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Electronic structure and magneto-optical Kerr effect in La monochalcogenides
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The optical and magneto-optic@O) spectra of the lanthanum monochalcogenides are investigated theo-
retically using the fully relativistic Dirac LMTO band-structure method. The LSDA calculations with shifted
La 4f empty states describe quite well the shape and magnitude of the LaS MO spectra in an external magnetic
field and to a lesser extent the MO spectra of LaSe. On the other hand, theory fails to describe the broader
spectral structures in LaTe between 3 and 5 eV. The origin of the Kerr rotation in these compounds is
examined.
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l. INTRODUCTION transition’*® However, Salghetti-Drioli et al® clearly
showed that this is not the case. They found that their spectra

The trivalent lanthanum monochalcogenides LaS, LaSepresent some relevant and essential changes with respect to
and LaTe possess metallic character having a carrier densitjte previous investigation on LaS&ven though the peak in
in the range of 1.5-% 10%2 cm3.! The magnetic suscepti- the Kerr rotation of LaSe at 2.63 eV is equally sharp in both
bility measurements indicate paramagnetism in theseneasurements, the sign is opposite, being negative in the
compounds. The paramagnetic susceptibilify, of conduc-  new spectraand positive in Ref. 7. This is due to an incor-
tion electrons has been found to increase from LasS to LaTeect calibration of the spectrometer and particularly to the
suggesting that the density of states at the Fermi energyrong definition of the magnetic-field direction in the previ-
N(Eg) should also increase from LaS to LaTe. The measuredus investigatiori. Moreover, for the whole series of com-
electronic specific-heat coefficient also shows the same pounds Salghetti-Drioliet al? do not observe the double
trend® The Debye temperaturé, of these compounds is peak, found at=~3 eV in LaSe, as reported in Ref. 7.
found to decrease from LaS to LaTé.anthanum monoch- Salghetti-Drioliet al® argue that such a sharp absorption oc-
alcogenides are found to be superconductors having transturs right at the plasma minimum of respective La monoch-
tion temperatures in the range of 0.8—1.5 Rhe supercon- alcogenides and hence the Kerr rotation follows directly
ducting transition temperatufg, increases from sulphide to from the interplay between optical interband transitions and
telluride. A few experimental studies such as point contacthe plasma resonanéevioreover, they were able to model
spectroscop§, x-ray absorptiori, and the phonon spectra the situation by applying the phenomenological Lorence-
measurementdor LaS are also available in the literature. Drude fit. Salghetti-Drioliet al® also suggested that the

The optical and magneto-optic@MO) spectra of LaS, broad absorption developing at higher frequencies between 3
LaSe, and LaTe were investigated in relationship to those and 5 eV in LaTe is due to interband transitions into empty
the Ce monochalcogenides by Pittit al,” Pittini and  4f states.
Wachte® and Salghetti-Drioliet al® La monochalcogenides The energy-band structure of lanthanum monochalco-
are Pauli paramagnets, therefore a nonzero Kerr effect mayenides have been investigated theoretically in Refs. 11-15
be obtained only in an external magnetic field. In all three Lausing the LSDA approximation. The calculations have been
monochalcogenides a sharp peak in the Kerr rotation wadevoted mostly to investigating the structural properties of
observed, occurring at 3.05, 2.63, and 2.2 eV for LaS, LaSd.a monochalcogenides. The total energy calculations for lan-
and LaTe, respectively. The narrowness of these peaks inhanum monochalcogenides reported in Ref. 15 underesti-
creases from LaS to LaSe and to LaTe, while the absolutenate the experimental value of lattice constant by 1.9, 1.68,
values of the Kerr rotation are 0.99°, 2.54°, and 1.52°,and 2.3% in LaS, LaSe, and LaTe, respectively. The corre-
respectively At higher energies a second broader structuresponding bulk modulus is overestimated when compared to
between 4 and 5 eV was observed. This feature is well dethe experimental data by 24% and 35% in LaS and LaTe,
veloped only in LaTé.It was first suggestéahat the sharp respectively. The electronic structure of LaS and the LaS/
feature in the Kerr rotation is the direct magneto-opticalCdS interface have been studied in Ref. 14. The observed
manifestation of an electronic transitions involving empfy 4 low work function of LaS is well reproduced by the LSDA
states. Such a claim was based on the fact that its sign waleory. As far as we know, there are no first-principles theo-
opposite to the one encountered when measuring the Ceetical investigations of the optical and MO properties of La
counterpart seriesMoreover, the additional line found at monochalcogenides in the literature.
about 3 eV was considered as a proof that bdthspin-orbit The aim of this work is the theoretical study of the elec-
states can be optically populated in contrast to the CeX seronic structure, optical, and magneto-optical spectra of LaS,
ries, where only the # ground state contributes to the LaSe, and LaTe in an external magnetic field. The paper is
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organized as follows. Section Il presents a description of théy U.¢s= U —J and orbital occupation numbens,,.. We set
crystal structure of the lanthanum monochalcogenides anthe U to 6.0 eV. In principleUq¢; can be determined from
computational details. Section Il is devoted to the electronicconstrained LSDA calculations. However, the calculated
structure, optical, and MO properties of LaS, LaSe, andsalue ofU.¢; depends on theoretical approximations and for
LaTe. The optical and MO theoretical calculations are com-our purposes it is sufficient to regard the valudJqf; as an
pared to the experimental measurements. Finally, the resultadjustable parameter and try to ascertain its value from com-

