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Crystalline black nitrogen (BN) is an allotrope of nitrogen with the black phosphorus (BP) struc-
ture recently synthesized at high pressure by two independent research groups [Ji et al., Sci. Adv. 6,
eaba9206 (2020); Laniel et al., Phys. Rev. Lett. 124, 216001 (2020)]. Here, we present a systematic
study of the electronic and optical properties of BN focusing on its comparison with BP. To this
end, we use the state-of-the-art quasiparticle self-consistent GW approach with vertex corrections
in both the electronic and optical channels. Despite many similarities, the properties of BN are
found to be considerably different. Unlike BP, BN exhibits a larger optical gap (2.5 vs 0.26 eV),
making BN transparent in the visible spectral region with a highly anisotropic optical response.
This difference can be primarily attributed to a considerably reduced dielectric screening in BN,
leading to enhancement of the effective Coulomb interaction. Despite relatively strong Coulomb
interaction, exciton formation is largely suppressed in both materials. Our analysis of the elastic
properties shows exceptionally high stiffness of BN, comparable to that of diamond.

I. INTRODUCTION

Nitrogen is one of the most abundant elements on
Earth, occurring in a gaseous or liquid form. Solid ni-
trogen is by far less common and is mostly known in the
form of molecular Ny crystals, which are, for instance, a
main component of Pluto [1]. Other forms of nitrogen in-
clude polymeric forms [2, 3] and crystals with the highly
unusual cubic gauche structure [4, 5] stabilized at high
pressure. Another allotrope of nitrogen, so-called black
nitrogen (BN), was recently synthesized at high pressure
by two independent research groups [6, 7]. BN adopts the
orthorhombic (A17) crystal structure, identical to that of
black phosphorus (BP).

Exotic forms of matter often demonstrate unusual
properties which attract interest from the research com-
munity. In high-pressure physics, the most prominent ex-
ample is metallic hydrogen, an elusive material expected
to exhibit a variety of remarkable properties, including
high-temperature superconductivity [8] and the ultimate
speed of sound [9]. Understanding the properties of pre-
viously unknown phases of elemental compounds is im-
portant for fundamental science as it complements our
knowledge of trends running through the periodic table.
In addition, studies of solid nitrogen are relevant in the
context of high-energy-density materials.

Among the group-V materials, BP is a well-known
and thoroughly studied material, which was rediscov-
ered several years ago from the perspective of a two-
dimensional material [10-12]. Unlike BP, the properties
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of BN are largely unexplored. Apart from basic spec-
troscopic characteristics [6, 7], information about their
microscopic origin and the physical mechanisms behind
the observable properties remain unclear. In this work,
we perform a systematic first-principles analysis of the
electronic, optical, and vibrational properties of BN un-
der the experimental pressure conditions. We start from
density functional calculations and use the quasiparticle
self-consistent GW method with vertex corrections to ac-
curately describe the optical response. We focus on the
comparison with BP and underline mechanisms respon-
sible for the difference between the properties of BN and
BP.

The rest of this paper is organized as follows. In Sec. II,
we briefly describe theoretical methods and provide com-
putational details. In Secs. IIT A and 111 B, we present our
results on the electronic structure and optical properties
of BN and BP, which are calculated at different levels of
theory. We then analyze the Coulomb interaction and
screening in these two materials (Sec. III C). Sec. IITD
is devoted to a comparative analysis of the vibrational
characteristics and elastic properties. In Section IV, we
briefly summarize our results and conclude the paper.

