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Electronic structures of {8, (R=La, Ce has been investigated by using photoemission spectros&&y
and electronic structure calculations performed in the LSDA and the L-.SDAmethod. The valence-band
spectrum of LgS, reveals that the electronic states nEahave mainly La 8 character, in agreement with the
LSDA calculation. The Ce # PES spectrum exhibits three prominent features at ab@b eV, —2.5 eV,
and—5.5 eV. We interpret the Cefdspectrum as the essentially trivalent Ce gpbectrum, and identify the
peaks at—0.5 eV and—2.5 eV as the correlation-splitf4states, and the-5.5 eV peak as the hybridized
4f/5d states with P electrons. The CIS and CFS yield spectra show thaSgchkas formally trivalent C&
ions. Nearly half-metallic nature is obtained for ferromagnetigSzeand the LSDA-U calculation provides
a reasonably good description of the electronic structure g&£&uperconductivity in LgS, and the absence
of the tetragonal distortion in G8, have been discussed based on their electronic structures.
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I. INTRODUCTION which consists of one free-electron-like broad band and a
very narrow band with a very high density of sta(B©9) at
The ThP,-type La chalcogenides LA, (X=S,Se) have Eg. It has been suggested that the existencefoéléctrons
attracted much attention because of their high supercondudi? Ce;S, prevents the band Jahn-Teller-type structural tran-
ing transition temperaturesT¢=8.3 K for LagS, and T¢ sition because the f4level is located at the Fermi lev&l.
=7.4 K for La;Se,),! and also because of their Jahn-Teller However, neither the band structure of;Ba nor the 4
type structural phase transitions at higher temperafiites. levelin C&S, has been confirmed yet. Furthermore, physical
They undergo cubic to tetragonal phase transitions aProperties and the electronic structure of ferromagnetic
~103 K and ~70 K for the stoichiometric Lg§, and C®Ss have not been explored much so far. _
La;Se, compounds, respectively. The cubic-tetragonal tran- Therefore a systematic investigation on the electronic

sition temperaturd g shifts to lower values with increasing strugtures %R3X4 (th: L(;"’ Ck(aa)::S_,Set) |streqU|red. In t2|s
vacancy concentratiox on the La sites in La X, (X paper, we have studied electronic structures ofSy@n

=S, Se)® This phenomenon suggests that the structural tranl-‘a3x4 (_X=S,Se) using photoemission spectrosc()BES.. .
L . In particular, we have performed resonant photoemission
sition in La_,X, depends on the conduction-electron den-

. ) _ spectroscopyRPES measurements near tie4d—4f ab-
;lty of statgs at the Fermi levEl-. LagS, shows a soften.mg sorption edge R=La, Ca. Experimental results are com-
in an elastic consta}lmsl’ =1/2(C1,—Cyo) astemperaturéis  yareq o the band-structure calculations BES, (R
lowered towardT g,” which is attributed to itinerant Lacb = Ce,La) performed both in the local spin-density approxi-

electrons. In the tetragonal phase, a linear-expansion coeffation (LSDA) and the LSDA-U incorporating the Cou-
cient exhibits an invar-type anomaly with lowering tempera-jomb correlation interactioiy.

ture, which has been interpreted as an anomalous lattice ex-

pansion dr|_ven by conducUon electrons and the counteracting Il EXPERIMENTAL AND CALCULATIONAL DETAILS
normal lattice contractiofi.In contrast to LgS,, no tetrago-

nal distortion has been observed in;Sg* and the elastic To prepare stoichiometric L&e,, LagS,, and CgS,, we
softening is much smallé® The ground state of G&, is put S(or Se in a quartz tube first, and then added(oa Ce
ferromagnetic with a transition temperaturee?.2 K?° of corresponding quantity. The tube was evacuated and

In spite of extensive investigation on &, (X=S,Se), sealed. The temperature of the sealed tube was raised slowly
the correlation between the structural and superconductingp to 400 °C with an increasing rate of 20 °C/h. In the pro-
transitions in LgX, is not well understood yet. The tetrago- cess, £Se and LdCe) reacted slowly. After this process,
nal structural transition in L, has been explained by the temperature was raised to 700 °C and the sample was an-
band Jahn-Teller mechanism, in which the tetragonal splitnealed for 3 days at 700 °C. The reacted sample was ground
ting of the Laey band reduces the free enertyThe band  in the Ar atmosphere and the powder was pressed to form
Jahn-Teller model for L5, is based on its band structure, pellet-type samples. k&, and CgS, samples were put into
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a Mo crucible and sealed using a plasma arc, wheregSd,a
(a) Ce;S, (b) La S, (c) La,Se,

