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Abstract. First-principle computations on structural and electronic properties of cubic rare-earth ErX3 (X = Ga,
In and Sn) intermetallic compounds have been accomplished using the full-potential linearised augmented plane
wave (FP-LAPW) method within the framework of density functional theory (DFT). For the exchange correlation,
we used local spin density approximation (LSDA) plus Hubbard parameter U (LSDA+U ) approach because of
the strong on-site Coulomb repulsion between the localised RE-4 f states. Calculated ground-state properties such
as lattice constant (a0 ) and other parameters with exchange correlation functional are found compatible with the
experimental results. The electronic properties have been determined in terms of band structures, total and partial
density of states (DOSs) and Fermi surfaces, which demonstrate the metallic behaviour of all the compounds. Also,
the effect of Hubbard potential on this is discussed in detail. The bonding descriptions of these compounds have also
been evaluated from charge density difference plots, which display the presence of metallic and mixed covalent–ionic
bonding. The determined magnetic moments explain the ferromagnetic behaviour of these compounds.
Keywords. Rare-earth intermetallic compounds; spin polarisation; Hubbard parameter; structural and electronic
properties.

PACS Nos 71.20.EH; 75.90.+w; 71.10.Fd; 71.20.-b; 31.15.E

1. Introduction
The rare-earth compounds (RECs) have drawn attention due to their electronic properties which describe
the presence of highly localised 4 f -electrons in them
[1]. Their astonishing structural, mechanical, magnetic,
magneto-optic and electronic properties make them useful for industrial and technological applications [2]. The
rare-earth (RE) elements are chemically very similar due
to their almost identical outer electron configuration.
The RE elements have different occupation numbers
based on their itinerant inner 4 f -state ranging from 0 to
14 through the series La to Lu. The change in the 4 f state directly affects their various properties and gives
rise to a wide range of interesting physical properties
[3,4]. It is challenging to obtain accurate description of
the electronic structure of RE compounds. Considering
the fact that 4 f -energy range mostly overlaps with non
4 f -band of the system, they mostly form narrow resonance and are treated as the core state in theoretical
studies. The highly localised nature of 4 f -electrons is
0123456789().: V,-vol

due to the direct f−f interactions between neighbouring RE atoms and it is assumed to be almost negligible
[5,6]. Very few theoretical works are available in the
literature for these compounds. The RE ErX3 (X = Ga,
In and Sn) intermetallic compounds crystallise in the
cubic AuCu3 -type structure with space group Pm3m
(No. 221), in which the Er atoms are located at the
corners and X atoms are located at the face-centred positions of a cubic unit cell. Compounds of this family
are extensively investigated due to their properties such
as superconducting transition temperature, magnetic
susceptibility, thermoelectric power and Kondo effect
or multiaxial magnetic structure, due to their unfilled
4 f -state [7]. These types of ferromagnetic materials are
highly useful in the field of spintronics because of their
high spin polarisation above room temperature [8,9].
The neutron diffraction studies in HoIn3 and ErIn3
have been reported within the (1/2, 1/2, 0)-type magnetic
structure [10,11]. Two-step metamagnetic transitions of
HoIn3 occurred when field applied along the ternary
axes and the usual spin-flop transition of ErIn3 in the
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Figure 1. Energy vs. volume curve for (a) ErGa3 , (b) ErIn3 and (c) ErSn3 .

quaternary axes has been revealed in magnetisation measurements [12,13]. Bohmhammel et al [14] measured
the heat capacity of ErIn3 compound when the temperature range is 2.3–25 K and the magnetic field is up to 4.5
T. The 2D-ACAR experiment was carried out by Biasini
et al [15] for ErGa3 compound in the paramagnetic state
at 60 K and 1.8 T magnetic field. Morin et al [16] was the
first to identify the antiferromagnetic transition in ErGa3
compound. The DC magnetisation and neutron diffraction studies on the series of RE intermetallic compounds
are reported by Murasik et al [17]. However, in literature very less works have been attempted to study ErX3
(X = Ga, In and Sn) intermetallic compounds. Electronic structures of LaSn3 and YSn3 have been studied
by full-potential linearised augmented plane wave (FPLAPW) method by Ram et al [18]. Asadabadi et al [19]
also investigated the structural properties and electric
field gradients.
In the present work, we have systematically studied the ground state and electronic properties of ErX3
(X = Ga, In and Sn) intermetallic compounds using
first-principle method within the framework of density functional theory (DFT). To describe the complete
electronic band structure of ErX3 compounds, we have
applied local spin density approximation (LSDA) plus
Hubbard parameter U (LSDA+U ) and computed the
electronic band structure, total and partial density of
states (DOS), Fermi surface and charge density difference and plotted them in both spin channels. The paper

is arranged as follows: In §2 we briefly discuss the computational method used in this study, in §3 we discuss
the result of our studies, while in §4 conclusions are
presented.

