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MAGNETIC AND ELECTRONIC

PROPERTIES OF TRANSITION METAL-DOPED
AIN NANOSHEETS: A FIRST-PRINCIPLES
STUDY FOR SPINTRONIC APPLICATIONS

We present here a Density Functional Theory-based ab initio study of the structural, electronic,
magnetic and optical properties of a transition metal-doped AIN nanosheet. From the total en-
ergy difference, the stable ferromagnetic or antiferromagnetic configuration is determined. We
find that the pure AIN nanosheet is a nonmagnetic, wide-bandgap (3.28 eV) semiconductor,
while transition metal atoms induce magnetic moments, leading to structural changes around
the dopant and neighboring atoms. The calculated partial DOS shows that d orbitals of transi-
tion metal atoms are strongly hybridized with the p orbitals of N near the Fermi level, resulting
i a transition from semiconducting to half-metallic behavior. Cr- and Cu-doped AIN nano-
sheets, which exhibit 100% spin polarization, are promising candidates for spintronic devices
due to their strong half-metallic ferromagnetic properties. These findings suggest that TM-
doped AIN manosheets are promising for applications in nanodevices and spintronic devices

based on low-dimensional nanostructures.
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1. Introduction

In recent years, nanostructures of semiconducting
materials have attracted significant interest due to
their potential role in the development of future nano-
scale technologies [1-3]. Among these, nanowires ex-
hibit fascinating properties that offer advantages for
advanced electronic devices, particularly when com-
pared to quantum dots and bulk materials [4, 5].
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AIN with a wurtzite structure is an important wide-
bandgap semiconductor that has great potential for
applications in electronic and light-emitting devices
[6]. The AIN nanotube has been successfully syn-
thesized [7] and widely investigated. AIN nanowires
(NWs) stand out as a particularly appealing choice
due to their low electron affinity [8] and polar N-Al
bonds, which suggest that the AIN nanowires can be
used in semiconductor-based chemical sensors.

It is known that diluted magnetic semiconductors
(DMSs) are a promising class of materials for novel
spintronic devices [9, 10]. Significant efforts have been
made to study AIN-based DMSs [11, 13]. In recent
years, various theoretical and experimental studies
have been performed to study the electronic and mag-
netic properties of transition metal-doped AIN [14—
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22]. First-principles calculations showed that Mg dop-
ing in AIN nanosheets lowers transition energy lev-
els and favors Al substitution under N-rich condi-
tions, improving p-type doping efficiency [17]. Studies
of AIN nanosheets doped with nonmagnetic atoms
(Li, Na and K) revealed out-of-plane dopant po-
sitioning, deep p-type acceptor levels, and induced
magnetism, with K-doped systems exhibiting room-
temperature ferromagnetism at low concentrations
[18]. The authors of Ref. [19] report that V-doped
AIN nanosheets prefer Al-site substitution and ex-
hibit p—d hybridization—driven ferromagnetism that
is stabilized under tensile biaxial strain, indicating
strong potential for spintronic applications. Recent
first-principles studies have shown that transition
metal-doped AIN systems, such as CoO@QAIN-V ) and
PA@QAIN-V 4, exhibit excellent bifunctional catalytic
activity for the hydrogen evolution, oxygen evolution,
and oxygen reduction reactions, providing guidance
for designing efficient single-atom catalysts [20]. Yang
et al. [21] synthesized Mn-doped AIN NWs via chem-
ical vapor deposition, which exhibited ferromagnetic
properties. The authors of Ref. [22] conclude that the
degree of surface passivation of dangling bonds in the
Mn-doped AIN NW is an important factor affecting
the magnetic properties of doped nanowires. Recent
DFT studies have shown that Au-decorated AIN na-
nosheets can strongly adsorb theophylline and sig-
nificantly enhance the sensing response, suggesting
their potential as efficient biosensors [23]. The opti-
cal properties of AIN nanosheets have been investi-
gated in several studies [24, 25|, revealing isotropic
spectra with semiconducting behavior [24], while
ab initio simulations [25] further show that applied
electric fields can modulate the band gap, dielec-
tric response, and absorption peaks, leading to a
semiconductor—metal transition with promising op-
toelectronic applications.