was put into a W crucible. Next, the Bridgeman-Stockbarger
method was employed to obtain single crystals. This proces:
uses a high-temperature oven, over 2300 °C, which is the_
melting point of these samples. We obtained samples of size*g
in the range of 7 mm diameter and 20 mm height through;
this process. X-ray powder-diffraction patterns showed a&
clean single phase with the cubic sH structure for all the
samples. In order to determine the vacancy ratifor the
samples, we carried ouf-dependent resistivity measure-
ments for Lga_,X, (X=S,Se). These results showed tkat
~0.016 for Lg_,S, andx~0.015 for La_,Se, according
to a known interpolation schenieThe vacancy ratio for
Ce;_,S, has not been determined experimentally, but is ex- -0 -5
pected to be close to that for $aS, (x~0.016) because

both Lg_,S, and Cg_,S, samples were grown in the same

way. FIG. 1. (a) Valence-band energy distribution curv@&DC's) for

Photoemission measurements were done on singlge,s, for 18 eV <hp<121 eV. Similarly for(b) LasS, and (c)

crystals® of R;S, (R=La, Co and LaSe, at the Ames/ La,Se, for 18 eV<hy<117 eV.

Montana beam line at the Synchrotron Radiation Center

(SRQ. Samples were fractured and measured in vacuurange includes thR 4d absorption thresholds}=La, C8."

with a base pressure better tharx 30 ! Torr and at T In Fig. 1(@), h»r=121 andhr=115 eV correspond to the
~15 K. The electron energy analyzer employed in this exon- and off-resonance energies due to the @e-4f ab-
periment was a movable 50-mm-radius hemispherical anglesorption, respectively. Similarly, in Fig.(d) and Xc), hv
resolved analyzer with two degrees of rotational freedom and- 117 eV Corresponds to the on-resonance energy in the La
an acceptance angle of about 2°. However, the PES specti@gi 4f RPES. Therefore the emission enhancedhat
obtained from fracture®;S, and LaSe, samples were con- =121 eV in CgS, and that athy=117 eV in LgX, (X
sidered as being angle integrated. This is because the frae-S Se) can be identified due to the Ceahd La 5 emis-
tured surfaces were not flat microscopically. This argument igjon, respectively.

supported by the observation that the peak positions in the |n Ce;S,, the off-resonance spectrum k=115 eV is
valence-band PES spectra did not change when the analyzgsminated by the S8 emission because at this valuetof
angle was varied. The Fermi level of the system was detekhe Ce 5i electron cross section is negligible with respect to
mined from the valence-band spectrum of a sputtered Pt foikhe S 3 cross section€1% of the S D emissiont®) and

The total instrumental resolutioffWHM, full width at half  the Ce 4 emission is suppressed at the off-resonance energy
maximum was about 80 meV dv~20 eV and 250 meV  qye to the interference effect. The latter argument is sup-
athv~120 eV All the spectra were normalized to the meshported by the fact that thar=90 eV spectra well away
current. from the resonance are very alike for £Sg and LaS,, ex-

The electronic structures &3S, were calculated by em-  cept for a small bump at —2.5 eV and a peak ned for
ploying the self-consistent linearized muffin-tin-orbital ce,s, due to the incompletely suppressedf@enission(see
(LMTO) band method. The projected angular momentuntig. g) 14 At low hu's, the relative Ce & cross section be-
densities of stategPLDOS’9 of LasS, were calculated for  comes the largest dtv~30 eV, where it is comparable to
the paramagnetic ground state in the LSDA. Fog$sethe  the 5 3 cross section® However, since the Cedsand S 3
PLDOS's were calculated for the ferromagnetic ground stat@ates are strongly hybridized to each other, the Geatial
both in the LSDA and LSDA U methods. The von Barth- spectral weightPSW) resembles the SBPSW.