are summarized in Sec. IV. parison of the calculated physical properties of La monoch-

alcogenides with experiments. We found that the optical and

Il. CRYSTAL STRUCTURE AND COMPUTATIONAL MO spectra are rather insensitive to the precise. value of
DETAILS Uets. The LSDA+U band-structure calculations witb

varying from 4 to 6 eV provide the optical and MO spectra in

All the three chalcogenides, namely LaS, LaSe, and LaTea reasonable agreement with the experimental data.
considered in the present work crystallize in the NaCl type HubbardU ¢ takes into account the Coulomb correla-
structure B1) with space-group symmetiym3m. The lan-  tijons between # electrons. In the process of self-consistent
thanum atom is positioned &0, 0, O and the chalcogen |SDA+ U band-structure calculations occupietistates are
atom at(1/2, 1/2, 1/2. shifted downward byU./2 and empty levels are shifted

The details of the computational method are described ilpwards by the same amount. One should mention, however,
our previous papers;*’ and here we only mention several that La monochalcogenides have no occupiddelectrons,
aspects. The calculations were performed for the experimenherefore the direct application of the LSBAJ method is
tally observed lattice constangs="5.86, 6.06, and 6.436 A. problematic conceptually in this case. To put the La empty
We used the von Barth—Hedin parametrizatiofor the  4f energy states in right position, we add a constant potential
exchange-correlation potential. Brillouin zone integrationstg the Hamiltonian which acts only on thef 4tates. This
were performed using the improved tetrahedron method potential shifts the fourteen on-sitef 4nergies upwards by
and charge self-consistency was obtained with 1330 irreduGgpout 3 eV. We emphasize, however, that tHestates are
ible k pOintS. To improve the pOtentiaI we include additional hybridized’ and together with all other states their energy
empty spheres in thel/4, 1/4, 1/4 positions. The basis con- positions relax to self consistency. Numerically this proce-

sisted of Las, p, d, f, andg; chalcogens, p, andd LM-  dure is equivalent to using of the LSBAU method with
TO's. The combined correction terms have been includeq) . =6.0 ev.

also in calculation of the optical matrix elemeffaNe have
calculated the absorptive part of the optical conductivity in a

wide energy range. The Kramers-Kronig transformation has Il. RESULTS AND DISCUSSION
been used to calculate the dispersive parts of the optical con- .
ductivity from the absorptive parts. A. Electronic structure

