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Calculations of Band Structures due to Semi-Relativistic APW Method
and Absorption Spectra of La- and Ce- Monochalcogenides

Masanori Sasaki* and Akira Narira
(200211 H30H =2 HE)

This paper presents the theoretical study of the diagonal optical conductivity of La- and
Ce- monochalcogenides, as one step to study the magneto-optical Kerr effects at these materi-
als. The optical conductivity ¢, (w) relating to the absorption spectra was computed using
the electronic states obtained from the band calculation, in which the semi-relativistic APW
method was adopted. Furthermore, in the band calculations we carried out the two kinds of
calculations, one of which is due to frozen core approximation, and the other the non-frozen

core approximation.
with the experimental results.
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The calculated band structures and optical conductivities are compared
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Table 1. Lattice constants of LaX and CeX, where
X =S, Se, Te. These data cited from reference 5.
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Fig. 1. The experimental absorption spectra of LaSe and CeX are shown, where X=S, Se and Te. These figures are

cited from reference 6.
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Fig. 2. The semi-relativistic APW band structures of LaSe and CeSe obtained using the frozen core approximation

are shown. (a) LaSe and (b) CeSe.
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Fig. 3. The semi-relativistic APW band structures of LaSe and CeSe obtained using the non-frozen core approxima-

tion are shown. (a) LaSe and (b) CeSe.
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Fig. 4. The chalcogen dependencies of the density of state for La- and Ce-monochalcogenides are compared. (a)

LaX and (b) CeX.
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Fig. 6. The /-decomposed density of states D,(E) of LaSe calculated using the two kinds of band structures obtained
from adoptions of the non-frozen and the frozen core approximations are compared for the p-, d- and f-components.
The band structure for the frozen case is shown in Fig. 3(a), and the one for the non-frozen case is in Fig. 4(a). (a)

p- and d-components and (b) f-component.

(a)
1 00 1 | | 1 1 1
CeSe frozen core
8oL non-frozen core|
= p (=1)
E
'T_g) 601 E, *_
= i
40 d (I=2) B
g
Q 20t
0 1 T T T 1 T T T
0 2 4 6 8 10 12

Energy [eV]

(b)

200 L " i | 1 1 i
frozen core CeSe
non-frozen core

3 Ex
= £(=3)
>
& 100t B
g
S j'
0 T T T T . T T T T
2 4 6 8 10 12

Energy [eV]

Fig. 6. The /-decomposed density of states D,(E) of CeSe are compared. Caption is the as same as one in Fig. 6.
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Fig. 7. The /-decomposition of the density of state occurred through the inside of Muffin-tin spheres is shown. Here
only p-, d- and f-components are given. The original densities of state are those due to the non-frozen core approxi-
mation. D,(E) means the /-component in the decomposed densities of state. The main assignments of the optical

transitions causing the large absorption are also indicated.
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EAEIT>dERTHEEEDN D, 4.0eV 11D
E—7icidp>dBRbGENT0iLEEIONS
», REFEEOE -7 053 %H~N5T &L Tp—=d
BERED f>d BB B KENTHAD, £-T
COE—=713f>dEBRICLZ2bDEEZEZ LN D,
[EF£126.5~9.0 [eV] DO#EiPHIcH S E— 27 13U T
—d BENEL > TEWAEH, p—>d BB SKEN
ThdEVWZ B, EREREIETS2LE, 22T
Honmw.s [eV] fhiEoE—7 BHENT &I
Koo TOE—7 BENIEBII DL TRESD L
A>TV, fhioE—271co0WTRTHL
L, 2.0 [eV], 4.0 [eV] fhricidsEBHRcb e —7
BHEON, TNE3—EHLTWwWb, 6.5~9.0 [eV] ©

—71@F&951 [eV] Kz x v F-—flicy7 T
% EFEEERE B4 5, COLH o -7
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S ST 3855

Table 2. The peak energies predicted from the /-
decomposed density of states in the absorption spectra
of La- and Ce- monochalcogenides, and comparison
with the experimental peak energies. The predicted
peak energies are shown for the main allowed
transitions such as p—~d, d—f, f—>d. For each transi-
tion, the transition energies due to the /-decomposed
densities of state calculated by uses of non-frozen core
approximation are shown, and they are compared with

the experimental ones.

p—d d—f f—d
Cal. | Exp. | Cal. | Exp. | Cal. | Exp.
5.6 1.8
LaS | 7.1
8.7
11.4
53 4.7 1.6 2.0
LaSe| 6.7 54
7.8 6.9
10.4 9.0
4.7 1.2
LaTe} 54
6.9
9.0
4.2 6.1 0.5
CeS 8.2 6.3 4.3 23
8.5 7.6 4.7 44
11.0 10.0 7.2 54
4.1 53 0.4
CeSe| 69 6.1 32 2.6
7.8 6.8 4.1 4.5
10.5 9.4 6.7 53
3.7 4.4 03
6.4 53 3.0 2.0
CeTe| 638 6.2 34 4.4
9.4 7.7 6.0 5.3
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Fig. 8. The spectra of the optical conductivity of LaSe and CeSe calculated from the band structure shown in Fig.4.
The experimentally determined spectra are also indicated. These data cited from reference 6.
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Fig. 9. The spectra of the optical conductivity of CeX
calculated from the band structure obtained using the
non-frozen core approximation.

frd 5,

PiEo &k, (6.1) 1280\ TIHIRRE & FKIREE
s 5 & o, (w) OFSIEIPYERL, # —[0]
A 0 (w) &EH—FEMFE e () DFFS DML
XD,

Dbk, 18ichxizLS5 850 —WROFF5D
WiEL(E, CeSe ITBWTE D NITf /Ny FENT
LTk KB L IR WilLIc L > Tie& 5 &
FEZAON D,

7. FLHESERDRE

AR T RBFEI P Z A WIS W T LaX & CeX
DN v FEREZITV, BEESOE IS W TOFHE %
fTotce &5ic, FFAHERAMOGTRELIDE LN
NV RREEEFR U OUMEEE O E ATV, KR
FERE KT 2 2 LIk DEERER O 1T - 720
ZTOFER, LITD X5 Enbh -1,

D) BERBOEPE W W Sick 2%h58 03, LaSe
WL TR ENY FAEKZ R VF—filicy 7 b &4
52 ETHABN, CeSelt>W\WTIFIEMEH WD -
AR LTI EAEEDLO P 5T TDED
ICEFEBOE L 2 WIS W & Z OFRITS W TR A
B2 EMTEID, SOV RHEIZBTS
BIXNF—AFHET A LICIDIFMAET A E
bEETHY, TOHEEZTO I ENSHOMEE

LThFons,

2) FEEIcB W T, CeX & LaSe OYEIRIND Z ~< 7

FIVOTEDBFARI L TV 5 E SO HELE SN 505,
COREMHE» S EONI, T2, CeX D
Echavar v nELELRIEE p—dBRIcLEA Y —
7 DALESMMET 2 VF—filic v 7 T EFEEITO L
Tb, HEZETHEON, &51T, LaSe & CeSe
CBI B E—7 ONERRGTEN»SEL I ENT

S ST 3855

4 6
Energy {eV]

Fig. 10. The spectra of the optical conductivity of LaSe
and CeSe calculated from the band structure obtained
using the non-frozen core approximation.
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