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For the investigation of structural, electronic, optical and magnetic properties of Co2CrZ (Z= In, Sb, Sn) compounds, we have used two
different methods. One is based on full potential linearized augmented plane wave (FP-LAPW) method as implemented in WIEN2k
and second is pseudo potential method as implemented in Atomistic Tool Kit-Virtual NanoLab (ATK-VNL). These compounds show
zero band gap in their majority-spin and minority-spin representing metallic behavior except the compound Co2CrSb, which is showing
the band gap 0.54 eV in their minority-spin near the Fermi level and viewing 100% spin polarization; which is implemented in WIEN2k
code. Further, the compound Co2CrSb has been found to be perfectly half-metallic ferromagnetic (HMF). However, above mentioned
compounds show zero band gap in ATK-VNL code. Calculations performed using WIEN2k code shows the magnetic moment of these
compounds Co2CrZ (Z=In, Sb, Sn) 3.11, 5.00 and 4.00us respectively. However, the respective magnetic moment of these compounds
is found to be 3.14, 5.05 and 4.12us in ATK-VNL code. Calculated magnetic moments have good agreement with the Slater-Pauling
behavior. Optical properties play an important role to understand the nature of material for optical phenomenon and optoelectronics
devices. Value of absorption coefficient and optical conductivity of Co2CrSb is greatest than other two compounds. From the absorption
and reflection spectra relation, observations indicate that absorption and reflectivity are inversely proportional to each other.
KEYWORDS: Half-metallic ferromagnetic, band gap, density of state, Spintronics

The history of Heusler compounds started in the year 1903 to 1912, when a German mining engineer and chemist
Friedrich Heusler discovered a ferromagnetic material at room temperature. In those days that is major finding of Heusler.
This ferromagnetic material is shaped by non magnetic element Cu, Mn and Al at room temperature [1, 2, 3]. After that
ferromagnetism is found in the materials, which are framed by Cu and Mn with Z position like Sb, Bi and Sn. But in the
recent years, there are number of Heusler compounds framed, after the ideas of Louis Neel in the year 1930-1940s of
antiferromagnetism and ferrimagnetism [4, 5]. In this paper we discuss the some properties of full Heusler compounds.
These compounds are ternary compounds showing L2, structure formed by three interpenetrating FCC-lattices. Chemical
formula for Full Heusler compound is X,YZ and their composition is representing by 2:1:1 [6-9]. Half metallic
ferromagnetic behavior of Heusler alloys was firstly predicted by de Groot in 1983 in semi-Heusler compound NiMnSb
[10-11]. Along the passage of time half metallicity turns on more curiosity due to its precious spintronic application.
Compounds exhibit 100% spin polarization, if either one spin channel shows band gap and other shows zero band gap at
Fermi level [12-15]. Ishida et al. [16] have also put their results represent that the compounds Co.MnZ (Z= Ge, Sn) are
semi metals and showing 100% spin polarization. Galanakis et al. [17] have presented that in Full Heusler compounds
X>YZ band gap occur due to the interaction in d orbital of X and Y, which generate bonding and anti bonding state by a
vent. Umetsu et al. [18] have investigated that Co,CrGa compound has a stable magnetic moment 3.01 pg at 4.2 k and
follow the Slater-Pauling rule Zt — 24 = total magnetic moment. Miura et al. [19] also studied that Co — based Full Heusler
compounds shows the behavior of half — metallic ferromagnets. Seema et al. [20] shows by their investigation of
electronic, magnetic and optical properties of Co.CrZ (Z= Al, Ga, Ge, Si) that there are three types of disorders, namely
DOs, A2 and B2. In these disorders DO3 and A2 disorder leads decrease in the spin polarization and B2 disorder retains
the spin polarization at Fermi level.

In this paper, we have investigated the structural, electronic, optical and magnetic properties of Co,CrZ (Z= In,
Sb, Sn) compounds, by using WIEN2k code and Atomistic Tool Kit-Virtual NanoLab (ATK-VNL) code within
Generalized-gradient approximation (GGA) for exchange correlation functions.