II. COMPUTATIONAL DETAILS

Electronic and optical properties. ~ We study the
electronic structure and optical properties of BN/BP
at three different levels of theory: density functional
theory (DFT) within the local density approximation
(LDA), the quasiparticle self-consistent GW approxima-
tion (QSGW) [13, 14], and an extension of QSGW in
which the random phase approximation (RPA) to the
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polarizability is extended by adding ladder diagrams
(QSGW) [15, 16]. The optical properties are calcu-
lated by incorporating the electron-hole two-particle cor-
relations within a self-consistent ladder-Bethe-Salpeter-
equation (BSE) implementation [15, 16] with the Tamm-
Dancoff approximation [17, 18]. For BP (BN), DFT cal-
culations and energy band calculations with the static
quasiparticle QSGW and QSGW self-energy X°(k) were
performed on a 24x24x12 (18x14x6) k mesh, while
the dynamical self-energy (k) was constructed using
an 8x8x4 (9x7x3) k mesh and X°(k) was extracted

from it. For each iteration in the QSGW and QSGW
self-consistency cycles, the charge /d\ensity was made self-
consistent. The QSGW and QSGW cycles were iterated
until the rms change in X° reached 10~ Ry. Thus, the
calculation was self-consistent in both ¥°(k) and the den-

sity. We observe that for BP the QSGW band gap stops
changing once 4 valence and 2 conduction bands are in-
cluded in the two-particle Hamiltonian, while for BN, the
convergence was achieved with 12 valence and 12 conduc-
tion bands. We use a k mesh of 24x24x12 and 9x14x5
for computation of the real and imaginary parts of the di-
electric response functions for BP and BN, respectively.
In both cases, an energy-dependent optical broadening
parameter that varies from 10 meV at w=0 to 1 eV at
w=27.2 eV is used. The k-point convergence of the di-
electric function is shown in the Appendix (Fig. 9). The
electronic structure calculations have been performed on
a conventional orthorhombic unit cell containing eight
atoms. Experimental lattice parameters were used in all
cases.

Coulomb interactions. Coulomb interactions were cal-
culated in the Wannier function (WF) basis using the
procedure implemented in vasp [19-23]. For this pur-
pose, we carried out calculations within the projector
augmented wave formalism (PAW) [24, 25] using the
generalized gradient approximation (GGA) functional in
the Perdew-Burke-Ernzerhof parametrization [26]. A 400
(250) eV energy cutoff for the plane-waves and a con-
vergence threshold of 1078 eV were used for BN (BP).
The calculations for both compounds were performed us-
ing a primitive cell containing four atoms. The Brillouin
zone was sampled by a 6x6x8 k-point mesh. The WFs
were calculated considering four WFs per atom (sp ba-
sis) using the scheme of maximal localization [27, 28]
using the WANNIER90 package [29]. The screening was
considered at the full RPA level [30] taking all possi-
ble empty states into account within the given plane-
wave basis. Specifically, we used 375 (696) bands in to-
tal, respectively, for BN (BP). The effective on-site and
intersite Coulomb interaction was calculated by averag-
ing the orbital components of the Coulomb matrix as
Uet(Rij) = 1/16 3, ., Upn(Rij), where i and j are the
atomic indices and m and n are the orbital indices.

Phonon excitations and elastic properties. The vibra-

tional and elastic properties were calculated with DFT
as implemented in VASP [19, 20] using the PAW formal-
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FIG. 1. Top: Schematic crystal structure of BN (left) and
BP (right). The numbers correspond to the bond lengths (in
A). Bottom: Brillouin zone with high-symmetry points for
primitive (left) and conventional (right) unit cells of BN/BP
containing four and eight atoms, respectively.

ism [24, 25]. The exchange-correlation energy was ap-
proximated by the Perdew-Burke-Ernzerhof GGA func-
tional [26]. A 540eV energy cutoff and a 5 x 5 x 5
k-point sampling of the Brillouin zone were used with
4 x 4 x 4 supercells, which is sufficient to obtain con-
verged phonon dispersions. The phonon calculations
were performed using the finite-displacement method im-
plemented in PHONOPY [31]. The pressures were derived
from the diagonal elements of the stress tensor calcu-
lated for the supercells with optimized atomic positions.
The Raman-active modes were derived by factor group
analysis of the vibrations [32] at the T point. The elas-
tic constants C;; were calculated using enthalpy-strain
relationships applying +1% and 4+2% strain to the prim-
itive cell containing four atoms. In these calculations,
we used a 12 x 12 x 12 k-point mesh to sample the Bril-
louin zone. The sound velocities were derived by solving
the Christoffel equation based on the elastic constants.
The anisotropic Young’s modulus F(n) was calculated
as defined in [33] using a 201 x 51 mesh of the polar and
azimuth angles defining the directional normal vector n.