In general, the electronic, structural, and mag-
netic properties of TM-doped AIN nanosheets are
systematically investigated. Our findings reveal the
fundamental role of 3d transition-metal dopants in
tuning the orbital hybridization and exchange inter-
actions within the AIN lattice. These insights not
only deepen the physical understanding of spin po-
larization and magnetism in low-dimensional AIN sys-
tems but also provide a theoretical basis for engineer-
ing AIN-based semiconductors with controllable func-
tionalities. Such tunability makes TM-doped AIN na-
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nosheets promising candidates for next-generation
spintronic and optoelectronic applications, where pre-
cise control over electronic and magnetic behavior is
crucial.

2. Method of Calculation

We carried out our calculations using density func-
tional theory (DFT) [26] and the APW method as
implemented in the AtomistixToolKit quantumwise
(ATK) package [27]. The generalized gradient ap-
proximation (GGA) with the Perdew—Burke—Ernzer-
hof scheme for solids (PBEsol) was used to calcu-
late the exchange-correlation energy. The Pseudo-
Dojo pseudopotential was used to represent the va-
lence electrons and ionic cores. A plane-wave cutoff
energy of 400 eV was chosen. Brillouin zone (BZ)
sampling was conducted using the Monkhorst—Pack
scheme with a mesh size of 1 x1 x 15. A maximum
force criterion of 0.01 eV/ A was applied during opti-
mization. A vacuum layer larger than 20 A was in-
troduced along the z-direction to prevent interactions
between periodic images. The optimized lattice pa-
rameters for the bulk material and the nanosheet are
a=b=3113 A, c=4.981 A and a = b = 3.128 A,
¢ = 21.565 A, respectively.

A 1x3x5 supercell of the AIN nanosheet
(AINNS), comprising 120 atoms (60 Al and 60 N
in the undoped configuration), was employed in the
calculations. This nanosheet size provided sufficient
separation between periodic images of dopants and
allowed the investigation of a wide range of doping
concentrations while maintaining computational fea-
sibility. Transition metal dopants (TM = Cr, Mn, Fe,
Co, V, Cu) were introduced by substituting 2, 4 and 6
Al atoms, corresponding to doping concentrations of
approximately 2.08%, 4.16% and 6.25%, respectively.

3. Results and Discussions

In the first step, the band structures and DOS of
bulk AIN and AIN NSs were calculated. Fig. 1, a and
b show the band structures of the AIN bulk and NS,
respectively.

For bulk AIN, the calculated band gap is 5.57 eV,
which is in good agreement with theoretical and ex-
perimental values of 5.6 eV [28] and 6.02 eV [29].

The spin-polarized electronic band structure of the
pure AINNS, illustrated in Fig. 2, reveals its non-
magnetic nature, as evidenced by the symmetry ob-
served in both spin-up and spin-down states in the
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Bulk structure of AIN Nanosheet AIN
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Fig. 1. Bulk (a) and nanosheet (b) structure model of un-
doped AIN

Table 1. The binding energy, bond lengths
and magnetic moments of TM-doped AINNS

™™™ Ey, Bond Concen- Magnetic
atom | (eV) | length (A) | tration (%) | moment (uB)
A% —2.96 1.89 2.08 3.47
4.16 3.59
6.25 3.62
Cr —3.74 1.81 2.08 4.34
4.16 4.30
6.25 4.29
Mn —3.21 1.87 2.08 4.99
4.16 5.08
6.25 5.14
Fe —-3.07 1.84 2.08 4.36
4.16 4.75
6.25 4.81
Co —2.62 1.81 2.08 3.28
4.16 3.25
6.25 3.16
Cu —3.11 1.82 2.08 0.73
4.16 0.75
6.25 0.81

valence band (VB) and conduction band (CB). The
calculated band gap (4.05 €V) is in good agreement
with the value of 3.74 €V reported in Ref. [30] for an
AIN nanotube.

