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Here in, we have investigated electronic, optical, elastic and magnetic properties of Co2VZ (Z= As, B, In, Sb) full Heusler
compounds by using two different computational methods. One is full potential linearized augmented plane wave (FP-LAPW)
method as implemented in WIEN2k and second one is pseudo potential method as implemented in Atomistic Tool Kit-Virtual
NanoLab (ATK-VNL). All these compounds show zero band gaps in majority spin channel in both computational codes and in
minority-spin conduction band or valence band crosses the Fermi level. Magnetic moment calculated by these compounds Co2VZ
(Z= As, B, In, Sb) are 3.64 and 3.76, 2.00 and 1.97, 1.99 and 1.99, 3.96 and 3.82up in WIEN2k and ATK-VNL simulation codes
respectively. Optical properties of these compounds such as reflectivity, refractive index, excitation coefficient, absorption
coefficient, optical conductivity and electron energy loss have been analyzed. Absorption coefficient and electron energy-loss
function values are increases as we increase the value of energy. Absorption and reflection are inversely proportional to each other at
same instant of time. Pugh’s ratio B/G is greater than 1.75 for Co2VZ (Z= B, In, Sb) compounds showing ductile in nature, but B/G
value for Co2VAs is less than 1.75, so this compound is brittle in nature. Values of Cauchy pressure (Cp = Ci2 — Ca4) derived and
these compounds Co2VZ (Z= As, B, In, Sb) shows metallic nature.
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Half metallic ferromagnetism is those Heusler compounds, which shows zero band gap in spin up form
representing metallic nature and a finite gap in spin down form exhibiting semiconducting nature [1-5]. Spin of
electron is responsible for such type of dual nature of material and named as Spintronics. The materials which are
metallic in majority spin and non-metallic in minority spin reveals 100% spin polarization at Fermi level [6-8].
Heusler alloys represent high magnetic moment and Curie temperature [9]. Due to such type of electronic and
magnetic characteristics, half metallic ferromagnetic materials have wide application in Spintronics devices, such as
magnetic tunneling junctions with tunnel magneto-resistance (TMR), magnetic sensors, spin torque oscillators
(STO), non-volatile magnetic memory, spin light emitting diodes (LED) and so on. These devices increase the data
processing speed and decrease the power consummation [10-15]. Ishida et al. [16] have put their results represent
that the compounds CooMnZ (Z= Ge, Sn) are semi metals and showing 100% spin polarization. Shreder et al. [17]
have studied the electronic, optical and magnetic properties of Fe,TiAl, FeoVal and Fe,CrAl. They observed radical
conversion in band spectrum in domain of Fermi energy and when change Y= Ti, V, Al, there are significant changes
in optical and electrical properties. Their results have good agreement with experimental results. Seema et al. [18]
have studied the electronic, optical and magnetic properties of Co.CrZ (Z= Al, Ga, Ge, Si). From their study, they
have observed three types of disorders, namely DOs;, A, and B,. In these disorders DO; and A, disorder leads
decrease in the spin polarization and B, disorder retains the spin polarization at Fermi level. In this paper, we have
performed the first principle calculation of the structural, electronic, optical, elastic and magnetic properties of
Co,VZ (Z= As, B, In, Sb) compounds, by using WIEN2k code and Atomistic Tool Kit-Virtual NanoLab (ATK-VNL)
code within Generalized-gradient approximation (GGA) for exchange correlation functions.

COMPUTATIONAL DETAILS

We have performed by using full-potential linearized augmented plane wave (FP-LAPW) [19] executed by
WIEN2k simulation code [20]. During optimization different parameters need to set, like RmKmax, k-point, lattice
constant and optimized energy, Generalized-gradient approximation (GGA). Where Ry denote plane wave smallest
radius of muffin-tin sphere and Kmax is used for elaboration of flat wave function by making maximum modulus of
reciprocal lattice vector. Here Rt Kmax (cutoff parameter), which is used for control the basis set size and we set 7.0
values for this. The energy between two states (core states are considered relativistically and valence states are
considered as semi-relativistic) was set 6.0Ry. In first Brillouin zone, we fix 1000 k-points. This value of k-points is
increased to 10000, when we calculate the optical properties of Heusler compounds. Angular momentum is used to
expand the spherical harmonics in the atomic sphere taken as Imax = 10. In the central region the charge density and
potential were elaborated with wave vector up to Gmax=10. The value of energy convergence criterion was set to
0.0001Ry. For the each atom muffin tin sphere radii (Rmr) are tabulated in Table 1.
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https://orcid.org/0000-0002-2149-5669
https://orcid.org/0000-0003-3323-8296
https://orcid.org/0000-0002-7507-4712
https://orcid.org/0000-0002-1895-158X
https://orcid.org/0000-0001-8223-7658
https://doi.org/10.26565/2312-4334-2020-4-07

