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In this paper, we have studied the structural, electronic, optical and magnetic properties of Co,CrZ (Z= Al, Bi, Ge, Si) compounds
by using two different methods one is 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). The
respective band gaps in their minority-spin of Co,CrZ (Z= Al, Bi, Ge, Si) are 0.696, 0.257, 0.602 and 0.858 eV near the Fermi
level, which is implemented in WIEN2k code and showing 100% spin polarization. Further, these compounds have been found to
be perfectly half-metallic ferromagnetic (HMF). However, above mentioned compounds shows zero band gaps in ATK-VNL
code. The calculated magnetic moment of these compounds Co,CrZ (Z= Al, Bi, Ge, Si) are 3.06, 4.99, 3.99 and 3.99up
respectively in FP-LAPW method. However, the respective magnetic moment of these compounds is found to be 3.14, 5.08, 4.11
and 4.08up in ATK-VNL code. Optical properties play an important role to understand the nature of material whether it can be
used as optoelectronics device. From the optical Spectra, complex dielectric functions calculated values are 312.370 and 141.991,
299.812 and 111.368, 288.127 and 106.342, 290.688 and 99.095 for the compounds Co,CrZ (Z= Al, Bi, Ge, Si) respectively by
using WIEN2k. The maximum energy loss is observed between 11.4 to 13eV for above these compounds. The refractive index
values for the compounds Co,CrZ (Z= Al, Bi, Ge, Si) are observed as 18.104, 17.602, 17.252 and 17.289 respectively. In the
optical conductivity spectrum a sharp peak is observed at 1.6 - 2.3eV.
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A German mining engineer and chemist Friedrich Heusler discovered the Heusler compounds [1]. The Full
Heusler compounds are the ternary compounds of the composition 2:1:1 with chemical formula X,YZ and having
structure of the L2, formed by four interpenetrating FCC-lattices [2-3]. Heusler alloys shows half metallic
ferromagnetism and was first predicted by de Groot [4]. Half metallic ferromagnets (HMFs) having band structure
for majority spins is metallic and for minority spin is semiconducting presenting 100% spin polarization at Fermi
level. Half metallicity attracted more attention due to its various applications in Spintronics devices, such as
nonvolatile magnetic random access memories, magnetic sensors, spin-resonant tunneling diodes, spintronic
transistors and spin light emitting diodes and so on [5-10]. Felser et al. [11] have studied the X;RbCa (X = C, N, O)
full-Heusler compounds showing the half-metallicity primarily originate from the spin-polarization of the p-like
states of N and O atoms. Bai et al. [12] have presented a comprehensive review of the Heusler family with special
focus on its broad applications in the field of magnetic data storage, ranging from CPP-GMR read heads, to MRAM
arrays, and emerging SPRAMs. These compounds are outstanding functional building blocks for spintronics devices.
Sharma et al. [13] have investigated that Fe,CrAl compound has high density of states and shows a 100% spin
polarization in the vicinity of the Fermi level. Rai et al. [14] have also proposed that Full-Heusler compound
Co,CrGe is half-metallic ferrimagnet using Generalized-gradient approximation for the structural and local spin
density approximation for electronic calculation. It was found that the Co,YZ compounds exhibit half-metallic
ferromagnetic and an apparently linear dependence of the Curie temperature on the magnetic moment [15]. Among
the Heusler compounds, Co-based compounds were investigated by ab initio techniques and most of them are found
HMFs [16-17]. Seema et al. [18] had investigated the effect of disorder by using density functional theory on
electronic, magnetic and optical properties of Co,CrZ (Z= Al, Ga, Ge, Si) Heusler compounds. They consider three
types of disorders DO3, A2 and B2 in which B2 disorder retains the spin polarization whereas DO3 and A2 disorder
leads decrease in the spin polarization value at Fermi level.

