Density functional calculation of Raman intensity at high
pressure In rutile phase of TiO, crystal

Davor Kirin and Igor Lukacevi¢
Ruder Boskovi¢ Institute, Zagreb, Croatia O

Department of Physics, University J.J. Strossmayer, Osijek, Croatia
S. K. Gupta and P. K. Jha

Department of Physics, University of Bhavnagar, Bhavnagar, India

Introduction

Intensity of Raman lines are important part of the information
contained in the vibrational spectra of crystals. Due to the changes in
the crystal structure as a response to external perturbation (pressure,
temperature) the frequencies, as well as intensities of the Raman
active modes change under external influence. The intensity of the
Raman lines is important information about the properties of studied
system, but is usually not used very much.

The Raman study of a oriented single crystal gives information about
the components of Raman tensor for various Raman active modes.
We calculate intensities of Raman modes of tetragonal rutile
structure, space group P4,/mnm (Fig 1.) of TiO, crystal for different

pressures. The ABINIT density functional program package [1] is
used for the calculation of vibrational frequencies and Raman tensor
components. The values given by calculations are in a fair agreement
with the observed positions of phonons as a function of pressure. The
possibility to use Raman intensities as additional tool in the study of
phase transitions is discussed.

Method

Ab initio lattice dynamics calculations and calculation of higher
order derivatives of energy were performed using the ABINIT
program package [1], which is based on density functional

perturbation theory (DFPT), use of pseudo potentials (PP) and

plane waves [1]. Using the DFPT method it is possible to
calculate phonons, elastic constants, Raman scattering
efficiencies tensors, piezoelectric constants etc. The Raman
scattering efficiencies tensors is calculated within DFPT as
third derivative of energy twice with respect to electric field and
once with respect to atom displacement [2].

Results
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XX -2.89 0.067 -2.77 0.057

yy - 2.89 -0.067 -2.77 -0.057

77 1.59 1.7

Xy 0.16 0.14

X7 0.91 0.18

VZ 1.2 1.5
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We have calculated Raman tensor of different modes of rutile structure of
Ti0O, crystal using DFPT method [2].

The rutile structure of TiO, has four Raman active modes [3] with the
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Discusion

The present calculation shows that components of Raman
tensors changes only slightly with pressures. The only
exceptions are the Raman tensor components of the E,

mode. The table 1. shows the phonon frequencies at pressure
of 0 and 5 GPa as well as components of Raman tensor.
The calculated values show that the Raman tensor
components for three modes (A, B, and B,,) do not change

very much between zero and 5 GPa (Table 1.). The xy
component of the Raman efticiency tensor for E, modes

changes substantially under the influence of pressure
(Table 1.). The present calculations confirm the fact that
intensities of some Raman lines are very sensitive to
pressure. On the other hand, the strong change of observed
Raman intensities is not necessary the indication of the
phase transition, as it is often stated in the literature.
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