In a theoretical study [17], the band gap for an AIN
nanosheet was reported as 2.93 eV using GGA with
the PBE functional. The difference originates from
the use of different pseudopotentials: while the ear-
lier work employed standard GGA-PBE, we used the
PseudoDojo pseudopotentials within the GGA frame-
work, which are known to provide improved accuracy
for structural and electronic properties.
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To study the electronic, magnetic, and optical
properties of TM-doped AINNSs (TM = Cr, Mn, Fe,
Co, and V) at concentrations of 2.08%, 4.16% and
6.25% (Fig. 3), the structural stability of the doped
nanosheets was first investigated by calculating their
binding energies using the following relation:

Ey = EvvaiNy — (Eain + Erm),

where Ej represents the binding energy of the TM-
doped AINNS; the total energies of the doped and
pure nanosheet structures are denoted by Ermain
and Fan, respectively; and Ery denotes the total
energy of the dopant TM atom. The TM atoms are
substituted at Al sites. As is known from previous
investigations of AIN, TM atoms substitute for Al
atoms [31-33].

The calculated binding energy values are summa-
rized in Table 1, where the F} values for the doped
nanosheets range from -2.62 to -3.74 eV. All the
doped structures considered have negative Ej values,
which confirms that they are energetically more sta-
ble than the pure AINNS. Additionally, the atomic
bond lengths between the transition metal atoms
and their nearest-neighbor N atoms in the optimized
structure are also provided in Table 1. The average
bond lengths between the V, Cr, Mn, Fe, Co, and
Cu atoms and their nearest N neighbors are 1.89,
1.81, 1.87, 1.84, 1.81, and 1.82 A, respectively. The
observed distortion, compared to the pure nanosheet
structure (where the AI-N bond length is 1.80 A), is
mainly due to the differences in atomic radii between
the dopant atoms and the Al atom.

Fig. 4 to 6 present the calculated projected DOS
for TM-doped AINNSs. As illustrated in these fig-
ures, all TM-doped nanosheets exhibit spin splitting
around the Fermi energy (EF), indicating the pres-
ence of magnetic moments. For certain TM atoms,
the electronic states cross the Fermi level for only one
spin channel, suggesting half-metallic behavior. Addi-
tionally, strong hybridization occurs between the TM
dopant and its neighboring NV atoms, as evidenced by
the overlap of the TM-d and N-p states in the PDOS.

The strong hybridization between TM-d and N-
p orbitals is confirmed by the overlapping peaks in
the PDOS. Specifically, the TM-d states and the N-
p states show significant intensity over the same en-
ergy ranges (both below and near the Fermi level),
which indicates orbital mixing and strong covalent
interaction.
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Fig. 2. Band structure and DOS for bulk (a) and AINNS (b) structure, respectively
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Fig. 3. The TM atoms are substituted at Al sites at various concentrations (TM atoms are shown in black color)

The magnetic coupling strength was evaluated from
the total energy difference between the ferromagnetic
(FM) and antiferromagnetic (AFM) states, defined
as AFE = Epy — EapM- A negative value of E indi-
cates that the FM configuration is energetically more
favorable. According to our calculated energy differ-
ences (see Table 2), AF is negative for Fe-, Co-, Cu-,
V-, and Cr-doped AIN nanosheets, confirming that
their ground state is ferromagnetic. In contrast, AE
is positive for Mn-doped AINNS, indicating that the
AFM configuration is the ground state. Qiushi Wang
et al. in their study [34] indicate that AIN:Mn na-
nosheets exhibit room temperature ferromagnetism,
which is due to the unpaired electrons in the 3d shell
of Mn?* ions.

