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Abstract. Using ab-initio calculations based on density functional theory (DFT) with the 

generalized gradient approximation (GGA), structural, electronic and magnetic properties of 

Fe2MnSn full Heusler alloy are calculated within the framework to describe the effect of 

hydrostatic stress. The total system energy optimization indicates that the ground state 

corresponds to the hexagonal (D019) structure in ferromagnetic (FM) state. The compound 

undergoes a structural stress-induced phase transitions under pressure of 7 GPa. The total 

magnetic moment at the optimized lattice parameters is found 7.19 µB, which does not follow 

the Slater-Pauling rule. The material tends to rapidly lose its spin polarization under 10 GPa 

hydrostatic stress. 
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Introduction  

The search for new materials with specific physical properties is a major challenge for today's 

industry, depending on the field of application considered (spintronics, energy, materials, ...). In 

our era, simulation makes possible to explore various properties in the quantum domain such as 

the structural, electronic and even dynamic properties of matter, often far from any experimental 

knowledge of the system studied. Ab-initio methods currently have the ability to perform 

calculations with great precision for different quantities [1–16], such as elasticity, optical spectra, 

lattice vibration frequencies, etc. Today, spin electronics is looking for new materials and 

technological challenges that condition the realization of new devices. In many study subjects, 

Heusler alloys attract the interest of physicists of solid-state for their remarkable physical and 

magnetic properties, which are frequently encountered [17,18]. More than 3000 Heusler 

compounds have been discovered to be used in many fields [19] such as the domain of electronic 

and magnetic technologies (giant magnetoresistance (GMR) [20,21], tunnel magnetoresistance 

(TMR) [22], and others). It is a family of materials that affects several fields of application such as 

spintronic [23], superconductivity [24], shape memory alloys (SMA) [25,26] and other fields. The 

first prototype of Heusler alloy was discovered by Heusler Friedrich in 1903 [27], where it was 

possible to make magnetic alloys from non-magnetic components. Later, its crystal structure was 

determined by Bradley and Rodgers in 1934 [28]. 
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Heusler alloys were classified as ternary ferromagnetic compounds with the chemical 

formula X2YZ [29,30] where X and Y are transition metals and Z the main group element. 

Where X atoms occupy the Wyckoff positions (1/4,1/4,1/4) and (3/4,3/4,3/4) while the Y and 

Z atoms are in positions (1/2,1/2,1/2) and (0,0,0) respectively, in the cubic structure with the 

space group mFm3  (SG 225) according the prototype Cu2MnAl, often noted (L21) [31,32]. 

This crystallographic structure can be sometimes distorted to a tetragonal structure 

(D022) [33] under the band Jahn-Teller effect. Another cubic structure is often observed in 

these alloys, known us the inverse structure (noted XA) where X atoms are located in 

different environments. Recently, a new hexagonal structure has been confirmed as the 

ground state structure for some Heusler alloys, this crystallographic structure (D019) has been 

derived from the Ni3Sn prototype structure with the space group P63/mmc [34], where the 

chemical formula X3Z is transformed to X2YZ, by the substitution of one of X atoms with 

another transition metals Y. Non-cubic Heusler compounds used Fe2MnSn may exhibit large 

magneto crystalline anisotropy [35], which gives them a special importance, it is a necessary 

condition for hard magnetic applications [36,37]. Motivating by this property, we have 

investigated the hexagonal D022 Heusler alloy Fe2MnSn, which shows a high total magnetic 

moment (about 7 μB/f.u). The studied compound was synthesized experimentally [35], we 

note that our theoretical calculations showed that both cubic and hexagonal phases of 

Fe2MnSn Heusler alloy are energetically very close. 

In the present work, we focus our study on both electronic and magnetic properties of 

the Fe2MnSn full-Heusler compound. In addition, we carry out a detailed study about the 

pressure induced phase transition of the new D019 structure (Fig. 1), and we discuss the 

anomalies of this specific Heusler material. 