52

EEJP. 4 (2020) Sukhender, Lalit Mohan, et al
Table 1.
Muffin tin radius (Rmr) for Co,VZ (Z= As, B, In, Sb).
Compound
Ryr(a.u) Co,VAs Co,VB Co,VIn Co,VSb

Co 2.35 2.20 2.37 2.21

\'% 2.24 2.09 2.31 2.15

Z 2.24 1.82 2.37 2.21

A pseudo-potential method has been carried out in the framework of density functional theory is also apply for
study of above physical fundamental properties of full Heusler alloys, used by a code Atomistic Tool Kit-Virtual
NanoLab (ATK-VNL) [21]. Electronic and magnetic properties of Co.VZ (Z= As, B, In, Sb) are calculated by using
Pulay Mixer algorithm. Double-zeta () polarized basis set is applied for expanding the electron wave function and
GGA (Generalized-gradient approximation) for exchange-correlation functional. When each atom achieves force
convergence criteria 0.05 eV/A; then we have obtained an optimized structure of a compound having maximum stress is
0.05 eV/A3. Maximum 200 numbers of steps are executed with a fix step size 0.2 A for the optimization. Convergence
is achieved by deciding mesh cutoff energy on the ground of convergence principle and for this computation 150 Ryd
has been projected all over calculation as the most favorable after several convergence tests. Initial state has been
selected up and down for spin polarization purpose in an atom. We used 10 x 10 x 10 Monkhorst-Pack k-mesh [22] for
brillouin zone sampling to maintain balance between computational time and for accuracy results. Further, no any
constrain in X, y and z directions are applied for structure optimization.

RESULTS AND DISCUSSIONS
Structural parameters

In this study, we have concentrated on the Full Heusler compounds with formula X,YZ and having atomic
composition 2:1:1. They are inter-metallic alloys formed by four penetrating FCC-lattices with atomic positions at X
(1/4, 1/4, 1/4), X, (3/4, 3/4, 3/4), Y (1/2, 1/2, 1/2) and Z (0, 0, 0). Where X and Y atoms are transition metal and Z is
main group metal or semimetal. Their cubic lattice structure is of the L2, type having space group Fm-3m (no. 225)
[23]. The equation of state given by Murnaghan [24] gives the value of total energy and pressure as a function of
volume is stated as:

BV 1 Vo

E(V)=E 1 (o) 1) BV
"= 0+[B_P(cBP—1>(7) * )‘wp—n]

Pw) = 5-{e0 - 1)

dE d’E
Pressure (P) = —— —

Bp=-VE-_yLL

av av av
In the above equations E, is the minimum energy at T = 0K, B is the bulk modulus, Bp is the pressure derivative of
the bulk modulus and V, is the equilibrium volume. Structural optimization curves have been presented in figure 1.
Comparison of lattice constants compiled from both the computational codes WIEN2k and ATK-VNL, revels the
results that values of lattice constants of ATK-VNL are slightly greater than the lattice constants of WIEN2k. But in
case of bulk modulus, there is a significant difference between the values generated by these computational codes. Bulk
moduli of WIEN2k are slightly greater than the bulk modulus of ATK-VNL. The compound Co,VSb have the lowest
value of Pressure derivative while Co,VIn have the highest value of Pressure derivative. Calculated values of the

optimized lattice constant, equilibrium energy and pressure derivative have been presented in Table 2.