The results of the half-metallic gap and band gap
calculations are shown in Table 3. The spin-polarized
partial density of states (PDOS) of the transition
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Table 2. The spin-dependent
band gap for the TM-doped AINNSs

Energy band gap (eV)
™ 2.08% 4.16% 6.25%
t
atom Spin
up down up down up down
\% 2.47 3.91 1.64 3.75 1.61 3.52
Cr 2.64 2.85 1.21 4.21 0.0 3.68
Mn 2.05 3.92 2.27 3.85 1.63 3.61
Fe 4.26 2.75 4.03 2.67 3.02 1.54
Co 4.21 1.63 4.55 2.05 4.32 1.52
Cu 4.28 1.26 4.53 0.53 4.59 0.0

metal (TM) doped AINNSs was analyzed to under-
stand the electronic and magnetic properties of the
systems. The PDOS provides the distribution of elec-
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rized partial DOS for Co- and
Fe-doped AINNSs

Table 3. Calculated total energies for ferromagnetic and antiferromagnetic phases of TM-doped AIN

TM doped Concen- E E AE(EFM —|TM doped Concen- B B AE(EFM —
AINNS |tration (%) FM AFM — Earm) AINNS |tration (%) FM AFM — EarMm)
AIN-Mn 2.08 —17503.81750|-17503.81883| 0.00134 AlIN-Fe 2.08 —18487.01395|-18487.01275| —0.00126
AIN-Mn 4.16 —23218.05875|-23218.06076| 0.00196 AIN-Fe 4.16 —25183.35809|-25183.35731| —0.00083
AIN-Mn 6.25 —28935.69074|-28935.69284| 0.00201 AIN-Fe 6.25 -31880.32859(-31880.32768| —0.00102
AIN-Co 2.08 —21902.96795|-21902.96452| —0.00345 AIN-V 2.08 —15640.73500(-15640.73436 —0.00067
AIN—Co 4.16 —27842.49897|-27842.49543| —0.00352 AIN-V 4.16 —-19502.24163|-19502.24163| —0.00092
AIN-Co 6.25 —35868.31423|-35868.31065| —0.00367 AIN-V 6.25 —23356.59142|23356.588891| —0.00148
AIN-Cr 2.08 —16549.64501|-16549.64418| —0.00095 AIN-Cu 2.08 —28314.96547|-28314.96492| —0.00057
AIN-Cr 4.16 —21316.07609|—21316.07495| —0.00116 AIN-Cu 4.16 —32017.46004|-32017.45746| —0.00264
AIN-Cr 6.25 —26084.47903|-26084.47667| —0.00239 AIN-Cu 6.25 —42136.36467|-42136.36184| —0.00291
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tronic states for each spin channel (up and down)
near the Fermi level (Ep). For Cr- and Cu-doped
AINNSs, the PDOS shows that in one spin chan-
nel (spin-up and spin-down, respectively), there is
a finite density of states at the Fermi level, indi-
cating metallic behavior, while in the opposite spin
channel (spin-down and spin-up, respectively), there
is a band gap at E, indicating semiconductor be-
havior. This asymmetry between spin channels is the
defining feature of a half-metal (Fig. 4, Fig. 5). The
3d and N-2p hybridization states of TM and N atoms
close to the Fermi level are responsible for this. The
very minor energy differences (AE) (Table 3) indi-
cate that V- and Fe-doped AINNSs are all weakly
FM semiconductors.
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For Mn-doped nanosheet evidently, there is not
much variation in DOS (in contrast to other dopants,
which induce noticeable changes in the DOS, Mn-
doping results in only a shift by less than 0.7 eV for
all different concentrations in peak positions and neg-
ligible changes near the Fermi level, maintaining the
overall semiconducting character) (Fig. 4) with the
substitution of Mn and even at the highest concen-
tration of TM atoms the spin-up and spin-down chan-
nel retain their semiconductor nature with a different
band gap value (Table 2).