Hedin form of the exchange-correlation potential were uti- * |, La;S, and LaSe, the line shape of the valence-band
lized. In the LSDA+U method, the spin-orbit interaction is spectrum does not change much with varying indicating
incorporated in the self-consistent variational loop, so thaiyai the La % and S D (Se %) states are highly hybridized
the orbital polarization is properly taken into accotft. to each other. In contrast to the strong #esonance in
Ce;S,, the magnitude of the & resonance in L, (X
=S, Se) is very weak. This phenomenon reflects the itinerant
lll. RESULTS AND DISCUSSION character of La 8 electrons, as explained below. RPES
A. Valence-band energy distribution curves arises from the interference between the two processes, a
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Figure Xa) presents the normalized valence-band energ)si'reCt PES process
distribution curvegEDC's) for Ce;S, in the photon energy
(hv) range of 18—121 eV. Similarly, Figs.() and ic) 4d™°4£"5d™+ hy—4d'%4f"5d™ e, 1)
present the valence-band EDC's for;Sa and LgSe, with
18 eV=hw=<117 eV, where the EDC’s are scaled at theand another Auger decay process following a photoabsorp-
peak maxima to show their line shapes better. The abave tion of a core electron to an unoccupied localized state
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— - T T T 1 bution, we have ignored ther dependence of the emission
: from non-4f valence-band electrori€e 5d and S 3 elec-
trons. This subtraction scheme seems to be reasonable since

Ce.S
34 the line shape of the extracted Cé BSW is found to be
o hv=121eV insensitive to the relative scale factor used for the off-
B hv=115eV 7] resonance spectrum because of the strong Ceedonance.

The difference curve exhibits three prominent features at
about —0.5 eV (A), —2.5 eV B), and —5.5 eV (C).
There is some ambiguity in the relative intensity®fn the
extraction procedure of the Cef £SW, depending on the
scale factor multiplied to the off-resonance spectrum to ac-
count for thehv dependence of conduction-band electrons.
In addition, the bulk 4 spectrum of CgS, might be some-
what different from the difference curve in Fig. 2 because of
the large surface # contribution in the Ce d—4f RPES
: region!>1® In this context, a more bulk-sensitive Ced 3

PP BT —4f RPES measurement will be useful.
-10 -5 0 The peaksA and B are reminiscent of the well-known
double-peak structures observed in Ce metal and metallic Ce
compounds,/~?° while the high-binding-energyBE) peak
(C) seems to reflect the hybridization of Cé électrons to
neighboring valence-band electrons. On the other hand, the
resonance l{r=115 eV, gray ling, respectively. The difference Ce 5d resonance iS. knqwn to occur in the Cé-4 4f RPES.
curve(solidrﬁine) is considgre)(; to ?’eprespent thenye partial spec- To check the C(_)mr'bunon from _the Celtates to the peak
tral weight (PSW) distribution. See the text for the details of the C: W€ have e§t|mated the rel_atlve resonance strengthsl of 5
subtraction procedure. and 4f states in CgS,, assuming that the resonance strength
of 5d states in CgS, is comparable to that in 158,.2* The
estimated resonance strength of thé &ates in LgS, is
4d04F"5d™+ hy— 4d%4F1 15d™ . 401045 Le, . about=20% of t.he 4 resonance ;‘364. This valug suggests
) that the resonat!ng Cedbstates might also contribute to t_he
high-BE peakC in Ce;S, to some extent. Therefore we in-

The larger the Auger matrix element of the Coulomb inter-terpret that the high-BE peak arises from both the Cef4
action (4d, e |1/r1,|4f,5d) is, the stronger the resonance and o states hy_brldlzed to neighboring valence-band elec-
strength will be. Hence the resonance effect is large when thons. The large intensity of the 2.5-eV BE pe@ and the
emitted photoelectron originates from a localized state sucfather low intensity of the peak nedir (A) indicate the
as the Ce 4 state, while it will be weak when the emitted localized character of Ceelectrons in CgS,. The origin of
photoelectron originates from an itinerant state such as the peak near Er in Ce systems is still
La 5d state. controversial®~1°?2-2%The detailed nature of each peak in
Despite a very weak resonance insXa, the enhanced the Ce 4 PSW of CgS, will be discussed later under Figs.
features at the on-resonance enerigy£ 117 eV) represent ° and 6. . _
the resonating La & electrons. Note that the emission near Note that the nearest-neighbor separation between Ce
Er is enhanced ahv=117 eV, compared th»=90 eV, Sitesin CeS, (d=4.03 A) (Ref. 3 is larger than the critical
where the S B (Se 4p) emission is dominant over the Lal5 ~ Ce-Ce distance in the Hill plot (3.3-3.5 Ay beyond which
emission-3 The FWHM of the peak nedk is about 0.5 eV. the Ce 4 electrons are observed to form local moments.
This behavior indicates that the electronic states rigar 1hus it is likely that the direct interaction between near-