Lattice parameter, Bulk modulus, Equilibrium energy and Pressure derivative for Co,VZ (Z= As, B, In, S;:.lble >
Lattice Constants ag (A) Bulk modulus (GPa)
Compound Calculated Calculated ]];:r(llgrilibrium Lressure
gy (Ry) derivative
WIEN2k ATK WIEN2k ATK
Co2VAs 5.814 5.794 170.66 182.91 -11994.720 4.193
Co,VB 5.431 5.359 263.33 287.67 -7522.265 5.541
Co2VIn 6.005 5.794 183.19 210.39 -19239.105 6.072
Co,VSb 6.036 5.957 178.51 234.92 -20439.77 0.662
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Figure 1. Volume optimization for the lattice parameters

Electronic and magnetic properties

Co-based Heusler alloys attracted researchers due to this trait half metallic ferromagnetic. Co-based Heusler
alloys, which does not show any band gaps in up spin, are metallic by nature and down spin have a finite band gap and
are semiconducting or insulating by nature. Then these Co-based materials are half metallic ferromagnetic showing
100% spin polarization at Fermi level. Now a day’s Spintronics is a new growing field of research with numerous of
applications. These materials have high Curie temperature and magnetic moment [25]. Due to such type of electronic
and magnetic characteristics, half metallic ferromagnetic materials have wide application in Spintronics devices, such as
magnetic tunneling junctions with tunnel magneto-resistance (TMR), magnetic sensors, spin torque oscillators (STO),
non volatile magnetic memory, spin light emitting diodes (LED) and so on. These devices increase the data processing
speed and decrease the power consummation. Different magneto-electronic and high processing devices are developed
using the concept of Spintronics. These devices reduce electric power consummation and there is also decrease in heat
dissipation. Spin polarized calculations of Co.VZ (Z= As, B, In, Sb) compounds within Generalized-gradient
approximation (GGA) have been carried out at the optimized lattice parameters. Value of spin polarization can be
derived theoretically using the formula as given below.

_ nT—nl
nT+nl

=

If either ny =0 or n; = 0, then P, =1 or -1. It means, if either up or down spin is existing then the spin polarization
is 100%. These types of materials are known as half metals ferromagnetic. If the value of P, is vanishes; then the
materials are paramagnetic or anti-ferromagnetic even below the magnetic transition temperature. Study of energy gap
from DOS and band structure of the compounds Co,VZ (Z= As, B, In, Sb) shows that there are valence band extreme
and conduction band extreme exists around the Fermi level. It is clear in minority spin that minima of conduction band
crosses the Fermi level of compounds Co,VZ (Z= As, B, Sb) and maxima of valence band touches the Fermi level of
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compound. There does exist a significant band gap in WIEN2k code. The study of these graphs for those materials is
near to half metallic. Both codes produce the same results with zero band gaps in majority spin representing the material
is metallic. Graphical study of ATK-VNL also shows that the compounds Co,VZ (Z= B, In, Sb) are near to half
metallic, because their minima of conduction band crosses the Fermi level. But, the compound Co,VAs is metallic in
nature. The detailed results of band structures and density of states are shown in Figures 2-5.
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Figure 2. DOS of Co2VZ (Z= As, B, In, Sb) using WIEN2K Code
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Figure 5. Band Structure of Co2VZ (Z= As, B, In, Sb) using ATK-VNL Code

These magnetic moments and Curie temperature can be calculated by counting the total number of valence
electron present in the compounds. Curie temperature is equal to the integral multiple of 175 K by the difference of total
valence electron. In the same manner, magnetic moment per unit cell is equal to the difference between total numbers of
valence electron. These theoretical results of magnetic moments are driven by Slater-Pauling rule [26]. Here, total
number of valence electron of the compounds Co,VZ (Z= As, B, In, Sb) are 28, 26, 26 and 28. According to the Slater-
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Pauling rule their magnetic moments are 4, 2, 2 and 4 pg respectively and Curie temperature of these compounds
Co,VZ (Z= As, B, In, Sb) are 700, 350, 350 and 700 K respectively. We have summarized that these compounds have
very good agreement with Slater-Pauling rule. The calculated results for magnetic moments for Co,VZ (Z= As, B, In,
Sb) obtained by full potential linearized augmented plane wave (FP-LAPW) method implemented in WIEN2k and
pseudo-potentials method implemented in Atomistic Tool Kit-Virtual NanoLab (ATK-VNL) within Generalized-
gradient approximation (GGA) for exchange and correlation functions and is tabulated in Table 3.