 

 
Fig. 1. D019 structure for  Fe2MnSn full-Heusler alloy 

 

Computational method 

In this study, electronic and magnetic structures calculations were performed using the FP-

LAPW method (self-consistent full-potential linearized augmented plane wave) [38,39], this 

method was integrated into the WIEN2K code simulation [40,41] within the DFT (density 

functional theory) [42]. For the exchange-correlation correction, it used the GGA-PBE 

approximation (generalized gradient approximation) depending on the Perdewe-Burkee-

Ernzerhof model [43,44] and the GGA-mBJ [45], where the space is divided into the non-

overlapping muffin-tin spheres (MT), separated by an interstitial region. For these spheres, 

basis functions are expanded into spherical harmonic functions, while Fourier series are 
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expanded for the interstitial area. In our study, muffin-tin sphere radii are 2.10 a.u. for Mn and 

Fe, 2.25 a.u. for Sn. The convergence of the basis was controlled by RMTKmax = 9 (cutoff 

parameter), where the RMT is the smallest of the MT sphere radii, while Kmax present the 

largest reciprocal lattice vector used in the plane wave expansion. The Gmax parameter 

(magnitude of the most significant vector in charge density Fourier expansion) was 12. The 

cutoff energy (the separation of valence and core states) was chosen as -6 Ry. Energy test 

convergence was selected as 0.0001 Ry during self-consistency cycles. For the Brillouin zone 

integration (BZ), we used the tetrahedron method [40] with 104 particular k points (for cubic 

structure), and 180 k points (for hexagonal structure) in the irreducible wedge (3000 k-points 

in all Brillouin zone) in order to construct the charge density in each self-consistency step. 

 

Results and Discussion  

Structural Properties. From the first principle calculation based on the density function 

theory with the generalized gradient approximation, the structural properties of Fe2MnSn 

Heusler alloy are calculated in order to well understand the ground state properties. Basing on 

the structural part, we can predict the other properties (electronic, magnetic, etc.). The 

structural parameters have always been determined by minimizing the total energy, in this 

procedure, we calculated and plotted the total energies versus volume for the cubic structure 

in both XA and L21 prototype and for the Hexagonal D019 structure in Fig. 2, where we took 

into consideration the ferromagnetic (FM) and non-magnetic (NM) orders. The structural 

analysis in Fig. 2 shows that the D019 (SG: 194) structure in the ferromagnetic state makes the 

ground state (i.e., the structure more stable) for the Fe2MnSn compound. In order to determine 

the fundamental equilibrium parameters, we used the empirical Murnaghan equation of states 

(1) (E-O-S) [46]: 
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where V0 is the unit cell volume of the ground state, B the bulk modulus and B' its first 

pressure derivative. 

 

 
 

Fig. 2. Total energies vs. volume for Fe2MnSn Heusler alloy: cubic structures (XA and L21) 

and D019 for non-magnetic (NM) and ferromagnetic (FM) states 
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Obtained results are listed in Table 1, where a and c are the equilibrium lattice 

parameters, and E0 the energy of the ground state for each structure, in which the results of 

the other available calculations are also indicated. It is clear that our results are in good 

agreement with the others found in literature. 

 

Table 1. Structural parameters, the lattice parameters a and c, Bulk modulus B and its first 

pressure derivative B' and system energy E0 for Fe2MnSn full-Heusler alloy in cubic and 

hexagonal structures 
Structure  a, Å c, Å B0, GPa B' E0 (Ry), eV 

Cubic (XA) This work 6.104  114.15 3.15 -19766.77636 

Ref.[47] 6.084  110.47 6.08 -19766.69924 

Cubic (L21) This work 6.014  125.92 3.30 -19766.77067 

Ref.[47] 5.958  178.15 5.23 -19766.69677 

Ref.[35] 6.027     

Ref.[48] 6.010  123  -19766.6946 

Hexagonal (D019) This work 5.419 4.422 129.45 3.84 -19766.77734 

Ref.[35] 5.389 4.310    

 

Magnetic properties. To describe the magnetic moment, we take into consideration the 

spin magnetic moment, defined by the deference between the total occupancy of the majority 

spin and the total occupancy of the minority spin. 