It is known that magneto-optical phenomena reflect the Figure 1 shows the fully relativistic energy band structure
electronic states of the spin polarized band structure angf LaS calculated in an external magnetic field. In these cal-
arise due to simultaneous occurrence of the exchange spligulations the 4 states have been considered @s:itinerant
ting and spin-orbit coupling. La monochalcogenides areysing the local spin-density approximation af®) fully lo-
Pauli paramagnets and a nonzero exchange splitting may keilized, treating them as core states, but unoccupied. The
obtained only in an external magnetic field. To calculate theanergy band structure of LaS without thé dtates can be
electronic structure and MOKE spectra of paramagnetic Laubdivided into three regions separated by energy gaps. The
monochalcogenides, the termugﬁé which couples the bands in the lowest region arounedl5 to —13.5 eV have
spin of the electron to the external magnetic field was addedhostly Ss character with some amount of lsp character
to the Hamiltonian at the variational step, and the self-mixed in. The next six energy bands arg@ $ands separated
consistent solution was obtained. from thes bands by an energy gap of about 7 eV. The width

The application of standard LSDA methodsfishell sys-  of the Sp band is about 3.7 eV. The spin splitting of theoS
tems meets with problems in most cases, because of the cdrands is very smaflabout 0.03 eV at th& symmetry point
related nature of théelectrons. There are actually different (Fig. 1)]. The highest region can be characterized as La spin-
attempts to improve the LSDA to treat correlated electronssplitd bands. L&, d states are shifted toward higher energy
GW approach, Dynamical mean-field theory, time-dependentlue to hybridization with $ states. It is important that the
density-functional theory, self-interaction correction, andtop of the Sp bands is at—2.8 eV below the Fermi level,
LSDA+U method being the most used orfédo model the  since it means that all the interband transitions in the energy
effect of “self-magnetic” impurity (see below on the elec- interval of 0.0-2.8 eV take part within the Ldhbands(see
tronic structure and MO properties, we have adopted as below). The LSDA calculations place the empty 4tates of
suitable model Hamiltonian that of the LSBAU Lain LaS at 1-2 eV above the Fermi level. It is well known
approactf?? In our LSDA+U calculations the screened that LSDA usually gives a wrong energy position for thie 4
CoulombU and exchangd integrals between different or- states in rare-earth compounds. For nonzdrodcupation it
bitals were assumed to be of equal to their averaged valueplaces the 4 states right at the Fermi levéf’in contradic-

In this approximation the effective one-electron LSBA tion with various experimental observations. In the case of
potential VLSPATU=\LSDAL |y (1/2—n,,,,) is determined La compounds the LSDA places the empty dtates too
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FIG. 2. Self-consistent fully relativistic energy-band structure
and total DOSJin statesfunit cell eV)] calculated for LaSe and
LaTe in an external magnetic field of 60 T with shiftefl dtates.
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shells and of relativistic effects leads to the characteristic
trend in the position of the atomijg state and hence of the
center of gravity of the chalcogenigeband, increasing from
S to Te. Thep bandwidth is monotonically increasing from S
to Te due to the increasing extension of the atonmpcwave
function, although the lattice constant increases too. The di-
rect energy gap between chalcogenml@nd d bands de-
creases from LaS to LaTéig. 2. The center of gravity of
unoccupied 4 bands situated at 3.4, 3.2, and 2.9 eV above
the Fermi level in LaS, LaSe, and LaTe, respectively. The
FIG. 1. Self-consistent fully relativistic energy-band structure degree of localization of La#states in the LaS-LaSe-LaTe
and total DOS[in statesfunit cell eV)] calculated with external o js increased due to increasing of La-La interatomic dis-
magnetic field of 60 T for Las. tances. The # states became narrower and besides are

shifted toward the Fermi level in going from LaS to LaTe
close to the Fermi energy. For example, the LSDA calcula{see Figs. 1 and)2