Crystal structure. The crystal structures of BN and BP
are schematically shown in Fig. 1 along with the Brillouin
zones of the primitive and conventional unit cells. The
structure consists of puckered layers stacked along the z
direction and corresponds to the A17 phase with space
group Cmeca (No. 64). For BP, this structure is thermo-
dynamically stable up to ~5 GPa, at which it transforms
into a layered rhombohedral (A7) phase [34, 35]. In con-
trast, BN is unstable under ambient conditions but can
be stabilized at a high pressure of 140-150 GPa [6, 7].
Here, we use these conditions and the corresponding ex-
perimental lattice parameters to study the properties of
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FIG. 2. Pressure and total energy shown as a function of

the primitive cell volume calculated for BN with the GGA and
optB86b functionals. Experimental pressures from Ref. [7] are
shown for comparison. The vertical line corresponds to the
experimental volume (Vexp = 20 A®) used in this work. Zero
total energy corresponds to the energy calculated at Vexp.

BN. With the experimental lattice parameters used in
this work, the hydrostatic stress calculated using GGA
corresponds to 138 (2.4) GPa for BN (BP).

It should be noted that, experimentally, it was pos-
sible to decompress BN down to 48 and 86 GPa after
the synthesis (Refs. [6, 7], respectively). Figure 2 shows
pressure and total energy as a function of the primitive
cell volume calculated for BN with (GGA) and without
(optB86b [36]) van der Waals interactions taken into ac-
count. Both exchange-correlation functionals yield essen-
tially similar behavior, indicating that the van der Waals
interactions do not play a significant role in the thermo-
dynamics of BN. The pressure vs volume dependence is
in agreement with the experimental data from Ref. 7. For
the volumes considered, pressure behaves monotonically,
spanning a wide range of values, suggesting stability of
the A17 structural phase upon decompression down to
at least 40 GPa. The dynamical stability of this phase is
also confirmed by the absence of imaginary modes in the
phonon spectrum of BN above 22 GPa.

TABLE 1. Band gaps (eV) calculated for BN and BP at dif-
ferent levels of theory. The BSE optical gap is determined by
the energy of the deepest-lying bright exciton.

DFT QSGW*® QSGW* RPAQQSGW" BSEQQSGW"
BN metal 1.8  1.61 3.0 2.50
BP metal 030  0.28 0.28 0.26

2 Single-particle gap.
b Optical gap.
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FIG. 3. Single-particle band structure of BN (left) and BP
(right) calculated using the DFT (LDA), QSGW, and QSGW
approaches (from top to bottom) along high-symmetry direc-
tions of the conventional Brillouin zone (Fig. 1). The colors

correspond to the contributions of p; (blue), p, (red), and p.
(green) orbitals.
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III. RESULTS
A. Electronic structure

Figure 3 shows single-particle band structure of BN
and BP calculated using DFT (LDA), QSGW, and

QSGW\ methods. Table I summarizes the calculated
band gaps. At the DFT level, both BN and BP are met-
als, showing overlap between the valence and conduction
bands, with negative (inverted) gaps of —0.15 and —0.4
eV, respectively. The single-shot GIW based on LDA pro-
duces a positive gap of N/O\.l eV in BP and 0.8 eV in BN.
Both QSGW and QSGW result in the formation of a
direct gap at the I'" point. For BP, a gap of ~0.3 eV is
found, in agreement with previous GW calculations [37],
as well as with experimental measurements [38-40]. For
BN, the gap turns out to be significantly larger, reach-

ing 1.6 eV at QSGW, which suggests that screening in
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FIG. 4. Density of states projected onto different orbital
states calculated for BN (top) and BP (bottom) using the

QSGW approach.