ing to an occupied bandwidth c£0.5 eV. interaction between Cef4electrons should be mediated by

the hybridization to neighboring valence-band electrons,
such as Ce 8 and S 3 electrons. The nearest-neighbor
B. R 4d—4f RPES (R=La, Ce) separation between Ce and S atoms (2.88 A) is much
Figure 2 presents the subtraction procedure of the €e 4shorter than that between Ce and Ce atoms (4.03 A), sug-
—4f off-resonance spectrunigray line from the on- gesting that the Cef4-S 3p hybridization is larger than the
resonance spectruifdoty, and the difference curvésolid  Ce 4f—Ce & hybridization. Therefore we interpret the ma-
line). The difference curve is considered to represent the exor origin of peakC (—5.5 eV) in the Ce 4 PSW as due to
tracted Ce 4 PSW. All the spectra were normalized to the the Ce 4—S 3p hybridization and/or the Ced-S 3p hy-
mesh current, as described in Sec. Il. No further scaling hakridization.
been done on the on- and off-resonance spectra before sub- Figure 3 compares the constant-initial-sté@#S) spectra
traction. Namely, in the extraction of the Cé #SW distri- of R3S, (R=La, Ce for several initial-state energief;

— Difference

Intensity (arb. units)

Energy Relative to E_(eV)

FIG. 2. Normalized valence-band spectra fog &g obtained at
the 4d—4f on-resonance (v=121 eV, open dojs and off-
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FIG. 3. The constant-initial-statéCIS) spectra ofR;S, (R
=La, Ce for several initial-state energids;, taken across th&
4d—4f absorption thresholds. The top curves are the constant-
final-state(CF9 partial yield spectra. Inset: Comparison of the en-
larged CIS fine structures of €8 to those of CgSb (from Ref.

28).

through the valence bands, taken aroundRH&l absorption —— E——
thresholds R=La, Ce. In taking a CIS spectrumhv and
Ex are simultaneously yaried SO as to kee[Ei.= hv—¢ Energy (eV)
—Ek constant E, kinetic energy;¢, work function. The
CIS spectrum measures the RPES cross-section line shape,FIG. 4. The projected local density of stat@_DOS of La d
determined by the initial and final stat€sThe CIS spectra and Sp states for LgS,, obtained from the LSDA calculation for
of Ce&S, with E,.=—-0.3 eV (A), —2.3 eV (B), and the paramagnetic ground state.
—5.5 eV (C) show very strong Fano-type enhancement in
the photoionization cross section aroumd~ 121 eV, indi-
cating that the states at—6 eV<E,<Ef have Ce 4 elec-
tron character. The similarities of the CIS’s for the three
initial states show that they have a common origin in the
emission. The CIS spectra of 4% with E;=—0.2 and
—4.0 eV also reveal enhancement at about-117 eV, at To examine the microscopic origin of the valence-band
the La 40— 4f resonance energy in the LadSRPES?"?®  electronic structures oR;S, (R=La, Ce, we have calcu-
This finding supports that the electronic states nearin lated the electronic structures &S, (R=La, Ce in the
LagS, certainly have La 8 electron character, which is con- LSDA and LSDA+ U approximation. Figure 4 shows the La
sistent with the finding in Fig. 1. d and Sp PLDOS’s of tetragonal Ls5,, obtained from the

On top of the CIS spectra are shown the constant-finaltSDA calculation by assuming paramagnetic ground state.
state(CFS partial yield spectra oR;S, (R=La, Ce. The Each PLDOS is per atom. It is shown that the valence band
CFS partial yield spectrum was taken with a kinetic energyextends fromEg to about 7 eV belovEg, in agreement with
Ek of 2 eV. Since the photoelectrons wik=2 eV have the measured photoemission specsee Fig. 1 There is a
an estimated electron escape depth of the order of a few teigap between-0.5 and—3 eV. Most of the occupied Ld
A, the CFS partial yield spectrum can be regarded to represtates are concentrated a8 to —7 eV and a small occu-
sent the bulk spectrum of the material and indeed the CFPied DOS peak appears nda¢, corresponding to the tail of
corresponds to a photoabsorption spectrum. The overall CFBe huge unoccupied DOS abotg. The Fermi level of
spectrum of CgS, is characteristic of trivalent Gé, as re-  LagS, is located near a DOS peak, in agreement with the fact
ported in Ref. 29. The inset compares the enlarged CIS finthat LaS, is a superconductdr.
structures of Cg5, to those of the typical trivalent G8b. The DOS of cubic LgS, is very similar to that of tetrag-
The latter spectrum has been reproduced from thenal LgS,, except that the bands are split and the PLDOS
literature®® The CIS fine structures at the onset of the @e 4 nearEr becomes smeared and a bit wider in the tetragonal
absorption serve as fingerprints for the valence state of Cstructure®® Note that the width of the La band neBg is
ions. If Ce ions have different valence states, the energgbout 200 meV, which is comparable to the measured width
separations and relative strengths among the fine structuréBig. 1), but is larger by almost one order than the fitting
in the CIS spectra would be very different. Essentially theparameters used in the analysis of the elastic properties of

