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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 Narita
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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.

Material Lattice
aterials Constant{A]
LaS 5.846
LaSe 6.06
LaTe 6.422
CeS 5.776
CeSe 5.992
CeTe 6.3613
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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 obtamed 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.

5DTH 5,

2) fEA  LaSelcoW\WTid, 7z IITXRL
F—E XD TOEREFIEIEALIERDIDSED,
E- &0 ETRABRD EIHSBRBELTWVWS, Th
12Xt LT CeSe T3 £ /¥ FOALE DS LaSe izt~
TEIXAVF—QICTA-TETED, Z0RERE
LCEWRENY 2T -TWVWE, TOXDITEF
MENYFERETBEIEICED, EELDTICHS
Ny RBEHN, KELEOTIREIAES DS
CEREETINETH S, Fic X affEicBis
5X WO bDRREBEAE AN TDH B, Fig.

4(b) ITBWVT 6~TeV fLICNET HE— 2713 -

NYRWBEBE -7 ThHB, TDT EIIEBRT S I-
DELREZEE,LObDI B, £L T, HTERED

b@bm(mﬁ:me—7u§7m8—7u@of.

W3, TOSTVE—7 DRI E-DHD, TO
E&D EichBE—27RFIcdsE—7iclk~<T
FELAKREUEERE>TVL S,

4.2 FEERBELIOFEE

AR L7 & S5 S ROMA TR Sy FEEZITS
BRicEERALNERAVWVEVWHELT- 7 ETTOD
MWEHIC>WT LaSe & CeSe D/ v & D FHEL
%%ﬁttﬁ,:Q#ﬁﬁﬂﬁwéﬁmiékﬂK
ETdh b,

I D7z, LaSe & CeSe loo W THEERE DI

BERVCTE MY LBV E N TEL R

fooxy D SIREEE KD, TN TN Fig.b
L Fig.6iIcRLTHELTWS, 7L, Ihb
DIREEE L IR DBLIcdDTH B, I T

BEBELZ IS TH S, d, TS (=123 T

DWTEFRLTH Y, ZnLAD 1S PERAE
POOFEICIZREFE I RL TRV EE2FE
BLTBL, Tk, IRDREEFEUEAV D
E3DpITRESEESNIIZY, p, dESE RS

KEREHRICREST

IT/RLTH 3,
IhoDREVbhBIEELUTICE LD B,
1) LaSe  F#ERIEUEMBALTHLESThp
NYFBLU ANV FRFEEEDDHBITVA, o3
YREFBALEWT EICLD0.5eVIEEET X L F—
flicy7r LTVB, 5T, TOEBIIERHT Y
VFORBICKRERMEEEZTVWBE I LD B,
2) CeSe HRESREUEBAWE L EI DIt LD,
BRICKEBLEVWREATVLEL, Zhid, LaSe
DNy FIzl~T CeSe @ f /3 v K HZERIS %
Ric e MTERORRICBELTE Y, ERE»
SOEEBEZTFIL VWHALEEELZOND, HiT,
LaSe i3 f /¥ ¥ F O3 FH8 MT BRI EA > TW
B, EREOEELZIPTVRECHZ LWL
A3, f->T, CeSe lcBL TIRBHERGELIZHW
TGTERTD L VEREE52EELBIENTE

%D

REEBOEMUTIR, ARETFORELZRFHEEHE

Choke s, COHEET) M RETORER

BAENSA—S L LTEZXBLENDZ, 5T TR
LT BERENUOERIERRBICERY» 58
STV b0, BlbLaed'6s’), Ce(4f'5d'6s®) %
BHELTWE, —4, RFEEHREICBVWTL2TX
WE—%HET 3 &, La(df*®5d°¢6s*), Ce(4f'™
5d"96s) L VWO BB A BAKL L FICHKO TR VF —
BEL Bt 20 CORBVHEISBEOND
HERBTH2, 22T, IORBEAVHEAED
BHRERELIC £ 55 FETE BT - 70 RUITIIRL
TVWRELY, ChEFEFEBROBREEHELIE
25, EROEE:MAV 7RI TIERFERRIC
DIBOEWEREBAEI Ehbhot, THEDE
HERALER VBRI S 5DFETIHEL M
BuXisicBEbhs,

iR L7c & B0, FEFEEFDELUOHBHURBVE



—134—
oo RS « BB F|

: . _
oo : T : : zoe() : s : -

.
LaSe —— frozen core frozen core LaSe
—— non-frozen core

— 80 —— non-frozen core| _

s 5

1 60 o E

> > F f(=3

-3 & 100~ ; \ =3) -
40

g g |

& 2 S ] ”1

,/ \\\
0 0 T T e T
0 0 2 4 6 8 10 12
Energy [eV] Energy [eV]

Fig. 5. 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.
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p- and d-components and (b) f-component.
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only p-, d- and f-components are given. The original densities of state are those due to the non-frozen core approxi-
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KEBEHEILERS

Table 2. The peak energies predicted from the I-
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
5.3 4.7 1.6 2.0
LaSe| 6.7 5.4
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 5.4
4.1 53 04
CeSe| 6.9 6.1 32 2.6
7.8 6.8 4.1 4.5
10.5 9.4 6.7 5.3
3.7 4.4 03
6.4 53 3.0 2.0
CeTe| 6.8 6.2 34 4.4
94 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 approximvation. )
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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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