BN is smaller than in BP. This can be attributed to the
suppression of the Coulomb screening in BN, as will be
shown in Sec. ITI C.

Figure 4 shows the density of states (DOS) projected
onto different orbital contributions in BN and BP cal-
culated using QSGW. Unlike BP, where the conduction
band constitutes a mixture of the s and p states, the con-
duction band of BN is mainly composed of the p, states.
In contrast, the primary contribution to the valence band
edge results from the p, states in both materials. Overall,
sp electronic states of BN are characterized by a smaller
density, spanning a larger energy range compared to BP.

Table II summarizes the effective masses calculated for
BN and BP using the QSGW and QSGW methods. The

TABLE II. Electron and hole effective masses (in units of free-
electron mass) calculated for BN and BP along three crystal-
lographic directions using the QSGW and QSGW approxi-

mations.

BN BP

My My m, My My m,

Electrons® 1.19 0.14 0.52 1.11 0.09 0.12
Electrons” 1.25 0.14 0.54 1.11 0.09 0.12

Holes® 6.11 0.23  0.51 067 008 0.28
Holes? 12.14 023 052 0.67 0.08 0.28

& QSGW approximation.
b QSGW approximation.

electron effective masses in the zy direction are similar
for BN and BP, being highly anisotropic with the ratio
my/my ~ 10. In the direction perpendicular to the layer
stacking (z) the effective mass of BN (m, =~ 0.5m,.) is sig-
nificantly larger than in BP (m, = 0.1m,). These results
are consistent between the QSGW and QSGW methods.
Larger m, implies that the states are less dispersed along
the k. direction, indicating a weaker overlap between the
wave functions of the interacting layers. This overlap
is not favorable energetically as the corresponding inter-
layer hopping integrals are positive [37]. This means that
the band contribution to the interlayer binding is repul-
sive, and the repulsion is weaker in BN.

The situation with the hole effective masses is qual-
itatively similar between the materials with one excep-
tion. Namely, the hole effective masses calculated along
the zigzag (x) direction in BN are anomalously high, re-
sulting in 6.1m, and 12.1m, within QSGW and QSG/W,
respectively, which is an order of magnitude larger com-
pared to BP. We note that this anomaly is not related
to any topological peculiarities of the Fermi surface, as
indicated by the absence of the Van Hove singularities in
the calculated DOS (Fig. 4). Instead, this mass enhance-
ment can be solely attributed to the correlation effects.
Unlike all other cases, m, for ll\oles is considerably differ-
ent within QSGW and QSGW, which indicates an im-
portant role of the vertex corrections. We do not exclude
that higher-order diagrams, not considered here, might
also be important for a correct determination of m, in
BN.

B. Optical response

In our calculations, we use a rectangular unit cell; thus,
the crystal axes z, y, and z correspond to the principal
axes. In this situation the dielectric tensor £*# is diag-
onal in the absence of magnetic fields. Figure 5 shows
the imaginary parts of the corresponding frequency-
dependent diagonal components €3¢ (o = xz,y,2) cal-
culated at the RPAQGQSGW and BSEQQSGW levels
for BN and BP. In the relevant spectral region, the
strongest absorption is along the y direction (armchair)
for both BN and BP. This can be attributed to low ef-
fective masses in the corresponding direction (see Table
IT), which is also reflected in the DOS (Fig. 4). On the
other hand, large effective masses along x and z suppress
the dipole transition matrix elements, which determine
the optical absorption. It should be noted that the cor-
responding matrix elements are not symmetry forbidden
at the onset of e3(w).

