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Introduction
Sharma et al. [1] reported about first-ever ab-initio calculation in Sm2O3, wherein they 

calculated the density of states and other computational parameters compatible with available 
experimental data. On the other hand, Elamin et al. [2] has demonstrated the importance of 
their novel LaSmO2 structure in hydrogen fuel cells applications. These works [1,2] clearly 
indicate that theoretical and computational analysis in rare earth compounds comprising La 
and Sm are highly important and will have significant impact on fuel cell as well as solar cell 
applications (e.g. [3]). This has motivated us to calculate the spin-polarized density of states of 
monoclinic Sm0.75La0.25O1.5 (hereafter referred to simply as SmLaO) under the scheme of density 
functional theory [4-7] while correcting the Coulomb potential for the localized electrons in 
the f- and d-orbital of Sm and La. Such a correction is well known as LDA+U [8], where U refers 
to the Hubbard potential [9] employed in this correction. Our results show that the structure is 
non-metallic, in an agreement with Lal et al. [10] experiment in monoclinic Sm2O3.

Rietveld Refinement of X-Ray Pattern from the Synthesized Sm0.25La0.75O1.5 
Structure

The SmLaO was prepared following the same recipe described in Ref# [2] but with deferent 
La2O3 and Sm2O3 compositions. We used the MAUD (Material Analysis Using Diffraction [11]) 
code to refine the X-ray pattern for SmLaO which is shown as blue squares in Figure 1a. The 
black solid line in Figure 1a is the Rietveld refinement [12] of the X-ray data. The best fit was 
accomplished with space group=C12/m (monoclinic symmetry) where the occupancies of 
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Summary
The authors report on the spin polarized first principle investigations of a Sm0.75La0.25O1.5 structure 
under the framework of Hubbard potential correction (LDA+U correction) for the potential between the 
localized electrons in the f- and d-orbital. The lattice parameters of the structure were extracted from 
Rietveld refinement of the X-ray diffraction pattern which revealed that the structure was monoclinic with 
C 12/m1 space group symmetry. The information about the structure’s symmetry allowed us to construct 
the random supercell, Sm9La3O18, for the density functional first principle calculation. The Sm9La3O18 has 
been generated with software for efficient stochastic generation of special quasi random structures. The 
Calculated Density of States (DOS) with LDA+U correction showed that the structure was non-metallic 
in contrast to the calculation without LDA+U correction which gave rise to a metallic structure. Similar 
LDA+U calculation on Sm6O9 has also revealed non-metallic structure in an agreement with the experiment 
on monoclinic Sm2O3. The distribution of the DOS among the spin-up and spin-down electrons in the f and 
d orbitals suggest that the variation in the structure composition (percentage of Sm and La) and doping 
with another elements may give rise to an interesting controllability in the structure magnetization.
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the 4i Wyckoff positions were, respectively, 0.23, 0.77 and 1 for 
La (3 atoms), Sm (3 atoms) and O (4 atoms) and the 2b Wyckoff 
occupancy was 1 for O (1 atom). These occupancies were adopted 
from the synthesis information. The refined lattice parameters were 
a=14.3945 A, b=3.6835 A, c=8.9795 A, alpha= gamma=900, and 
beta=100.680. The Rietveld refinement R-factor and goodness-of-
fit were 0.251 and 0.341, respectively, and the difference between 
the experiment and fitting line was almost flat as illustrated in the 
bottom rectangular panel of Figure 1a. However, to simplify the 
analysis we approximate the Sm and La occupancies as 0.75 and 

0.25, respectively. In this case, the experimental structure can be 
viewed as a periodically repeated unit cell consisting of 30 atoms, 
i.e. Sm9La3O18. Such a periodic unit cell is called the supercell in 
the terminology of first-principle calculation [7]. Our choice of the 
30 atoms supercell was based on the compatibility of this cell size 
with the available computational resources. However, the accuracy 
of the calculation improves for large supercells but this will be at 
the expense of the higher computational demand. However, our 
supercell cell size is large enough to convey useful information and 
for comparison with experimental results.

Figure 1: (a) X-ray pattern (blue squares) for our synthesized Sm0.77La0.23O1.5 and the retvield refinement (black line) 
of the X-ray pattern using MAUD program (see text). (b) The structure of the supercell Sm9La3O18 used in the first 

principle calculation.

First-Principle Calculation of SmLaO Band 
Structure: Computational Method
Special quasirandom structure method: generation of 
Sm9La3O18 

The Structure Method (SQS) code called “mcsqs” [13] was 
employed to generate the random Sm9La3O18 supercell structure. The 
essence of this code is that it generates the best periodic supercell 
approximations to the true disordered state for a given number of 
atoms per supercell. This greatly reduces the huge computational 
demand pertinent to random structure calculation which requires 

huge number of atoms per supercell. The code uses two input files: 
one (called rndstr.in) containing the lattice parameters and atomic 
positions and another cluster configuration sites which provides 
information about the lattice Nearest-Neighbor (NN) ranges. The 
cluster file was generated with the “corrdump” code which is part 
of the open-source Alloy-Theoretic-Automated Toolkit [14]. The NN 
ranges for pairs, triplets and quadruplets were 6 Å and 5 Å and 5 
Å, respectively. Here it is worth mentioning again that the atomic 
composition x=0.25 used in rndstr.in for La is slightly different 
from the experimental 0.23. However, we expect that with this 
slight discrepancy the Density of States (DOS) will still be reliable 
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and instructive. Additionally, the choice of x=0.25 facilitates the 
generation of Sm0.75La0.25O1.5 SQS with reasonable size containing 
30 atoms, i.e. Sm9La3O18. The generated SQS structure with 30 
atoms is shown in Figure 1b. All the generated supercell structures 
were carefully relaxed to minimize the forces between atoms to ~ 
0.05eV/Å. The force relaxation process was implemented using the 
first-principle density-functional (DFT) software package called 
the QUANTUM ESPRESSO (QE) which is a modular and open-source 
software project for quantum simulations of materials [15]. The 
calculation method using QE will be discussed in the next section 
3.2. For simplicity we have not performed structural relaxation of 
the lattice parameters.