tions produce the emptyf4states in pure La metal at 2.7 eV
above the Fermi levéf although according to the BIS mea-
surements they are situated around 5.5 eV above the Fermi
level>2% To put the La empty # energy states in right po- Figure 3 shows the calculated diagonal part of the optical
sition we add a constant potential of 3 eV to the Hamiltonianconductivityo;,, and the optical reflectivitR of LaS, LaSe,
which acts only on the #states. Figure 1 presents the energyand LaTe in the LSDA and with shiftedf4tates approxima-
band structure of LaS calculated with shiftedl dtates. In  tions compared with the experimental d&farhe calculated
such an approximation the Laf &empty states are situated spectra have been convoluted with a Lorentzian whose width
around 3.5 eV above the Fermi level. Besides the upwaris 0.3 eV to approximate a lifetime broadening. The most
shift of the La 4 states there are some other minor changeprominent discrepancy in optical conductivity spectra calcu-
in the band structure, namely, the empty Lé &ates at the lated using the conventional LSDA approximation is the ex-
I' symmetry point in the LSDA calculations become occu-tra peak situated at 2.3 and 2.1 eV in LaS and LaSe, respec-
pied in the approximation with shiftedf4states(Fig. 1). tively (Fig. 3. The corresponding structure is less
Figure 2 shows the energy band structure and total densitgronounced in the case of LaTe. This peak is caused by extra
of states(DOS) of LaSe and LaTe using an additional con- structure present in the interband dielectric tensor. Respon-
stant potential acting on thef &tates with the same value as sible are interband transitions involving the hybridized
was used for LaS. The main trend in the electronic structurempty 4f states, which in the LSDA approach exhibit a reso-
of the sequence of Dacompounds X=S, Se, or Te) results nance too close to the Fermi energy. The peak is also respon-
from the characteristic trend in the chalcogenmle@nd d  sible for the minimum in the optical reflectivity in LaS and
wave functions and from the systematic change of the lattickaSe at around 2.0 eV which is not observed in the experi-
parameters. The counteraction of screening by inner atomiment (Fig. 3). In the calculations with shifted f4states the

Energy (eV)
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B. Optical spectra
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spectrum of LaTe calculated for a
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also showr(see the explanation in
the tex}.
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transitions involving the # states do not take place at small surements. One of the possible reasons for this is a nonideal
photon energies any more, and the erroneous peak structusample surface, its roughness can reduce the optical reflec-
disappears from optical conductivity spectra. tivity above 5 eV. As a result the experimental optical con-
On the basis of the results of the band-structure calculaductivity spectrum which has been derived from the reflec-
tions of lanthanum monochalcogenides, their observed optiivity data through the Kramers-Kronig transformation has a
cal reflectivity spectrdFig. 3) can be sorted into the respec- lower intensity in comparison with the theoretical calcula-
tive interband transition group&l) metallic high reflectivity  tions (Fig. 3). We present two experimental measurements of
below ~2 eV, (2) a steep edge between2 and~2.5 eV, the optical reflectivity in the case of LaSe in Fig. 3. It is
and(3) above a minimum at-2.7 eV some less pronounced clearly seen that even small deviation in the optical reflec-
structures with a broad maximum Bfbetween 5 and 9 eV tivity spectra above 5 eV causes a great difference in the

mostly caused by 83— 5d interband transitions. absolute value of the optical conductivity spectrum.
The predominant structure of the lanthanum monochalco-
genides spectra is the edge at 2.9, 2.7, and 2.3 eV in LaS, C. MO spectra

LaSe, and LaTe, respectively. This sudden drop is character- ) ) )
istic for metallic rare-earth chalcogenides and is due to a After consideration of the band structure and optical prop-

plasma oscillation interfering with interband excitatihs. erties we turn to the magneto-optical spectra. In the polar

The energy of the conduction-electron plasma resonance @€ometry, where the axis is chosen to be perpendicular to

the presence of the interband excitations is given b);he solid sur_face, and parallel to the magnetization d|re_ct|on,

e1xx(@)=0. the expression for the Kerr angle can be obtained easily for
We should mention one important discrepancy betweesmall angles and is given By

the theory and the experiment. Namely, the edge in the op-

tical reflectivity spectra which is caused by the plasma oscil- Ok () +ieg(w)=—oyxy(w)/D(w), (1)

lations is deeper in the experimental spectra in comparison

with the theoretically calculated one for all the three com-Where

pounds. One of the possible reasons may be the influence of

the surface. To model the surface effects, we carried out [ A

band-structure calculations using a tetragonal supercell con- D(w)=0y(@) \/1+ T‘Txx(“’)v @

taining four unit cells of LaTe along direction in which

three LaTe layers are replaced by three layers of emptyith g, the Kerr rotation and: the so-called Kerr elliptic-

spheres. The optical reflectivity spectrum of LaTe calculatedy,, 0.5 (@,B=x,y,2) is the optical conductivity tensor,

for such a five layer slab separated by three layers of emptyhich is related to the dielectric tensey, ; through
sphereg[5/3 multilayered structuréMLS)] is in excellent

agreement with the experimental measureméfit. 3). We Ari

Iso carried out the band-structure calculations for a nine = !
a Eap(®)= Sopt —— 0 op(0). (3)
layer slab separated by three layers of empty spheXs w
MLS) which give results similar to those for 5/3 MLS.