In this paper, we have calculated the structural, electronic, optical and magnetic properties of Co,CrZ (Z= Al, Bi,
Ge, Si) 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
Wien2k code based on the full-potential linearized augmented plane wave (FP-LAPW) method [19,20,21] was
applied for the fundamental physical properties calculations of Co,CrZ (Z= Al, Bi, Ge, Si) compounds within
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Generalized-gradient approximation (GGA) for exchange correlation functions. 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. We have
used 1000 k-points in the first Brillouin zone for this code. For the calculation of optical properties we used here 10000
k-points. The convergence or cutoff parameter R, K.« is set to 7.0, which is used to control the size of the basis sets.
Here plane wave radius is denoted by R, and maximum modulus for reciprocal lattice vector is denoted by K.x. The
energy convergence criterion was taken as 0.0001Ry. The angular momentum maximum (1) value is taken as 10. In
the central region the charge density and potential were elaborated as a fourier series with wave vector up to Gy,=10.
For the each atom muffin tin sphere radii (Ryr) are tabulated in Table 1.

Table 1
Muffin tin radius (Ryr) for Co,CrZ (Z= Al, Bi, Ge, Si).
Compound
RMT (a.u.) . :
Co,CrAl Co,CrBi Co,CrGe Co,CrSi
Co 2.38 2.22 2.28
Cr 2.26 2.12 2.17
4 2.15 2.26 2.12 1.89

Pseudo-potential method has been carried out in the framework of density functional theory implemented in the
commercially licensed Atomistic Tool Kit-Virtual NanoLab (ATK-VNL) package [22,23]. First-principles calculations
was applied to investigate electronic and magnetic properties of Co,CrZ (Z= Al, Bi, Ge, Si) using Pulay Mixer
algorithm. For investigations, we use double-zeta ({) polarized basis set for electron wave function expanding and GGA
for exchange-correlation functional [20]. 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 [24] for brillouin zone sampling to maintain balance between
computational time and results accuracy. Further, for optimisation of structures we do not impose any constrain in x, y
and z directions. The structures are permitted to optimized until each atom achieve force convergence criteria of 0.05
eV/A.

RESULTS AND DISCUSSIONS:
Structural Study
The Full Heusler compounds have the composition 2:1:1 with chemical formula X,YZ having structure of the L2,
(space group: 225 Fm-3m) 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. The equation of state given by Murnaghan [25] gives the value of total energy & pressure as a function of
volume is stated as:

B BV 1 Vo\BP BV,
F) = o [B_p<<BP () 1) - 1)]
PW) = (D -1},

where

dE dpP d?E
e Bp=-V—=

Pressure (P) = — w =V

In the above equations Ej is the minimum energy at T = OK, B is the bulk modulus, Bp is the pressure derivative of
the bulk modulus and V, is the equilibrium volume. The structural optimization results are shown in Figure 1. The
optimized lattice parameter in WIEN2k for Co,CrBi is slightly higher than the ATK lattice parameters; but the
optimized lattice parameters in WIEN2k for Co,CrAl, Co,CrGe and Co,CrSi are slightly less than the lattice parameters
optimized in ATK-VNL. Calculated values of the optimized lattice parameter, equilibrium energy and pressure
derivative have been presented in Table 2.
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Table 2
Lattice parameter, Bulk modulus, Equilibrium energy and Pressure derivative for Co,CrZ (Z= Al, Bi, Ge, Si).
Lattice Constants a, (A) Bulk modulus (GPa)
Equilibrium Pressure
Compound Calculated Calculated
WIEN2k ATK WIEN2k ATK Energy (Ry) derivative (GPa)
Co,CrAl 5.712 5.843 195.42 172.96 -8161.392 4.842
Co,CrBi 6.151 6.120 195.32 198.36 -50838.608 -0.832
Co,CrGe 5.740 5.833 218.32 216.10 -11873.869 4.159
Co,CrSi 5.633 5.794 191.00 215.75 -8255.854 4.054
Co2CTA Co2CrBi
. -50838.5000 . . y .
e 5020 s S —
. 54 4306 -0,8822 -50838,6081,
81613300 | 314.4532 206.1926 46750 -8161.391933 50836.5200
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Fig. 1. Volume optimization for the lattice parameters