2. Computational method
In order to calculate the structural and electronic properties, we employed the highly accurate FP-LAPW
method, within DFT [20] as embodied in the WIEN2k
[21] code. We have taken the LSDA+U [22,23] approximation into account for the exchange-correlation function. We have chosen RMT × K max = 7 to obtain energy
convergence. Here, RMT is the smallest muffin-tin radius
in the unit cell and K max is the maximum of the reciprocal lattice vector. The maximum value for the partial
wave inside the atomic sphere is lmax = 10, while the
charge density is Fourier expanded up to G max = 12
(a.u.)−1 . The cut-off energy is taken as −6.0 Ry. A
dense mesh of 1000 k-points and tetrahedral method
[24] has been used for Brillouin zone integration. As
REs are strongly correlated system with localised 4 f
electrons, to obtain the exact electronic structure of the
compounds under consideration, we used LSDA+U
method. This method is based on Hubbard model, which
treats the strongly correlated electron system with an
orbital-dependent potential of Coulomb and exchange
interactions. The optimised values of U are obtained
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by varying U , step by step. We use effective parameter
Ueff = U − J , where U is the Hubbard parameter and J
is the exchange parameter, and the values are taken only
for RE atom and we set values of Coulomb interaction
parameter U = 4.2 eV and J = 0.7 eV for Er atom.

2.02

2.27

−0.019

The structural parameters are very important to analyse
the stability behaviour of materials. To get the optimisation of ErX3 (X = Ga, In and Sn) intermetallic
compounds, we have performed the spin-polarised calculation to obtain the total energy in terms of unit cell
volume using FP-LAPW method and shown in figures
1a–1c for all the compounds. To calculate the groundstate properties of these compounds, the total energies
are fitted to Birch–Murnaghan’s equation of state [25].
The calculated ground-state properties such as the lattice constant (a0 ), bulk modulus (B0 ) and its pressure
derivative (B0 ) are presented in table 1.
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3. Result and discussion
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Table 1. Calculated ground-state properties of ErX3 (X = Ga, In and Sn) intermetallic compounds.
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It can be seen from this table that our values agree well
with other experimental results. From figure 1, one can
notice that, all the three RE intermetallic compounds
are stable in cubic AuCu3 -type structure. We have also
investigated the total and partial magnetic moments for
all ErX3 compounds using LSDA+U approach as listed
in table 1, which shows that the calculated values agree
well with the available theoretical and experimental
results. The electronic and structural properties are calculated within LSDA+U approximation along with the
principle symmetry direction of ErX3 (X = Ga, In and
Sn) in both spin channels, where Fermi energy (E F ) is
considered at the origin. Here the 4 f -orbital of Er is
half-filled and therefore LSDA+U correction is important for ErX3 compounds. We have also calculated the
total and partial magnetic moments for all the ErX3 compounds using LSDA+U approach as listed in table 1,
which shows that the calculated magnetic moments of
these compounds are in decreasing order from ErGa3 to
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Figure 2. Electronic band structure for (a, b) ErGa3 , (c, d) ErIn3 and (e, f) ErSn3 using LSDA+U approximation.
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Figure 3. Total and partial density of states for (a, d) ErGa3 , (b, e) ErIn3 and (c,f) ErSn3 .
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Figure 4. Fermi surface for ErGa3 (a–c) for spin-up and (d–g) for spin-down configuration using LSDA+U approximation.

Figure 5. Fermi surface for ErIn3 (a–c) for spin-up and (d–h) for spin-down configuration using LSDA+U approximation.

ErSn3 . The magnetic moment is mainly contributed by
Er atom.
3.2 Electronic properties
The calculated electronic band structures of ErX3 in both
spin channels along the principle symmetry directions
are shown in figures 2a–2f. There are no band gaps
and the valance and conduction bands overlap, showing the metallic behaviour of all the compounds. For
investigating the elemental contribution of the electronic
structure, we have calculated the total and partial DOSs

for these compounds at equilibrium lattice parameters
using LSDA+U approximation. It can be seen in figures 2a–2f, that the electronic band structure profile for
all ErX3 (Ga, In and Sn) compounds look quite similar
in both the spin-up and spin-down channels except that
Er-4 f state which is situated well below the Fermi level
(E F ) in the spin-up channel, while in spin-down profile
it shifts towards the Fermi level. From figures 2 and 3, it
can be pointed out that the bands below the Fermi level
are due to s like state of X (Ga, In and Sn) elements. The
hybridisation of p state of X atoms with Er-5d state in
the valance and conduction bands can be seen in figures
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Figure 6. Fermi surface for ErSn3 (a–c) for spin-up and (d–g) for spin-down configuration using LSDA+U approximation.