COMPUTATION DETAILS

An investigation of structural, electronic, optical and magnetic properties have been performed by full-potential
linearized augmented plane wave (FP-LAPW) [21] method incorporated in Wien2k code [22]. For the calculation of
lattice parameter and total energy, Generalized-gradient approximation (GGA) [23] of Perdew, Burke and Ernzerhof
(PBE) [24] was approved as the exchange-correlation function. Spin orbit coupling effect was considered to perform all
the calculations. Wien2k is one of the most accurate methods for performing electronic structure calculations for solids.
Core states are considered relativistically and valence states are considered as semi-relativistic way and energy between
these two states was set -6.0Ry. In first Brillouin zone, we have used 1000 k-points for this code. But for the calculation
of optical properties we need to increase the number of k-points and this increased value of k-points used are 10000. The
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size of the basis sets are controlled by convergence or cutoff parameter, whose value is Ryt Kmax set to 7.0. Here plane
wave radius is denoted by Ry and maximum modulus for reciprocal lattice vector is denoted by Kmax. The energy
convergence criterion was taken as 0.0001Ry. To expand the spherical harmonics in the atomic sphere the value of angular
momentum maximum (Imax) is taken as 10. In the central region the charge density and potential were elaborated as a
cheerier series with wave vector up to Gmax=10. For the each atom muffin tin sphere radii (Rmr) are tabulated in Table 1.

Table 1
Muffin tin radius (Ryr) for Co2CrZ (Z= In, Sb, Sn).
Compounds
Rur (a.u.) Co,Crln Co.CrSb Co,CrSn
Co 2.35 2.37 243
Cr 2.29 2.31 2.37
Z 2.35 2.37 243

Above mentioned properties are also investigated with the help of commercially licensed Atomistic Tool Kit-Virtual
NanoLab (ATK-VNL) package [25]. Which is a Pseudo-potential method carried out in the framework of density
functional theory (DFT) [26, 27]. First-principles calculations have been applied to investigate electronic and magnetic
properties of Co2CrZ (Z= In, Sb, Sn) using Pulay Mixer algorithm [28]. For investigations, we have used double-zeta ({)
polarized basis set for electron wave function expanding and GGA for exchange-correlation functional. The structures
are permitted to optimize until each atom achieve force convergence criteria 0.05 eV/A and maximum stress is 0.05
eV/A3. Optimization is performed in 200 maximum number of step and during this process maximum step size is also
fixed i.e. 0.2 A. 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 test. For
spin polarization, up and down initial state have been selected for the atoms. We used 10 x 10 x 10 Monkhorst-Pack k-
mesh [29] for brillouin zone sampling to maintain balance between computational time and results accuracy. Further, all
constrain in X, y and z directions are removed for optimization of structures.

RESULTS AND DISCUSSIONS
Structural parameters
Space group of full Heusler compound is 225 Fm-3m. The chemical formula for full Heusler is X,YZ showing their
composition 2:1:1. Its structure is formed by three 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 [30, 31]. The equation of state given by Murnaghan [32] gives the value of total energy & pressure as a

function of volume is stated as:
E(V)=Ey + [BV( ! (VO)BP + 1) BVo ]
O |Bp \(Bp—D\V (Bp — 1)

PW) = - {CDF — 1},
dE

where, Pressure (P) = ——, Bp = v = Vii
av av av

In the above equations Ey 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. For structure optimization we have used volume optimization and
their results are shown in Figure 1. There are slight differences between the optimized lattice parameter of WIEN2k and
ATK lattice parameters. Optimized lattice parameters in WIEN2k for Co,CrIn and Co,CrSn are slightly greater than the
lattice parameters optimized in ATK-VNL, where Co,CrSb has slightly less value in WIEN2k. If we compare the values
of bulk modulus by WIEN2k and ATK-VNL then results obtained by WIEN2k are greater to the ATK-VNL. The
compound Co,CrSn has showing largest value of bulk modulus in comparison to the others. Calculated values of the
optimized lattice parameter, equilibrium energy and pressure derivative have been representing in Table 2.

