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In this work, Density Functional Theory (DFT) calculations were employed to investigate the structural
stability and magnetic behavior of c-BN/h-BN heterostructures with different phase proportions (20/80,
40/60, 50/50, 60/40, and 80/20). The results reveal that heterostructures containing thin c-BN regions
(20/80 and 40/60) undergo pronounced structural reconstruction toward hexagonal-like configurations
during relaxation. In contrast, higher c-BN concentrations (50/50, 60/40, and 80/20) preserve the
coexistence of sp>- and sp-like arrangements, exhibiting enhanced structural stability and reduced
interfacial distortions. Additionally, localized magnetic ordering emerges only in the heterostructures
that preserve the cubic domains, indicating a strong correlation between the magnetic response and
the stability of the sp® network. These findings demonstrate that the structural and magnetic properties
of c-BN/h-BN heterostructures are strongly governed by the cubic phase proportion.
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1. Introduction

Boron nitride (BN) is a material of considerable scientific
and technological interest due to the wide variety of physical
properties exhibited by its allotropes, analogous to carbon-based
materials such as graphite and diamond'. Among its phases,
cubic boron nitride (c-BN), characterized by sp? hybridization,
and hexagonal boron nitride (h-BN), with sp? hybridization,
are the most extensively studied”. c-BN exhibits exceptional
hardness, high thermal conductivity, and a wide band gap,
making it a promising material for high-power microelectronics
and protective coatings®. In contrast, h-BN, often referred to
as “white graphene”, is a chemically inert wide-band-gap
insulator widely employed in two-dimensional applications
and dielectric devices®.

Recently, significant attention has been devoted to combining
these two phases into nanostructured heterostructures in order to
achieve materials with tunable structural and electronic properties’.
Theoretical studies have suggested that the c-BN/h-BN interface
can promote band-gap modulation and induce new interfacial
electronic states®. However, previous investigations have mainly
focused on heterostructures containing approximately equal
proportions of ¢-BN and h-BN (50/50 ratio)’*.

Despite these advances, a systematic understanding of
how the structural stability of c-BN/h-BN heterostructures
evolves as a function of phase proportion remains lacking’.
In particular, it is still unclear whether the cubic phase can
preserve its sp3-bonded network when confined to ultrathin
regions surrounded by h-BN domains.
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In this context, we perform a first-principles study
based on Density Functional Theory (DFT) calculations to
investigate the structural stability and magnetic behavior of
c-BN/h-BN heterostructures with different phase proportions
(20/80, 40/60, 50/50, 60/40, and 80/20). Special attention is
devoted to understanding the influence of the cubic phase
thickness on structural reconstruction, interfacial stability,
and localized magnetic ordering.

2. Materials and Methods

To investigate the structural stability of the c-BN/h-
BN heterostructures, first-principles calculations based on
DFT!” and the Projector Augmented Wave (PAW) method"
were employed. Since the proposed heterostructures
contain h-BN regions, whose interlayer interactions
are predominantly governed by van der Waals forces,
dispersion effects were included using the Grimme
D3 correction'?. The self-consistent calculations were
considered converged when the total energy variation
was lower than 10 Ry, while structural optimization was
terminated when the residual forces acting on all atoms
were smaller than 10 Ry/Bohr. All calculations were
carried out using the Quantum ESPRESSO package'® within
the PBE exchange-correlation functional'* and including
spin polarization. Structural modeling and visualization
were performed using VMD'® and Avogadro'®. Prior to
the production calculations, systematic convergence tests
were performed for both the plane-wave cutoff energy
and the Monkhorst-Pack k-point sampling. The total
energy variation was monitored as a function of these
parameters until numerical convergence was achieved.
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Based on these tests, a cutoff energy of 80 Ry and a 6 x
6 x 1 Monkhorst-Pack grid were selected because further
increases produced negligible variations in the total energy
while considerably increasing the computational cost. The
corresponding convergence curves are presented in Figure 1.

