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Abstract 

Here, we present results of combined experimental and computations study of V2CoAl, a 

Heusler alloy that exhibits nearly perfect spin-polarization. Our calculations indicate that this 

material maintains a high degree of spin-polarization (over 90%) in the wide range of lattice 

parameters, except at the largest considered unit cell volume. The magnetic alignment of V2CoAl 

is ferrimagnetic, due to the antialignment of the magnetic moments of vanadium atoms in their 

two sublattices. The calculated total magnetic moment per formula unit is nearly integer at the 

optimal lattice parameter and at the smaller volumes of the unit cell, but it deviated from the integer 

values as the unit cell expands. This is consistent with the calculated variation in the degree of spin 

polarization with lattice constant. The expected ferrimagnetic behavior has been observed in the 

arc-melted V₂CoAl sample, with a Curie temperature of about 80 K. However, the saturation 

magnetization is significantly smaller than the theoretical prediction of approximately 2𝜇𝜇𝐵𝐵 𝑓𝑓.𝑢𝑢.⁄ , 

most likely due to the observed B2-type atomic disorder. The samples exhibit metallic electron 

transport across the measurement range of 2 K to 300 K. 

I. Introduction 

The field of spin-based electronics (spintronics) is one of the most actively researched 

branches of materials science. One type of material that has attracted particular attention for 

spintronic applications is a half-metal. These materials are electric conductors for one of the spins, 

and insulators / semiconductors for the other spin. Thus, by definition, they exhibit 100% spin-

polarization, where the latter is defined as 𝑃𝑃 = 𝑁𝑁↑(𝜖𝜖𝐹𝐹)−𝑁𝑁↓(𝜖𝜖𝐹𝐹)
𝑁𝑁↑(𝜖𝜖𝐹𝐹)+𝑁𝑁↓(𝜖𝜖𝐹𝐹), with 𝑁𝑁↑,↓(𝜖𝜖𝐹𝐹) being the spin-

dependent density of states (DOS) at the Fermi level, 𝜖𝜖𝐹𝐹.0F

1 Half-metallic compounds were predicted 

in 1983 in a seminal work by de Groot et al.1F

2 Since then, many systems, including certain oxides 

and manganites,2F

3 double perovskites,3F

4 chalcogenides,4F

5 and pyrites,5F

6 have been suggested to 
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exhibit half-metallic electronic structure. Heusler alloys have attracted particular attention, largely 

due to their high Curie temperature, often much higher than room temperature.6F

7,
7F

8,
8F

9,
9F

10,
10F

11,
11F

12,
12F

13 While 

direct experimental confirmation of half-metallicity is more challenging than computational 

predictions, there were quite a few experimental reports of half-metallic Heusler alloys.13F

14,
14F

15,
15F

16,
16F

17 

In addition, some physical mechanisms, such as atomic disorder and surface states in thin-film 

geometry, may have a detrimental impact on the degree of spin-polarization of potentially half-

metallic compounds.17F

18,
18F

19,
19F

20,
20F

21,
21F

22,
22F

23,
23F

24,
24F

25,
25F

26,
26F

27,
27F

28 Despite these challenges, half-metals are still 

considered among the most promising candidates for practical applications in spintronics.28F

29,
29F

30 

In this paper, we study electronic, magnetic, and structural properties of V2CoAl, a Heusler 

compound that exhibits nearly perfect half-metallic properties in a wide range of lattice 

parameters. Our calculations indicate that except for the largest considered unit cell volumes 

(which may not be realistically achievable in practice), this alloy exhibits very high degree of spin- 

polarization values (over 90%). The calculated magnetization values (nearly integer in a wide 

range of considered lattice parameters) support the nearly half-metallic nature of this material. The 

magnetic alignment of V2CoAl is ferrimagnetic, due to the magnetic moments of vanadium atoms 

from two different sublattices being anti-aligned.  The observed ferrimagnetic behavior in the arc-

melted V2CoAl is consistent with the theoretical prediction. This study represents the first 

experimental report on this material to date. 

The rest of the paper is organized as follows. In the next section, we present computational 

and experimental techniques and methods employed in this work. In Section 3, we present our 

main results. The concluding remarks are presented in Section 4, which is followed by 

acknowledgments to funding sources and computational facilities. The references to the relevant 

literature are presented at the end of the paper.  