Table 3.
Total magnetic moments of the compounds Co,VZ (Z= As, B, In, Sb).
Magnetic moment (Ug)
Compound Zy WIEN2k ATK Slater-Pauling
(Z:-24)
Co2VAs 28 3.64 3.76 4.00
Co,VB 26 2.00 1.97 2.00
Co,VIn 26 1.99 1.99 2.00
Co,VSb 28 3.96 3.82 4.00
Optical properties

These optical properties are such as reflectivity, refractive index, excitation coefficient, absorption coefficient,
optical conductivity and electron energy loss. The optical spectra for different optical properties are shown in

Figure 6 (a-h).
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Figure 6. Calculated optical parameters (a) real part of dielectric function, (b) imaginary part of dielectric function, (c) optical
conductivity, (d) absorption coefficient, (e) electron energy-loss function, (f) reflectivity, (g) refractive index and (h) extinction
coefficient for Co2VZ (Z= As, B, In, Sb).
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conductivity, (d) absorption coefficient, (e) electron energy-loss function, (f) reflectivity, (g) refractive index and (h) extinction
coefficient for Co2VZ (Z= As, B, In, Sb).

From the Figure 6 (d-e), we have observed that along the increase of energy, values of absorption coefficient
and electron energy-loss function are increases. The value of energy of fast moving particle is decreases or absorbed,
when passes through a medium. Small wave vector optical response of material is described by complex dielectric
function. This complex dielectric function can be written as &(m) =¢;(m) + ig(m). Where €(m) is the real part of
complex dielectric function and (e2(m)) imaginary part of complex dielectric function. Which describe the
polarization for material; when electric field is applied and gives the value of absorption in a material or loss of
energy into the medium respectively [27-29]. The main peaks of imaginary part of dielectric function are obtained in
infrared region from 0.08 to 0.30eV. After that, imaginary part of dielectric function decreases rapidly and some
small peaks are observed near visible region. From figure 6 (a-b), we have obtained the zero frequency values of real
(e1 (0)) and imaginary part (& (®)) of complex dielectric functions are 166.34 and 39.81, 180.54 and 78.45, 130.11
and 51.64, 136.16 and 37.02 for the compounds Co,VZ (Z= As, B, In, Sb) respectively. Figure 6 (c), sharp peaks of
optical conductivity are obtained in visible region and highest sharp peak is observed at 2.73eV by Co,VB
representing more conduction of electron as compared with other compounds. From figure 6 (f), we have determined
the ability of material to reflect from material surface responding electromagnetic radiation. Zero frequency
reflectivity values of the compounds Co,VZ (Z= As, B, In, Sb) are 0.738, 0.756, 0.717 and 0.716 respectively.
Reflection and absorption are inversely proportional to each other at the same instant of time. Plasma resonance
corresponding frequency is known as plasma frequency at which sharp peaks are associated. Above the plasma
frequency, material shows the dielectric behavior and below which the material shows metallic behavior. Refractive
index has vast area of application such as dispersive power of prisms, focusing power of lenses, light guiding, and
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critical angle for total internal reflection etc. Zero frequency value of refractive index from Figure 6 (g) for the
compounds Co,VZ (Z= As, B, In, Sb) were obtained as 12.98, 13.73, 11.62 and 11.77 respectively. Figure 6 (h)
shows sharp peak of extinction coefficient infrared region and then some smaller peaks are obtained in visible
region. Further, the values of extinction coefficient are decreases in the ultraviolet region.

Elastic properties
These constants provide information about structure stability, mechanical properties, bond indexes and anisotropy
of material. The cubic crystal must satisfy the traditional mechanical stability condition of elastic constant, which is as
below [27].

Cii—Ci2>0,C1>0,Cy; +2C12>0,Cs4>0,C2<B<Cpy

Structural stability is necessary for any material, which is determined by anisotropic factor and denoted by ‘A’.
The material is anisotropic for the value of ‘A’ is other than one. A property of material which does not depend on the
direction is known as isotropic. Anisotropic is related with reduced elastic constants as.