Calculation of the density of states (DOS)
The QE software periodically expands the finite size supercell 

(Figure 1b) to mimic the infinitely large real material. Basically, the 
software uses plane waves basis sets and pseudopotentials [16] to 
represent the electron-ion interactions. The Generalized Gradient 
Approximation (GGA) pseudopotentials of Perdew–Burke–
Ernzerhof (PBE) [6] were employed for the elements La, Sm and 
O. In particular we have used the accurate Projected Augmented 
Wave (PAW) pseudopotentials optimized by Topsakal et al. [17] for 
rare-earth elements including Sm and La. For oxygen element we 
have used a PAW pseudopotential similar to the ones that can be 
downloaded from the QE website [18]. The cutoff for the electron’s 
kinetic energy (plane wave energy) was set at 680eV. The k-point 
mesh of 2 3 1 size was generated using the Monkhorst-Pack method 
[19] for the Brillouin zone integration. The convergence threshold 
for the self-consistent calculation of the total energy was 0.0014eV.

First-Principle Calculation: Results and Discussions

Figure 2: The spin polarized density of states calculated in Sm9La3O18 (a) with LDA+U correction and (b) without 
LDA+U correction.

Figure 3: The spin polarized density of states calculated in Sm2O3 (a) with LDA+U correction and (b) without LDA+U 
correction.
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Figures 2a & 2b show the calculated polarized density of 
states (PDOS), respectively, obtained with and without the LDA+U 
correction. The spin-up (dos_up) and spin-down (dos_dn) PDOS 
are indicated by the black and red lines in Figure 2. The Hubbard 
potentials were 3.3eV and 9eV for Sm (f-orbital) and La (d-orbital), 
respectively. These values were optimized by Topsakal et al. [17]. 
The Fermi level (dashed line, Figure 2) at 0eV designates the 
topmost occupied level. Clearly, the Fermi level is at the top of the 
valence band in Figure 2a and is inside the spin-up conduction 
band in Figure 2b. This indicates that the calculation without 
LDA+U correction predicts a metallic Sm12La3O18, while the LDA+U 
predicts a non-metallic structure. We have also performed similar 
calculations as that in (Figure 2) but for Sm2O3. The results are 
shown in Figure 3. Again, judging from the location of the Fermi level 
(dashed line, Figure 3), the LDA+U predicts a non-metallic Sm2O3 in 
an agreement with Lal et al. [10] experiment on monoclinic Sm2O3 
but in contrast to the non-LDA+U result in Figure 3b. Since (Figures 
2 & 3) have almost similar PDOS patterns, we conclude that our 
structure is also non-metallic. The observed increase in the PDOS 
in Figure 2 compared with that in Figure 3 is due to larger supercell 
for (Figure 2) (i.e., Sm9La3O18) than that in Figure 3 (i.e., Sm6O9). 

Figure 4: The projected spin polarized density of states 
on the Sm f-orbital calculated in Sm9La3O18. (a) with 
LDA+U correction and (b) without LDA+U correction.

The projected density of states on the f-orbital (PDOSf) and 
d-orbital (PDOSd) for Sm and La, respectively, are shown in Figures 
4 & 5 for the case of LDA+U correction. Clearly, the added trace of 
La gave rise to even distribution of PDOSd among the spin-up and 
spin-down electrons in the valence (below the Fermi level) and 
conduction bands. This is in contrast to the PDOSf distribution 
among spin-up electrons in the valence band and the spin-down 
electrons in the conduction band. These behaviors of PDOSd 
and PDOSf suggest that controllability of La and Sm composition 
may affect the structure magnetization. Such controllability on 
the magnetization may be enhanced by doping the material with 
another element. However, we will leave the detailed study of the 

effect of doping and composition variation on magnetization as 
well as on the mechanical and electrical properties for future work.

Figure 5: The projected spin polarized density of states 
on the La d-orbital calculated in Sm9La3O18

(a) with LDA+U correction and (b) without LDA+U 
correction.

Conclusion
We have investigated the spin polarized first principle density of 

states in Sm0.75La0.25O1.5 structure under the framework of Hubbard 
potential correction (LDA+U correction) for the potential between 
the localized electrons in the f- and d-orbital. The lattice parameters 
of the structure were extracted from Rietveld refinement of the 
X-ray diffraction pattern which revealed that the structure was 
monoclinic with C 12/m1 space group symmetry. The information 
about the structure’s symmetry allowed us to construct the 
random supercell, Sm9La3O18, (equivalent to Sm0.75La0.25O1.5) for 
the density functional first principle calculation. The Sm9La3O18 
has been generated with “mcsqs” which is a software for efficient 
stochastic generation of special quasi random structures. The 
Calculated Density of States (DOS) with LDA+U correction showed 
that the structure was non-metallic in contrast to the calculation 
without LDA+U correction which gave rise to a metallic structure. 
Similar LDA+U calculation on Sm6O9 has also revealed non-metallic 
structure in an agreement with the experiment on monoclinic 
Sm2O3. The distribution of the DOS among the spin-up and spin-
down electrons in the f and d orbitals suggest that the variation in 
the structure composition (percentage of Sm and La) and doping 
with other elements may give rise to an interesting controllability 
in the structure magnetization.
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