The surrounding nitrogen atoms in Cr-doped
AINNS play a significant role in the formation of the
magnetic moment, particularly in the spin-up chan-
nel (Fig. 3). This is evident from the projected DOS,
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where pronounced peaks of Cr-3d and N-2p states ap-
pear in the same energy region (from approximately —
2 eV to 0 eV) in the spin-up channel. The overlapping
energy range of these states demonstrates strong hy-
bridization between the Cr-3d orbitals and the neigh-
boring N-2p orbitals. Slight hybridization near the
bottom of the conduction band causes partial charge
transfer from the Cr atom to adjacent N atoms, lead-
ing to electronic charge redistribution within the Cr—
N bonding environment.

In the spin-down channel, the N-2p states remain
unoccupied, preserving a clear band gap, whereas in
the spin-up channel, the Cr-3d states appear near
the bottom of the conduction band and the top of
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the valence band, crossing the Fermi level and lead-
ing to metallic behavior. This asymmetry between
the spin-up and spin-down DOS indicates spin po-
larization and confirms that the net magnetic mo-
ment mainly originates from the localized spin-up
electrons in the Cr-3d orbitals. As the hybridization
strength increases with higher Cr concentration, the
Cr-3d states broaden and shift closer to the Fermi
level. Consequently, the spin-up band gap gradually
narrows and eventually closes, indicating enhanced
Cr—N orbital interaction and a transition from semi-
conducting to nearly metallic behavior in the spin-
up channel. The spin-down channel remains semi-
conducting, but its band gap increases from 2.85 to
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3.68 €V with increasing Cr concentration. Our results
are consistent with the earlier research reported in
Ref. [33]. According to that study, Cr-doped AIN is
half-metallic.

Our calculated partial DOS (Fig. 5) demonstrates
that Cu doping mainly contributes to the valence
band in the low-energy range of —2 to —4 eV and has
minimal effect on the conduction band in the energy
range of 1+2 eV. However, as shown in Fig. 4, addi-
tional energy levels appear near the top of the valence
band and the bottom of the conduction band within
the energy range of -2 €V to 2.5 €V, originating from
the N-2p orbitals. The shift of the Fermi level toward
the valence band can be directly observed in our cal-
culated DOS, as shown in Fig. 5. The Fermi level lies
very close to the top of the valence band, clearly indi-
cating this shift with Cu doping. This finding is also
in good agreement with previous studies on Cu-doped
AIN bulk structures [33-35].

This electronic behavior is characteristic of a p-
type metallic conductor [36]. The hybridization be-
tween the 3d orbitals of Cu and the 2p orbitals of the
nearest N atoms around the Fermi level is important
because it results in ferromagnetism.

Fig. 5 shows the partial DOS of V-doped AINNS
near the Fermi level. As shown in Fig. 5, the spin-
up states differ noticeably from the spin-down states,
leading to considerable spin splitting. This results in
a reduction of the band gap from 2.47 eV to 1.61 eV
in the spin-up channel and from 3.91 eV to 3.62 ¢V in
the spin-down channel, indicating semiconducting be-
havior. At a V concentration of 6.25%, the increased
atomic interactions and correlations maximize the
contribution of 3d-orbital electrons near the Fermi
level and enhance the possibility of hybridization be-
tween the 2p and 3d orbitals.

A clear overlap between the V 3d and N 2p orbitals
near EF is observed in the spin-up DOS, suggesting a
double-exchange mechanism for the FM coupling. In
contrast to the results obtained in Ref. [37], which
show half-metallic behavior with increasing V concen-
tration, our results indicate that the system retains
its semiconducting properties even at the highest V
concentration.