II. Methods 

II. a) Computational methods  

The computational techniques used in this work are based on density functional theory as 

implemented in the Vienna ab initio simulation package (VASP).30F

31 More specifically, we 

employed the projector augmented-wave method (PAW)31F

32 and generalized-gradient 

approximation (GGA) method proposed by Perdew, Burke, and Ernzerhof.32F

33 The integration 

method by Methfessel and Paxton was used, with a 5 × 10−2 eV width of smearing.33F

34 The 
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electronic and magnetic structure calculations are performed with a convergence criterion of 

10−3 meV and a k-mesh of 8×8×8. Hubbard U correction is not implemented in this work because 

the considered system is metallic. In metals, the correlation effects are less important than e.g. in 

magnetic insulators and are usually adequetly described within regular GGA.34F

35 The MedeA® 

software environment35F

36 is used for calculating and plotting band structures. The reported 

calculations were performed using the Advanced Cyberinfrastructure Coordination Ecosystem: 

Services & Support (ACCESS) (formerly known as Extreme Science and Engineering Discovery 

Environment (XSEDE)) resources located at the Pittsburgh Supercomputing Center (PSC),36F

37 the 

resources of the Center for Functional Nanomaterials (CFN) at Brookhaven National Laboratory 

(BNL), as well as the high-performance computing cluster located at the University of Northern 

Iowa (UNI).  

II. b) Experimental methods 

The bulk samples of the V₂CoAl Heusler alloy were synthesized using arc melting followed 

by annealing. Initially, an ingot of V₂CoAl was produced by melting pieces of V, Co, and Al, made 

from commercially available metal pellets with a minimum purity of 99.95%, to achieve the 

desired stoichiometry. The melting process was conducted inside an arc furnace under a 

continuous flow of argon gas. Afterward, the arc-melted ingot was sealed in a quartz tube under 

partial argon pressure and annealed at 700°C for one week. 

The crystal structure was investigated through X-ray diffraction (XRD) analysis of a 

powder sample, prepared by grinding the annealed ingot with a mortar and pestle. XRD patterns 

were recorded at room temperature using a Rigaku Miniflex600 diffractometer. Rietveld 

refinement of the powder XRD data was performed with the FullProf suite.37F

38 Magnetic 

measurements were carried out using magnetometers on the Quantum Design VersaLab and 

Dynacool PPMS platforms. Electrical transport measurements were performed using the 

aforementioned PPMS system. 

III. Results 

III. a) Computational results 

Figure 1 (a) shows calculated total energy (black line and circles) and magnetic moment 

(blue line and squares) of V2CoAl as a function of lattice constant. Our calculations indicate that 
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V2CoAl crystallizes in the inverted cubic Heusler structure, with the equilibrium lattice parameter 

of 𝑎𝑎 = 5.901 Å. See e.g. Ref. 13 for more detailed discussion of various crystal structures of 

Heusler compounds. As seen from Fig. 1 (b), the magnetic alignment of V2CoAl is ferrimagnetic, 

due to the magnetic moments of two vanadium sub-lattices being anti-aligned. In particular, in the 

inverted cubic structure (which corresponds to the lowest energy), the Wyckoff positions of 

V2CoAl are as follows: V1 (0,0,0), V2 (1/4,1/4,1/4), Co(1/2,1/2,1/2), Al(3/4,3/4,3/4). Here, by V1 

and V2 we indicate two sub-lattices of vanadium atoms. This notation is consistent with the one 

used in Fig. 1 (b).   

      

Figure 1: (a) Calculated total energy (black line and circles) and magnetic moment (blue line and squares) of V2CoAl 
as a function of lattice constant. (b) Element resolved magnetitic moments of V2CoAl as a function of lattice constant. 
(b). The element resolved magnetic moments are colored / labeled as indicated in the figure, i.e. V1 – black line and 
squares, V2 – red line and circles, Co – blue line and triangles. 

In addition, as shown in Fig. 1 (a), the magnetization of V2CoAl exhibits a nearly integer 

value at the equilibrium lattice parameter and at the compression of the volume of the unit cell. 

The calculated magnetization deviates from the integer value at the larger lattice parameters, thus 

indicating that this material may exhibit half-metallic behavior at the optimal lattice parameter and 

under compression, but maybe not under expansion of the unit cell.38F

39  

Figure 2 shows calculated total and element resolved density of states (a) and electronic 

band structure (b) of V2CoAl at the equilibrium lattice constant, as well as the calculated total 

density of states of this compound for different lattice constants (indicated in the figure) calculated 

at uniform pressure (c). As seen from Fig. 2 (a), V2CoAl exhibits nearly 100% spin-polarized 

electronic structure, due to the nearly gapless nature of the majority-spin states at the Fermi level. 

