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Abstract. Ellipsometry and polar magneto-optical Kerr effect measurements were per- 
formed on F%.,TaS, in the photon energy region 0.6-5 eV. The complex dielectric tensor 
wascalculated from the measured data. Stronganisotropywas found in the diagonalelements 
of the dielectric tensor. Strong absorption bands at 1.6 and 3.8eV for light polarized 
perpendicular to the c-axis were attributed to transitions between Ta 5d bands. In the off- 
diagonal element of the dielectric tensor five transitions with diamagnetic line shapes were 
observed. These transitions are between Fe 3d andTa 5d states. The large magneto-optical 
contribution results from the large exchange splitting of the Fe 3d states combined with the 
large spin-orbit splitting of Ta 5d states. 

1. Introduction 

2H-TaS2 is a layer compound consisting of hexagonal close-packed layers of Ta and 
S .  In this way S-TaS sandwiches are formed in which Ta has a trigonal-prismatic 
coordination by S .  In the sandwiches the chemical bonding is predominantly covalent, 
while thesandwichesare bonded toeachotheronly byweak Vander Waals'interactions. 
This resultsin acompound with strongly anisotropicproperties. The electrical resistivity, 
for example, is low (metallic) in the layers, while the resistivity perpendicular to the 
layers is much larger. 

In the Van der Waals' gap between the sandwiches of 2H-TaS, a variety of atoms 
can be intercalated, including the 3d transition metals V, Cr, Mn, Fe, CO and Ni. The 
axis perpendicular to the layers (c-axis) is elongated as a result of the intercalation. 
The 3d atoms in the intercalated compound have a trigonally distorted octahedral 
coordination of S atoms. These 3d transition-metal intercalation compounds of TaSz 
have been studied extensively in the past (Parkin and Beal 1980, Parkin and Friend 
1980a, b). 

The magnetic moments in the 3d transition-metal intercalation compounds of TaSz 
order ferromagnetically or antiferromagnetically at temperatures below 3C-130 K, dep- 
ending on the 3d metal. All the 3d intercalation compounds of TaSz except the Fe 
compound have an easy axis of magnetization parallel to the layers. The exceptional 
behaviour of the Fe compound is caused by a non-zero angular momentum of the Fez* 
ions in the trigonally distorted octahedral coordination (Parkin and Friend 1980a). 
Because of the trigonal symmetry at the Fe site this momentum is directed perpendicular 

0953-8984/91/356913 + 11 $03.50 0 1991 IOP Publishing Ltd 6913 



6914 

to the layers. The spin angular momentum is coupled to the orbital angular momentum 
by spin-orbit interaction and is also directed perpendicular to the layers. This property 
makes the Fe intercalation compound interesting for a study of the polar magneto- 
optical Kerr effect. In the polar geometry of the magneto-optical Kerr effect the sample 
is magnetized perpendicular to the surface, while there is normal incidence of the light 
beam on the reflecting surface. 

The electronic structure of TaSz intercalation compounds is usually discussed in 
termsof the rigid-band model (Parkin and Beal1980). More recently the band structure 
of 2H-TaS2 and Fe,/;TaS* was calculated by Dijkstra er a1 (1989). These calculations 
show that important deviations from the rigid-band model occur. In both the host 
material 2H-TaS2 and the intercalated compound there is a Ta 5d,z near the Fermi level 
that is split-off from the other unoccupied Ta 5d bands at higher energies. For the host 
material 2H-TaS2 the Ta 5d9 band is half filled. During intercalation charge is trans- 
ferred from the 3d atom to the Ta5d,2 band, resulting in a shift of the Fermi level to 
higher energies. 