As can be seen from Fig. 3, at an Fe concentration
of 2.08%, the spin-up band gap increases slightly to
4.26 eV, while the band gap of the spin-down chan-
nel decreases to 2.75 eV. As the Fe concentration is
further increased to 4.17%, the band gap of the spin-
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down channel decreases to 2.67 eV, while that of the
spin-up channel decreases slightly to 4.03 eV. At an
Fe concentration of 6.25%, the band gaps are 3.02 eV
for the spin-down channel and 1.54 eV for the spin-up
channel. A new impurity level appears mainly at the
bottom of the conduction band and, to a lesser extent,
at the top of the VBM for the spin-down channel, as
clearly seen in the calculated partial DOS. The peaks
associated with the Fe-3d electronic-state density are
strongest and show pronounced localization at a dop-
ing ratio of 6.25%, thus making the greatest contri-
bution to the conduction-band electrons. Our result
is in good agreement with the previously reported re-
sult [38].

The magnetic properties of the TM-doped nano-
sheets were analyzed using Mulliken population anal-
ysis [39-51] within the Atomistix ToolKit (ATK)
package. The local magnetic moment of each atom
represents the net spin associated with that atom and
is calculated as the difference between the number of
spin-up and spin-down electrons:

i =n; T —ngl,

where n; T, n; | are the spin-up and spin-down elec-
tron populations on atom 7. The local moments of the
3d transition metal (TM) dopants and their nearest-
neighbor N atoms were specifically examined to reveal
the distribution of magnetism in the nanosheet.

The total magnetic moment of the nanosheet is ob-
tained by summing the contributions of all atoms, re-
flecting the net magnetic polarization of the system:

Mtotal = Z (/-%) = Z(?%T — nzi)

% %

This approach provides a clear and physically
meaningful description of both the local and overall
magnetic behavior of the TM-doped nanosheets.

The comparison reveals that, except for the Cu-
doped AINNS, the total magnetic moments of all
other nanosheets predominantly arise from the TM
atoms, with minimal contributions from the nearest-
neighbor N atoms. Specifically, the local magnetic
moment of copper is approximately 0.735 uB, which
is lower than the corresponding moments of the other
TM atoms, suggesting that copper atoms are less
favorable for spin polarization. In the case of the
Cu-doped AINNS, the local magnetic moment of
the nearest-neighbor N atoms was 0.904 uB, which
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is higher than that observed in other configura-
tions. The highest magnetic moment was recorded for
the Mn-doped AINNS, where the total magnetic mo-
ment reached 4.961 uB, primarily resulting from the
spin polarization of the Mn atoms (4.99 pB), with
only slight contributions from the N (approximately
0.217 uB) and Al (approximately 0.469 uB) atoms.

Additionally, the local magnetic moments for other
configurations were as follows: the Cr-doped AINNS
exhibited a magnetic moment of 4.319 uB, V-doped
nanosheets showed ~3.151 upB, while Co- and Fe-
doped nanosheets had local magnetic moments of
~3.287 uB and ~4.361 uB, respectively.

4. Data Availability Statement

Data sets generated during the current study are
available from the corresponding author on reason-
able request.

5. Conclusions

The study systematically explored the structural,
electronic and magnetic properties of transition
metal-doped AIN nanosheets using density functional
theory. The results reveal that the pristine AIN na-
nosheet is a nonmagnetic, wide-bandgap semiconduc-
tor with a band gap of 4.21 eV. Upon doping with
transition metals (Cr, Mn, Fe, Co, Cu), the magnetic
behavior of the material changes significantly, with
doping introducing magnetic moments and altering
the structural integrity of the nanosheet.
Specifically, doping with Cr and Cu leads to
the emergence of half-metallic ferromagnetism, with
100% spin polarization, making these materials
highly suitable for spintronic applications. The com-
puted magnetic moments show that Cr and Mn
dopants contribute significantly to the overall mag-
netic properties, with Mn-doped AIN nanosheets ex-
hibiting the highest magnetic moment (~4.99 uB),
primarily from the Mn dopant, along with slight con-
tributions from neighboring N and Al atoms. Con-
versely, Cu-doped AIN nanosheets exhibit a lower
magnetic moment, with the primary contribution
from the neighboring nitrogen atoms rather than cop-
per. In particular, Cr- and Cu-doped AIN nanosheets,
which display half-metallicity and 100% spin polariza-
tion, are ideal candidates for spintronic devices, of-
fering high efficiency for spin injection. Furthermore,
while V- and Fe-doped AIN nanosheets show weak fer-
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romagnetism, they retain semiconducting behavior,
with smaller magnetic moments and less pronounced
spin splitting.