Electronic and magnetic properties

Spin polarized calculations of Co,CrZ (Z= Al, Bi, Ge, Si) compounds within Generalized-gradient approximation
(GGA) full Heusler have been carried out at the optimized lattice parameters. The calculations revealed a gap in the
minority states and zero gaps in the majority states at the Fermi level resulting 100% spin polarized band structure at the

In Spintronics, magnetic moment is associated due to intrinsic spin of electron. By using the given formula the
spin polarization has been calculated theoretically.
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Ifn; =0o0rn; =0; P, =1 or -1 in these cases only up or down spins are exist and the spin polarization is 100%.
Such materials are known as half metals ferromagnetic or Heusler alloys with 100% spin polarization. If the value of P,
is vanishes then the materials are paramagnetic or anti-ferromagnetic even below the magnetic transition temperature
[26]. This impressive category of materials has highly prospective for different application such as spintronics,
magneto-electronic devices to increase data processing speed and integration density increasing etc. In Heusler alloy
magnetic moment is key point in spintronics and obeys Slater-Pauling rule. This rule correlates the magnetic moment
per atom of transition element alloys to the average number of valance electron per atom:

m =N, — 2N,

Where m is magnetic moment per atom in pg N, is average number of valence electron per atom & N, (N;) shows
the number of minority spin (majority spin) valence electron per atom.The component of spin degree of freedom creates
non-volatility in materials [27]. The 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.

Table 3
Energy gap and spin polarization for Co,CrZ (Z= Al, Bi, Ge, Si)
Energy gap E, (eV) Spin polarization
Compound . WIEN2k . . ATK . WIEN2K ATK
Up spin Down spin Up spin Down spin
Co,CrAl 0.0 0.696 0.0 0.0 100% P, vanishing
Co,CrBi 0.0 0.257 0.0 0.0 100% P, vanishing
Co,CrGe 0.0 0.602 0.0 0.0 100% P, vanishing
Co,CrSi 0.0 0.858 0.0 0.0 100% P, vanishing
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Fig. 2. DOS of Co,CrZ (Z= Al, Bi, Ge, Si) using WIEN2K Code
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Fig. 3. DOS of Co,CrZ (Z= Al, Bi, Ge, Si) using ATK-VNL Code.
Co2CrAlatom O size 0.20 Co2CrAlatom O  size 0.20
3.0 2.0
7.0 ; ~ 7.0 \
6.0 6.0 J
5.0 5.0
40 / 4.0
3.0 3.0
2.0 20
1.0 1.0
0.0 — A Ep 0.0 ———] Ep
— 1.0 F—— — 1.0
~i>‘_’a 20 — et 20 e | :
= 3.0 - 3.0 =<
Po 4.0 { g 2o 4.0
E 5.0 Q____\ E S0 / \>C
5.0 5.0
7.0 / 7.0 -
8.0 8.0
5.0 9.0
-100 100
-11.0 -11.0
-120 120 .
130 Spin | Up %R Spin| Down
105K L A 1° & XZW K 03T T A 1T & Xz W K

Fig. 4. Band Structure of Co,CrZ (Z= Al, Bi, Ge, Si) using WIEN2K Code
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Fig. 4. Band Structure of Co,CrZ (Z= Al, Bi, Ge, Si) using WIEN2K Code
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Fig. 5. (continued) Band Structure of Co,CrZ (Z= Al, Bi, Ge, Si) using ATK-VNL Code
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Fig. 5. (continued) Band Structure of Co,CrZ (Z= Al, Bi, Ge, Si) using ATK-VNL Code