Table 2.
Lattice parameter, Bulk modulus, Equilibrium energy and Pressure derivative for Co,CrZ (Z= In, Sb, Sn)
Lattice Constants ag (A) Bulk modulus (GPa) L
Compound Equilibrium . Pre.s sure
Calculated Calculated Energy (Ry) derivative (GPa)
WIEN2k ATK WIEN2k ATK
CoyCrln 5.962 5.957 229.40 167.16 -19442.157 1.399
Co,CrSb 6.014 6.044 180.15 178.43 -20642.889 3.956
Co,CrSn 5.984 5.957 348.57 208.84 -20033.879 -12.017
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Figure 1. Volume optimization for the lattice parameters

Electronic and magnetic properties

In the present era Spintronics is very useful ground work, which is very innovative for future technology. The
advantages of Spintronics devices are nonvolatile memory and high processing speed of data. These devices consume
less electric power and their heat dissipation is also decrease. Half-metallic ferromagnets having 100% spin-polarized can
optimize the accomplishment of these devices. Spin polarized calculations of Co,CrZ (Z= In, Sb, Sn) compounds within
Generalized-gradient approximation (GGA) full Heusler have been carried out at the optimized lattice parameters. If band
structure shows zero band gaps in majority spin channel and a band gap in minority spin channel then the compound
shows 100% spin polarization at Fermi level. Intrinsic spin of electron is also responsible for magnetic moment.
Theoretical calculations of spin polarization can be done using the formula as given below.

_nT —nl
" nT4+nl’

If either ny = 0 or n; = 0, then P, = 1 or -1. It means, if either only one spin channel 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 [33]. After studying
the energy gag from DOS and band structure of the compounds Co,CrZ (Z= In, Sb, Sn), we have concluded that out of
three compounds only Co,CrSb show a band gap in minority spin with value 0.54 eV in WIEN2k code, showing 100%
spin polarization. Other two listed compounds show zero band gaps, showing metallic behavior. Outcome of ATK-VNL
code revels that all three compounds show metallic behavior. Obtained energy gap and spin polarization for the above
approximation is summarized as under in Table 3. The detailed results of band structures and density of states are shown
in Figures 2-5.
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Table 3.
Energy gap and spin polarization for Co,CrZ (Z= In, Sb, Sn).
Energy gap E; (eV) Spin polarization
Compound WIEN2k ATK
WIEN2k ATK
Up spin Down spin Up spin Down spin
Co2Crln 0.0 0.0 0.0 0.0 P, vanishing P, vanishing
Co2CrSb 0.0 0.54 0.0 0.0 100% P, vanishing
Co2CrSn 0.0 0.0 0.0 0.0 P, vanishing P, vanishing
T T f Yal T T T T T T T
8 F CoxCrin | BSR4 5| jomom 012l DOS Up —— |
6t L
4L g |
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Figure 2. DOS of Co2CrZ (Z= In, Sb, Sn) using WIEN2K Code

-10

-2 0
Energy (eV)

Co2CrSn

' total DOS up

Energy (eV)

Total valence electron count can propose the result of magnetic moment per unit cell of Heusler compounds. This
theoretical method of prediction of magnetic moment is provided by Slater-Pauling. Method for Full Heusler compound

is as given by

M[ = Zt — 24,

where, M, denotes the total magnetic moment per unit cell and Z; denotes the total count of valence electron [33,34].
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Figure 4. Band Structure of Co2CrZ (Z= In, Sb, Sn) using WIEN2K Code
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Figure 5. Band Structure of Co2CrZ (Z= In, Sb, Sn) using ATK-VNL Code
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(Continiation)