For BP, the optical gap obtained within RPA coincides
with the single-particle band gap (see Table I), as ex-
pected. The vertex corrections applied at the BSE level
slightly reduce the gap, yielding 0.26 eV of optical gap (20
meV exciton binding energy), which is consistent with
previous theoretical studies, as well as with recent ex-
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Imaginary part of the diagonal components of the dielectric tensor calculated as a function of frequency using

RPAQQSGW (top) and BSEQQSGW (bottom) for BN (left) and BP (right).

periments [40]. No new features appear in the spectrum
after the inclusion of the vertex corrections, demonstrat-
ing that their effect is not significant, in agreement with
earlier findings [41].

The situation with BN is less trivial. Already, the RPA
calculations show that the optical gap (3.0 V) is dramat-
ically different from the single-particle gap (1.6 V). This
can be ascribed to the orbital composition of the valence
and conduction bands in BN (see the projected DOS in
Fig. 4). In contrast to BP, the s states do not contribute
to the valence and conduction band edges, which are pre-
dominantly composed of the p, states. This means that
the dipole transitions between the band edges are symme-
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FIG. 6. Effective Coulomb interaction as a function of the

interatomic distance in BN and BP. Violet and green symbols
correspond to the bare (V) and screened (W) interactions,
respectively. Lines correspond to the classical V(r) = kee/r
and screened classical W (r) = V(r)/e Coulomb interaction,
where ¢ is the effective screening constant.

try forbidden, resulting in a vanishing optical absorption
at the single-particle gap energies. At higher energies,
as different angular momenta mix, the dipole transitions
become allowed, ensuring finite absorption at 3.0 eV. The
presence of vertex corrections further reduces this value
by ~0.5 eV, yiel(iing an optical gap of 2.5 eV. Therefore,
our BSEQQSGW calculations demonstrate that pristine
BN can absorb the blue part of the visible spectrum. Ad-
ditionally, we find four dark e-h eigenvalues at lower ener-
gies (1.35, 1.87, and 1.92 eV and two degenerate eigenval-
ues at 2 eV) compared to the optical gap edge. Although
these dark excitons are not important for optical absorp-
tion, they might be important for exciton dynamics and
photoluminescence. Nevertheless, for both BP and BN,
mostly, the valence band maximum and conduction band
bottom contribute to the low-energy optical absorption.
The excitons in these materials are Wannier-Mott type,

TABLE III. Effective on-site and intersite Coulomb interac-
tion for BN and BP without (V) and with (W) screening
effects considered at the full RPA level. 1NN and 2NN de-
note nearest and next-nearest neighbors, respectively. d is the
distance between the corresponding atoms.

BN BP
On site 1NN 2NN Onsite 1NN 2NN
d (A) - 1.33  1.45 - 222 224
V (eV) 19.8 100 9.5 10.5 59 5.9
W (eV) 5.0 20 1.9 1.9 0.7 07
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TABLE IV. Diagonal components of the ion-clamped static
dielectric tensor &5 (it = zz,yy,zz) derived from the

BSE@QSG/W calculations.

TT Yy zz
BN 7.1 9.5 6.0
BP 12.9 16.1 10.4

in contrast to the Frenkel excitons in compounds like
CrXj3 [42], where all Cr d bands participate in the low-
energy optical absorption.