The heterostructures were constructed from unit cells
obtained from the Materials Project database'’. The initial
c-BN structure was oriented along the [ 111] crystallographic
direction and contained 24 atoms, while the h-BN structure was
oriented along the [0001] direction with 16 atoms, following
orientations commonly observed in experimental synthesis'®.
The c-BN and h-BN unit cells were replicated according to a
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2x2x4and 2 x2x 6, respectively, resulting in both structures
containing 96 atoms (48 boron and 48 nitrogen atoms).
After structural relaxation, the optimized lattice parameters
are summarized in Table 1.

As shown in Table 1, the optimized lattice parameters
a and b converge to 5.026 A and 5.132 A for the h-BN
and c-BN structures, respectively. For h-BN, the obtained
value is in excellent agreement with the experimental lattice
constant of 2.50 A", corresponding to 5.00 A in the 2 x 2
expanded basal-plane supercell. For the c-BN phase, the
optimized lattice parameter of 5.132 A is also consistent
with the experimental cubic lattice constant of 3.61 A2,

(@) s
—1,913.04

-1,913.14
-1,913.24

-1,913.34

Total Energy (Ry)

-1,913.44

-1,913.5

-1,913.6 T T

L e TN
RRaet ST
B S SRR

« h-BN
» ¢c-BN

30.0 60.0

70.0 80.0 90.0 100.0 1100

Ecutwfc (Ry)

-1,913.0

+ « h-BN

(b)

—=1,913.1
-1,913.24
—1,913,34

-1,913.44

Total Energy (Ry)

—1,913.5

« c-BN

-1,913.6 T T
10.0 20.0 30.0

40.0 50.0 60.0

K-points

70.0

Figure 1. Convergence of the total energy for bulk c-BN and h-BN with respect to (a) the plane-wave kinetic energy cutoff and (b) the
total number of k-points in the Monkhorst-Pack sampling (N_x Ny xN).

Table 1. Lattice parameters of pure c-BN and h-BN structures before and after structural relaxation.

Parameter c-BN (Before) c-BN (After) h-BN (Before) h-BN (After)
a(A) 5.128 5.132 5.025 5.026
b (A) 5.128 5.132 5.025 5.026
c(A) 25.120 25.142 46.242 41.074
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Considering the [111] surface orientation adopted in this work,
the corresponding in-plane lattice periodicity is given by
a,, l)zacubic/\&, resulting in a reference value of approximately
5.105 A. The small deviations obtained for both phases (less
than 0.6%) indicate that the computational approach and
the dispersion corrections employed provide an accurate
description of the structural properties of these systems.

Regarding the lattice parameter along the ¢ direction,
the optimized h-BN structure exhibits a contraction from
46.242 A t041.074 A, corresponding to an overall reduction
of approximately 11.2%. This contraction reflects the
relaxation of the interlayer spacing toward the equilibrium
distance predicted by the PBE exchange-correlation functional
including the Grimme D3 dispersion correction. Initially,
the h-BN model was constructed using crystallographic
lattice parameters, whereas structural optimization allows
the adjacent BN layers to approach each other until the
attractive van der Waals interactions are balanced by the
short-range Pauli repulsion. Consequently, the average
interlayer spacing decreases from approximately 3.85 A
to 3.42 A, in good agreement with previous theoretical
studies employing dispersion-corrected DFT methods'”*°.
In contrast, the in-plane B-N bond lengths remain close to
their equilibrium values, approximately 1.45 A for h-BN and
1.57 A for c-BN, confirming that the structural relaxation
primarily affects the weak interlayer interactions rather than
the strong covalent bonds within each layer'”!*%,

