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Abstract 
We report results of the ab initio calculations on the electronic and 

magnetic properties of GdM2 (M=Fe, Co, and Ni) intermetallic compounds. 
The magnetic structure in various GdM2 intermetallics is intimately related to 
the interplay of the exchange and the crystal field. Owing to the pure s-state of 
Gd the influence of the crystal field in the GdM2 compounds is negligible 
resulting in a nearly isotropic magnetic structure. These Gd-based compounds 
can be used to clarify which magnetic structure appears if the exchange 
interaction is solely responsible for the magnetic structure. Using the 
linearized augmented plane waves method the 3d-DOS’s of  M atoms in 
GdM2  intermetallics are calculated and, being  compared to their DOS’s in 
pure M metals, it is argued that the observed enormous reduction in their 
Curie temperatures from GdFe2 to GdNi2 is due to the different localization 
strength of the transition metal used.   

Keywords: Electronic and magnetic properties, DFT calculations, GdM2 
intermetallics, Electron localization  



266                                                   Y. Ahmadizadeh, V. Soti and B. Abedi Ravan 
 

 

Introduction 

GdM2 (M=Fe, Co, and Ni) intermetallics crystallize in the cubic laves phase 
(C15) type of structure [1]. In these compounds because of the isotropy of Gd [1], 
the spin-orbit coupling almost vanishes and then we can, in the absence of any 
crystal field effect (CFE), concentrate our attention exclusively on the exchange 
interaction. Magnetic properties in this class of compounds are of special interest 
due to the strong hybridization of the local 4f electrons with the 3d conduction 
electrons yielding the typical properties of highly correlated systems. 
Experimentally obtained data [2] and calculations performed in this work reveal 
that the 4f and 3d electrons in these compounds always align antiparallel. This can 
be explained, as stated in Ref. [3], by taking into account the local ferromagnetic 
coupling between the 4f and 5d spins and then considering the direct interaction 
between the 3d and 5d electrons. Since the 5d orbital of Gd is less than half-filled 
and the 3d states in the transition metals used here are filled more than half, then 
an antiferromagnetic ordering is expected between these two types of states 
leading to an antiparallel 4f-3d coupling. In this work, calculating some of the 
electronic and magnetic properties of these compounds, the reasons for the 
significant decrease in the Curie temperature of the samples during filling up of 
the 3d band are discussed.  

 

Calculations and discussion 

Calculations where done in the framework of DFT [4] using the linearized 
augmented-plane-waves (LAPW) [5] method as implemented in WIEN2k [6] 
program package. The ferromagnetic and ferrimagnetic calculations where 
performed using the generalized gradient approximation (GGA) [7] to estimate 
the exchange-correlation energies. Since Gd has localized 4f electrons using 
LSDA+U for inclusion of the onsite Coulomb interaction is preferred but our 
calculations showed that, except for a shift in the 4f band of Gd, the results 
obtained by using LSDA+U were pretty similar to those calculated by applying 
the GGA approximation. So, just the results obtained by using GGA are presented 
here. The experimental lattice constants [8] of the compounds where used as input 
for our calculations so that at the end we could make a sensible comparison 
between the two kinds of data. Some of the experimentally obtained physical 
properties of the compounds along with the corresponding references are listed in 
Table (1).  

In the calculations we assumed two kinds of magnetic ordering for each 
compound: ferromagnetic and ferrimagnetic. It was found that the compounds are 
more stable if their magnetic moments order ferrimagnetically, i.e, if the magnetic 
moments of the transition metals align anti-parallel to those of the rare earth ions. 
Table (2) shows that for each compound the total energy (per formula unit) in the 
ferrimagnetic ordering is lower than that in the ferromagnetic ordering.  
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Furthermore, the calculated total magnetic moments derived from the 
ferrimagnetic calculations are in adequate agreement with the experimentally 
measured magnetic moments of Table (1), an explicit proof for the claim that the 
magnetic structure of these compounds is of the ferrimagnetic type. 

   

  Table 1. Experimental data for GdFe2, GdCo2, and 
GdNi2 [3,8,9,10]. 

compound structure

 
Lattice 

constant 
(a.u.) 

Tc 
(K) 

total 
magnetic 
moment 
(μB/f.u.) 

GdFe2 C15 13.94 785 3.5 
GdCo2 C15 13.69 404 5.5 
GdNi2 C15 13.62 79.3 7.1 

 

 

Table 2. The calculated total energy and magnetic moments for the 
ferro and ferrimangnetic phases of GdM2 compounds. 

 

ferromagnetic  calculations ferrimagnetic calculations 

total energy 
(Ryd/f.u.) 

total 
magnetic 
moment 
(μB /f.u.) 

total energy 
(Ryd/f.u.) 

total 
magnetic 
moment 
(μB /f.u.) 

GdFe2 -27652. 
33676 10.81 -27652. 

35726 
3.39 
 

GdCo2 -28135. 
06291 8.74 -28135. 

07114 5.14 

GdNi2 -28644. 
54556 6.91 -28644. 