Above 5 eV the theoretically calculated optical conduc- In Fig. 4 we show the experimentaby (o) and ex(w)

tivity and reflectivity spectra of lanthanide monochalco- MO Kerr spectra of LaS, as well as the spectra calculated
genides are larger in comparison with the experimental meawith the LSDA, the 4 states in the core and the LSDA with
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0:5 T — degregfor LaS in an external magnetic field of 60 T compared with
i experimental datéRef. 9. The real and the imaginary parts of the
00 NN function[ wD(w)]~* are also shown.
5 PV
5 ; . . .
8 057 % % o oxy(w) optical conductivity of LaS calculated in the LSDA
3 i i approximation with shifted # states show almost constant
I energy behavior below 3 eV. Figure 5 shows the theoretically
O 1. 2 3 4 50 1t 2 3 4 50 1 2 3 4 5 . s e
Energy (eV) Energy (eV) Energy (eV) calculated Kerr rotation and ellipticity of LaS and the fre-

quency dependence of real and imaginary parts of the func-
Exy (in 10s°?), Kerr rotation and Ker ellipticity spectrdn de- spectra. Obviously the shape of the Kerr spectra in LaS re-
greg for Las treating the # states as a core electrons, LSDA and g,15 mostly from the resonance structure of the function
LSDA with shifted 4 states compared with experimental data[wD(w)]fl below 3 eV. Although above this energy the
(circles (Ref. 9. shape of the Kerr spectra is determined by the interplay be-

tween optical interband transitions and the plasma resonance.
shifted 4f states. This picture clearly demonstrates that the A similar situation is observed in the case of LaSe. The
best description is given by the LSDA approach with shiftedbest description of the Kerr spectra of LaSe is given by the
4f states. N _ . LSDA approach with shifted # states(Fig. 6). The reso-

Due to the wrong position of thef4doands in conventional nance structure observed in the Kerr rotation spectrum is

LSDA calculations the off-diagonal part of the dielectric

function e, displays additional resonance structures at 1.0 LaSe

and 2.4 eV, which leads to a disagreement with the experi- I o1 pT— yraprem—

mental Kerr spectra. The most prominent discrepancy in theq,

LSDA Kerr rotation and ellipticity spectra is the negative f M / _J\ / I/E AL /
i . e B £t

peak at around 2 eV which is caused by the-54f inter-
band transitions. In the LSDA approach with shifted 4
states the transitions involving thé 4tates do not take place
at these photon energies any more, and the erroneous pe:
structure around 2 eV disappears from Kerr spectra. The cal

Kerr ellipticity (d\
o
- .:\‘é_
1 b
N
N
!
5
?
f
j

culations in which the f states are treated as quasicore areg’ 0 N—\"v\—'\/ ___\T\ e
also not able to reproduce the correct MO spectra of LaS. s i g-‘: -
The LSDA calculations with shifted f4states produce a & i i
single resonance minimum in the Kerr rotation spectrum ing 27 T
good agreement with the experimental measurements. Th* 5 | Y S S
theoretical analysis of separate contributions of both the nu- 0 1 2 3 4 50 1 2 3 4 50 1 2 3 4 5
Energy (eV) Energy (eV) Energy (eV)