After obtaining the optimized structures of pure h-BN and
c-BN, the c-BN/h-BN heterostructures were constructed with
phase proportions of 20/80, 40/60, 50/50, 60/40, and 80/20. To
construct coherent c-BN/h-BN heterostructures, the in-plane
lattice parameters were fixed to those of the fully optimized
¢-BN structure (a = b = 5.132 A), while the out-of-plane
lattice parameter (c) was adjusted according to the relative
thickness of each phase. This strategy was adopted because
cubic BN is considerably stiffer than hexagonal BN, exhibiting
a significantly higher elastic modulus. Therefore, c-BN was
used as the structural reference, whereas the mechanically
more compliant h-BN layers were allowed to elastically
accommodate the in-plane strain required to form a coherent
interface. Such an approach is physically justified and has
been widely employed in first-principles studies of lattice-
mismatched heterostructures, where the softer constituent
preferentially accommodates the elastic deformation. The
in-plane lattice mismatch between the isolated optimized
phases was evaluated as f = (a, , - a_,)/a_,,, Where a_,
and a_, are the equilibrium lattice parameters of hexagonal
and cubic BN, respectively. Using the optimized lattice
constants, a mismatch of approximately —2.06% was obtained.
Consequently, after constructing the heterostructures, the
h-BN layers accommodate an approximately 2.06% tensile
in-plane strain relative to their equilibrium lattice parameter,
while the c-BN lattice remains essentially unstrained. Since
the same in-plane lattice parameters were adopted for all

models, this mismatch remains the same for the 20/80, 40/60,
50/50, 60/40, and 80/20 phase proportions.

The phase proportions were defined based on the relative
atomic percentage of the c-BN and h-BN regions within the
heterostructure. The initial interfacial distance between the
¢-BN and h-BN layers was set to 3.0 A, and periodic boundary
conditions were applied in all directions. The initial ¢ lattice
parameters adopted for each configuration are summarized
in Table 2.

The heterostructures were structurally relaxed by allowing
the atomic positions and the c lattice parameter to vary, while
the in-plane lattice parameters remained fixed. Spin-polarized
calculations were performed by assigning an initial magnetic
moment to the c-BN regions in order to investigate the possible
emergence of localized spin polarization associated with
interfacial reconstruction and undercoordinated surface atoms.

3. Results and Discussion

Figure 2 presents the initial and optimized atomic configurations
of the c-BN/h-BN heterostructures with phase proportions of
20/80 and 40/60. In both cases, structural relaxation induces
significant atomic rearrangements, particularly within the regions
initially assigned to the cubic phase, indicating that ultrathin
c-BN domains become structurally unstable when embedded in
apredominantly hexagonal matrix. For the 20/80 heterostructure
(Figure 2a), the initial thicknesses of the c-BN and h-BN regions
were approximately 2.6 A and 30.8 A, respectively. After
structural optimization, the region initially associated with the
cubic phase expands to approximately 3.4 A, while the h-BN
region increases slightly to 31.1 A, corresponding to thickness
variations of +28.6% and +0.8%, respectively. The optimized
structure reveals a pronounced loss of the original tetrahedral
coordination, with the atoms reorganizing into configurations
that closely resemble the hexagonal phase.

Assimilar behavior is observed for the 40/60 heterostructure
(Figure 2b). The thickness of the c-BN region increases from
approximately 6.8 A to 10.3 A (+51.6%), whereas the h-BN
region exhibits only a marginal increase, from 23.9 A t0 24.0 A
(+0.2%). The much larger structural rearrangement occurring
within the cubic region indicates that ultrathin c-BN domains
cannot fully preserve their tetrahedral sp® network under
ambient-pressure conditions. Instead, the system lowers its total
energy through local bond reconstruction toward hexagonal-
like configurations, while the h-BN domains remain essentially
unchanged due to their higher thermodynamic stability”’*.

The structural reconstruction observed in the ultrathin c-BN
domains originates from the competition among bulk stability,
surface energy, and interfacial energy. Although cubic BN is
ametastable phase that can persist under ambient conditions
because of the large kinetic barrier separating it from h-BN*,
this stability progressively decreases as the thickness of the
cubic region is reduced. At the nanoscale, the increasing
surface-to-volume ratio enhances the contribution of surface
and interface energies to the total energy of the system”.