C. Coulomb interaction and screening

To explain the huge difference between the band gaps
in BN and BP, we analyze the Coulomb interactions in
both materials. Figure 6 shows the effective Coulomb
interaction calculated for BN and BP, where both bare
(V) and fully screened (W) values are plotted as a func-
tion of the interatomic distance. The on-site interac-
tions and intersite interactions up to the second-nearest
neighbor are also summarized in Table III. The bare on-
site interaction in BN (19.9 eV) is larger by a factor
of ~1.9 compared to that in BP (10.5 eV). This can
be understood in terms of the difference in orbital lo-
calization in these two materials. Indeed, an average
quadratic spread of the corresponding sp Wannier or-
bitals obtained within the maximum-localization proce-
dure is found to be 0.5 and 2.7 A2 for BN and BP, re-
spectively. The ratio of the screened on-site interactions
is only slightly larger (WBN /WBP ~ 2.6), indicating that
the local screening effects are comparable in BN and BP.
The situation with the interatomic (nonlocal) interac-
tions is different. Interestingly, already from the nearest
neighbor, the bare interaction is well described by the
classical Coulomb potential V(r) = kee/r for both BN
and BP, where k. = 1/4meg is the Coulomb constant.
The screened intersite interaction can be reasonably well
fitted by the potential W (r) = V(r) /e, with ¢ being an ef-
fective screening constant. The values of € are estimated
as 6.8 and 12.4 for BN and BP, respectively, indicating
that the screening in BP is considerably more efficient.
At the same time, strong screening can be related to
large DOS (see Fig. 4) in a wide region around the band
gap, resulting in an enhancement of the optical spectral
weight at all relevant frequencies. Overall, the Coulomb
interactions in BN are considerably larger compared to
those in BP. At the level of the perturbation theory, this
means that many-body corrections should lead to a larger
self-energy, which explains the wider band gap observed
in BN. We note that the obtained screened interactions
might be somewhat overscreened and therefore underes-
timated because the calculations are based on the DFT
band structure without many-body corrections.

To gain more insight into the dielectric screening in BN
and BP, in Table IV we provide the ion-clamped static
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FIG. 7. Phonon dispersion and phonon density of states
calculated along the high-symmetry direction of the primi-
tive Brillouin zone (Fig. 1) for BN and BP. The labels at the
T" points indicate the symmetries of the corresponding opti-
cal modes according to irreducible representations of the Day,
point group. Red arrows denote frequencies of the Raman-
active modes.

dielectric function €3¢ (it = zz,yy, zz) extracted from
the BSE-corrected optics and resolved in three crystal-
lographic directions. In agreement with the results pre-
sented in Fig. 6, we can see that the screening in BP is
considerably larger than in BN in all three directions. In
addition, the screening is highly anisotropic in both ma-
terials and is highest in the armchair (y) direction. This
observation is consistent with the fact that the optical
edge is mainly determined by the yy component of the

TABLE V. Raman-active phonon modes (THz) calculated for
BN and BP shown in accordance with irreducible representa-
tions of the Dsp point group.

Blg B3g Ag B3g Ag B2g
BN 22.9 23.2 25.6 31.2 36.3 41.4
BP 5.6 6.8 10.7 12.8 13.9 13.0
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dielectric function (Fig. 5).

D. Vibrational and elastic properties

Figure 7 shows the calculated phonon dispersions and
DOS. Although the dispersions show a large degree of
similarity between BN and BP, we observe much higher
vibrational frequencies in BN. While the largest opti-
cal frequency in BP is found around 14 THz, the cor-
responding value reaches 44 THz in BN, i.e., more than
3 times higher. This difference cannot be explained by
the mass difference between N and P atoms, wBF /wBN £
Vmpy/mp &~ 1.5. Apparently, it is attributed to stronger
interatomic interactions in BN, which is exaggerated by
external pressure.

In systems with D point group symmetry like BN
and BP, the zone center optical phonons can be classi-
fied according to irreducible representations of the point
group as follows:

I'p,, =2A,+ Bi1g+Baoy+2Bsy+ Ay +2B1, +2Bay, + By,

The corresponding mode symmetries are indicated in
Fig. 7 by blue and red labels. The modes with gerade
parity (red) can be characterized as Raman active, and
their frequencies are listed in Table V. Our results for
both BN and BP agree well with those reported earlier
in Refs. 7, 43, and 44.

The low-frequency phonons shown in Fig. 7 are charac-
terized by one longitudinal and two transverse branches.

