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The electronic structure of Ce1−xLaxPtIn is studied by means of ab initio full-potential local orbital basis

(coherent potential approximation) (FPLO-CPA) and spin polarized relativistic Korringa–Kohn–Rostoker (SPR-
KKR-CPA) methods within the densities functional methodologies. In both methods, we have observed decrease
of the density of states at the Fermi level versus of La concentration. The theoretical photoemission spectra of
LaPtIn and CePtIn are compared with the experimental data and the agreement is good. We have also reported
the optical properties of LaPtIn and CePtIn compounds obtained in GGA and GGA+U approximation.
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1. Introduction
The physical properties of Ce(La)TIn (T = Pt, Pd)

compounds were investigated experimentally and theo-
retically in the last years [1–10]. CePtIn is classified as
the Kondo materials with the heat capacity Cp/T about
1000 mJ K−2 mol−1 at low temperature [10]. LaPtIn
and CePtIn are nonmagnetic with the different values of
the densities at the Fermi level [8]. The interesting phys-
ical problem is also the change of the electronic struc-
ture during the hydrogenation of LaPtIn and CePtIn [9].
The measurements of the electrical resistivity, magne-
toresistivity and heat capacity by Ragel et al. [7] in-
dicated that the physical properties of Ce1−xLaxPtIn
systems changed with the increase of La concentration.
The photoemission measurements [8] have shown that
the valence band in CePtIn and LaPtIn compounds was
formed mainly by Pt 5d and In 5s and 5p states. The ex-
perimental results motivated us to study the change of
the electronic structure during the substitution Ce by La
atoms in Ce1−xLaxPtIn alloys. We present also the theo-
retical interpretation of the X-ray photoelectron spectra
(XPS) of LaPtIn and CePtIn based on the GGA and
GGA+U approximation. To our best knowledge there is
no such information in the literature.

The theoretical photoemission spectra and optical
properties of LaPtIn and CePtIn are calculated by
means of FPLO [11–15] and SPR-KKR [16, 17] methods.
The effect of chemical disorder on the electronic struc-
ture of Ce1−xLaxPtIn alloys is studied by the coherent
potential approximation implemented in FPLO-CPA [13]
and SPR-KKR-CPA [16, 17] methods.

The paper is organized as follows: in Sect. 2 we present
the details of the computational methods. The elec-
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tronic and optical properties of LaPtIn and CePtIn as
well as the effect of chemical disorder in Ce1−xLaxPtIn
is discussed in Sect. 3. Finally, we make conclusions and
summary.

2. Computational details

The band structure of LaPtIn and CePtIn is calcu-
lated by using of FPLO-CPA [11–15] and SPR-KKR-
CPA [16, 17] methods. We have performed the self-
consistent band calculations in local density approxi-
mation (LDA) within the generalized gradient approx-
imations (GGA) for scalar- and full-relativistic mode.
The exchange correlation potential was assumed in
the form proposed by Perdew, Burke, and Ernzerhof
(PBE) [18, 19]. The effect of electron correlations was
included into GGA+U method [20, 21] and the values of
U parameters were chosen according to [22]. In the calcu-
lations we assumed UCe(4f) = 6.3 eV, ULa(4f) = 7.5 eV
and UPt(4d) = 3.0 eV. La(Ce)PtIn compounds crystallize
into the hexagonal type structure (space group P −62m,
No. 189). The La(Ce) atoms are located at 3g position
(x, 0, 1/2), Pt atoms occupy two positions 1b (0,0,1/2)
and 2c (1/3,2/3,0) and In atoms are displayed at 3f po-
sition (x, 0, 0). In this work we assumed the value of x
position of La(Ce) and In as reported in [5, 6]. The band
calculations were performed for the experimental values
of lattice parameters: a = 7.823 (7.657) Å and c = 4.165
(4.069) Å for LaPtIn [1] and CePtIn [1], respectively.

In the calculations of the optical properties we assumed
that the electric tensor εij (ω) consists of an intra and
an inter-band part. The intra-band part is calculated by
the Drude model, however the inter-band part depended
on the band structure. The real part of conductivity
Re σ(ω) = 1/(4π)ωImε(ω) and the energy loss spectrum
is given by L(ω) = −Im(1/ε(ω)).

In this work we present the dependence of inter-band
part of the optical conductivity and the loss function on
the photon energy.
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3. Results and discussion

3.1. The theoretical photoemission spectra of LaPtIn
and CePtIn in GGA and GGA+U approximation

The photoemission spectra of LaPtIn and CePtIn have
been calculated in GGA and GGA+U approximations
using SPR-KKR [16, 17] method. The results are pre-

Fig. 1. The theoretical photoemission spectra of
LaPtIn (a) and CePtIn (b). The circles denote the
experimental data [8]. The solid (broken) curves
denote the theoretical results in GGA (GGA+U)
approximation.

sented in Fig. 1 for LaPtIn (a) and CePtIn (b), respec-
tively. The experimental values [8] are denoted by the
broken curve (XPS). In Fig. 1 the results obtained by
GGA and GGA+U are denoted by broken and solid
curves, respectively. In the theoretical photoemission
spectra we observe the large contribution from 5d states
of Pt and 5p states of In in the region of 2.5 < E < 4.5 eV.
The small peak near E = 6 eV is due to 5s states of In.
The calculated spectra are close to the experimental re-
sults and give the similar contributions from atoms as was
suggested from the XPS measurements [8]. The small
displacement of the theoretical peaks can be connected
with the fact that the calculations were performed for
T = 0 K. A good accordance with the experiment data
are obtained when we move our theoretical results to-
wards the higher energy about 1.0 and 0.5 eV for LaPtIn
and CePtIn, respectively. This result indicates that the
values of U parameters [22] which were assumed in the
GGA+U approximation give the similar results as the
experimental data, but the positions of peaks are not the
same. The change of the values of U parameters did not
change significantly the shape and position of the theo-
retical photoemission spectra.