Table 2. Initial c lattice parameters of the c-BN/h-BN heterostructures before structural relaxation.

Parameter/Proportion 20/80 40/60

50/50 60/40 80/20

c(A) 39.455 36.795

34.131 31.471 28.807
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Figure 2. Atomic configurations of the (a) 20/80 and (b) 40/60 c-BN/h-BN heterostructure before and after geometry optimization.

Consequently, the energetic cost of preserving the
tetrahedrally coordinated sp’ network becomes comparable
to, or even greater than, the energy required for local
bond reconstruction. Furthermore, the surrounding h-BN
layers provide a crystallographic template that naturally
favors trigonal sp* coordination, facilitating local atomic
rearrangements near the interface. As a result, the system
minimizes its total energy through partial reconstruction of the
ultrathin cubic domains into hexagonal-like configurations.
This behavior should therefore be interpreted as an interface-driven
structural reconstruction resulting from finite-size effects
and energetic competition between the two BN polymorphs,
rather than as a pressure-induced bulk c-BN—h-BN phase
transition. Conversely, the h-BN layers remain essentially
unchanged because h-BN is the thermodynamically stable
BN phase under ambient-pressure conditions and already
possesses the lowest-energy sp? bonding configuration,
leaving no driving force for the reverse transformation
during structural relaxation. This interpretation is consistent
with the structural evolution observed in Figure 2, where
the heterostructures containing the thinnest c-BN regions
(20/80 and 40/60) exhibit the most pronounced atomic
reconstruction, whereas heterostructures with thicker c-BN
domains preserve most of the tetrahedrally coordinated cubic
framework and remain structurally stable after relaxation.
The atomic rearrangement from the initial cubic configuration
toward hexagonal-like arrangements can be quantitatively
analyzed through the Radial Distribution Function, g(r),
shown in Figure 3. The figure presents the individual g(r)
profiles of the c-BN and h-BN regions for the 20/80 and 40/60
heterostructures before and after structural optimization. For the
c-BN regions in both heterostructures (Figures 3(a) and 3(c)),
a pronounced shift is observed in the first coordination shell.
Before relaxation (black curves), the primary peak is centered

at approximately 1.57 A, corresponding to the characteristic
B—N bond length of the cubic diamond-like structure. After
relaxation (red curves), this peak shifts to approximately
1.48 A, which is consistent with the equilibrium bond length
of the h-BN phase. The reduction in bond length from 1.57 A
to 1.48 A for the 20/80 and 40/60 heterostructures is associated
with the structural reorganization of the original sp>-bonded
cubic network into more stable sp*-like configurations.
Simultaneously, the increase in the thickness of the c-BN regions
after relaxation suggests a progressive loss of the compact
tetrahedral arrangement characteristic of the cubic phase.

In contrast, the g(r) profiles associated with the h-BN
regions (Figures 3(b) and 3(d)) remain nearly unchanged
throughout the relaxation process, indicating the structural
stability of the hexagonal phase. Additionally, the similarity
between the long-range coordination profiles of both phases
after relaxation, particularly beyond 3.0 A, suggests a
substantial loss of the initial cubic ordering and the emergence
of a predominantly hexagonal-like structural arrangement.
Collectively, these results reinforce the tendency of thin
c-BN regions to reconstruct into energetically more favorable
hexagonal-like configurations in the presence of dominant
h-BN domains.

To investigate whether the tendency of thin c-BN
regions to reconstruct into hexagonal-like configurations
is intrinsically related to the cubic phase or influenced by
the presence of h-BN domains, additional simulations were
performed for isolated c-BN slabs, as shown in Figure 4. The
optimized atomic configurations provide clear evidence of a
critical thickness required to preserve the sp? hybridization
characteristic of the cubic phase. For the 2-layer ¢c-BN
slab (Figures 4(a) and 4(b)), corresponding to the c-BN
thickness observed in the 20/80 heterostructure, a complete
structural reconstruction is observed after relaxation.
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Figure 3. Radial Distribution Function, g(r), of the c-BN and h-BN regions for the 20/80 and 40/60 c-BN/h-BN heterostructures before
and after structural relaxation: (a) c-BN and (b) h-BN regions for the 20/80 heterostructure, (¢) c-BN and (d) h-BN regions for the 40/60
heterostructure. Black dashed lines correspond to the as-built structures, while red solid lines represent the optimized configurations.