By counting the number of valence electrons of the Heusler alloys, it is possible to predict the magnetic properties
of the alloys. Even 24 valence electron concentration semiconductors are possible in case of three transition metals per
formula unit. For example Fe,Val is a non magnetic semiconductor with non-magnetic iron. Co,YZ Heusler compounds
have more than 24 valence electron concentration and follow the Slater-Pauling rule. If the numbers of valence
electrons are differ from 24, and then these materials are magnetic, where the magnetic moment per formula unit is
directly related to the number of valence electrons minus 24 (M = Z,— 24). Here M denotes the total magnetic moment
per unit cell and Z, is the total number of valence electrons. An important distinction from the half Heusler compounds
is that the full Heusler compounds have two distinct magnetic sub-lattices [17]. For the ferromagnetic half-metallic
Heusler compounds, the Curie temperature increases by ~175 K per added electron. For example Co,CrAl has 27
valence electrons with a saturation magnetization of 3 ug/formula unit is ferromagnetic with a magnetic moment that
mainly resides on the Co sites with a Curie temperature of ~525 K [11]. From the results, it was observed that the
magnetic moment exists mainly on Co and Cr positions, while the Z position atom has negligible small magnetic. It was
observed that Z atom having more valence electrons increases more magnetic moments on both sits at Co and Cr. The
results also revealed that when Al replaces by Si or Ge or Bi increases the localized magnetic moments on both sites at
Co and Cr due to addition of increased valence electrons. As the electro-negativity increases localized magnetic
moments are increases at X and Y site. There is a good agreement with the Slater-Pauling behavior. Here we have
observed that there are very slight difference between full potential linearized augmented plane wave (FP-LAPW)
method implemented in WIEN2k and pseudo-potentials method implemented in ATK-VNL. There is also good
agreement between above these methods. The calculated results for magnetic moments for Co,CrZ (Z= Al, Bi, Ge, Si)
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= Al, Bi, Ge, Si).

Magnetic moment (Ug)
Compound Z, Slater-Pauling
WIEN2k ATK 2, - 24)
Co,CrAl 27 3.07 3.15 3.00
Co,CrBi 29 5.00 5.08 5.00
Co,CrGe 28 4.00 4.11 4.00
Co,CrSi 28 4.00 4.08 4.00
Optical properties

Optical properties play an important role to understand the nature of material whether it can be used as
optoelectronics device. In the present section, we discuss the optical properties of the compounds Co,CrZ (Z= Al, Bi,
Ge, Si). 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.

e(w)=¢,(w) + gz (w)

where ¢, (w) real represents polarization and anomalous dispersion of medium and ig,(w) corresponds imaginary part
represents the absorption or loss of energy into the medium [28, 29]. The different optical spectra are shown in Figure 6.
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The imaginary part of dielectric function for all four compounds shows the main peak in visible region, after that
imaginary part of dielectric function decreases continuously. The zero frequency real (¢; (»)) and imaginary part of
complex dielectric functions values are 312.370 and 141.991, 299.812 and 111.368, 288.127 and 106.342, 290.688 and
99.095 for the compounds Co,CrZ (Z= Al, Bi, Ge, Si) 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, several peaks are observed between 5.4 - 8.6eV and a sharp peak is observed at 1.6 -
2.3eV. As the material has high absorption coefficient means that they absorb 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). 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. The maximum energy loss is observed
between 11.4 to 13eV for above these compounds as shown in figure 6 (e) and extinction coefficient spectra is
displaced in the above figure 6 (h). A prominent peak is shown in the visible region and then value of extinction
coefficient is decreases in the ultraviolet region. The values of zero frequency reflectivity are 0.810, 0.802, 0.799 and
0.798 for the compounds Co,CrZ (Z= Al, Bi, Ge, Si) respectively as observed from figure 6 (f). Noticeably, from the
absorption and reflection spectra relation, if the absorption is maximum then obviously reflectivity will be minimum.
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= Al, Bi, Ge, Si) are observed as 18.104, 17.602, 17.252 and 17.289 respectively.
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Fig. 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 Co,CrZ (Z= Al, Bi, Ge, Si).