same fine structures for €&, and CegSb indicate that G5,
has formally C&" ions.

C. Comparison to the LSDA and LSDA+U calculations
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Coulomb interaction energy between Cd 4&lectrons is

or CeS 1 ~5-7 eV1"3The effects of including the on-site Coulomb
5 p Cef i ] interaction between the Cef 4rbitals in the LSDA-U are
3 LSDA+U 73 (i) the shift of the occupied # peak belowEg toward a
0 s ] higher BE andi) the shift of the unoccupiedf4peak above
- o : Er farther away fromEg. The former effect makes the Ge
5 - 3 bands move well belovEr, which were originally concen-
- ] trated aroundeg in the LSDA. The spin-ugp PLDOS shows
C . ] the seven split subbands, and the Fermi level lies in the sec-
J ond spin-up Cef subband. The Cé& PLDOS exhibits the
2 exchange-split spin-up and -dowrf bands, separated by

o

]
N

-1

about 2—4 eV from each other. In contrast, thed@ad Sp
PLDOS'’s exhibit nearly no exchange splitting, indicating
that the spin polarization in G8, is mainly due to Ce #
electrons. The calculated spin and orbital magnetic moments
for Ce are 1.2/ and 2.8y, respectively. Since their po-
larization directions are opposite, the total magnetic moment
of Ce becomes 1.54;.%

The Ced and Sp PLDOS's of CgS, obtained from the
LSDA+ U calculation are essentially the same as those from
the LSDA calculation. The Cel and Sp PLDOS'’s share
common features, again indicating the large hybridization
between them. The difference betweens&eand LgS, is
that a small peak is observed at abet? eV in both Ced
and Sp PLDOS'’s, which reflects the hybridization with €e
electrons. The largest contribution t&g) comes from the
Cef electrons (-87%) with a small contribution from Ce

electrons (~10%). Thus our LSDA U calculation is com-
patible with the previous suggestion that the existencefof 4
electrons aEr prevents the band Jahn-Teller-type structural
transition in CgS,.2 Note in Fig. 5 that the minority-spin
Metates are negligible &g, suggesting that G&, is nearly

half-metallic in its ferromagnetic phase. In the half-metallic
phase, conduction carriers are 100% spin polarized. The
spin-polarized PES experiment is desirable to check this fea-

La;S, and Cg@S, in terms of the band Jahn-Teller Wre- _
model®Hence a more refined model that considers the real- Figure 6 compares the experimental CeASW, theh
istic bandwidth of the La, band is required. The fbands =26 eV, andh»=18 eV spectra of G5, (left) to the cal-
are nearly filled with a very low DOS &, in agreement culated Ce 4, Ce &, and S  PLDOS’s (right) obtained
with the very low spectral intensity in the $3PSW[see the from the LSDA+U calculation. In each theory curve, the
hv=18 eV orhy=90 eV spectrum in Fig.(b)]. Therefore  region forE<E is shown to represent the occupied part of
the main contribution tdN(Ef) comes from Lad electrons PLDOS. Then the theory is convoluted with a Gaussian func-
(~60%) with a small contribution from $ electrons tion of 0.2 eV at FWHM to simulate the instrumental reso-
(~3%). The Lad and Sp PLDOS’s are very similar each lution. We have not extracted the Ce&l @nd S  PSW's
other, indicating large hybridization between the two statesbecause of the large hybridization between them, which
Our theoretical result on 18, is qualitatively consistent Mmakes it difficult to separate out each PSW. Nevertheless, the
with the previous report: enhanced emission ne&r at the 5 on-resonance hy
Figure 5 presents the Cle Ced, and Sp PLDOS’s of =117 eV) has been identified due to the Ld States in
Ce;S,, obtained from the LSDA U calculation by assuming LagS, [Fig. 1(b)], and the Ce 8 PSW in CgS, is expected
the ferromagnetic ground state. Each PLDOS is per spin an@® be similar to the La 8 PSW in LgS,. For CaS,, the
per atom. The parameters used in this calculation are thiatensity nearEg is the largest ahv~26 eV (where the
Coulomb correlationU=7.0 eV and the exchangd relative cross section of CedSelectrons is the largestas
=0.98 eV for the Ce # electrons. In choosing thg value ~ mentioned in Fig. a). Thus thehy=26 eV spectrum for
for Ce;S,, we started from the experimenttl values for C&S, is considered to represent a mixture of the Ceamd
other Ce compounds, and then chose the value which gav@ 3p PSW’s. On the other hand, the $ mission is ex-
reasonably good agreement with the measured PES specpacted to be dominant atv=18 eV>® and so thehw
for Ce;S,. It has been known experimentally that the on-site=18 eV spectrum is considered to represent thepFPISW.

