contrary to the C-heptamantane case. This
trend reveals that there are stronger conﬁnement effects in the
BN-diamondoids, and the band-gaps show very large deviations already in the lower BN-diamondoids. We could not,
though, ﬁnd a very clear trend with the size, as in C-diamondoids. In order to reveal this, an extension of this study to
higher BN-diamondoids would be needed. The distribution of
the frontier orbitals of the BN-diamondoids and C-diamondoids differ. In this respect, BN-diamondoids open up

Figure 6. The eDOS for the structures shown in ﬁgure 1. The eDOS
for the BN-diamondoids are compared to the C-based diamondoids.
Accordingly, in all panels the data are shifted with respect to the
LUMO level (E LUMO − Cdiamondoid ) of the corresponding diamondoid,
which is set as zero.

frontier orbitals for BN- and C-based triamantane. Again for
the BN-adamantane, the results for both structures in
ﬁgures 1(d) and (g) are given, which show a very different
distribution of the electronic state, as well as occupation of the
HOMO and LUMO levels, corresponding to different Eg and
stabilities, as mentioned earlier.
In ﬁgure 7 the eDOS and frontier orbitals of the three
different BN-tetramantane isomers are depicted in order to
visualize the effect of the isomeration. We observe some
interesting features in these cases. First for BN-1(2)3 tetramantane, one of the two possible structures shows a lower
stability and includes interlinks between non-adjacent boron
atoms, as evident from the ﬁgure. The frontier orbitals are
differently spread across the molecules, and the eDOS for
6
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Figure 7. Comparison of the tetramantane isomers: The eDOS for the C-based and BN-diamondoids are shown on the graph, as denoted by
the labels. The panels on the right correspond to the BN-diamondoids on the adjacent panel in the graph. With ‘(iso)’ the second possible
structure for each BN-diamondoid is depicted, in which the boron and nitrogen atoms have been interchanged.

assembled layers of diamondoids, e.g., for ﬁeld emitting
displays or electronic applications in which the electronic
properties of the device could be tuned by the correct choice
of the diamondoid. Depending again on the range of the
desired properties (insulating or semiconducting, for example), C-diamondoids or BN-diamondoids would be in turn
suitable. In addition, BN-diamondoids would serve as additional building blocks for new functional materials. For
example, arrays of BN-diamondoids or interchanging arrays
of carbon-based and BN-diamondoids would lead to functional nanochains with tunable electronic properties; a onedimensional counterpart of the (2D) graphene and h-BN
layered heterostructures. For these and other realizations, the
thermal stability of BN-diamondoids, as well as the inﬂuence
of electric ﬁeld on their properties in functional devices, are
among factors which need to be further investigated. BN has
not been found in nature. Nevertheless, a synthesis of various
BN structures that form hexagonal to wurtzite and amorphous
BN is possible and could also lead to a synthetic production
of BN-diamondoids, opening up new possibilities in materials
engineering complementing those related to C-diamondoids.

additional bonding possibilities for diamondoid-type cages
with other nanostructures or additional functionalization
possibilities, compared to the C-diamondoids. Finally, we
should note, that some of the results presented here are qualitatively similar to the ones for boron and nitrogen functionalized diamondoids [19]. In both studies, the boron and
nitrogen modiﬁed diamondoids have been found quite stable,
also against pure carbon-based diamondoids. The band-gaps
of the boron and nitrogen functionalized diamondoids are
lower than the C-diamondoids, similarly to the band-gaps for
BN-diamondoids presented here. However, a direct comparison cannot be made, because in our work all carbon atoms
have been replaced by nitrogen and boron. The bond-lengths
and bond-angles of the boron and nitrogen functionalized
diamondoids are also similar to the ones found in our work.
An overall rough qualitative agreement can be reached with
the work on boron and nitrogen functionalized diamondoids [19], though the methodology followed does differ, and
the structures are boron and nitrogen modiﬁed diamondoids
with some of the carbon atoms still present. However, the
high stability indicated by both studies shows a very high
possibility of realizing novel diamondoids, including boron
and nitrogen atoms, with properties complementary to those
of the respective C-diamondoids.
According to the above properties, an experimental realization of BN-diamondoids could make these structures
available for novel nanotechnological applications. Our
results propose a similarity to C-diamondoid nanostructures,
which can also vary in size and show a band-gap tuning
leading to much smaller band-gaps, also in the semiconducting range. As mentioned in the Introduction section,
diamondoids have a wide range of possible applications. Our
results would be relevant to applications related to self-
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