(continued on next page)
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Fig. 6. (continued) 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 Co,CrZ (Z= Al, Bi, Ge, Si).

CONCLUSIONS

Structural, electronic, optical and magnetic properties of Co,CrZ (Z= Al, Bi, Ge, Si) compounds 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 this study we have found that most of the compounds
show half metallicity and 100% spin polarization with L2, ordered stable structures. 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. The predicted results of Co,CrZ (Z= Al, Bi, Ge, Si)
are suitable for Spintronic applications.

ORCID IDs
Sukhender, https://orcid.org/0000-0002-2149-5669; ‘=’Lalit Mohan, https://orcid.org/0000-0003-3323-8296
Sudesh Kumar, https://orcid.org/0000-0002-7507-4712; ‘©’Deepak Sharma, https://orcid.org/0000-0001-9163-9050
Ajay Singh Verma, https://orcid.org/0000-0001-8223-7658

REFERENCES

[1] Fr. Heusler, and E. Take, Trans. Faraday Soc. 8, 169-184 (1912), http://dx.doi.org/10.1039/TF9120800169.

[2] J.Li, Y. Li, G. Zhou, Y. Sun, and C. Q. Sun, Appl. Phys. Lett. 94, 242502 (2009), https://doi.org/10.1063/1.3156811.

[3] F. Casper, T. Graf, S. Chadov, B. Balke and C. Felser, Semicond. Sci. Technol. 27, 063001 (2012),
https://doi.org/10.1088/0268-1242/27/6/063001.

[4] R.A. De Groot, F.M. Muller, P. G.Van Engen, and K.H.J. Buschow, Phys. Rev. Lett. 50, 2024-2027 (1983),
https://doi.org/10.1103/PhysRevLett.50.2024.

[5] S. A.Khandy, L. Islam, D. C. Gupta, and A. Laref, Full Heusler alloys (Co,TaSi and Co,TaGe) as potential spintronic materials
with tunable band profiles, J. Solid State Chem. 270, 173-179 (2019), https://doi.org/10.1016/j.jssc.2018.11.011.



79
Structural, Electronic, Optical and Magnetic Properties of Co,CrZ... EEJP. 2 (2020)

[6] T. Graf, C. Felser, and S.S.P. Parkin, Prog. Solid State Chem. 39, 1-50
(2011),https://doi.org/10.1016/j.progsolidstchem.2011.02.001.

[71 M. Zipporah, P. Rohit, M. Robinson, M. Julius, S. Ralph and K. Arti, AIP Advances 7, (2017) 055705,
https://doi.org/10.1063/1.4973763.

[8] J. Kubler, G. H. Fecher, and C. Felser, Phys. Rev. B, 76, 024414 (2007), https://doi.org/10.1103/PhysRevB.76.024414.

[91 Z.Q. Bai, Y.H. Lu, L. Shen, V. Ko, G.C. Han and Y.P. Feng, J. Appl. Phys. 111, 093911 (2012),
https://doi.org/10.1063/1.4712301.

[10] V. Ko, G. Han, J. Qiu, and Y. P. Feng, Appl. Phys. Lett. 95, (2009) 202502, https://doi.org/10.1063/1.3263952.

[11] C. Felser, L. Wollmann, S. Chadov, G.H. Fecher, and S.S.P. Parkin, APL Mater. 3, 041518 (2015),
https://doi.org/10.1063/1.4917387.

[12] Z. Bai, L. Shen, G. Han, and Y.P. Feng, Spin 2, 1230006 (2013), https://doi.org/10.1142/S201032471230006X.

[13] V. Sharma, and G. Pilania, J. Magn. Magn. Mater. 339, 142150 (2013), https://doi.org/10.1016/j.jmmm.2013.03.008.