At the same time, the minority-spin states exhibit conducting behavior. This conclusion is 
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confirmed by analyzing the band structure of this compound shown in Fig. 2 (b). In particular, the 

spin-down bands (blue lines) exhibit conducting behavior, despite a large energy gap of the valence 

bands ~0.3 eV below Fermi level. At the same time, the majority-spin bands demonstrate a nearly 

gapless nature at the Γ point. As shown in Fig. 2 (c), this behavior of the energy bands / states of 

V2CoAl is not very sensitive to external pressure, except for the largest considered lattice 

parameter of 6.100 Å, where the spin-polarization is significantly reduced (down to ~75% by 

absolute value) due to the shift of the Fermi level towards the majority-spin conduction states. 

Thus, this material behaves as a nearly perfect half-metal, except at the largest considered unit cell 

volumes, which may not be attainable in practice. 

 

Figure 2: (a) Calculated total and element resolved density of states of V2CoAl at the equilibrium lattice constant. The 
vertical line corresponds to the Fermi level. Positive / negative DOS represents spin-up / spin-down states, 
correspondingly. Element resolved density of states are colored as indicated in the figure: red – V, blue – Co, green – 
Al, black – total. (b) Calculated band structures of V2CoAl at the equilibrium lattice constant (the symmetry points of 
the Brillouin zone are generated by the MedeA software package). The horizontal line in the middle of the plot 
corresponds to the Fermi level. Red / blue lines represents spin-up / spin-down bands, correspondingly. (c) Calculated 
total density of states of V2CoAl for different lattice constants (indicated in the figure) calculated at hydrostatic 
pressure. The vertical line corresponds to the Fermi level. Positive (black line) / negative (red line) DOS represents 
spin-up / spin-down states, correspondingly. 
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III. b) Experimental results 

Figure 3(a) shows the powder X-ray diffraction (XRD) pattern of the annealed V₂CoAl 

sample, recorded at room temperature. The XRD pattern is indexed with an inverted cubic Heusler 

structure, as predicted by theoretical calculations. The atomic site occupancy of the inverted cubic 

structure is illustrated in Figure 3(b). As shown, all diffraction peaks are marked with their 

corresponding plane indices, and no peaks from elemental impurities or alloy phases are detected. 

However, the (111) peak is absent, and the (200) peak is slightly weaker, suggesting that the 

sample exhibits B2-type disorder. It is also noted that the calculated intensities of these two peaks 

are much weaker compared to the other fundamental peaks. 

 

Figure 3: (a) Room-temperature x-ray diffraction pattern of the annealed V₂CoAl sample with the Rietveld refined 
curve. (b) Crystal structure of V₂CoAl in the inverse cubic Heusler structure. (c) Isothermal magnetization curve, 
M(H), of V₂CoAl measured at 2 K. The inset on the left shows the thermomagnetic curve, M(T), with the estimated 
Curie temperature of 80 K. The inset on the right shows an expanded M(H) curve near H = 0. (d) Temperature 
dependence of resistivity. The inset on the left shows the resistance as a function of magnetic field at 5 K, and the 
inset on the right shows Hall resistivity as a function of magnetic field at different temperatures. 
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The pattern simulated through Rietveld refinement of the XRD data is shown in Fig. 1(a) 

as a solid black line. The lattice parameter obtained from the Rietveld analysis is a = 5.934Å, 

which is in good agreement with the theoretically estimated equilibrium lattice constant of a = 

5.901 Å. A minor mismatch in the (400) peak intensity between experimental and calculated 

pattern can be attributed to texturing effects. The Rietveld refinement was performed using the 

same atomic positions and space group (F-43m) employed for the inverted cubic structure, as 

discussed in Section III(a). 

The temperature dependence of magnetization, M(T), of V₂CoAl, measured under an 

external magnetic field of 1 kOe, is shown in the left inset of Fig. 3(c), while the isothermal 

magnetization curve, M(H), recorded at 2 K, is displayed as the main figure. The expanded M(H) 

curve near H = 0 is also shown in the right inset. 

As depicted, the thermomagnetic curve resembles that of a ferro- or ferrimagnetic material, 

with a Curie temperature of 80 K. However, the M(H) curve at 2 K does not reach saturation even 

at 90 kOe, indicating ferrimagnetic ordering in the sample, consistent with the theoretically 

predicted magnetic order. The sample also exhibits a small coercivity of 110 Oe at 2 K. However, 

the high-field (90 kOe) magnetization of 0.64 emu/g (0.02 𝜇𝜇𝐵𝐵 𝑓𝑓.𝑢𝑢.⁄ ) at 2 K is significantly lower 

than the theoretically expected value of nearly 2 𝜇𝜇𝐵𝐵 𝑓𝑓. 𝑢𝑢.⁄  Given the B2-type disorder in the sample, 

this discrepancy can be attributed to the observed disorder, though the large magnitude of the 

difference is somewhat unusual. The B2 disorder has apparently pushed the system closer to 