A= 2
Cll_ C12

Bond index can determine the Stiffness and flexibility of a material by using Cauchy pressure, which is expressed
as CP = Cis — Cu4. If the value of Cauchy pressure is positive, then the material is metallic and ductile nature in nature,
otherwise material is nonmetallic and ductile in nature. Pugh’s ratio B/G is used to determine the material is brittle or
ductile. If the B/G ratio is less than 1.75 then material is brittle type otherwise it is ductile. Mechanical properties of the
compounds are determined by Bulk modulus (B), young modulus (E), Shear modulus (G) and Poisson ratio (v) by
Voigt-Reuss-Hill (VRH) averaging method [30]. Formulas for B, E, G and v by using elastic constant can be expressed
as.

B:BV:BR 3

Gy + Gg
G= ——2&
2

Ci1— Cip+ 3Cyy
5

G — 5C4-4- (Cll - C12)
B [4Cy + 3(Cyy — Cp2)]

GV=

(V = Voigt and R = Reuss)
Stiffness of material can be determined by Young modulus. This can be calculated in term of B and G.

_ 9BG
" 3B4+6G

The value of Poisson ratio can be calculated with the help of B and G. The values of Poisson ratio lie between O -
0.5 for most of the material.

_ 3B-2G
V= 2BB+06)

Here, we have used Atomistic Tool Kit-Virtual NanoLab (ATK-VNL) package using Pseudo-potential method
carried out in the framework of density functional theory (DFT). All the results carried out from this code are assembled
in Table 4.

From the Table 4, we observe that traditional mechanical stability condition C;; — Cj2 > 0, Cy; > 0, Ci +2Cop2
>0, Cs4 >0, C2 < B < Cy; for the compounds Co,VZ (Z= B, In, Sb) is satisfied but Co,VAs compound does not show
mechanical stability. Results of anisotropic constant ‘A’ are not equal to one for these compounds showing anisotropic
in nature. Values of Poisson are lie between zeros to 0.5 except Coo,VAs. Table 4 revel the result that Pugh’s ratio B/G
is greater than 1.75 for Co,VZ (Z= B, In, Sb) compounds showing ductile in nature; but B/G value for Co,VAs is less
than 1.75 and is brittle in nature. Values of Cauchy pressure (Cp = Ci2 — C44) derived from the Table 4 and are positive
for these compounds Co,VZ (Z= As, B, In, Sb) and shows metallic nature.
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Table 4.
Elastic constants and bulk modulus B (GPa), shear modulus G (GPa), Young’s modulus £ (GPa), B/G values, Poisson’s
ratio v and anisotropy factor 4 of Co,VZ (Z= As, B, In, Sb) compounds.

Elastic constant B (GPa) | G (GPa) E (GPa) B/G \ A
Ci Cix Cas

Compound

CoVAs 150.56 199.08 104.21 182.91 -20.19 -76.14 -9.06 0.57 -4.30

Co,VB 351.34 255.85 104.68 287.68 76.39 135.73 3.77 0.42 2.19

Co2VIn 242.77 194.20 132.10 210.39 68.28 70.16 3.08 0.44 5.44

Co2VSb 251.04 226.86 112.70 234.92 49.24 35.66 4.77 0.47 9.32

SUMMARY AND CONCLUSIONS

First principle investigations are performed of full Heusler compounds Co,VZ (Z= As, B, In, Sb). For it we
calculate structural, electronic, optical, elastic and magnetic properties of these compounds by using first principle
methods. Two computational codes are applied for above properties of Co.VZ (Z= As, B, In, Sb) compounds. Results
obtained by two computational codes are analyzed. First one is full potential linearized augmented plane wave (FP-
LAPW) method implemented in WIEN2k and second one is pseudo- potentials method implemented in Atomistic Tool
Kit-Virtual NanoLab (ATK-VNL) within Generalized-gradient approximation (GGA) for exchange and correlation
function. Band structures in majority spin compounds have zero band gaps and in minority spin conduction or valence
band crosses the Fermi level. Calculated magnetic moments per unit cell have good agreement with the Slater-Pauling
behavior. Optical properties of these compounds named as reflectivity, refractive index, excitation coefficient,
absorption coefficient, optical conductivity and electron energy loss have been observed. With the increase of energy,
values of absorption coefficient and electron energy - loss function are increases. Results of elastic properties suggest
that Co2VZ (Z= B, In, Sb) compounds are ductile in nature and Co,VAs is brittle in nature. Compounds are metallic in
nature.
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EJIEKTPOHHI, OIITUYHI, IIPY?KHI TA MAT'HITHI BJACTUBOCTI
MOBHUX XENCJIEPOBUX CIIOJYK CO:VZ (Z = As, B, In, Sb)
Cyxennep?, Jagir Moxan?®, Cyxem Kymap®, lllus P. BxapaBanxx®, Amxkaii Cinrx Bepma?
“@izuunuil paxynomem, Banacmxani Bio'snim, banacmxani 304022, Inois
b Ximiunuii gaxyremem, banacmxani Bio'anim, Banacmxani 304022, Indis
“Disuynuii paxyremem, Koneoowe b.C.A., Mamxypa 282004, Inodin