Here, we have compared the values by the codes WIEN2k and ATK-VNL with derived from theoretical method
Slater-Pauling. If obtained results are equivalent to Slater-Pauling result then we can say that it follow the Slater-Pauling
behavior. From the Table 4, we can easily analysis the values of WIEN2k, ATK-VNL code and Slater-Pauling rule. Total
number of valence electron of Co,CrZ (Z= In, Sb, Sn) alloys are 27, 29 and 28 respectively. So there magnetic moments
per unit cell are 3.0, 5.0 and 4.0ug respectively from Slater-Pauling rule. Now, the results compiled by WIEN2k and
ATK-VNL are 3.11 and 3.14, 5.00 and 5.05, 4.00 and 4.12 respectively. These compiled values are equivalent to values
of theoretical method Slater-Pauling. So, these listed compounds have nice agreement with Slater-Pauling behavior.
Investigation of results revels that Co and Cr position atom contribute major section of magnetic moment and small
amount of magnetic moment contribution is due to Z position atom. It was also observed that more amount of magnetic
moment at sites Co and Cr are induces as Z atom have more valence electron. The calculated results for magnetic moments
for Co2CrZ (Z= In, Sb, Sn) obtained using 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 correlation functions is tabulated in
Table 4.

Table 4.
Total magnetic moments of the compounds Co,CrZ (Z= In, Sb, Sn).

Magnetic moment (pig)

Compounds Zy 5 -
WIEN2K ATK Sla;tezr P;‘i;mg
-
Co,Crln 27 3.11 3.14 3.00
Co,CrSb 29 5.00 5.05 5.00
Co0,CrSn 28 4.00 4.12 4.00
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Optical properties
Optical properties play an important role to understand the nature of material; whether it can be used as
optoelectronics device. The present section describes the optical properties of the compounds Co,CrZ (Z= In, Sb, Sn).
For the optical properties, we calculate the dielectric function, optical conductivity, reflectivity, excitation coefficient,
absorption coefficient and electron energy loss as a function of photon energy for the above compounds. The complex
dielectric function describes the optical response of a material on incident electromagnetic radiation.

€ (m)=e1(m) + iez(m)

Where €;(m) real represents polarization and anomalous dispersion of medium and ig,(m) corresponds imaginary
part represents the absorption or loss of energy into the medium [35, 36]. It is considered that the transitions exists from
occupied to unoccupied bands for explain the optical spectra. Inter-band region is chosen for studying the optical
properties. The different optical spectra are shown in Figure 6.
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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, (¢) electron energy-loss function, (f) reflectivity, (g) refractive index and (h) extinction
coefficient for Co2CrZ (Z= In, Sb, Sn).

(Continued on next page)

The imaginary part of dielectric function for all three compounds shows the main peak in infrared region from 0.08
to 0.31eV. After that, imaginary part of dielectric function decreases continuously and some small peaks are observed in
infrared region, near visible region between 1.13 - 1.86eV. The zero frequency real (g; (o)) and imaginary part of complex
dielectric functions values are 283.54 and 112.766, 297.748 and 120.002, 265.679 and 86.053for the compounds Co2CrZ



119
First Principles Calculations for Electronic, Optical and Magnetic Properties... EEJP. 3 (2020)

(Z= In, Sb, Sn) respectively as observed from the Figure 6 (a) and 6 (b). Optical conductivity is an important optical
parameter for conduction of electron due to an applied electromagnetic field. In the optical conductivity spectrum, sharp
peaks are observed at 0.18 to 0.50eV, 1.38 to 1.88¢V in infrared region and in ultraviolet region between 3.97 - 8.37¢V.
A sharp peak is observed at 7.39¢V by Co,CrSb showing largest conduction of electron. High absorption coefficient
means that the material absorbs more photon, which excite electron from valence band to conduction band. The values of
absorption coefficient are an increase along the values of energy is increases towards visible region to ultraviolet region
as shown in the Figure 6(d).

0.8
0.30 - Electron energy-loss function . Reflectivity ——Co,Crin
*| —— Co,CrSb
0.25 074 |l —Co,CrSn

0.20 4

L (o)
R (w)

0.15 -

0.10 4

0.05 4

0.00 ¥Y———p—vr—v—v—v—T—7—T—T—T7 0.3 T T T T T
0 2 4 6 8 10 12 ] 2 4 6 8 10 12
Energy (eV) Energy (eV)
18
1 Refractive index J— Cozcrln Extinction coefficient
16
| CO,‘,Cer
14 4 COZCrSn
12 4
10 4
T 3l
6
44
2
0 v T T T T T T T T v 0 v T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Energy (eV) Energy (eV)

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 Co2CrZ (Z= In, Sb, Sn).