TABLE VI. Sound velocities (km/s) calculated for different
crystallographic directions for longitudinal (L) and two trans-
verse (T1 and T2) components of the polarization in BN and
BP. Op is the Debye temperature (K).

BN BP
L T1 T2 L Tl T2
Vg 21.1 9.3 12.6 8.4 2.5 4.8
Uy 14.9 9.3 7.4 4.4 2.5 1.3
Vs 13.7 12.6 7.4 4.1 4.8 1.3
Op 1840 314

In order to gain more insight into the behavior at long
wavelengths, we have calculated the sound velocities for
different crystallographic directions and polarization; the
results are summarized in Table VI. As expected, the
sound velocities are highly anisotropic in both materials.
It is worth noting that the anisotropy of elastic-related
properties is considerably smaller in BN, which is likely
related to the effect of pressure. The highest velocities
are found for phonons propagating in the zigzag (x) di-
rections with the longitudinal polarization. In this case,
we obtain 21.1 km/s for BN, which is larger than the
sound velocity in diamond, and only 1.7 times smaller
than the ultimate speed of sound [9]. In BP, the result-
ing values are 2-3 times smaller compared to those for
BN.

In Fig. 8 we show a comparison between the
orientation-dependent Young’s modulus FE(n) in BN
and BP. The overall shape of the curve is similar for the
two materials, with BN being less anisotropic than BP.
Remarkably, BN is characterized by an exceptionally
high Young’s modulus, reaching 1916 GPa in the zigzag
(z) direction, an order of magnitude larger than in BP.
The least stiff direction corresponds to the direction of
the layer stacking (z). Even in this case, the Young’s
modulus of compressed BN is found to be around 686
GPa vs 15 GPa in BP. The polycrystalline Young
modulus calculated using Hill’s averaging is found to
be 1077 (57) GPa in BN (BP). The corresponding
shear modulus amounts to 451 (23) GPa. The average
Poisson’s ratio is comparable in both materials, taking a
value of 0.20.

IV. CONCLUSION

Motivated by the recent synthesis of crystalline nitro-
gen with the orthorhombic A17 crystal structure, we
have systematically studied electronic, optical, vibra-
tional, and elastic properties of this compound at the
experimental pressure conditions. To this end, we used
density functional theory combined with the state-of-the-
art quasiparticle self-consistent GW approach with ver-
tex corrections included in both the electronic and opti-
cal channels. Our analysis is focused on the comparison
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with black phosphorus, in order to elucidate mechanisms
behind the difference between the two materials.

From the electronic and optical points of view, BN is
characterized by a considerably larger optical gap (2.5 vs
0.26 eV), which ensures transparency in the visible spec-
tral region. This difference can be ascribed to the large
Coulomb interactions between the p orbitals of nitrogen,
resulting from a reduced dielectric screening. Despite
the fact that the role of vertex corrections is significant
in this case, it does not lead to the emergence of the exci-
tonic peaks inside the gap, similar to BP. Unlike BP, the
hole effective masses along the zigzag direction in BN are
anomalously high (m, ~ 10m,), giving rise to a highly
anisotropic electronic structure at the valence band edge.

The spectrum of phonon excitations in BN spans
a wider energy range compared to BP, which is not
surprising. However, this difference cannot be solely
explained by the atomic mass difference and indicates
much stronger interatomic interactions in BN. This
is further demonstrated by the exceptionally high
stiffness of BN, which is comparable to that of diamond.
Furthermore, BN is characterized by very high sound
velocities, which are close to their ultimate limit.
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Appendix: k-point convergence of the optical
absorption spectrum in BN

Figure 9 shows the convergence of the dielectric func-
tion £5Y(w) in BN with respect to the k-point mesh cal-
culated within RPAQQSGW and BSEQQSGW. Addi-
tionally, the convergence of the deepest-lying dark e-h
eigenvalue is also shown.
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