The Fe 3d bands are almost completely spin polarized. The Fe 3d bands for the 
majority spin electrons lie completely below the Fermi energy. In the density of states 
a crystal splitting of the Fe 3d bands arising from the trigonally distorted octahedral 
coordination of Fe is clearly observed. The Fe 3d bands for minority spin electrons lie 
almost completely above the Fermi level and also show the crystal-field splitting. There 
are a small number of spin-down electrons in this band. As a result the Fe atoms have 
an electronic configuration (3d)5,4, and a local magnetic moment of 3 . 6 ~ ~  per Fe atom. 
There is also a small spin polarization of the Ta 5d and S 3p electrons, contributing a 
magnetic moment of 0.75pB per  Fe atom (+O.lOpe on each Ta, +0.W5pB on each S). 

Measurements of the electrical transport properties of Fe,l3TaS2 were reported in 
the literature (Parkin and Friend 1980b, Dijkstra er nf 1989). The observed positive Hall 
effect is in agreement with the expected conductivity by holes in the Ta 5d,z band. The 
observed value of the Hall coefficient also confirms the charge transfer from Fe to Ta in 
the intercalated compound. 

In this paper we report on the optical and magneto-optical properties of FQ,,TaS2. 
Insection2some optical theoryis briefly reviewed. Insection 3 theexperimentalmethod 
is described and in section 4 the results of these experiments are presented. The results 
are discussed in section 5. 

2. Theory 

The propagation of light in a uniaxial (non-magnetic) crystal is described by a diagonal 
tensor with elements E= = E~ and E,, where z is the principal optical axis of the crystal. 
All the tensor elements are complex: E ~ ,  = E& - E;. 

For isotropic materials the three diagonal elements are all equal, and can be easily 
determined by ellipsometry (Auam andBashara 1987). For auniaxial crystal the tensor 
elements can also be determined by ellipsometry, but a more complicated procedure is 
needed to derive the tensor elements from the measurements (Castelijns eta1 1975). In 
this case measurements at two well chosen angles of incidence are needed to determine 
all the diagonal tensor elements. 

Once the complex dielectric constants E, and E,, are known, we can calculate the 
energy loss function 

J H Wijngaard et a1 

E,,, = En/(€'* + E"2). (1) 
For a comparison with the band structure calculations the function F = (hm)2d' is an 
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important quantity. If one assumes constant matrix elements for the optical transitions, 
the function Fis equal to the joint density of states (JDOS), which can be obtained from 
band structure calculations. The joint density of states is defined as 

JDOS = A 61&(k) - &(k) - hwldu(k) (2) 
i,f I 

where i and f denote initial (occupied) and final (unoccupied) electron states, k is the 
wavevector and A is a constant. 

When considering the optical absorption of light by solids we can distinguish con- 
tributions from intraband and interband transitions (Hummel 1971). The dielectric 
constant can be written as 

The intraband transitions (second term on right-hand side of equation (3)) are 
characterized by the plasma energy hw, and the relaxation time for scattering 5,  with 
w, = l/r. The contribution of the interband transitions can be described crudely by a 
sum of Lorentz-type terms (last term in equation (3)). The width at half maximum is 
2ri, the average oscillator strength of all transitionsof type jisf,. The number of electrons 
involved is N ,  and c0 is the vacuum dielectric constant. 

In a magnetic uniaxial crystal with the magnetization oriented parallel to the unique 
optical axis (z-axis), the non-diagonal elements E . ~  of the dielectric tensor determine the 
magneto-optical properties such as the magneto-optical Kerr effect (Freiser 1968). The 
value of E- is usually small compared with the values of the diagonal elements of E,  and 
can be neglected in the ellipsometry determination of the optical constants. 