Energy (eV)

FIG. 5. The PLDOS for C£5,, obtained from the LSDA U
calculation for the ferromagnetic ground state. From the top,
majority-spin (upper curveé and minority-spin(lower curve Ce f,
Ced, and Sp PLDOS's.
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states due to the large Coulomb correlation. ThB.5 eV
PSW PLDOS peak(C) arises from the hybridization bonding between Ce
4f/5d and S 3 states. This interpretation of the Cé BSW
for Ce;S, awaits the unified picture for the Ce 4pectra of
other Ce system¥°

To summarize, it is found that the LSDAJ calculation
Ui— provides a reasonably good description of the electronic

Ce 4f Ce 4f

SU»

structure of CgS,. This finding opens up a possibility that if
the on-site Coulomb interaction between Cieelectrons is
properly incorporated in the LSDA band approach, it could

|

2 Ce 5d Ce 5d CeS describe the electronic structures of some othdike Ce
S hv=26eV s compounds. Similarly as in G8,, LagS, also shows that
o the trend in the experimental PSWHBIg. 1) agree well with
G:3 those in the LSDA PLDOS'¢Fig. 4). This finding is consis-
%‘ \ tent with the previous finding that the LadStates have an
pL itinerant character.

P BN PR IV. CONCLUSIONS

RPES measurements have been performedig®, (R
hv=180Y =La, Ce near theR 4d—4f absorption edge, and the mea-
sured PSW'’s are compared to the electronic structure calcu-
lations using the LSDA and LSDAU methods. In contrast
to the large Ce # resonance for G&,, a very weak La 8
resonance has been observed fosXa(X=S, Se, reflect-
ing the itinerant character of LadSelectrons. The valence-
Ly i band spectrum of L5, reveals that the electronic states near
-10 5 0o -10 -5 0 Er have mainly La 8 character, which agrees with the
LSDA calculation. The extracted Cef £SW of CgS, ex-
hibits three prominent features at about0.5 eV,
FIG. 6. Left: the experimental CefPSW, thehy=26 eV,and — 2.5 €V, and-5.5 eV. By comparing PSW's with the cal-
hv=18 eV spectra for G&,. Right: the calculated Cef4Ce &,  culated PLDOS'’s from the LSDAU, the peak neakEr and
and S  PLDOS's obtained from the LSDAU calculation. See the —2.5 eV peak are identified as the correlation-split 4
the text for details. states, and the-5.5 eV peak is identified as the Cé dtates
hybridized to Sp electrons with some contribution from the
Ce o states. The CFS yield spectrum and the CIS fine struc-
It is Clearly observed that the trends in the eXperimentaiures of C§S4 are Characteristic Of trivaient é‘é ions_
PSW’s are in good agreement with those in the LSPA The calculated PLDOS's foR5S, show that most of the
calculations. As to the Cef4states, the main peak around occupied La and ng states are Concentrated at3 to
—2.5 eV, a small emission ne&, and a broad shoulder- _7 ev with a small occupied DOS peak neBg. The
like structure around-4 to —6 eV agree well with those in La/Ced and Sp PLDOS’s share common fea’[uresy indicating
the calculated CEPLDOS. The large correlation splitting of the large hybridization between them. The Fermi level of
Ce 4f orbitals in the LSDA-U calculation prOdUCGS area- La3S4 is located near a DOS peak’ in Support of the super-
sonably good description of the main peak aroundconductivity in LaS,. Ferromagnetic G&, is found to be
—2.5 eVinthe Ce 4 PSW, even though it s still about 0.5 nearly half-metallic, and the existence of thelectrons aE
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