[14] D.P. Rai, A. Shankar, Sandeep, M.P. Ghimire, and R.K. Thapa, J. Theor. Appl. Phys. 7, 1-6 (2013),
https://doi.org/10.1186/2251-7235-7-3.

[15] G.H. Fecher, H.C. Kandpal, S. Wurmehl, and C. Felser, J. Appl. Phys. 99, 08106 (2006), https://doi.org/10.1063/1.2167629.

[16] M. Tas, E. Sasioglu, C. Friedrich, S. Blugel, and I. Galanakis, J. Appl. Phys. 121 (2017) 053903,
https://doi.org/10.1063/1.4975351.

[17] H.C. Kandpal, G.H. Fecher, and C. Felser, Journal of Physics D: Applied Physics, 40(6), (2007), 1587-1592,
https://doi.org/10.1088/0022-3727/40/6/S01.

[18] K. Seema, N.M. Umran, and R. Kumar, J. Supercond. Nov. Magn. 29, 401-408 (2016), https://doi.org/10.1007/s10948-015-
3271-7.

[19] P. Blaha, K. Schwarz, G.K.H. Madsen, D. Kvasnicka, and J. Luitz in: WIEN2k, An Augmented Plane Wave+Local Orbitals
Program for Calculating Crystal Properties, editor: K. Schwarz (Technical Universitatwien, Austria, 2001), ISBN 3-9501031-
1-2.

[20] J.P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865-3868 (1996), https://doi.org/10.1103/PhysRevLett.77.3865.

[21] E. Sjostedt, L. Nordstrom, and D.J. Singh, 114, 15-20 (2000), https://doi.org/10.1016/S0038-1098(99)00577-3.

[22] Atomistix ToolKit-Virtual Nanolab (ATK-VNL), QuantumWise Simulator, Version. 2014.3, http://quantumwise.com/.

[23] Y.J. Lee, M. Brandbyge, J. Puska, J. Taylor, K. Stokbro and M. Nieminen, Electron transport through monovalent atomic

wises, Phys. Rev. B, 69, 125409 (2004), https://doi.org/10.1103/PhysRevB.69.125409.

4] H.J. Monkhorst, and J.D. Pack, Phys. Rev. B, 13, 5188-519 (1976), https://doi.org/10.1103/PhysRevB.13.5188.

5] F.D. Murnaghan, Proc. Natl. Acad. Sci. USA, 30, 244-247 (1944), https://doi.org/10.1073/pnas.30.9.244.

6] D.P. Rai, and R.K. Thapa, J. Alloys Comp. 542, 257-263 (2012), https://doi.org/10.1016/j.jallcom.2012.07.059.

71 S. Wurmehl, G.H. Fecher, H.C. Kandpal, V. Ksenofontov and C. Felser, Appl. Phys. Lett. 88, 032503 (2006),

https://doi.org/10.1063/1.2166205.

[28] R. Jain, N. Lakshmi, V.K. Jain, V. Jain, A.R. Chandra, and K. Venugopalan, J. Magn. Magn. Mater. 448, 278-286 (2018),
https://doi.org/10.1016/j.jmmm.2017.06.074.

[29] S. Sharma, A.S. Verma, and V.K. Jindal, Materials Research  Bulletin 53, 218-233  (2014),
https://doi.org/10.1016/j.materresbull.2014.02.021.