The polar Kerrrotation, 6,, and theellipticity, E,, are related to the tensor elements 
by the relation 

6, + ie, = cXy/[&(1 -E=)] (4) 

(conventions for the sign of the parameters for left- and right-hand circularly polarized 
light are those according to Azzam and Bashara (1987)). The contribution of interband 
transitions to the magneto-optical effects is given by (Kahn et a1 1969): 

For a particular type of interband transition, k ,  the average transition energy is hwk, the 
parameter Tk is a measure of the range of energies over which the transitions of type k 
occur. The oscillator strength for left- and right-hand circularly polarized light are fi 
and fL, respectively. For one type of transition k ,  equation (5) leads to a so-called 
paramagnetic line shape for the real and imaginary parts of cXy (Kahn et a1 1969, 
Wittekoek et a/ 1975). If two transitions with slightly different frequencies occur, one 
for left-hand and one for right-hand circularly polarized light, the result is a so-called 
diamagnetic line shape (Kahn et a1 1969, Wittekoek eta1 1975). In this case the energy 
difference Afiw occurs in the equation for cq and the oscillator strengths of the two 
transitions for oppositely polarized light are taken to be equal. The magneto-optical 
transitions of type k will also contribute to the diagonal part of the dielectric tensor E,, 
the contribution being of the form indicated in equation (5), with f k  = &(fi; +a). 
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3. Experimental method 

FQ,,TaSz was synthesized by heating together appropriate amounts of the elements at 
850 "C for ten days. After repowdering the product was heated again for ten days. Single 
crystals were grown by iodine vapour transport in a temperature gradient from 950 to 
800OC for 15 days. The cell arameters were determined by means of X-ray powder 
diffrarlion to be a = 5.763 and c = 12.227 A. The diffraction pattern showed a 
d3 x d3 superstructure indicating ordering of the iron ions between the sandwiches. 
Thesample preparedin this wayhadacompositionFeO,%TaSz, asdeducedfromchemical 
analysis. The sample is ferromagnetic with a measured Curie temperature of 70 K and 
the magnetic moment of iron is directed perpendicular to the layers. The measured 
magnetic moment is 3 . 8 6 ~ ~  per Fe atom at 4.2 K (Dijkstra et al1989). The crystals as 
grown from the vapour transport are platelets of area 15 X 20 mm2 with a thickness of 
0.1 mm and have nice shiny faces suitable for optical reflectivity measurements. 

Ellipsometry measurements were carried out with the method and the equipment 
developed by Castelijns er a1 (1975), and later improved by Van der Heide et a1 (1984). 
The light scurce was a 150 W xenon lamp, and the monochromator had a resolution of 
5 nm in the region 0.5 to 5.0 eV. Glan-Thomson prisms or Glan prisms were used as 
polarizers and analysers depending on the photon energy range. The reflected light 
passed through an analyser and the resulting intensity of the light for different analyser 
settings was measured with a photomultiplier or PbS cell depending on the photon 
energyrange. The reproducibilityofthe polarizerand analysersettings is approximately 
0.03". At a given photon energy and for two polarizer settings at +45" and -45'with 
respect to the plane of incidence, the intensity after reflection was measured for eight 
analysersettings45"apart. From the 16measured intensitiesfour setsoftheellipsometry 
parameters tan 'I' and cos A could be calculated. The (real) ellipsometry parameters A 
and 1/, are defined in terms of the (complex) amplitude reflectivities r, and rp (for waves 
polarized perpendicular and parallel to the plane of incidence, respectively) by the 
relation rp/rs = eAtan q ~ .  The experimental procedure just described eliminates at least 
some of the systematic errors, and makes it possible to estimate the statistical errors of 
the measurements (van der Heide eta1 1984). Two different ellipsometry measurements 
of the reflection from a crystal face perpendicular to the c-axis were carried out at angles 
of incidence of 64" and 74" for each photon energy. 

The errors in the ellipsometry results are larger than is usually the case for measure- 
ments on well polished crystals of good quality. The reason is that the reflecting surfaces 
of these layered materials are natural surfaces that cannot be polished. These natural 
surfaces are nice and shiny, and reflect light well, but for the thin crystals these surfaces 
are not very Bat. This leads to variations of the angle of incidence, which can easily be a 
few degrees, and this is the main origin of the large errors in the data. The other errors 
in the ellipsometric measurements are much smaller (much less than lo). 

In addition we have also measured the reflection under near normal incidence in the 
photon energy range 1.5-5 eV with a simple set-up, using a photomultiplier. 