3a JOMOMOTOI0 JBOX Pi3HUX OOYMCIIOBANEHMX METOMIB JOCTIKEHI €IEeKTPOHHI, ONTHYHI, €JacTHYHI Ta MAarHiTHi BJIaCTHBOCTI
cnonyk Xeticiepa Co2VZ (Z = As, B, In, Sb). Onun — 11e METo1 MOBHOTO MOTEHIATY JIiHEAPH30BaHOT JOMOBHEHOT IIOCKOI XBHUII
(FP-LAPW), peamizoannii y WIEN2k, a npyruit — meTox nceBnonorenmiaiy, pearizoBanuii B Atomistic Tool Kit-Virtual NanoLab
(ATK VNL). Bci 1i crionyku 1eMOHCTPYIOTh HyJILOBY IIMPUHY 3200pPOHEHOI 30HH SIK B Ma)KOPUTApHOMY CIIIHOBOMY KaHalli B 000X
00YMCITIOBANEHUX KOJAX, TaK 1 B 30HI IPOBIJHOCTI 3 HEOCHOBHHM HAINPSIMKOM CIiHY, a00 30Hi BaJCHTHOCTI, L0 NIEPETUHAE PIBEHb
@epmi. MarnitHuit MOMEHT, po3paxoBaHuil s mux crnoiyk Co2VZ (Z = As, B, In, Sb), cranosurs 3,64 Ta 3,76, 2,00 ta 1,97, 1,99
ta 1,99, 3,96 ta 3,82 up Bigmosiguo B MoaenpHux komax WIEN2k ta ATK-VNL. IIpoananizoBaHO ONTHYHI BIACTHBOCTI LUX
CTIONYK, TaKi SIK BiIOWBHA 3/1aTHICTh, IOKa3HUK 3JIOMJICHHS, KOe(ili€HT 30yIKEeHHS, KOe(ilieHT MOTTHHAHHSI, ONTHYHA MPOBiIHICTH
Ta BTpaTH €Heprii e’xekTpoHiB. [1o Mipi 30iMbIICHHS 3HaYCHHS eHeprii kKoedillieHT MOTJIMHAHHS Ta 3HA4eHHs (YHKLIl BTpAT eHeprii
CJICKTPOHAMH 30UIBIIYIOTECS. [lormuHaHHS 1 BigOMTTS OOEpHEHO NPONOPLiHHI OAMH OJHOMY B OIMH 1 TOH )XE MOMEHT dacy.
Cnissignomenns 1’1o — B/G nepesumiye 1,75 s cnonyk Co2VZ (Z = B, In, Sb), sixi MaloTh IIaCTHYHY IPHPOLY, ajle 3HAUCHHS
B/G mna Co2VA wmenme 1,75, omke L CIOIyKa € KPUXKOI 3a CBO€lo mpupoxporo. OTpumaHo 3HaueHHs THCKy Komi
(CP =C12 - C44), mo ans cionyk Co2VZ (Z = As, B, In, Sb), moka3sye ix MeTajieBy IpUpPOIY.