CTPYKTYPHI, EJEKTPOHHI, OIITUYHI TA MATHITHI BJACTUBOCTI
CIIOJIYK XICJIEPA Co,CrZ (Z = Al, Bi, Ge, Si)
Cyxenzep®, Jlaxitr Moxan®, Cyaem Kymap®, Jlinak Illapma®, Amkaii Cinrx Bepma®™*
“@izuynui axyremem, banacmxani Biosmim, banacmxani 304022, Inois, b Xiiunui ¢axynvmem, banacmxani Biosanim,
Banacmxani 304022, Indism; “@isuunuil paxyromem, Inoicenepnuii konedsc IIMT, Beruxa Hoioa, Inois

V wiif poboTi MM BUBYMIIH CTPYKTYpHi, €1€KTPOHHI, ONTHYHI Ta MarHitTHi BractuBocti cnonyk Co,CrZ (Z = Al, Bi, Ge, Si) 3a
JOTIOMOTOI0 TBOX PI3HHUX METOJiB, OJWH — II€ METO] MOBHOIIHHOI JiHeapu30BaHOi po3mupeHoi mrockoi xBuii (FP-LAPW)
peamizoBanuii y WIEN2k, a npyruii — nceBaonoTeHIiitanid Metoa, pearizopanuii y Atomistic Tool Kit-Virtual NanoLab (ATK-
VNL). Bignosigui 3a6oponeni 30uu mis Co,CrZ (Z = Al, Bi, Ge, Si) 3Haxomathcs Oinst piBas Pepmi 0,696, 0,257, 0,602 i
0,858 B, mo peanizoano B koai WIEN2k i nokasytors 100% cninoBy nossipusanito. Kpim toro, 6yiio BUSBICHO, IO Li CIIOIYKH
€ igeanpHO HamiBMetaniynumu ¢epomarHitamu (HMF). Onnak Buinesragani CHoilyKd MOKa3yrlOTh HYJbOBI 3a00pOHEHI 30HH B
koxi ATK-VNL. O6uucnenuit merogom FP-LAPW marHiTHHII MOMeHT mux cronyk Co,CrZ (Z = Al, Bi, Ge, Si) ctanoButs 3,006,
4,99, 3,99 i 3,99 pp BimnosimHo. Oxnak y koni ATK-VNL BignoBimHuii MarHiTHHA MOMEHT LUX CIIOJNyK CTaHOBHTH 3,14, 5,08,
4,11 ta 4,08 ug. OnNTHYHI BIIACTUBOCTI BIMIrpaloTh BAXJIMBY pOJb AJIsl PO3YMIHHS NPHUPOAM MaTepialy, YM MOXXKHA HOro
BUKOPHCTOBYBAaTH SIK IPHUCTPId ONTOEHCKTPOHIKKM. OOUYMCIICHI 3 ONTHYHUX CHEKTPIB KOMIUICKCHI [iefeKTpuuHi (yHKUii 3
pukopuctanHsiM WIEN2k cranosmsare 312,70 1 141,991, 299,812 1 111,368, 288,127 i 106,342, 290,688 i 99,095 mns crmomyk
Co,CrZ (Z = Al, Bi, Ge, Si) BiamoBigHo. MakcHMaJbHI BTpaTH CHEPTIi U BHUIE 3a3HAYCHHUX CIIOIYK CIIOCTEpiraoThes Mixk 11,4
1o 13eB. 3HaueHHs mokasHuka 3anomieHHs uist cionyk Co,CrZ (Z = Al, Bi, Ge, Si) cnoctepiratotbes sk 18.104, 17.602, 17.252
i 17.289 BignoBigHO. B criekTpi onTHYHOT MPOBIAHOCTI Pi3KHii ik criocTepiraerbes mpu 1,6 - 2,3¢B.

KJIFOUYOBI CJIOBA: naniBmeraniuyuuii pepomMarHeTuk, 3a00poHeHa 30Ha, JieIeKTpHYHa KOHCTAaHTa, MATHITHUH MOMEHT

