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Semirelativistic APW Band Calculation and Optical Properties of LaSe
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The semirelativistic APW band calculations are performed for LaSe, which crystallizes in
the NaCl type structure and is a metallic material. The absorptive part of the diagonal optical
conductivity is numerically computed by using the electronic states obtained by the band
calculations, and is compared with the experimental spectra. It is found that the calculated
spectra are in good agreement with the experiment, and the two main peaks characterizing the
spectra are almost determined by the shape of density of state and are caused by the d-f and
the p-d transitions. The effect of the matrix elements of current operator is also investigated,
and it is clarified that the p-d transitions are enhanced by the effect, and, as a consequence, the
better agreement with the experiment is obtained both for the shape and the amplitude.
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Fig. 1 The wave functions for some eigenstates obtained from the self-consistent semirelativistic atomic structure calculations are shown

as a function of 7. (a) La, (b) Se.
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Fig. 2 The self-consistently obtained potentials from the semir-
elativistic atomic structure and the semirelativistic APW band calcu-
lations are compared. The potentials computed within MT spheres
of La and Se are plotted on the same graph.
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Fig. 3 The I-component charge distributions of the band states below the Fermi level are shown for MT spheres of La and Se as a function

of 7. (a) MT sphere of La, (b) MT sphere of Se.
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Fig. 4 The band structure of LaSe obtained from the semir-
elativistic APW band calculation is shown.
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Fig. 5 The density of state for the band structure shown in Fig. 4.
The assignments in the interband transitions are also indicated.
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Fig. 6 The spectra of the optical conductivity of LaSe obtained
from the experiment and the present calculations are compared. The
experimental spectra are cited from ref. 5, and are decomposed into
two parts caused by the absorption due to the free carrier and the
interband transitions. “c-mat.” means the calculation for the con-
stant matrix element approximation of the current operators, and
“k-mat.” the calculation for the k and (v, v’) dependent matrix
elements.
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Table. I Values of the numerically calculated J,»(k)? for T, X and L points in BZ. The values for the transitions not indicated in table are
zero. v and v’ are, respectively, the band indices for the initial and the final states, and AE [eV] is the energy differene between them. LR. means
the irreducible representation. The functional form of basis function for each irreducible representation is the same as one in ref. 20, but those
having a different form from ref. 20 are shown here. (a) T" (0,0,0), (b) X (0,0,1) and L (1/2, 1/2, 1/2), where k is measured in unit of 2z/a.
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Fig. 7 The decomposed spectra of the calculated optical conduc-
tivity are shown. “d-band—c-bands” represents the contribution
occurred through the transitions from the occupied d-band below Er
to the empty conduction bands, and “v-bands—c-bands” from the
valence bands to the empty conduction bands. The meanings of
“c-mat.” and“k-mat.” are the same as ones in Fig. 6.
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