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Fig. 1. Interatomic pair potentials of LagCo29SisB1¢.
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Table 1. Comparison of calculated and experimen-

tal 131 lattice parameters, the error of the calculated

value and experimental value in bracket.

BWEE/A ETAS/A Sefi/A
a 11.204(0.70%) 11.446(1.4%) 11.287
c 7.866(0.67%) 8.000(1.0%) 7.919
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Fig. 2. (color online) The lattice cell of LazCo29SisBio.
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Table 2. The total energy, magnetic and lattice pa-

rameters of La3Coo9SigB1g for Fe substitute Co in dif-

ferent sites. The magnetic of correspond Fe in bracket.

EHE R a/c/A Kfg/eV T/ ps
2c 11.202/7.864 —656.468 36.030(2.890)
851 11.203/7.865 —655.721 38.764(2.216)
8:2 11.206/7.867 —655.911 38.548(1.837)
852 11.204/7.866 —655.811 37.675(1.303)
8i3 11.206/7.867 —655.980 38.240(1.955)
16k 11.207/7.868 —655.878 38.363(1.867)
8:1 11.207/7.868 —655.784 38.884(1.627)
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Fig. 3. (color online) The electronic density of states of LagCoog_Fe;SiaBig.
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Fig. 4. (color online) Phonon densities of states of LagCoag_4Fe;SiaBig.
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Fig. 5. (color online) Calculated (a) specific heat,
(b) vibrational entropy and (c) Debye temperature of
LagCoog_Fe,SisB1g.
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Theoretical studies of the site preference, electronic and
lattice vibration properties of LazCosg_,Fe,SiyB1o*
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Abstract

In this work, the initial configuration is first optimized by the first principle and interatomic pair potentials
separately, the lattice parameters of the stable structure are in good agreement with the experimental values. The
site preferences of LazCoa9—,Fe;SiaB1g compounds are studied by using the first principle with density function theory
method. The calculated results show that the substitution of Fe for Co has a strong preference for the 2c¢ site, and
the substitution sequence is 2¢ > 851 > 82 > 852 > 83 > 16k > 8il, which is in good agreement with the experi-
mental result The lattice parameters of LazCoz9_5Fe;SiaBio system change little, but the magnetic moment changes
obviously, when only one Co atom is substituted by Fe atoms each time. We calculate the electronic densities of states
and magnetic moments of LasCoz9_,Fe,Si4sB1p compound when all the Co atoms from different sites are substituted
by Fe atoms with the preferential order With the increases of Fe content values in the LazCoz9_,Fe;SiaBig, the curves
of density of states move leftwards gradually. And the magnetic moment of the LagFe29SisBig is larger than that of
LagCo29Si4B1g. Furthermore, the lattice vibrational and thermodynamic properties are predicted by using a series of in-
teratomic pair potentials. The Co, Fe and La atoms contribute to the lower frequency vibrations because of their heavier
mass. With the increase of Fe content the cut-off frequencies of LaszCog9_5Fe,;SisBio first decrease and then increase,
and the vibration mode induced by Si element decreases in medium frequency. The very strong B-B interaction causes
higher frequency vibrations. Furthermore, the specific heat, vibrational entropy and Debye temperature are predicted
based on the phonon densities of states of the LagCoz2g_.Fe,Si4B1o with the different content values of Fe. The Debye

temperature rises when the Fe content is bigger than Co content in LazCo29—,Fe;SisB1g compound.

Keywords: first principle, site preference, electronic density of states, lattice vibration
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