The magneto-optical Kerr effect was measured in the polar configuration. We used 
a polarization modulation technique similar to that described by Sato (1981). A 600 W 
xenon lamp is used as a light source. The monochromatized light is chopped and 
polarized. The polarization state of the light ismodulated with a frequency of 50 kHz by 
a photoelastic modulator. After reflection from the sample the light is detected by a 
photomultiplier (1.5-5 eV) or a Ge photodiode (0.75-1.5 eV). From the intensities of 
theDcsignalandthe~csignalswithfrequenciesof50 kHzand 100 kHz theKerrrotation 
and ellipticity can be calculated (Sato 1981, Feil1987). 
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The measurements were carried out in a cryostat. An unwanted effect of performing 
the measurements in the cryostat is the Faraday effect of the windows. Because of the 
very highcoercivity the Feo,BTaS2 single-crystal sample could not be saturated in a field 
of 5 T at 4.2 K. Therefore the measurements were carried out at 40 K and the sample 
was saturated in a field of 4 T .  The remanence was about 85% of the saturation mag- 
netization, which is high enough to allow measurements without an applied field, Thus 
eliminating the Faraday effect of the windows. 

4. Experimental results 

In figure 1 we show measurements at room temperature of the normal-incidence 
reflectivity of our sample FQ,28TaS2 (T,  = 70 K) and data reported by Parkin and Beal 
(1980) for a sample Feo.33TaSz (T, = 40 K). The difference between the two curves can 
at least in part be ascribed to the different compositions of the two samples. 

The output of the ellipsometry experiments are the values of cosh and tan2v for 
two angles of incidence q = 64" and q = 74" as a function of photon energy in the region 
0.65 eV. Values of and E,, were obtained by a fitting procedure of calculated curves 
of tan2y and $(1 - cos A) as a function of angle of incidence q to the values obtained 
by ellipsometry. The observed value of the normal incidence reflectivity (q = 0") was 
used as extra input in the fitting procedures. Some typical results are given in figure 2. 
The curves a and b clearly show that the values of tan2 t)~ and cosA depend strongly on 
the angle of incidence q ,  especially near the Brewster angle. 

We note that of the intensity reflectivities R, = Ir,lz and R, = /rp12 the values of R, at 
angles up to 50" and also the normal-incidence reflectivity are determined mainly by E=. 

In the region q = 60 to 8O0R,contains information about E ~ ~ .  From the R,and R,curves 
at different energies it is seen that in the low-energy region (below 1 eV) the R, curve is 
of the metallic type, whereas at higher energies the R, curve is of the metallic type and 
the R, curve is of the insulator type in the region q = 60-80'. At the pseudoprinciple 
angle R, is only a few percent. This anisotropy is most pronounced in cosh at 2.2 eV, 
where msA = -1 at q = 0" and cosh is still -1 at q = 60", once more reflecting the 
dual character of the material: electrically well conducting in the layers and almost 
insulating in the direction normal to the layers (Parkin and Friend 1980b). 

and E,,, respectively, as functions of photon 
energy. The errors of about 0.1 in E- and 0.05 in E,, (and somewhat larger errors in the 
infrared region near 1 eV) represent the spread in values deduced from measurements 
with different polarizer and analyser settings. The results for E= have been analysed in 
terms of a Drude-type contribution for the intraband transitions and two Lorentz-type 

Figures 3 and 4 show the values of 
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Flgure 2. Fits for the determioation of E" and sr, from ellipsometry data taken at 300 K: 
squares at 9 = 0; experimental values of normal-incidence reflectivity at 300 K; squares at 
q = 70", t a n ' ~  from ellipsometry; circles at 9 = 70". 1(1 - msA) from ellipsometry; full 
curves. fits to the experimental data. In addition: a, (1 - msA)/2; b. fan's; c, R.; d, R,. 
The size of the squares and circles is an estimation of the experimental erron. The photon 
energiesare0.65,1.7,2.2and4.5eV. 