(a)

(b)

Figure 4. Atomic configurations of isolated c-BN slabs before and after structural relaxation: (a) initial and (b) optimized 2-layer c-BN slab,

(c) initial and (d) optimized 4-layer c-BN slab.
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In this case, the original tetrahedral network collapses
into two decoupled hexagonal-like layers. In contrast, the
4-layer c-BN slab (Figures 4(c) and 4(d)), representative of
the c-BN thickness in the 40/60 heterostructure, undergoes
only partial reconstruction. While the surface layers become
more planar, with bond distances decreasing from 1.57 A to
1.49 A, the inner layers preserve part of their original cubic
coordination. This behavior suggests that the surface regions
tend to reorganize toward more energetically favorable
hexagonal-like configurations, while the inner layers retain
sufficient stability to partially preserve the cubic network.

This behavior becomes particularly relevant when
compared to the 40/60 heterostructure, where the c-BN
regions exhibited a much more pronounced loss of cubic
ordering. The comparison suggests that the h-BN domains
actively contribute to the structural transformation of the cubic
phase. Although the isolated 4-layer slab retains sufficient
intrinsic stability to partially preserve its sp® network, the
interaction with the h-BN regions within the heterostructure
appears to facilitate the structural reorganization toward
hexagonal-like arrangements by lowering the energetic
cost associated with the reorganization of the remaining
sp® bonds.

The structural evolution of the c-BN/h-BN heterostructures
with higher concentrations of the cubic phase (50/50, 60/40,
and 80/20) reveals a different behavior compared to the lower
concentration models discussed previously. As shown in
Figure 5, structural relaxation no longer induces a complete
loss of cubic ordering. Instead, both cubic (sp’-like) and
hexagonal (sp*-like) arrangements remain preserved after
optimization.

For the 50/50 heterostructure, the interfacial distance
between the c-BN and h-BN regions is 3.14 A upon relaxation.
Additionally, the distance between adjacent h-BN layers is
approximately 3.45 A. Furthermore, a clear separation between
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the c-BN and h-BN regions is preserved after structural
relaxation, as shown in Figure 5(a). Although local distortions
are observed near the interface, the cubic region maintains
most of its original tetrahedral coordination, indicating
enhanced structural stability compared to the 20/80 and
40/60 heterostructures. This behavior is further supported
by the Radial Distribution Function g(r) analysis shown in
Figures 6(a) and 6(b). The figure presents the individual g(r)
profiles calculated separately for the c-BN (Figure 6(a)) and
h-BN (Figure 6(b)) regions of the heterostructures before and
after structural relaxation. For the c-BN region (Figure 6(a)),
the primary peak remains centered near the characteristic
sp® B-N bond distance, exhibiting only a slight shift and
broadening after relaxation. The bond length decreases
from 1.58 A (before relaxation, black curve) to 1.56 A
(after relaxation, red curve), indicating a relatively small
structural rearrangement when compared to the lower c-BN
concentration heterostructures. In contrast, no significant
changes are observed for the h-BN region (Figure 6(b)), with
the characteristic bond length remaining approximately at
1.48 A throughout the relaxation process. Simultaneously,
only minor variations in the thicknesses of the c-BN (11.0 A
to 10.9 A, -0.9%) and h-BN (17.1 A to 17.3 A, +1.2%)
regions are observed after relaxation, suggesting that both
phases preserve their structural identities. These results
indicate that, at the 50/50 proportion, the c-BN network
possesses sufficient intrinsic stability to maintain its sp*-like
arrangement, while the h-BN regions accommodate most
of the interfacial strain.