3.2. Optical properties of LaPtIn, CePtIn
In this section, we present the plots of the optical

functions: the optical conductivity and the loss func-
tion. The optical properties were calculated in GGA
and GGA+U approximation. The dependence of the real
part of the optical conductivity Reσxx(ω) and Reσzz(ω)
for LaPtIn and CePtIn on the photon energy ω is visu-
alized in Fig. 2 for GGA (a) and GGA+U (b).

Fig. 2. (a) The dependence of the real part of the optical conductivity Reσω) on the photon energy ω for LaPtIn and
CePtIn in GGA approximation. (b) The same as part (a), but for GGA+U approximation.

The general shape and the positions of the peaks are
similar, although the details of the structure are different.

The main peaks are located in the region of 0 < ω < 8 eV
and above ω = 17 eV. The loss function L(ω) (Fig. 3) has
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its main peaks in the region of photon energy 12 < ω <
17 eV, but the structure of this function is different for
LaPtIn and CePtIn. The effect of electron correlations
is visualized mainly in the spectra of CePtIn (Fig. 3b).

It is difficult to compare our theoretical results to the
experimental data, because up to now there is no such
information in the literature.

Fig. 3. (a) The plot of the loss function for LaPtIn and CePtIn in GGA approximation. (b) The same as in part (a),
but for GGA+U approximation.

3.3. Electronic properties of Ce1−xLaxPtIn alloys

In previous sections we have presented the results for
LaPtIn and CePtIn systems. It seems that the substi-
tution Ce by La atoms can give new interesting physical
results. Experimentally, such systems were studied by
Ragel et al. [7]. In order to calculate the change of the
densities of states versus concentration we have applied
the CPA. We used two different methods: FPLO-CPA
and SPR-KKR-CPA. The change of the lattice param-
eters with the concentration was assumed according to
the experimental data [7]. The values of lattice parame-
ters a and c increased linearly with the concentration x
(Fig. 1 of [7]).

The electronic densities of states of Ce1−xLaxPtIn al-
loys were calculated for the whole range of concentra-
tion (0 < x < 1) with the step of x = 0.1. The elec-
tronic densities of states obtained by SPR-KKR-CPA
method are presented in Fig. 4 for x = 0.2, 0.4, 0.6
and 0.8. The electronic density of states (DOS) consists
of four main peaks: the peak above the Fermi level lo-
cated at 3 eV is due to La 4f states. The contribution
to the density of states at the Fermi level comes mainly
from Ce 4f states. The third broad peak located be-
tween −5.0 < E < −2 eV gives the contribution from Pt
4d states. The last peak near –6 eV gives the contribu-
tion from 4s states of Pt. Results presented in Fig. 4 have
shown the strong modification of the electronic densities
of states with the change of the concentration x.

In Fig. 5 we present the total density of states ob-
tained by two methods: SPR-KKR-CPA and FPLO-

Fig. 4. The total electronic densities of states (DOS)
for Ce1−xLaxPtIn (x = 0.2, 0.4, 0.6 and 0.8).

CPA. The main peaks are located in the similar place,
but the structure of peaks is different.

The dependence of the density of states at the Fermi
level N(EF) on the La concentration obtained by FPLO-
CPA and SPR-KKR-CPA methods is presented in Fig. 6.
This value decreases with increase of x. Both methods
give the similar dependence of N(EF) versus x, but the
values obtained by FPLO-CPA are lower. The change of
the density of states at the Fermi level determines the
dependence of the specific heat coefficient.
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Fig. 5. The total density of states for Ce0.5La0.5PtIn.
Solid (broken) line denotes the results obtained by SPR-
KKR-CPA and FPLO-CPA methods, respectively.

Fig. 6. The dependence of the density of states
at the Fermi level N(EF) on the concentration in
Ce1−xLaxPtIn. Squares (circles) denote results for
FPLO-CPA (SPR-KKR-CPA), respectively.

4. Conclusions

LaPtIn and CePtIn systems have many interesting
physical properties. In this work we pay our attention
on the band structure, optical properties and the influ-
ence of chemical disorder in Ce1−xLaxPtIn. Our ab initio
calculations have shown that the results obtained in the
GGA+U approximation are close to the XPS data, how-
ever the effect of electron correlations is only visualized
in intra-band part of the optical functions for CePtIn.
The effect of the chemical disorder was studied by using
two different ab initio methods: FPLO-CPA and SPR-
KKR-CPA. In both methods the densities of states de-
crease with the increase of concentration of La and the
densities of states are modified. FPLO-CPA and SPR-
KKR methods give the similar results, although details
are different.
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