Calculated optical spectra of LaTiO O.V. Krasovska¹ ², V.N. Antonov², W. Schattke¹

[1] Institut für Theoretische Physik, Christian-Albrechts-Universität Kiel, Leibnizstr. 15, D-24118, Kiel

[2] Institute of Metal Physics National Academy of Sciences of Ukraine, Vernadskogo 36, 252680, Kiev-142. Ukraine

Optical properties of LaTiO

3 are explained in terms of direct interband transitions. The energy band structure of LaTiO

3 is calculated with the ab initio semi-relativistic extended linear augmented plane wave method

(ELAPW). The density-of-states function is compared with XPS and UPS experiments. Calculated optical spectra for a model cubic crystal yield a good agreement with measurements in a wide energy region.

Band structure calculation

Fig.1 shows the theoretical DOS function of LaTiO

3 in comparison with
the XPS measurements [10]. By dotted and dashed lines partial
d Ti and
d La DOS respectively are shown.   In Fig.2 the valence band DOS is
shown in comparison with the UPS experiment [11]. Our calculated DOS is
in reasonable agreement with XPS and UPS spectra.   In our calculation
valence band is of primaryly O 2
p character, and it has two structures:

the main peak at -6.4eV, in which the contributions from
d-Ti and
d-Laamount to 10% and 7% correspondently, and the lower energy peak at

-4.3eV of pure O 2
p character.

The energy distance between the O 2
s states and the top of the valence
band is approximately 20eV, the experimental result [10] being 22.5eV.

Two peaks in the XPS spectra at -20 and -18eV correspond to spin-orbit
splitted La 5
p states. In our calculation the band is located at 16.5eV
below the top of valence band. The same shifts to upper energies have
been observed in calculations of other perovskite oxides [15,16]. We
attribute the energy shifts to our neglect of the self-interaction
corrections.

Introduction

LaTiO

3 is a representative of the transition-metal perovskite oxides
with strongly correlated 3d shell. According to recent studies [1-3]

LaTiO3 is a Mott-Hubbard insulator.

In the present work we calculate the spectral properties of LaTiO

3 on the base of ground-state LDA eigenvalues. We employ the ELAPW
method [4], which ensures a high accuracy of one-electron eigenenergies
and wavefunctions over the wide energy interval from the O 2s states to

45eV above the top of valence band.

3 has P
bnm orthorhombic structure  which only slightly deviates
from cubic [5]. In the present calculation the ideal perovskite
structure is employed.  The absence of the insulating gap for LaTiO

3within LSDA and GGA is known to be stable to such deviations [6-9].

Optical spectra

The imaginary part of the dielectric function (DF) was calculated
within the self-consistent-field one-particle approach [17].  The
momentum matrix elements were computed as integrals over the unit cell
using the formalism described in [18].

In Fig.3 the conductivity spectrum of LaTiO

3 in the energy region up to

13eV is compared with experiment [3]. Both experimental and theoretical
spectra show a weak structure up to 4.5eV corresponding to
d ->
dtransitions at the Ti atom.  At photon energy 4.5eV the intensity in
both spectra steeply increases; thus the charge-transfer gap is
correctly reproduced in our calculation.

Band by band decomposed conductivity spectrum allows us to assign the
main features to specific excitations of the valence and semi-core
electrons. The locations of the structures in the conductivity spectrum
correspons to within 1eV to the locations of the structures in the
final-states DOS (see the lower panel of Fig.3). In all cases the
transitions originate from a relatively narrow high-energy part of the

O 2p band (between -5.3 and -4.3eV). The shoulder "A" at 5.5eV (see

Fig.3) in the theoretical curve corresponds to a discernible bulge in
the experimental spectra at 5.8eV. It arises from the transtions from
the O 2
p states to Ti 3
d states.  The main peak "B" at 7.7eV is due to
both O 2
p -> La 5
d and O 2
p -> Ti 3
d transitions. The uppermost
structure "C" between 9 and 10.2eV is formed by the transitions to La

5d.In Fig.4 the reflectivity spectrum of LaTiO

27eV is compared with the experiment of Ref.[2].  The three structures
at 5, 7, and 11eV are due to charge transfer excitations from O 2
p toTi 3
d and La 5
d free states.

The reflectivity edge at 15eV corresponds to a wide energy gap between
the La 5
p band and the valence band.

We assigne the main high-energy structure in the theoretical spectrum

(23eV) to the intra-atomic transitions between La 5
p and La 5
d.  The
same structure was observed in the experiment [12] at 26eV. This
disagreement reflects the error in the position of the La 5
p band.  The
error has been discussed in the previous section.  We have observed a
disagreement of the same sort for the Sr 4
p band in SrTiO

3 in [15].

Conclusions

The LDA approximation is capable of reproducing the spectral properties
of LaTiO

3 except for the energy region close to the insulating gap.

The disagreement of about 2.5eV in the energy location of the O 2
s and

La 5
p bands can supposedly be improved by introducing the self-
interaction corrections. The reflectivity and conductivity spectra are
in a good agreement with the experiment up to 17eV; at higher energies
the main peak is shifted by 3eV in the theoretical curve torward the
lower energies, which reflects the the error in the position of the La

5p band.

[1]  Onoda M, Kohno M 1998  J. Phys.: Condens. Matter 10, 1003

[2]  Fujishima Y et al 1991 Physica C 185-189, 1001

[3]  Arima T et al 1993  Phys. Rev. B 48, 17006

[4]  Krasovskii E E 1997  Phys. Rev. B 56, 12866 and references therein

[5]  MacLean D A et al 1979 J. Solid State Chem. 30, 35

[6]  Pari G et al 1995 Phys. Rev. B 51, 16575

[7]  Hamada N et al in  Spectroscopy of Mott Insulators and Correlated

     Metals (Springer-Verlag, Berlin 1995)

[8]  Solovyev I et al 1996 Phys. Rev.  B 53, 7158

[9]  Hamada N et al 1997  Physica B 237-238, 11

[10] Lam D J et al 1980  Phys. Rev. B 22, 5730

[11] Fujimori A et al, 1992  Phys. Rev. B 46, 9841

[12] Arima T, Tokura Y in Spectroscopy of Mott Insulators and Correlated

[13] Crandles D A et al 1994 Phys. Rev. B 49, 16207

[14] Okimoto Y et al 1995  Phys. Rev. B 51, 9581

[15] Krasovska O V et al 1996 Solid State Commun. 97, 1019

[16] Krasovskii E E et al 1997 J. Electron Spectrosc. 83, 121

[17] Ehrenreich H, Cohen M A 1959  Phys. Rev. B 115, 789

[18] Krasovskii E E et al 1990 Physics of Metals 8, 882

3

Fig. 1. Total density of states of LaTiO3 (solid line). The experimentally determined XPS spectrum (Ref.10) is shown by circles. The dotted line denotes the Ti d-projected DOS, and the dashed one corresponds to La d-projected DOS.

Fig. 4. Reflectivity spectra of LaTiO3. Left and right panels differ by the energy scale. The solid line shows the theoretical spectrum. The measured reflectivity spectrum [2] is shown as a dotted line.

Fig. 2. Comparison between theoretical (solid line) and measured ([11], circles) valence bands.

Fig. 3. Upper panel: the solid line shows calculated conductivity spectra, the dotted line presents experimental result [3]. Lower panel: the dotted line denotes the Ti d-projected DOS, and the dashed one corresponds to La d-projected DOS. For the notations "A", "B", "C" see text.

cd