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Chapter 1

Introduction

Transition metal oxides are oxides containing transition metals elements located in the
middle of the periodic table (V, Cu, etc.). Some of them have been used since antiquity as
pigments, because they often present strong optical absorptions in the visible part of the
spectrum, which lead to color. Additionally, they are rich in a variety of other physical
properties. They can be semiconductors (Cu2O), large gap insulators (V2O5), and even
superconductors (the high temperature superconducting cuprates and β−Na0.33V2O5 be-
come superconducting under high pressure). Many properties of the transition metal ox-
ides can be easily fine-tuned for instance through their chemical composition. Another
property of many transition metal oxides is their low dimensionality. Though structurally
three dimensional, some of the important physical properties may be considered as aris-
ing from electrons or spins interacting interacting in one or two dimensions only. One
example of such a compound, addressed in this thesis, is β−Na0.33V2O5 showing a quasi-
one-dimensional nature of its charge transport. In most transition metal oxides, the metal
atoms have a radial extent of the valence d orbitals, which is comparable with the inter-
atomic distances, though still small enough so that two valence electrons occupying the
same site experience a strong Coulomb interaction. Therefore the motion of the elec-
trons is usually strongly influenced by the presence of other electrons, i.e. the electronic
properties have a correlated nature. Not only the transition metal oxides show interesting
physical properties, but also many of the rare-earth oxides do so. In the magnetic semi-
conductor EuO considered in this thesis, the conducting properties and the magnetism,
though intimately related, are caused by different groups of electrons. The magnetism
comes from the strongly localized half-filled Eu f shells, while the itinerant electrons
originate from the rather broad s or d shells. If both localized and itinerant carriers co-
exist in the material, the exchange between these two well defined electronic subsystems

9
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may lead to striking physical properties. The mutual influence of the two electronic
subsystems leads, on the one hand, to a remarkable spin, temperature and carrier concen-
tration dependence of the quasiparticle band-structure of the itinerant electrons, and, on
the other hand, to an indirect coupling of the localized f spins.

Many metal oxides undergo a rich range of phase transitions at low temperatures.
For example β−Na0.33V2O5 undergoes not less than three phase transitions (a sodium
ordering transition at 240 K, a metal to insulator transition around 136 K and a mag-
netic ordering transition at 24 K), while EuO film only undergoes one (magnetic) phase
transition around 69 K. Many other examples of interesting physical properties of metal
oxides could be mentioned here. However, we will focus in this thesis on the following
three compounds: sodium vanadium pentoxide β−Na0.33V2O5 (Chapter 2), copper oxide
Cu2O (Chapter 4), and nearly stoichiometric EuO (Chapter 5).

The main goal of our work is to study phase transitions and low energy excitations in
d and f electronic systems. We are optically (or electrically) inducing most of the studied
low energy excitations and phase transitions, but some of them can take place without
optical excitation (being temperature induced for example).

In order to conduct these studies we have used three experimental methods: non-
linear transport experiments, terahertz time-domain spectroscopy (THz TDS), and pump-
probe spectroscopies (one or two color pump-probe and optical-pump terahetz-probe).
While the first one allows us to study the induced transport dynamics (including metal-
insulator transitions), i.e. the DC conductivity, the terahertz time-domain spectroscopy
technique provides a good insight into the low energy optical conductivity and its dy-
namics. The pump-probe techniques first induce an optical excitation of the system, after
which one can closely monitor the time evolution of the optically induced changes in the
material under study. An important part of the work was dedicated to design, construct
and characterize a terahertz time-domain spectrometer, with the possibility to perform
optical-pump terahertz-probe spectroscopy. This spectrometer is based on THz radiation
generation by optical rectification of strong laser pulses in nonlinear crystals and THz
detection using free space electrooptic sampling.

In the course of this thesis, a number of different transition metal oxides have been
studied using this mixture of experimental techniques in a systematic approach to study
low energy excitations and (induced) phase transitions:

Chapter 2 is dedicated to the non-linear transport in the quasi-one-dimensional charge
ordering compound sodium vanadate β−Na0.33V2O5. We discuss here the results of a
detailed study of the field and temperature dependent conductivity. Because the standard
transport models fail to describe the observed transport properties, we propose a new
transport model, which is found to be in good agreement with the experiments, and might
also be applicable to other (semi-conducting) charge ordering and/or charge density wave
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materials.
Chapter 3 starts with presenting the basic physical, electrodynamics and optical prin-

ciples which are employed in the design, construction and operation of a terahertz time-
domain spectrometer. Further, the construction and detailed characterization of the tera-
hertz spectrometer as well as the optical-pump terahertz-probe spectrometer is compre-
hensively explained. Finally, a complete methodology used to extract material properties
out of the measured terahertz pulses is presented.

In chapter 4 we employ the experimental set-up described in chapter 3 in an op-
tical investigation (including two color pump-probe and optical-pump terahertz-probe
experiments) of the semiconductor Cu2O. The study reveals surprising induced optical
properties of this compound, which hitherto are not very well understood. The possible
origin of these induced excitations are discussed in some detail.

Another optical-pump terahertz-probe investigation is presented in chapter 5. Here,
we are investigating the stoichiometry and possible metal-insulator transition of an EuO
thin film deposited on a MgO substrate. A second phase of the experiments is oriented
towards optically inducing a semiconductor to metal transition in the film at low temper-
atures.
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