CTPYKTYPHBIE, 3JIEKTPOHHBIE, OITUYMECKUE U MATHUTHBIE CBOMCTBA
COEJMHEHHWI XUCJIEPA Co,CrZ (Z = Al, Bi, Ge, Si)
Cyxengep®, Jlaaut Moxan®, Cyaem Kymap®, unaxk lapma®, Axskaii Cunrx Bepma™
“@uzuueckuii paxyremem, banacmxanu Budsnum, banacmxanu 304022, Hnousi; b Xumuueckuii gaxynomem, banacmxanu Buosnum,
Banacmxanu 304022, Unous; “@usuueckuir paxynomem HUnocenepnoiii konnedsc HUMT, Bonvwasn Hoida, Hnous
B aT0ii paboTe MBI M3Y4MIIN CTPYKTYpPHBIE, DJICKTPOHHBIE, ONTHYECKNE M MarHUTHBIE cBolicTBa coeaunenuii Co,CrZ (Z = Al, Bi, Ge,
Si) ¢ moMOIIBIO IBYX Pa3IUYHBIX METOJOB, OJUH - 3TO METO/] IOJHOLIEHHON JINHEAPU30BaHHOM pacIMpeHHoO# 1m10ckoit BomHbl (FP-
LAPW) peanuzosan B WIEN2k, a BTOpOii - nceBponoTeHmitHAil MeTo, peann3oBanHblii B Atomistic Tool Kit-Virtual NanoLab
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(ATK-VNL). CootBerctByromue 3anpetHsie 3086 a1t Co,CrZ (Z = Al, Bi, Ge, Si) Haxoasarcs okono ypoBHs ®epmu 0,696, 0,257,
0,602 u 0,858 5B, uro peamm3oBano B koge WIEN2k u moxassmBator 100% crnmHOBYI0 momstpm3ammio. Kpome Ttoro, Gbu1o
00HApYKEHO, YTO ITH COCIMHCHHUS SIBISIOTCS HICATBHO HAaMMBMETATUYHUMEI (eppomarautel (HMF). OmHako BBINICYTTOMSHYTHIC
COEIMHEHMSI TIOKa3bIBalOT HyJieBble 3anpeTHble 30HbI B kojie ATK-VNL. Hcuucnennsiii meronom FP-LAPW marHuTHbIE MOMEHT
stux coeaunenuit Co,CrZ (Z = Al, Bi, Ge, Si) coctamsier 3,006, 4,99, 3,99 u 3,99 up coorBercrBenno. Onnaxo B koge ATK-VNL
COOTBETCTBYIOIMI MAarHUTHBI MOMEHT 3THX COelWHEeHuil cocraBuser 3,14, 5,08, 4,11 u 4,08 pg. Ontudeckue cBoicTBa UTParOT
BaXHYIO pOJb JUIS IOHUMAaHHUS TPHPOIBl MaTepualia, MOXXHO JIA €ro HCIOJNB30BaTh KaK YCTPOHCTBO ONTO3JICKTPOHHKH.
BbIunciieHHBIE W3 ONTHYECKUX CIEKTPOB KOMIUICKCHBIE IUAJIEKTpHYecKre (yHKuuK ¢ ucnonb3oBaHuneM WIEN2k cocrasisior
312,70 u 141,991, 299,812 u 111,368, 288,127 u 106,342, 290,688 u 99,095 mns coemunenuit Co,CrZ (Z = Al, Bi, Ge, Si)
COOTBETCTBEHHO. MaKCHMalbHBIE TOTEPH DYHEPTHH MJIs BBINICYKAa3aHHBIX COCTUHEHWH HaOmromarorcs mexnay 11,4 mo 132B.
3HayeHne mokazaTens npernomieHus s coeauHennit Co,CrZ (Z = Al, Bi, Ge, Si) Habmronarores kak 18.104, 17.602, 17.252 u
17.289 cooTBeTcTBEHHO. B criekTpe onTuueckoil MpoBOANMOCTH pe3Kuii NUK Hadoaercs npu 1,6-2,35B.

KJIFOYEBBIE CJIOBA: nonymeraminyeckuil (eppoMarHeTHK, 3ampeTHas 30Ha, JUANICKTPUYECKas IMOCTOSHHAs, MarHUTHBIN
MOMEHT