For the 60/40 heterostructure, the optimized interfacial
distance between the c-BN and h-BN regions is approximately
3.35 A, while the spacing between adjacent h-BN layers
remains close to 3.44 A. The higher concentration of the
cubic phase further stabilizes the sp’ network, leading
to even smaller structural variations after relaxation.

80/20

After (c) Before

After

.80
S

Figure 5. Atomic configurations of the (a)50/50, (b) 60/40, and (c) 80/20 c-BN/h-BN heterostructure before and after geometry optimization.
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The atomic configurations shown in Figure 5(b) reveal a
well-preserved interface, where both the cubic and hexagonal
regions maintain their structural identities with only minor
interfacial distortions. This behavior is corroborated by
the Radial Distribution Function g(r) analysis presented
in Figures 6(c) and 6(d), where the g(r) profiles were
calculated separately for the c-BN and h-BN regions of
the heterostructure. For the c-BN region (Figure 6(c)), the
primary peak remains highly intense and sharply defined
after relaxation, indicating the preservation of long-range
crystalline order within the cubic phase. The characteristic
B—N bond length exhibits only a minimal variation,
decreasing from 1.58 A before relaxation (black curve)

to 1.57 A after relaxation (red curve). Similarly, the h-BN
region (Figure 6(d)) remains structurally stable, preserving
its characteristic bond length near 1.48 A. In addition, only
minor thickness variations are observed for both phases
after relaxation, with the c-BN region decreasing from
15.2 A to 15.0 A (-1.3%), while the h-BN region maintains
a thickness of 10.3 A before and after relaxation. This
indicates that the interfacial strain is insufficient to induce
significant structural reconstruction. These results suggest
that the 60/40 proportion corresponds to a structurally
stable regime in which both sp?- and sp*-like configurations
coexist within the same heterostructure while preserving
their respective structural characteristics.
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Figure 6. Radial Distribution Function, g(r), of the c-BN and h-BN regions for the 50/50, 60/40, and 80/20 c-BN/h-BN heterostructures
before and after structural relaxation: (a) c-BN and (b) h-BN regions for the 50/50 heterostructure, (¢) c-BN and (d) h-BN regions for the
60/40 heterostructure, (e) c-BN and (f) h-BN regions for the 80/20 heterostructure. Black dashed lines correspond to the as-built structures,

while red solid lines represent the optimized configurations.
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Table 3. Summary of the magnetic signatures observed for the c-BN/h-BN heterostructures after structural relaxation.

Proportion Total Magnetization (uB/atom) Absolute Magnetization (uB/atom) Magnetic Signature
20/80 0.000 0.000 Magnetic quenching
40/60 0.000 0.000 Magnetic quenching
50/50 -0.040 0.049 Localized spin polarization
60/40 0.000 0.060 Antiferromagnetic-like compensation
80/20 -0.029 0.032 Localized spin polarization

For the 80/20 heterostructure, where the cubic phase
becomes largely predominant, the system exhibits structural
behavior closely resembling that of a highly stable c-BN
network containing thin hexagonal regions. Upon relaxation,
the interfacial distance is 3.13 A, while the spacing between
adjacent h-BN layers remains approximately 3.36 A. The
optimized atomic configuration shown in Figure 5(c) presents
only minor deviations relative to the initial structure, confirming
the high structural stability of the sp’ framework. This behavior
is further supported by the Radial Distribution Function g(r)
analysis presented in Figures 6(e) and 6(f), where the g(r)
profiles were calculated separately for the c-BN and h-BN
regions of the heterostructure. For both phases, the g(r)
profiles before and after relaxation remain highly similar,
particularly within the first coordination shell, indicating
minimal structural rearrangement during optimization.
For the c-BN region (Figure 6(e)), the characteristic B-N
bond length of 1.58 A remains essentially unchanged after
relaxation, while only minor thickness variations are observed
(from 19.4 A to 19.3 A, corresponding to a variation of
-0.5%). In contrast, the h-BN region (Figure 6(f)) exhibits
a slight increase in bond length, from 1.48 A to 1.49 A,
suggesting the presence of a small tensile strain induced by
the surrounding cubic network. Its thickness also remains
unchanged, maintaining a value of 3.4 A before and after
structural relaxation. These results indicate that, at the 80/20
proportion, the cubic phase predominantly governs the
structural behavior of the heterostructure, while the remaining
h-BN regions adapt locally to the lattice constraints imposed
by the c-BN framework.