antiferromagnetism, with a reduction in the overall moment and significant high-field 

susceptibility. We tested this hypothesis by performing additional calculations for a disordered 

cell. In particular, to mimic the B2-type disorder, we swapped a single Co atom with a single Al 

atom in a 16-atom supercell of V2CoAl at the optimal lattice constant. This resulted in a strong 

reduction of magnetization to ~ 0.98 𝜇𝜇𝐵𝐵 𝑓𝑓.𝑢𝑢.⁄  The magnetic alignment is still ferrimagnetic, but 

the absolute values of the magnetic moments are reduced. In addition, the magnetic moment of the 

swapped Co atom is now antialignedwith the rest of the magnetic moments of Co sublattice. We 

also swapped two Co atoms with two Al atoms to analyze the effect of a stronger B2-type disorder. 

This resulted in essentially zero magnetization of the cell, as the system converged to a non-

magnetic state (all atomic magnetic moments are zero). Thus, our calculations confirm that B2-

type disorder in V2CoAl may lead to a strong reduction of a magnetization, and even to a non-

magnetic state.   
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Figure 3(d) shows the resistivity of the sample, 𝜌𝜌(𝑇𝑇), measured as a function of 

temperature. As the temperature increases above 5 K, the resistivity rises almost linearly from 125 

𝜇𝜇Ω𝑐𝑐𝑐𝑐 up to 75 K, after which the slope begins to decrease, deviating from linearity reaching 131 

𝜇𝜇Ω𝑐𝑐𝑐𝑐 at 300 K. Near room temperature, the resistivity approaches saturation. Note that the 

softening of the resistance rise occurs near the Curie temperature. This is consistent with the effects 

of electron-magnon scattering in the ferromagnetic state. In addition, the residual resistance ratio, 

defined as 𝜌𝜌300𝐾𝐾 𝜌𝜌2𝐾𝐾⁄   is about 1.05. This type of 𝜌𝜌(𝑇𝑇) behavior is characteristic of metals and 

metallic alloys with structural disorder, where different atoms are distributed randomly in the 

crystal lattice.39F

40
40F

41 However, the low-temperature tail, often attributed to impurities and defects, is 

absent in this curve. Additionally, a small positive magnetoresistance is observed in the 

temperature range between 2K and 300 K. A resistance versus magnetic field curve measured at 5 

K is shown in the left inset of Fig. 3(d). Initially, the magnetoresistance decreases with increasing 

magnetic field from 0 kOe, but it begins to increase once the field reaches the coercive point. This 

behavior is typical of ferromagnetic or ferrimagnetic materials and is attributed mainly to two 

factors: the reduction in electron scattering due to decreased spin disorder and the reduction in 

domain wall scattering as the magnetic domains realign and consolidate with increasing magnetic 

field. Beyond the coercive field, the material approaches magnetic saturation, and magnon 

scattering is suppressed at higher fields. This should lead to a decrease in magnetoresistance.41F

42 

The observed weak positive magnetoresistance is likely due to a comparatively sparse population 

of magnons at low temperatures and the attendant dominance of the small positive 

magnetoresistance associated with the Lorentz force. As shown in the right inset of fig. 1(d), the 

Hall resistivities, measured at different temperatures as a function of magnetic field, are nearly 

linear, indicating a dominant ordinary Hall effect. A linear fit to the Hall resistivity, assuming only 

the ordinary Hall effect, yields a hole-like carrier density of 6.5 × 1022 𝑐𝑐𝑐𝑐−3. 

IV. Conclusions 

In this work, we presented a combined computational and experimental study of V2CoAl, 

a Heusler compound that exhibits nearly half-metallic electronic structure in a wide range of 

considered lattice parameters. In particular, our calculations indicate that this material behaves as 

a conductor for minority-spin states, while the majority-spin states exhibit nearly gapless behavior 

at the Fermi level. The reported character of the energy bands / states is not very sensitive to 
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external pressure, except at the largest considered lattice constant. The magnetic alignment of 

V2CoAl is ferrimagnetic, due to the antialignment of the magnetic moments of vanadium atoms in 

their two sublattices. The V2CoAl samples prepared using arc-melting and annealing have been 

found to crystalize in the inverse cubic Heusler structure and show ferrimagnetic order consistent 

with the theoretical prediction. However, the saturation magnetization is significantly smaller than 

the theoretical prediction of approximately 2𝜇𝜇𝐵𝐵 𝑓𝑓.𝑢𝑢.⁄ , most likely due to the observed B2-type 

atomic disorder. The samples exhibit metallic electron transport across the measurement range of 

2 K to 300 K with a hole-like carrier density of 6.5 × 1022 𝑐𝑐𝑐𝑐−3. 
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