2.5 ,  1 

Figure 3. The diagonal part. E" = E; - iEL, of 
thedielectrictensorat300K. Thepointsshowz,' 
from ellipsometry and reflectivity data. The full 
curves show e" calculated for a Drude.type wan- 
sition and two Lorentz-type mntributions 
(parameters in table 1). 

Figure4.Thediagonalpart~,, = E : ,  - ie: ofthe 
dielectric tensor; obtained from ellipsometry 
measurements at 300 K. 

contributions for the interband transitions, according to equation (3). The parameters 
are given in table 1. The calculated curve for E; as a function of photon energy shows a 
good fit to the experimental values (figure 3). The calculated values for EL are higher 
than the experimental values over the whole energy range. We find that is of the 
metallic type and E,, is of the insulator type. In figures 5 and 6, respectively. the energy 
loss function and the function F (which is proportional to mos) are shown. 

The Kerr rotation and ellipticity as a function of photon energy are given in figure 7. 
Rotationsup toO.6"and ellipticitiesup to0.9"are found. Anumber of peaks are observed 
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Table 1. Parameters used to fit the diagonal part E, at 3M) K of the optical data. The values 
offr are calculated assuming a value of one electron per formula unit and the free-electron 
massform. 

intraband: frw, = 2 eV. io, = 0.3 eV 
interband: f r w ~  (ev) firfi (ev) fk 

1.6 0.8 0.38 
3.8 1.9 0.17 

.J- i 
1.5 

Figure 5. The energy loss function E,,, at 300 K. 
Curve a for an electric field normal to the c-axis. 
curve b for an electric field parallel to the c-axis. 

Figure 6. The function Fat  300 K. Curve a for an 
electric field normal to the c-axis, curve b for an 
electric field parallel to the c-axis. 

1.0, i 

t i 

Figure I. The Kerr rotation angle T ? ~  and Kerr 
ellipticity angle sK at 40 K. 

Figure 8. The off-diagonal elements fXy = E:! - 
ish of the dielectric tensor at 40 K, as calculated 
from Kerr and ellipsometry data. 

in the spectra. For the interpretation in terms of magneto-optical transitions we need to 
consider the off-diagonal element eXy of the dielectric tensor and not the peaks in the 
rotation and ellipticity. The off-diagonal element is calculated from the ellipsometry 
and Ken data. The results are given in figure 8. We have made the assumption that E~~ 

will not vary too much with temperature so that the room temperature ellipsometry 
measurements and low-temperature Kerr measurements can be combined to calculate 
E.Y. 
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5. Discussion 

From the experimental curves in figures 5 and 6 and the E= and E,, data in figures 3 and 
4 wecan deduce information about the hand structure. The two Lorentz-type transitions 
at 1.6 and 3.8 eV provide a reasonable fit for the contribution of interband transitions. 
The transition at 3.8 eV has a much larger width than the transition at 1.6 eV. These two 
interband transitions can also be seen in the function F(figure 6). 

The dielectric constant in the low-frequency range describes the behaviour of the 
free carriers. The plasma energy hw, = 2 eV is related to the number of charge carriers 
and the effective mass. According to band structure calculations (Dijkstra er ai 1989) 
the electrical conductivity is carried mainly by holes in the partly occupied Ta d,z band; 
the concentration of these holes is N = 0.14 holes per formula unit Fe,,;TaS2 as deduced 
from Hall measurements (Dijkstra er al 1989). Substituting this value of N ,  we deduce 
from the value of Aw, = 2 eV a value of m = 0.8mo for the effective mass of the charge 
carriers (for the direction perpendicular to the c-axis). This is a reasonable value for the 
Ta dr2 band, which is rather broad. From the values of N ,  m and o,we calculate for the 
DC electrical conductivity (for electrical fields perpendicular to the c-axis) U, = 
Ne2/", a value U, = 1.8 X lo5 C2-I m-' at 300 K. This differs by a factor of 2.2 from 
the value u : ~  = 4 x 10' SL-' m-' at 300 K ,  obtained directly from resistivity measure- 
ments (Dijkstra eral1989). The difference between U, and & can be explained by the 
energydependence of the relaxation time r = l/ws. 