3a–3c and these states also give the contribution to interact with Er-d and f states, respectively. As can be seen
in figure 2, a cluster of flat bands are situated in different energy ranges for all these compounds and shifted
at Fermi level from ErGa3 to ErSn3 in spin-down configuration. It is also noticed that in the spin-up channel
the 4 f -states of ErX3 are located around −2.5 to −2.3
eV, −2.3 to −1.9 eV and −2.2 to 1.8 eV respectively,
while in spin-down channel these states get displaced at
the Fermi level. These bands are totally accountable for
the highly metallic behaviour in the spin-down channel.
From total and partial DOSs, as shown in figures 3a–3d
and 3b–3h, it can be seen that the edged peak in the spindown channel mainly originates due to Er-4 f state and
shiftes at the Fermi level from Ga to Sn in the spin-down
channel. The number of DOSs at the Fermi level, i.e.,
(N (E F )), are given in table 1 for all these compounds
in both spin channels.
The bands which cross the Fermi level for both spin
channels are plotted in terms of Fermi surface (FS) sheet
of REX3 (X = Ga, In and Sn) compounds and shown
in figures 4–6. In the spin-up profile for ErGa3 there
are two bands, namely 25 and 26, crossing the Fermi
level and make two FS sheets. The third sheet is the
merge sheet of these two sheets presented in figures 4a–
4c. In ErGa3 the first band 25 is mainly due to both
hole and electron pockets at the  point and the second
sheet from band 26 is due to the electron pocket at the
R point. The range for bands 25 and 26 are 0.34 to 0.53
Ry, respectively. For the spin-down channel, there are
three FS sheets. The first sheet which originates from

the band number 24 is mainly due to the hole pocket
at the  point and the second sheet of band 25 is due
to the hole pocket at -R directions. The third sheet
of 26 band is generated due to the electron pocket at
the X point and the fourth sheet is the merge FS sheet of
these three sheets shown in figures 4d–4g. The ranges for
bands 24, 25 and 26 are 0.40–0.61 Ry, 0.43–0.62 Ry and
0.43–0.71 Ry.
In figures 5a–5c (5d–5h), similar FS sheet is detected
for ErIn3 compound. In spin-up configuration, the first
sheet of band number 31 is mainly due to both the hole
and the electron pocket at the  point and extended along
the R–M direction. The band 32 constructs a hole pocket
near the R point and energy ranges for bands 31 and
32 are 0.40–0.52 Ry and 0.40–0.74 Ry respectively. In
spin-down channel, from figures 5d–5h, there are four
FS sheets due to 29, 30, 31 and 32 bands and fifth sheet
is the merge sheet of these four sheets. The band 29
which generates the first sheet is due to hole pocket at
the  point and the second sheet from band 30 is due to
both the hole and the electron pocket at the  point and
extended along R–M directions. The third and fourth
sheets are due to 31 and 32 bands. Both sheets are due
to the electron pocket near the R point and energy range
for spin-down is 0.51–0.60 Ry.
Figures 6a–6c (6d–6g) interpret the FS sheets of
ErSn3 in both spin configurations. In spin-up profiles,
there are two FS sheets. The first sheet which is due to
band 33 generates electron pocket near the  point with
energy range 0.45–0.67 Ry and the second sheet from
band 34 is due to the hole pocket at the  point and
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Figure 7. Charge density plots for (a, b) ErGa3 , (c, d) ErIn3 and (e, f) ErSn3 using LSDA+U approximation.

extended along X–M direction with energy range 0.54–
0.74 Ry respectively and the third sheet is the merge
sheet of these two bands. In spin-down profile, bands
30, 31 and 32 cross E F . The first sheet from band 31 is
mainly due to the hole pocket at the  point with energy
ranging from 0.57 to 0.58 Ry, the second sheet for band
31 is due to electron pocket at the  point with energy
ranging from 0.57 to 0.58 Ry and the third sheet from
band 32 is due to electron pocket at the R–M direction
with energy ranging from 0.57 to 0.58 Ry. The fourth
sheet is the merge sheet of bands 30, 31 and 32.

In order to anticipate the type of bonding and to
explain the charge transfer, we have plotted the charge
density plot to demonstrate the electronic charge transfer between Er and X compounds, for both spins along
(110) plane (shown in figures 7a–7f). Charge density difference plots usually show the bonding nature within the
system. The corner atoms are Er and the central atoms
are Ga, In and Sn respectively. If the obtained charge
density plots are spherically symmetric, then the bonding is ionic. In our studies, the results show that, the
ionic bonding is present between the Er and X atoms.
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If the charge densities are mixed and overlapped, covalent bonding exists between the cation and the anion.
In our calculated results, we observed the partial covalent character of the chemical bond established between
RE atoms. The charge transfer mainly depends on the
different electronegativities of X (X = Ga, In and
Sn) and Er atoms. One can also observe the screening
effect between RE atoms due to the presence of f electrons.
4. Conclusion
In conclusion, we have studied structural and electronic
properties of ErX3 (X = Ga, In and Sn) RE intermetallic compounds by using FP-LAPW method within
the scheme of DFT. For exchange-correlation we used
local spin density approximation (LSDA) plus Hubbard parameter U (LSDA+U ). The computed structural
properties are in good agreement with the experimental results. From band structures we found that d and f
states of Er atom are responsible for the metallic character of all the compounds and s-states of X atoms also
play vital roles in the band structure. From the charge
density difference plot we see that these compounds
display ionic and covalent bonding features. Metallic
bonding is also exhibited by band structure. The results
reveal that the Coulomb potential plays an important
role in electronic properties due to the existence of f
electrons.
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