54558 6.94 
 

 

In Table (1) we see a remarkable decrease in the Curie temperature (Tc) of the 
samples from GdFe2 to GdNi2. Since Tc is directly proportional to strength of the 
exchange interaction [11,12,13] we conjecture that in these samples the exchange 
coupling, which itself is a function of the conduction electron density, is also 
decreasing in magnitude from GdFe2 to GdNi2. To check this, we calculated the 
number of interstitial electrons in each sample and the result was 7.209, 6.856, 
and 6.638 electrons for GdFe2, GdCo2, and GdNi2, respectively. Replacing one 
atom of Fe in GdFe2 by a Co atom, we actually add one electron to the system, 
and by replacing an atom of Fe by an atom of Ni two electrons are added. We 
claim that the reason for this reduction in the calculated number of conduction 
electrons be the more localization of these electrons in GdCo2 compared to GdFe2 
and in GdNi2 in comparison to the two other compounds. That is, although in 
GdCo2 compared to GdFe2 one more electron per Co atom is added to the system, 
but not only the atom does not let this added electron to contribute to the  
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conduction electron density but even absorbs some portion of the conduction 
charge as a result of which the number of conduction electrons in GdCo2 
compound will be less than that in GdFe2 (as is clear from the charge densities 
given above). A similar thing happens in the GdNi2 case. 

We have also calculated the spin-dependent densities of states for the M atoms 
in pure M metals and in GdM2 compounds. To see what happens to the DOS of 
the M atoms when placed in the GdM2 compounds the two kinds of the densities 
have to be compared to each other.  For instance, the 3d densities of states of Ni in 
pure Ni and in GdNi2 compound are plotted in Figure (1). Since GdNi2 orders 
ferrimagnetically then the up-spin (down-spin) 3d-DOS of Ni is  

 

Figure 1. 3d_DOS of  a Ni atom in pure Ni metal 
compared to its DOS in GdNi2 compound.

 

compared to the down-spin (up-spin) 3d-DOS in GdNi2. We already 
postulated that some of the conduction charge of Gd gets localized on the 3d 
orbital of Ni atoms; but since its up-spin level is almost fully occupied, this 
localization has to occur in the spin-down levels. This effect can clearly be seen in 
the figure, where the down-spin DOS of Ni has got localized. The same 
localization occurs in the two other compounds, but it is less for Co and the least 
for Fe. To estimate these localizations we calculated the number of electrons 
occupying the down spin 3d orbital of the M atoms in the two situations shown in 
Figure (1). The result is that this orbital is occupied by 0.08, 0.24, and 0.35 more 
electrons in GdFe2, GdCo2, and GdNi2, respectively, compared to the 
corresponding pure transition metals.  

Table (3) lists the magnetic moment per M atom in pure M metal and in the 
GdM2 compound. It can be seen that in all the three cases because of the electron 
localization on the transition metals, some of their unpaired spin moments gets  
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paired up, as a result of which their magnetic moments per atom decreases.  This 
reduction is the least for Fe and the most for Ni implying a more effective spin 
pairing up in the Ni case. 

   In most measurements performed on the magnetic properties of the GdM2 
compounds the effective magnetic moment per Gd atom is usually, irrespective of 
the hosting compound, reported to be about 7.5 μB where 7 μB of this is said to 
come from the 4f orbital and the remaining from the spin polarization of the 
conduction electrons [14, 15]. This obviously cannot be the case and, depending 
on its affinity, the transition metal not only localizes a small portion of the 
conduction charge of Gd on its 3d orbital but also broadening the 4f level leaves, 
for example, in the case of GdFe2, about 5 electrons in the up spin 4f orbital of 
Gd, while the same orbital in GdNi2 is occupied by almost 7 electrons indicating a 
very small hybridization in this compound. The calculated magnetic moment 
inside the muffin-tin sphere of the Gd atom for each compound is also given in 
Table (3).  

 

Conclusions 
 

Exchange interaction and the crystal field effect (CFE) are two important 
factors that influence the phase stability of crystals. In this paper we solely were 
to investigate the effect of the exchange interaction on the crystal structure; so we 
chose the GdM2 (M=Fe, Co, and Ni) compounds, where because of the isotropy of 
Gd in these compounds, the crystal field effect almost vanishes. Hence, it is only 
the exchange interaction remaining to determine the most stable structural and 
magnetic phase of these intermetallics. Calculating total energy of each sample it 
was shown that the ground state magnetic phases of these samples are of the  

Table 3. Calculated magnetic moment per M atom in pure M metal and in GdM2      
compound. The magnetic moment inside the muffin-tin sphere of each Gd 
atom is also shown. 

 

Magnetic moment 
per M atom in pure 

M metal 
(μB) 
 

Magnetic 
moment per M 
atom in GdM2 

compound 
(μB) 
 

Magnetic 
moment inside 
the muffin-tin 
sphere of Gd 

atom in GdM2 
compound 

(μB) 
 

Fe 2.29 2.13 7.51 
Co 1.61 1.15 7.31 
Ni 0.62 0.03 7.03 
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ferrimagnetic type such that the magnetic moment of Gd aligns antiparallel to that 
of the transition metal. An f-d hybridization occurs strength of which depends on 
the type of the transition metal used. This hybridization is pretty strong in GdFe2 
and weakens by replacing Fe by Co and especially by Ni. Calculating the 3d DOS 
of the transition metals and the compounds revealed a electronic charge 
localization mainly in the down spin 3d orbital resulting in a pairing up of the up 
and down spins and reducing the total magnetic moment pertaining to each 
transition metal atom in the compound. This localization phenomena determining 
the coupling strength of the exchange interaction leads to the stated remarkable 
variations in the Curie temperatures of the samples.  
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