(Continuation)

Highest peaks are observed between 7.50 - 8.75¢V by all above compounds. At 7.74eV Co,CrSb showing highest
peak out of three compounds representing maximum absorption of photons. Electron energy-loss function gives the
energy loss of a fast moving electron when passing through the medium. The plasma frequency is the frequency
corresponding to plasma resonance at which sharp peaks are associated. As if the frequency is above the plasma frequency
then the material showing the dielectric behavior and below which the material shows metallic behavior. Value energy
loss of fast moving electron is increases as move from infrared to ultraviolet region. The maximum energy loss is observed
between 12 to 13eV for above these compounds as shown in Figure 6(¢e). An extinction coefficient spectrum is displayed
in Figure 6 (h). A prominent narrow peak is shown in the infrared region along the range 0.20 to 0.46eV and then value
of extinction coefficient is decreases. Near to visible region further a small peak is observed between 1.16 —2.17¢V and
further value is decreases in the ultraviolet region with small peak near 8eV. The values of zero frequency reflectivity are
0.798, 0.803 and 0.789 for the compounds Co,CrZ (Z= In, Sb, Sn) respectively as observed from Figure 6 (f). From the
absorption and reflection spectra relation, observations indicate that absorption and reflectivity are inversely proportional
to each other. Value of reflectivity first decreases showing small peak near 2eV with the increase of energy up to 5.5¢V
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and after that increases up to 8.3eV in the ultraviolet region. The region in which material substantially absorbs light and
it cannot effectively reflect light in the same span. The refractive index is the important optical property due to wide
applications because it determines the dispersive power of prisms, focusing power of lenses, light guiding, and critical
angle for total internal reflection etc. How fast light is traveling through the materials is described by refractive index.
The values for zero frequency refractive index for the compounds Co,CrZ (Z= In, Sb, Sn) are observed as 17.156, 17.589
and 16.507 respectively.

SUMMARY AND CONCLUSIONS

Here, we have investigated structural, electronic, optical and magnetic properties of Co,CrZ (Z= In, Sb, Sn). These
properties have been studied by using 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-correlation functional. From study of DOS and band structure,
we have clearly mentioned that the compound Co,CrSb is half metallic and 100% spin polarization with L2, ordered
stable structures in WIEN2k code. Other two compounds show the metallic behavior with zero band gaps at Fermi level.
Calculated magnetic moments have good agreement with the Slater-Pauling behavior. For above listed compounds, the
optical properties named as reflectivity, refractive index, excitation coefficient, absorption coefficient, optical
conductivity and electron energy loss have been calculated. Also, we have analyzed their optical spectra and Inter-band
region is chosen for studying the optical properties. Value of absorption coefficient and optical conductivity of Co.CrSb
is greatest than other two compounds.
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HEPIIOOCHOBU PO3PAXYHKY EJEKTPOHHUX, ONITUYHUX I MATHITHUX BJIACTUBOCTEM
IOBHHX CIIOJIYK XENCJIEPA
Cyxxennep?, [Ipasem®, Jlaxitr Moxan?, Amxkaii Cinrx Bepma®
“@axynomem @izuxu, banacmxani Biovanimx, banacmxani 304022, Inois
b®daxynemem enexmponixu i mexuixu 36a3xy, epyna ycmanos KIET
Taziabao, Ymmap-Iipaoew, Inois, 201206