merator, i.e.,o, () and the denominatoD (w) [Eq. (2)],
which factor together to give the Kerr angle shows that the FiG. 6. Calculated Kerr rotation and Kerr ellipticity spectia
shape of the Kerr ellipticity and Kerr rotation spectra in this degreg for LaSe in an external magnetic field of 60 T treating the
compound are almost completely determined by the shape @ff states as a core electrons, conventional LSDA and LSDA with
the function [wD(w)] ! Off-diagonal o1y(@) and  shifted 4 states compared with experimental déatiacles (Ref. 9.
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FIG. 8. The energy-band structure and total Di@Sstatesfunit
FIG. 7. Calculated Kerr rotation and Kerr ellipticity spectia  cell eV)] of LaTe calculated in a supercell for bulk and slab ap-
degreg for LaTe in an external magnetic field of 60 T compared proximations with one of the La atoms having &!4occupation
with experimental datécircles (Ref. 9. (see the explanation in the téxt

mostly determined by the resonance structure of the functiorself-magnetic” impurity mechanism. The ground state of
[wD(w)] 1. Although the high-energy part of the Kerr spec- lanthanum monochalcogenides have empfy states. The
tra is affected also by the optical interband transitions. light absorption in the optical measurements leads to excited
Figure 7 shows the experimentdly(w) and ex(w) MO states of the La atom, which may includd-54f interband
Kerr spectra of LaTe, as well as the spectra calculated in thelectron transitions. The exited electron if gtate may exist
LSDA approximation with shifted # states. Theory gives a quite along time on the same site depending on the degree of
much smaller resonance structure in the Kerr rotation spedhe localization of the # states in the compound. Such &4
trum and fails to produce a broader structure observed exconfiguration decays to the ground state most probably
perimentally at higher energies between 3 and 5 @tlis  through the Auger process emitting an addition electron from
feature is well recognized only in LaTe. Salghetti-Drioli valence band. Due to energy balance it might bedledec-
et al® suggested that the broad absorption developing belron. An additional hole ird valence band will not influence
tween 3 and 5 eV is due to interband transitions into emptyhe optical spectra due to its small lifetime.
Af states. In our band-structure calculations the center of To model the situation we carried out two supercell band-
gravity of empty 4 energy bands is shifted downwards by structure calculations using the LSBAJ approximation
0.4 eV going from LaSe to LaTéig. 2). So a similar broad With U¢¢;=6 eV. In the first calculations we used four unit
absorption in the Kerr rotation spectrum might be expecte@ells in which one of four La atoms has &'4configuration.
to be observed in LaSe starting at around 3.5 eV. Although he second calculations have been carried out for 5/3 MLS
there is a negative peak in the Kerr rotation spectrum ofvith a five layered slab separated by three layers of empty
LaSe it occurs near 4.7 elFig. 6) and has a much smaller spheres. For the surface Irst and fifth layers we used a
intensity in comparison with the corresponding structure indf* configuration and for the other three layers & 4on-
LaTe. figuration. The corresponding band structures and total DOS
There is another important discrepancy between thdor LaTe are presented in Fig. 8. We found a ferromagnetic
theory and the experiment. The MO measurements of lanthaelf-consistent solutions with the spin, orbital, and total
num monochalcogenidsvere performed in external mag- magnetic moments equal te-0.45%p, 1.28%p, and
netic fields up to 13.2 T. On the other hand, to achieve th®.83Qug, and —0.658ug, 1.815ug, and 1.15%g for the
same absolute value of the Kerr rotation in LaS and LaSe wéa site with a 4* configuration in the bulk and slab, respec-
used in our calculations an external magnetic field of 60 T. Irtively. One should note also that the empty Lk states of
other words, to achieve the same Zeeman splitting we neelthe surface layer are shifted towalgt at around 0.5 eV in
to use 5 times larger external magnetic field in comparisortomparison with the bulk calculations. The partly occupied
with the experimental conditions. The effective increase of4f! state is strongly hybridized with LadSstates and pinned
the magnetic field may be caused by some amount of mage the Fermi level in both the calculations. The reduction of
netic impurities. We can also imagine another, so calledhe number of neighbors of an atom located at the surface
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LaTe perimental conditions. Although our supercell band-structure
calculations still do not produce the broad absorption be-
tween 3 and 5 eV in the MOKE spectra of La(Fég. 7). The
situation might be similar to that for CeSh, where the record
Kerr rotation of 90° was observéd.Later on Salghetti-
Drioli et al®® prepared well-characterized single crystals of
CeSb, but could not reproduce the record Kerr rotation on a
new crystal. Instead only a peak ef17° was observed.
Salghetti-Drioliet al. suggest that the observed 90° Kerr ro-
tation might not be the intrinsic rotation of CeSb, but could
be caused by a surface oxide layer. Possibly a similar situa-
tion is also happening in the case of LaTe.