KJIFOYOBI CJIOBA: 3a60poHeHa 30Ha, CHIHTPOHIKA, MATHITHHI MOMEHT, IPYXHI KOHCTAHTH

JIEKTPOHHBIE, ONTUYECKUE, YIIPYTUE U MATHATHBIE CBOMCTBA
HOJHBIX XEXCJIEPOBAX COEAUHEHHUI CO:VZ (Z = As, B, In, Sb)
Cyxenaep?, Jlaaut Moxan?®, Cyaemr Kymap®, Illus I'. Bxapasamk®, Axkaii Cunrx Bepma?
“Quszuueckuti paxynomem, banacmxanu Buovanum, banacmxanu 304022, Hnous
b Xumuueckuti gaxynomem, Banacmxanu Buovsnum, banacmxanu 304022, Huous
c@usuueckuti paxynvmem, Konneoxe b.C.A., Mamxypa 282004, Hnous

C momouipio ABYX Pa3iIM4YHBIX BBIYHUCIUTENIBHBIX METOJIOB HMCCIIEIOBAHbI JJIEKTPOHHBIE, ONTHYECKHE, DJIACTUYHBIE M MarHUTHBIE
cBoiictBa coexunenuil Xeiiciepa Co2VZ (Z = As, B, In, Sb). OauH — 3TO MeTOA MOJHOTO MOTEHIMANA JHHEAPU30BaHHOU
JonoiaHeHHoH miockoi BonHbl (FP-LAPW), peammuzoBanneiii B WIEN2kK, BTOpoil — MeTox mceBROMOTEHIMANA, PEaTU30BaHHBIN B
Atomistic Tool Kit-Virtual NanoLab (ATK VNL). Bece 3T coequHeHsS IeMOHCTPUPYIOT HYJIEBYIO IIHPHHY 3alpPEUICHHON 30HBI Kak
B Ma)XOPHTAPHOM CIHHHOBOM KaHaJe B 00OMX BBIUHCIUTENBHBIX KOJAxX, TaK U B 30HE IIPOBOJMMOCTH C HEOCHOBHBIM HAIPaBICHUEM
CIIMHA, UM 30HE BAJICHTHOCTH, IlepeceKaroluil yposeHb @epmu. MarHuTHbI MOMEHT, pacCUMTaHHbIN A1 9TUX coequHeHui Co2VZ
(Z = As, B, In, Sb), cocrapnser 3,64 u 3,76, 2,00 u 1,97, 1,99 u 1,99, 3,96 u 3 82 up coorBeTcTBHH B MOJENbHBIX kKogax WIEN2k u
ATK-VNL. IIpoaHanu3upoBaHbl ONTHYCCKUE CBOMCTBA 3THUX COCIAMHCHHM, TaKHE KaK OTpa)kaTelibHas CHOCOOHOCTh, TMOKa3aTeib
npesioMyIeHus, Kod(pduiueHT Bo30yxIeHUs, KOd()(UIUEHT NOIJOMEHNUs, ONTHYECKas IPOBOJUMOCTh M IIOTEPU DHEPrHU
9NeKTpOHOB. [lo Mepe yBenM4eHMs 3HAYEHUS SHEPruM KO3(PQULHUEHT INOIJOLIEHHS M 3HaueHHe (YHKLUUM INOTEPb SHEPruu
JNEKTPOHAMH yBeNnW4uBaoTcs. Iloryomennus u oTpaxeHHs 0OpaTHO MPOMOPLMOHAIBHBEI APYT APYTYy B OJHH M TOT K€ MOMEHT
Bpemenu. Cootnomenne IIsio — B/G mpessimaer 1,75 mnst coenunennit Co2VZ (Z = B, In, Sb), KoTopble HMEIOT MIACTHIECKYIO
npupony, Ho 3HaueHue B/G mns Co2VA wmenee 1,75, ciemoBaTenbHO 3TO COCOMHEHHE SIBISETCS XPYNKHM II0 CBOSH IpUpOIE.
[onyyeno 3nauenue paBienus Komm (CP = C12 - C44), uto s coempmuenuit CooVZ (Z = As, B, In, Sb), moka3eBaeT ux
METAJUINIECKYIO IPUPOTY.
KJ/IFOYEBBIE CJIOBA: 3anpenieHHas 30Ha, CIMHTPOHUKA, MAaTHUTHBI MOMEHT, YIIPYTe KOHCTAHTbI