The calculated total and local magnetic moments for Fe2MnSn Heusler alloy are listed in 

Table 2. We can see that the values μB obtained for the three structures studied (XA, L21 and 

D019) presents a remarkable anomaly between the theoretical and experimental work carried out 

on this material. For full Heusler X2YZ alloys, the magnetization M and the number of valence 

electrons Z are related either by: M = Z - 18, M = Z - 24, or by M = Z - 28 [49–54]. All the 

results obtained, indicates that this specific compound does not follow any rule among these 

three rules, it is one of the few Heusler materials that has this particularity. 

 

Table 2. Total and local magnetic moments per formula unit in (μB) for Fe2MnSn full-Heusler alloy 
Structure  Total Fe (1) Fe (2) Mn Sn Interstitial 

Cubic (XA) 

This work  (GGA) 

                   (mBJ) 

7.65 

7.66 

2.25 2.54 2.93 -0.06 -0.01 

Ref. [47] 8.33 2.47 2.67 3.30 -0.06 -0.05 

Cubic (L21) 

This work  (GGA) 

                  (mBJ) 

5.81 

5.83 

1.77 1.77 2.41 -0.06 -0.08 

Ref. [47] 3.00 -0.20 - 0.17 3.37 -0.01 0.01 

Ref. [35] 6.04 1.83 1.83 2.57 -0.14  

Ref. [48] 5.73 3.47 3.47 2.45 -0.07  

Hexagonal 

(D019) 

This work  (GGA) 

                   (mBJ) 

7.19 

7.19 

2.23 2.23 2.79 -0.09 0.03 

Ref. [35] 6.50 2.3 2.3 2.3 -0.15  

 

In our study, the calculated total magnetic moment Mtot for the ground state structure 

(D019) was found to be 7.19 μB. This non-integer value also indicates a metallic ferromagnetic 

behavior.  

Electronic properties. The electronic properties (band structures, densities of states) 

depend essentially on the distribution of electrons in both valence and conduction bands, as 

well as on the value of the energy gap. In which, we can analyze and understand the nature of 

the bonds formed between the different elements of the material, in order to have a better 

understanding of its behavior.  
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Fig. 3. The calculated total/atomic projected densities of states for Fe2MnSn Heusler 

alloy in hexagonal D019 structure at the ground state 

 

In this subsection, the calculation of the electronic properties such as total/partial densities 

of states and band structures are shown in Figs. 3 and 4, respectively. The calculations have 

been made for the equilibrium lattice parameter of the ground state (D019 structure). 

 

 
Fig. 4. The calculated band structures for Fe2MnSn Heusler alloy in hexagonal D019 

structure with both spin-up and spin-down electrons 

 

From Fig. 3, we can see that the density of state of the majority spin-up and minority 

spin-down electrons show metallic intersections at the Fermi level (EF), which indicates a 

metallic character for the studied compound. Below Fermi level, Mn atoms have a major 

contribution in the total density of states (DOS) for majority spin-up, due to the 3d-Mn 

electrons, while the DOS of the minority spin-down is dominated by 3d-Fe electrons. Above 

Fermi level, Mn atoms dominate both densities of states (spin-up and spin-down). Around 

Fermi level, the contributions of Mn and Fe atoms are almost identical. Unlike the D019 

structure, the cubic structure has a gap energy. In Table 3, we give the obtained results for the 

gap energy, using both GGA and mBJ approximations. 
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Table 3. Gap energy and spin polarisation for Fe2MnSn full-Heusler alloy 

Structure 
 Eg, eV 

 GGA mBJ 

Cubic (XA) 
This work 0.14 0.16 

Ref.[47] 0.16  

Cubic (L21) 

This work 0.30 0.35 

Ref.[47] 0.29  

Ref.[35] 0.36  

Ref.[48] 0.35  

Hexagonal (D019) 
This work 0 0 

Ref.[35] 0  

 

According to Fig. 4, the spin-up and spin-down band structures along the points and 

directions of high symmetry in the first Brillouin zone have metallic intersections at the Fermi 

level, where no band gap appears around EF. View of the overlap between the energy bands, 

this situation also confirms the metallic character of Fe2MnSn Heusler alloy. 