The reflection spectrum of Feo,28TaSz for E J. c in the region above 1.5 eV is similar 
to that of the host compound 2H-TaS2 (Parkin and Beal 1980). This indicates that the 
reflectivity in this region is dominated by transitions between energy bands derived 
mainly from Ta and S orbitals, with only minor contributions from Fe orbitals. 

Looking at the curve for the energy loss function for an electric field parallel to the 
c-axis, wefind atransition at 1.4 eVandprobablyweaktransitionsat 2.6eVand3.8eV. 
The absence of strong interband transitions in E,, can be understood by considering the 
selection rules for Ta d-d transitions. Electric dipole transitions between d levels are 
not allowed in a free atom, but in a crystal of TaS2 such transitions become possible 
because of strong hybridization of Ta 5d orbitals with orbitals of the ligand S atoms 
(Dijkstra et ai 1989). Ta in 2H-TaS2 and in Feo.28TaS2 has a trigonally prismatic coor- 
dination of S atoms. which leads to a crystal-field splitting of the Ta 5d levels in the a',  
e'and e"1evels with m, valuesofo, k2and k l .  respectively(Huismanetall971) (ml is 
the quantum number for the component of the orbital angular momentum along the c- 
axis). For an electric field perpendicular to the c-axis electric dipole transitions are only 
possible from the (partly) occupied a' level to the unoccupied e" level. For an electric 
field parallel to the c-axis no electric dipole transitions between the Ta 5d levels are 
possible. Therefore all strong electric dipole transitions between Ta 5d bands are 
expected in E, and not in E ~ ~ .  Indeed the interband transition at 3.8eV is quite pro- 
nounced in the JDOS. This transition is probably associated with transitions from Ta 5d 
(a', the 5d,2 band) to Ta 5d (e") levels. The calculated band structure indeed shows 
unoccupiedTa5dbandsbetween2and5eVabove theTa5dzZ bandwithmaximainthe 
density of states at 2 and 4 eV (Dijkstra et al1989). These maxima correspond approxi- 
mately to the energies of the Lorentz contributions at 1.6 eV and 3.8eV. This analysis 
indicates that the observed transitions in E- should be attributed mainly to transitions 
of electrons to the unoccupiedTa 5d bauds. 

The curves for the off-diagonal element E . ~  as a function of photon energy (figure 8) 
show several peaks. We have analysed these results in terms of Lorentz-like con- 
tributions as given in equation (5). It was possible to represent the experimental data 

I H Wijngaard et ai 
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Figure 9. Calculated spectrum of E ~ ~ .  obtained 
from five magneto-optical transitions with dia- 
magnetic line shapes (equation (5)). The par- 
ametersforthecontributionsaregivenin table2. 

Table2.Parametersusedtofit theoff-diagonalpart~~~at40 Koftheopticaldata.Thevalues 
offx are calculated assuming a value of one electron per formula unit and the free-electron 
mass form. 

1.02 0.25 -1.29 
1.68 0.25 0.55 
2.41 0.24 -3.87 
3.51 0.50 2.42 
4.09 0.28 -0.58 

quite well with five transitions all with a diamagnetic line shape, at energies fiwk of 1.02, 
1.68,2.41,3.51 and4.09eV(seefigure9). Onlyforthefirst transitionisthefit notvery 
good for e;. This indicates that this transition cannot be described by a diamagnetic line 
shape, but i s  actually of mixed character of paramagnetic and diamagnetic line shapes. 
The parameters of the fit to the experimental data are given in table 2. For a diamagnetic 
transition the assumption is made that the frequency difference between the transitions 
for left- and right-handed circularly polarized light is much smaller than the damping 
(Am r).Thewidthofthemagneto-optical transitionsisnotverylarge andtheeffective 
oscillator strength,fA(hw), is quite small. We remark that the energies of these tran- 
sitionsdo not correspond to the characteristicenergiesof the transitions used to describe 
E= This indicates that different optical transitions are responsible for the structures in 
E= and cXy. Apparently the strong electric dipole transitions seen in only have a 
small Kerr effect (small value of fAm), and the magneto-optical transitions seen in 
contribute little to 