Jnst nOCHiJUKEHHST CTPYKTYpPHHUX, €IEKTPOHHUX, ONTHYHHMX 1 MarHiTHUX BiactuBocted crnoiayk CoCrZ (Z = In, Sb, Sn) mm
BHUKOPUCTOBYBAIH [Ba pi3HKX MeTonu. OauH 3 HUX 0a3yeThcsi HA METO/I MOBHOI NOTEHUIHHOT JliHeapi30BaHOT PO3LIMPEHOT MIIOCKOT
xsuii (FP-LAPW), sikuii e peanizoBanum y koxi WIEN2Kk, a npyruii — Ha nceBIONOTEHIIHHOMY METO/I, peajizoBaHoMy B Atomistic
Tool Kit-Virtual NanoLab (ATK-VNL). Ins nux Croiyk € XapakTepHOIO HyJIbOBA IIMPHHA EHEPTETHYHOI IIITMHHU K U1 OCHOBHOL
TaK i MPOTHJICKHOT OpieHTAaNii CIiHY, 10 MPEACTABIISIOTh METATIYHI XapaKTePUCTUKH, 32 BUHATKOM crioiayku Co2CrSb, sika mokasye
mupuHy eHepreriuynoi mimman 0,54 eB s mportuiexHoi opieHTanil cminy mo6umusy piBHs ®epwmi, i crioctepiraerscst 100%-Ha
CITiIHOBa MOJISIpU3aNis; BCi i maHi oTpuMaHi 3 BukopuctanusaM koxy WIEN2k. Kpim Toro, 6ymo BusBieHo, mo crnoryka Co2CrSb €
ineanbHuM HamiBMeTasieBuM ¢epomarnerukoM (HMF). V toii xe vac, npu BukopucranHi kogy ATK-VNL s BumiesazHaueHHX
CHOJIyK Ma€ Miclle HyJ1bOBa eHepreTH4Ha miinnHa. Po3paxyHku, mo Oyiau BUKOHaHI 3 BHKopucTaHHAM koxy WIEN2k, nokasyrots
MarHitTHu# MoMeHT 1ux crnoiyk Co2CrZ (Z = In, Sb, Sn) 3,11, 5,00 i 4,00 us, BigmoBiguo. OxHaK, BIAMOBIAHMNA MarHiTHAI MOMEHT
1ux cronyk y koai ATK-VNL cranosuts 3,14, 5,0514,12 us. Po3paxoBaHi MarHiTHi MOMEHTH 10OpE Y3roKYIOTbCS 3 BIACTUBOCTSMHU
o Creiitep-Iloniary. OnTH4YHI BIACTUBOCTI BiIIrParOTh BaXKIMBY POJIb y PO3yMiHHI MPUPOAU MaTEpialy, 0 BUKOPUCTOBYETHCS IS
BHUBYCHHS ONTHYHUX SIBHII, & TAKOXX BHKOPHCTOBYIOTHCS B MPHCTPOSIX ONTOEICKTPOHIKH. 3HAUCHHS KOeQillieHTa TOTJIMHAHHS Ta
onrrryHOi mpoBigHocTi It Co2CrSb € GUIBIINM, HIX JUIS IBOX IHIIUX CIIONYK. 31 CIIBBIHOIIECHHS CIEKTPIB IOTIMHAHHS 1 BIOUTTS
BHJIHO, 11O NIOTJIMHAHHSA 1 BIJOMBHA 3/1aTHICTH € 00EPHEHO NMPONIOPLIHHUMH OAUH OJHOMY.

KJIFOUOBI CJIOBA: HaniBmeTaseBuii (pepoMarHeTuK, MNPUHA €HePreTUYHOT IIJIMHY, IIIbHICTh CTaHy, CIIIHOBA €JIEKTPOHIKa

HEPBOOCHOBBI PACUETA JEKTPOHHBIX, OITUYECKHUX U MATHUTHBIX CBOMCTB
IOJIHBIX COEJIMHEHMI XENCJIEPA
Cyxkxenaep?, [Ipasem®, Jlanut Moxan?, Amkaii Cunrx Bepma?
“@akyrvmem uzuxu, banacmxanu Buovanumx, banacmxanu 304022, Unous
b®axynomem snexmponuxu u mexuuxu cészu, Ipynna yupescoenuti KIET
Tazuabao, Ymmap-Ilpaoew (Mnous) 201206