-4 +

Kerr ellipticity (deg.)

IV. SUMMARY

The LSDA calculations with shifted Laf4empty states
reasonably describe the shape and magnitude of the optical
and MO spectra in LaS in an external magnetic field and to a
less extent the MO spectra in LaSe. The theoretical analysis
of separate contributions of both the numerator, bg( )

—— and the denominatoB () of the Kerr rotation and elliptic-
o 1 2 3 4 5 ity spectra shows that their shape in La monochalcogenides
Energy (eV) are almost completely determined by the shape of the func-

FIG. 9. Kerr rotation and Kerr ellipticity specté@n degreg of ~ tion [wD(w) * below 3 eV. This conclusion just confirms

LaTe calculated in supercell approximation for bulk and slab apthe idea already drawn by Salghetti-Driadt al? that the
proximations with one of La atoms having d4occupation(see ~ Sharp Kerr effect in lanthanum monochalcogenides follows

the explanation in the text directly from the interplay between an optical interband tran-
sitions and the plasma resonance.

h The edge in the optical reflectivity spectra in La chalco-

enides are deeper and the corresponding Kerr rotation spec-

ra have narrower resonance structures in the experimental

spectra in comparison with the theoretically calculated ones.

One possible reason is the influence of surface effects.

. . To achieve the same absolute value of the Kerr rotation in
The existence of the occupied 4state leads to a strong X i
o ' LaS and LaSe we must use in our calculations an external
polarization of the system. Figure 9 presents the Kerr rota- oo L ;
. oo magnetic field five times larger than the experimental one.
tion and ellipticity spectra calculated for the super-cell bulk

. . . B - . 1
approximation and for the 5/3 MLS. It can be seen that SUC@SrlfSaéglgsrt];tgs vé\:ﬁisc%mc?;iiew:r? :f dojzfrizlcrgg;?zgtgnﬂ_; the
a “self-magnetic” impurity mechanism increases the abso- P

) . . system.
L:Jlj?kv;rlmgleb?/fc::i Eredr;rr%t? :LoangI]ci)trulc_jz'l;%rbt);];o;;gmes in the Theory fails to describe the broader structures in the MO

One should mention that the corresponding partly OCCU_spectra of LaTe between 3 and 5 eV. These structures might

. 1 . ; not be associated with the intrinsic rotation of LaTe, but
pied 4f* level appears only in constrained LSBAJ calcu- "
. . . . could be caused by some additional surface structures. To
lations in which the occupation of one of Ld& 4tates (n

— —5/2) was fixed to 1. If the orbital occupation numbers clarify the nature of these features a new series of MO ex-
were allowed to relax LéDA U calculations rpesulted A periments with special attention to the surface conditions are

configuration. Although the solution with partly occupied La highly desired.

4f state can be obtalned_ only in the constra!ned LSDA ACKNOWLEDGMENTS

calculations, the occupation number of the pinndd Kvel

after self-consistent procedure is closer to 1 for the surface This work was carried out at the Ames Laboratory, which

La atom in comparison with the bulk one. Therefore theis operated for the U.S. Department of Energy by lowa State

probability of the existing of the self-magnetic impurity University under Contract No. W-7405-82. This work was

mechanism is larger for a surface atoms. supported by the Director for Energy Research, Office of
This mechanism may explain why in our band-structureBasic Energy Sciences of the U.S. Department of Energy.

calculations we need to increase the value of the externdathe authors gratefully acknowledge a valuable discussion

magnetic field up to five times in comparison with the ex-with Professor Yu. N. Kucherenko.

Kerr rotation (deg.)

decreases its hybridization and, as a consequence, the widt
of this (possiblg surface state substantially decreases i
comparison with the bulk state. A half width of d¥4state is
equal to 0.04 and 0.10 eV for surface and bulk La atoms
respectively.
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