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Therefore, to achieve the mentioned percentages of substitu-
tion, we have substituted one to four Mn atoms for Ni atoms. 
To making HfNi1-xMnxSn (x = 0, 0.25, 0.5, 0.75, 1) compounds 
with the presence of Mn substitutions because the symmetry of 
the crystal changes, we have used a conventional cell. 

It should be noted that the space groups of HfNi1-xMnxSn 
compounds for x = 25%, 50%, and 75% are P-43m, P-4m2, and 
P-43m, respectively, which have 24, 8, 24 symmetric matrices, 
while in pure combination with the F-43m space group, there 
have 24 symmetric matrices. The presence of Mn atoms in the 
HfNiSn structure has increased the crystalline anisotropy, shown 
in the symmetric matrices of their space group and the shape of 
the energy-volume curves. It is shown that in x = 50% substitu-
tion case occurred lower crystal isotropic. 

In the first step, the total energy variations of the crystal in 
terms of the unit cell volume are calculated by fitting the data 
based on the Birch Murnaghan equation [28], as shown in Fig. 2. 
Lattice equilibrium parameters, including lattice constant, bulk 

modulus (B), the derivative of bulk modulus (B’) and formation 
energy (Ef) in thermodynamic equilibrium, are presented in TA-
BLE 1 for pure and doped structures with different percentages. 
It is noteworthy that the calculations are considered for both 
spin channels. It can be seen that the HfNiSn lattice constant is 
well consistent with other reports [12] and it increases with the 
rise in the percentage of the manganese substitution. It is shown 
that the total energy of ground state of HfMnSn is lower than 
HfNiSn compound. 

All these curves have a minimum point, so they all have 
an equilibrium volume where the crystal is in equilibrium. The 
diagrams of HfNiSn and HfMnSn compounds are perfectly sym-
metric, indicating their high crystalline symmetry and that under 
stress and strain, we see symmetrical mechanical responses from 
them. But in the other four energy-volume diagrams, it can be 
seen that the slope of their curves is steeper in smaller volumes 
than the slope in larger volumes, which indicates that they are 
more resistant to stress. 

Fig. 2. The Energy-Volume (E-V) curves of the (a) HfNiSn, (b) HfNi0.75Mn0.25Sn, (c) HfNi0. 5Mn0. 5Sn, (d) HfNi0.25Mn0.75Sn, and (e) HfMnSn 
in the ferro-magnetic phase
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Fig. 5. The bandstructures of (a) HfNiSn, (b-e): HfNiSn, HfNi0.75Mn0.25Sn, HfNi0.5Mn0.5Sn, HfNi0.25Mn0.75Sn for up spin, and (f-i) HfMnSn, 
HfNi0.75Mn0.25Sn, HfNi0.5Mn0.5Sn, and HfNi0.25Mn0.75Sn for dn spin