The magnetic behavior of the c-BN/h-BN heterostructures
provides further support for the structural transformations
discussed previously. Table 3 summarizes the magnetic
properties observed for the c-BN/h-BN heterostructures after
structural relaxation. For all initial configurations, an induced
spin polarization was applied to the c-BN regions in order
to investigate the magnetic response of the interfaces after
structural relaxation. For the 20/80 and 40/60 heterostructures,
the total magnetization becomes negligible after relaxation.
This magnetic quenching is consistent with the structural
reconstruction of the cubic regions into hexagonal-like
configurations. As the sp* network collapses and the local
atomic coordination approaches the sp’-like arrangement
characteristic of h-BN, the spin-polarized electronic states
associated with the cubic phase are substantially suppressed.

In contrast, the heterostructures that preserve the
coexistence of cubic and hexagonal regions (50/50,
60/40, and 80/20) retain distinct magnetic signatures after
relaxation. The 50/50 heterostructure exhibits an absolute
magnetization of 0.049 uB/atom and a total magnetization
of -0.040 uB/atom. For the 60/40 proportion, the absolute

magnetization increases to 0.060 puB/atom, while the total
magnetization becomes approximately zero, suggesting an
antiferromagnetic-like compensation between local magnetic
moments. For the 80/20 heterostructure, the absolute and total
magnetizations decrease to 0.032 pB/atom and -0.029 uB/
atom, respectively. These results indicate that the magnetic
behavior of the heterostructures is strongly correlated with the
preservation of the sp3-like cubic network and the thickness
of the c-BN regions.

Overall, the emergence of magnetic signatures in the
intermediate concentration regimes suggests that the coexistence
of sp>- and sp*-like domains, together with the associated
interfacial distortions, plays an important role in stabilizing
localized spin polarization within the heterostructures.

4. Conclusion

In this work, we systematically investigated the structural
stability and magnetic behavior of c-BN/h-BN heterostructures
as a function of phase proportion using DFT calculations.
Our results demonstrate that heterostructures containing
low concentrations of ¢-BN (20/80 and 40/60) undergo
pronounced structural reconstruction during relaxation,
with the cubic regions evolving toward hexagonal-like
configurations. Additional simulations performed for isolated
c-BN slabs revealed the existence of a critical thickness
required to preserve the sp*-bonded cubic network, while
the interaction with h-BN domains further facilitates the
structural transformation of thin c-BN regions.

In contrast, heterostructures with higher c-BN
concentrations (50/50, 60/40, and 80/20) preserve the
coexistence of sp>- and sp*-like arrangements after relaxation.
The Radial Distribution Function analysis confirmed the
progressive stabilization of the cubic phase with increasing
c-BN thickness, particularly for the 60/40 and 80/20
proportions, where only minor structural distortions and
thickness variations were observed. The magnetic analysis
revealed that the suppression of the sp® network leads
to magnetic quenching in the low c-BN concentration
heterostructures, while the preservation of cubic regions
enables the emergence of localized magnetic ordering in
the intermediate and high c-BN concentration regimes.

Overall, these findings demonstrate that the structural
and magnetic properties of c-BN/h-BN heterostructures are
strongly governed by the relative phase proportion and the
thickness of the cubic domains. The present results provide
important insights into the design of BN-based heterostructures
with tunable structural and magnetic properties. Future
experimental investigations will be valuable to validate
the structural reconstruction mechanisms and critical c-BN
thickness predicted by the present first-principles calculations.
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