The results of this study pave the way for further
investigation into the precise tuning of doping concen-
trations and the exploration of other transition met-
als, with an eye toward developing high-performance
nanodevices. These findings contribute to the broader
understanding of transition metal-doped AIN nano-
sheets as promising candidates for spintronic appli-
cations and provide guidance for future experimental
and theoretical investigations in the field.
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H.A. Iemainosa
MATHITHI TA EJIEKTPOHHI BJTACTUBOCTI
HAHOJIMCTIB AIN, JIETOBAHUX INEPEXTTHUMU

METAJIAMN: JOCJIIAXKEHHA 3 ITEPIINX
TTPUHIMNIIIB AJ151 SACTOCYBAHDB V¥V CIIIHTPOHIII

Y pobori ab initio Ha ocHOBI Teopil dyHKIIOHAIA TYCTHUHU J0-
CJIIJI2KEHO CTPYKTYPHi, €JIeKTPOHHI, MarHiTHI ¥ OHNTHYHI Bja-

900

crusocti Hanosiucta AIN, jeroBanoro nepexiHIMu MeTaIaMHu.
Ha ocHoBi pi3HuIll TOBHUX eHepriii BUSHA4YeHO cTabliIbHI KOH]I-
rypauii (dbepomarnitay it antudepomaruitay dasu). Beranos-
JIeHo, 1o yucTuii HaHnoaucT AIN € HeMarHiTHUM HaIiBIPOBiI-
HUKOM 13 IHIpOKoI0 3a60poHeH00 30H0MW (3,28 eB), Tozi sk aTo-
MU IE€PEeXiIHuX MeTaJliB IHAYKYIOTh MAarHiTHI MOMEHTH, IO 3y-
MOBJIIOIOTh CTPYKTYPHI 3MiHH B JiJIsIHIII HABKOJIO JOTIAHTA i Cy-
cizaix aromis. Pospaxosani napuianssi rycrunu cranis (DOS)
CBifyaTh PO CWJIbHY ribpuau3sariito d-opbiTajieil aTomiB mepe-
XigHUX MeTasiB i3 p-opbiTansmu azory nobausdy piBas Dep-
Mi, BHACJIJOK YOro HAIIBIIPOBIJHUKOBI BJIACTUBOCTI 3MiHIOIO-
ThCd Ha HamiBMeTasiesi. Jleroani aromamu Cr i Cu HaHOIUCTH
AIN, mo sBussnsiors 100% cninoBy mnossipuszariioo, € nepcrie-
KTUBHUMH MaTepiajaMu JJisi CHIHTPOHHUX IIPUCTPOIB 3aBJIAKN
BUPaKEHUM HAIlIBMETAJIEBUM (DEPOMATrHITHUM BJIACTUBOCTSIM.
OTpuMaHi pe3yJbTaTH BKa3yIOTb Ha NEPCIEKTUBHICTH 3aCTO-
cyBanHs1 HaHoiucTiB AIN, jleroBaHuX HEpexiIHUMU MeTaIaMu,
Y HAHOIIPUCTPOSX i CHIHTPOHHUX IIPUCTPOAX HA OCHOBI HU3BKO-
BUMIDHUX HAHOCTPYKTYD.

Katowo61i cao06a: aTOMH MEPEXiTHUX METaJiB, CIIHOBA I10-
JIsIpU3allisi, HAHOJUCTU, MArHiTHI MOMEHTH.

ISSN 2071-0194. Ukr. J. Phys. 2026. Vol. 71, No. 11