Pressure effect. The second objective in this paper is the study of the effect of 

hydrostatic pressure on the structural, magnetic and electronic properties, where we chose a 

range of low pressures (between 0 and 10 GPa). For the structural part, we predicted a phase 

transition from D019 hexagonal structure to L21 cubic structure, as is shown in Fig. 5. This 

prediction was made using two methods, the first is based on the structural optimization 

curves, and is calculating the slope of the common tangent between the two curves (Fig. 5(a)). 

The second one is based on the calculation of enthalpy variation versus pressure (Fig. 5(b)), 

where the intersection of the two lines determines the structural transition pressure Pt from 

hexagonal structure (D019) to cubic structure (L21). The intersection point in Fig. 5(b) 

indicates the equality of the system enthalpy for both cubic and hexagonal structures, and 

under the same pressure, 7 GPa. Beyond this critical value, the enthalpy of the cubic structure 

represents the minimum energy (the line of L21 phase passes below that of the D019 phase), 

which leads to a structural transition from hexagonal structure to cubic structure. The enthalpy 

H is given by the following equation: 

VPEH .+=                  (2) 

The two methods present a good coherence and indicate the same value, Pt= 7 GPa. 

 

  
(a) (b) 

Fig. 5. Structural transition in Fe2MnSn full-Heusler alloy according to the common slope (a) 

and the enthalpy variation (b) 
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We have further studied the effect of pressure on the magnetic and electronic properties 

for both hexagonal and cubic structures. Figure 6 shows that increasing the pressure reduces 

the total magnetic moment for the two structures studied, an integer total magnetic moment is 

found under the effect of the pressures, we found 5.00 µB under 6.20 GPa and 7.00 µB under 

4.78 GPa for the two structures (D019) and (L21) respectively. Generally, an integer total 

magnetic moment indicates obedience to Slater-Pauling rule and half-metallic character. It is 

for this purpose that we have calculated and plotted the densities of states of the two 

structures under the effect of the two pressures indicated in Fig. 7. Contrary to what is 

expected, the material has another peculiarity, the densities of states present metallic 

intersections for the two orientations of the spin and for the two structures, then the material 

keeps its ferromagnetic metallic behavior, and always deviates from Slater-Pauling rule. 

 

 
Fig. 6. Total magnetic moment variation as a function of pressure for Fe2MnSn full-Heusler 

alloy 

 

 
Fig. 7. The calculated total/atomic projected densities of states for Fe2MnSn Heusler alloy for 

integer value of total magnetic moment: (a) cubic L21 structure(5.00 µB);  

(b) hexagonal D019 structure (7.00 µB) 
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To examine the effect of pressure on the metallic character of the material, we 

calculated and plotted in Fig. 8, the variation of spin polarization versus pressure for the same 

range and for both hexagonal and cubic structures. We notice that increasing the pressure 

rapidly decreases the spin polarization for the hexagonal structure (D019), while for the cubic 

structure (L21) the variation is slight and alternating. 

 

 
Fig. 8. Spin polarisation variation versus pressure for Fe2MnSn full-Heusler alloy 

 

Conclusion  

In this paper, we have performed a first-principles study of the structural, electronic and 

magnetic properties, for the ternary full Heusler alloy Fe2MnSn in the ground state. We also 

examined the effect of pressure on the evolution of these properties. Our results reveal that the 

ferromagnetic hexagonal D019 structure makes the ground state for Fe2MnSn Heusler alloy, 

and a pressure-induced phase transition (from hexagonal to cubic structure) was predicted 

under 7 GPa. The study of the electronic band structure and the density of states show that the 

Fe2MnSn compound has a metallic character. It retains this character even under the effect of 

hydrostatic pressure, with a range of 0 to 10 GPa. The total magnetic moment is found 7.19 

µB, it never follows Slater-Pauling rule, even for an integer total magnetic moment (under 

pressure). The material tends to rapidly lose its spin polarization under the effect of 

hydrostatic pressure. 
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