Jlnist vcclieoBaHusl CTPYKTYPHBIX, 3JICKTPOHHBIX, ONTHYCCKUX M MarHUTHBIX CBOiCTB coemunenuii Co2CrZ (Z = In, Sb, Sn) MsI
HCIIOJNIb30BAJIM JiBa pa3HbIX MeToja. OJMH M3 HUX OCHOBAaH HAa METOJE MOJHOW MOTEHIMAIBHOW JMHEapU30BAaHHON PACUIIMPEHHOU
miockoit BosHbl (FP-LAPW), peanusoBannom B koge WIEN2k, a BTOpoii — Ha NCEBAONOTEHIMATBHOM METOJE, PEATU30BAaHHOM B
Atomistic Tool Kit-Virtual NanoLab (ATK-VNL). [lnst 3Tux coenuHeHnii XxapakTepHa HyJIeBas IIHPHHA SHEPTeTHUSCKOH MIenn KaK
JUISL OCHOBHOM TaK M NMPOTHBOIIOJIOKHON OPHEHTAMH CIIUHA, PEACTABIAIOMNX METAUINUECKAE XapaKTePUCTUKH, 32 UCKIIOUYCHUEM
coeanaeHnst Co2CrSb, KoTopoe Noka3bIBaeT IMUPHHY SHepreTudeckoi menu 0,54 3B ¢ mpoTHBOMON0KHOI OpHEHTalNH CITHHA BOIH3U
ypoBHst ®epmu, u Habmonaercst 100%-Hast ciMHOBAs MOISAPHU3AIMS; BCE 3TH JaHHBIC TOIYUIeHBI ¢ Ucronb3oBaHueM koga WIEN2k.
Kpowme toro, 66110 06HapyskeHo, uTo coequnenne Co2CrSb sBisieTcs HaealbHEIM NoTyMeTaudeckuM peppomarneruxom (HMF). B
TO K€ BpeMsi, IpH uctionb3oBanun koxa ATK-VNL juis BEIIeyTOMSHY TEIX COSAMHEHUH IMEET MECTO HyJIeBasi JHEpreTHIecKas IIeb.
Pacuerbl, BBINOJIHEHHBIE C HCMONb30BaHHeM kojga WIEN2K, mokas3biBalOT MAarHHTHBIHE MOMEHT 3THX coeauHeHuii Co2CrZ
(Z =1n, Sb, Sn) 3,11, 5,00 u 4,00 uB, coorBeTcTBEHHO. OHAKO COOTBETCTBYIOIINN MATHUTHBI MOMEHT STHX COCIUHCHHH B KOJE
ATK-VNL cocrasnser 3,14, 5,05 1 4,12 ps. PaccuntanHble MarHUTHBIE MOMEHTBI XOPOIIIO COTTIACYIOTCS cO cBoMcTBaMu o CrelTep-
IMonuary. OnTHdeckue CBOHCTBA MIpalOT BaXHYIO POJIb B MOHMMAHHM MPHPOABI MaTepuana, HCIONb3yeMOro s H3ydeHHs
ONTHYECKNX SIBICHMI, a TakKe HCIOIb3YEMBIX B YCTPOICTBAX ONTOIIEKTPOHWKU. 3HaueHHE KO3()(GHUIHEHTa IOTIOMEHHS U
onrrdeckoit mposoguMocTr it Co2CrSb Gomble, 9eM A ABYX APYTUX COeAUHEHMH. V3 COOTHOIIEHHS CHEKTPOB IOTIIOMIECHHS U
OTpaKEHHs BUIHO, YTO MOTJIOIEHUE U OTPaKaTeNIbHasl CIOCOOHOCTE 0OPAaTHO MPONOPIIMOHAIBHEL APYT APYTY.

KJIIOYEBBIE CJIOBA: nmoxyMeTammu4ecKiii (heppoMarHeTyK, MNPUHA YHEPTeTHIECKOH eI , INIOTHOCTh COCTOSTHHMSI, CITMHOBAsI
UIEKTPOHUKA





