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ABSTRACT 
The work is devoted to theoretical investigation of the 
structure and magnetic properties of FeRh0.5Pd0.5 and 
FeRh0.375Pd0.625 alloys by first-principles methods. The 
research was carried out using the software package 
VASP. During the work lattice parameters were found. 
The possibility of the existence of stable tetragonal 
distortions in Fe-Rh-Pd alloys with allowance for various 
magnetic configurations are investigated. 
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INTRODUCTION 

The Fe–Rh alloys can be used in magnetic cooling, 
magnetic recording, and spintronic devices [Chirkova, 
2016], [Aliev, 2016], [Jezierski, 2005]. The 
magnetocaloric properties of Fe51Rh49 alloys were 
measured directly [Chirkova, 2016], [Aliev, 2016]. The 
adiabatic temperature change of Fe51Rh49 was 13 K at 
changing of magnetic field up to 2 T. The magnetic order 
in Fe–Rh compounds depends strongly on the 
concentration of elements. Therefore, it is important to 
study the effect of introduction of third element on the 
properties of the Fe–Rh alloys. In the work of Jezierskiet 
et al. [Jezierski, 2005], have studied the influence of Co, 
Pd, Ru, and Pt doping impurities on the magnetic moment 
and the density of states in Fe–Rh alloys. In our previous 
work [Pavlukhina, 2017], the structural and magnetic 
properties of FeRh1–xZx (x =0 - 0.375, Z= Ni and Pd) 
alloys were discussed. It was demonstrated that the third 
element facilitates the martensitic transformation. In this 
work, we focused on theoretical study of FeRh0.5Pd0.5 and 
FeRh0.375Pd0.625 alloys using the density functional theory. 

SPECIFICS OF CALCULATIONS 

The research was carried out using the software package 
Vienna Ab Initio Simulation Package (VASP) [Kresse, 
1996]. Calculations were done within the generalized 
gradients approximation (GGA) in the Perdew, Burke, and 
Ernzerhof (PBE) formulation. The plane wave cutoff 
energy (Ecutoff) was set to 400 eV. All the studied 
structures had a 12 × 12 × 12 Monkhorst–Pack grid of k-
points in the first Brillouin zone. The PAW potential was 
used. In calculations we used a supercell containing 16 
atoms with different initial spin configurations. Rhodium 
and iron atoms were located at the following sites: (0; 0; 
0); (1/2; 0; 0); (1/2; 1/2; 1/2) and (1/4; 1/4; 1/4); (3/4; 3/4; 

3/4), respectively. One ferromagnetic state (FM) and three 
antiferromagnetic (AFM-I, AFM-II, AFM-III) states were 
studied (see the configuration in Fig. 1). In the case of 
ferromagnetic ordering, rhodium atoms in the considered 
cell had a small magnetic moment (<1μB); if the ordering 
was antiferromagnetic, the rhodium magnetic moment was 
zero. 

 
Figure 1:  Different magnetic spin configurations. 

RESULTS AND DISCUSSION  

The energy dependences of FeRh1-xPdx systems, on the 
lattice parameter for various spin configurations are 
presented on Figure 2. 
 

 



 
Figure 2:  Energy dependences for FeRh1 – xPdx ( (a) x 
=0.5, (b) x =0.625) alloys on the lattice parameter for 

different spin configurations. 

It is seen that the AFM-III spin configuration in a cubic 
cell is energetically favourable for FeRh0.5Pd0.5 and 
FeRh0.375Pd0.625. The equilibrium lattice parameters a = 
3.0203 for FeRh0.5Pd0.5 and a = 3.0289 for FeRh0.375Pd0.625. 
It follows from these data that the addition of Pd atoms 
leads to an increase in the lattice parameter. This may be 
attributed to the fact that the atomic radius of Pd is larger 
than that of Rh. 

 

 
Figure 3: Variation of total energy of FeRh1–xPdx (x 

=0.5, 0.625) alloys with tetragonal distortion c/a. 

The total energy for tetragonal distortion of the cubic 
structure along axis z was calculated. The cell volume was 
fixed in these calculations: V0 =a03 ≈ a2c. Figure 3 shows 
the dependences of total energy on tetragonal distortion c/a 
for FeRh0.5Pd0.5 and FeRh0.375Pd0.625 alloys with different 
spin configurations. As can be seen from the Figure 3 the 
cubic phase is unstable in these compounds. The 
antiferromagnetic spin configuration in FeRh0.5Pd0.5 is 
energetically favourable for martensite. The further 
addition of palladium changes the type of magnetic 
ordering. The ferromagnetic spin configuration in 
FeRh0.375Pd0.625 is energetically favourable for martensite. 

CONCLUSION 

The structural and magnetic properties of two systems 
were studied. Energy dependences for FeRh1–xPdx (x =0.5, 
0.625) alloys on the lattice parameter for different spin 
configurations are obtained. It is shown that the cubic 
phase in such systems is not stable. The addition of 
palladium changes the type of magnetic ordering. The 
antiferromagnetic spin configuration in FeRh0.5Pd0.5 and 
ferromagnetic spin configuration FeRh0.375Pd0.5 is 
energetically favourable for martensite. 
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