For magneto-optical effects we need an exchange interaction and a spin-orbit coup- 
ling. For the Ta 5d levels a very large spin-orbit splitting is expected. According to the 
band structure calculation (Dijkstra et a1 1989) the Ta dz2 band in Feo,28TaS2 is close to 
the Fermi level, the other Ta 5d bands lie at energies 2-5 eV above the Fermi level. The 
exchange splitting in the Ta 5d bands is quite small, so that we do not expect a large Kerf 
effect from Ta d 4  transitions. 

Forthe Fe 3d bands the spin-orbit splittingis muchsmaller, but theexchangesplitting 
is quite large, about 3 eV (Dijkstra eta1 1989). The Fe 3d spin-up bands lie completely 
below the Fermi level while the spin-down band lie almost completely above the Fermi 
level. Because of the small spin-orbit splittingfor the Fe 3d bands, the energy difference 

(small f- + f+). 
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for transitions induced by left-hand and right-hand circularly polarized light will be 
small. 

In transitions between the Fe 3d and Ta5d states the combination of the large 
exchange splitting of the Fe 3d bands and the large spin-orbit coupling of the Ta 5d 
bands can lead to large magneto-optical effects. These transitions are not expected to 
have a large total oscillator strength f- +f+. and the contribution to will be small. 
However, the contribution to E+ can be quite large. 

The fact that we are dealing with diamagnetic transitions indicate that states with a 
small spin-orbit splitting are involved as initial (or final) states. As explained above 
these states must be the Fe 3d states. It seems unlikely that the final (or initial) state is 
also an Fe 3d state because the Fe d - d!ransitions are forbidden in first approximation 
and will be weak. We do not expect Fe 3 d - 9  Fe 3d intervalence charge transfer tran- 
sitions to be important because of the large Fe-Fe interatomicdistance. So the final (or 
initial) states have to be Ta 5d states or S 3p states. Because of the much larger density 
of states of Ta 5d than of S3p in the energy region of interest the contribution of the 
Ta 5d states is expected to be larger than the contribution of the S 3p sratcs. Thereforc 
we ascribe the strong magneto-optical effects in Feo,28TaSz to transitions from Fe 3d to 
Ta 5d states. 

In the band structure calculation reported for Fe,,,TaS, spin-orbit interactionswre 
not included. Therefore the calculated band structure cannot be used for a detailed 
interpretation of the strength of the magneto-optical effects. 

J H Wijngaard et a1 

6. Conclusions 

The dielectric tensor of Fe,,,TaS2 was determined by means of ellipsometry and polar 
Kcrr effect measurements. From the ellipsometry data it can be concluded that 
Fe,,,TaS2 hasstrongly anisotropic optical properties. For a polarization of the light with 
the electric field parallel to the layers, the optical properties are those of a metallic 
conductor. For apolarization perpendicular to the layers the optical properties are those 
of a semiconductor or insulator. This observation is in agreement with the anisotropy of 
the electrical conductivity. 

The analysis of the ellipsometric data shows the presence of strong, broad optical 
absorption bands at about 1.6 and 3.8eV in Feo,28TaS2. These bands are attributed to 
transitions between Ta 5d energy bands. The contribution of these transitions to the 
magneto-optical properties is small. 

The magneto-optical Kerr effect of Fe,,,,Ta, is quite large, and can be accounted for 
by five (diamagnetic) transitions between Fe 3d and Ta 5d states. The strong magneto- 
optical effects of these transitions are attributed to the combination of the large exchange 
splitting of the Fe 3d states and the large spin-orbit interaction of the Ta 5d states. 
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