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1 Introduction

1.1 Manganites and colossal magnetoresistance

Amongst the most intensively investigated materials in contemporary solid state physics
of strongly correlated electronic systems, the colossal magnetoresistant manganese oxides
probably need only take second place to the high temperature cuprate superconductors.
This large group of materials displays many interesting properties, most notably the
colossal magnetoresistant effect. This effect manifests itself as a huge change in conduc-
tivity under the application of a magnetic field.

It is worth mentioning that in principle this effect is related to the giant magne-
toresistance (GMR) displayed by special multilayer materials. In the GMR systems,
ferromagnetic layers, separated by a thin non-magnetic spacer (typically ≈ 1 nm thick)
can have an anti-parallel spin alignment with respect to each other. Application of a
small magnetic field can align the spins of the different layers ferromagnetically, causing
a considerably lower resistance (a decrease in the order of several tens of %) across the
layers. This effect has been exploited commercially in for instance hard disks, and the
discoverers, Peter Grünberg and Albert Fert, have recieved the Nobel Price in Physics
in 2007 for their discovery.

Despite the well earned interest for the GMR materials, the colossal magnetoresistant
(CMR) effect in the perovskite and related manganese oxides is even more dramatic than
the GMR effect: the change in resistivity can in some cases be orders of magnitude.
However, the nature of the colossal magnetoresistant effect is still poorly understood.
The effect has its roots in the electronic structure of the manganites or, more specifically,
the connection of the electronic structure to the lattice degrees of freedom, such as
phonons or coupled versions thereof such as polarons. As angle resolved photoemission
is capable of directly probing the electronic structure of a compound, including the
electron-electron and electron-phonon interactions, this technique would seem an ideal
tool to investigate the origin of the colossal magnetoresistant effect.

This is what we set out to do during the PhD trajectory described in this thesis: to
get a thorough description of the electronic structure of the manganites, in order to gain
insight in the mechanism behind the CMR effect. During the experimental work con-
ducted by our group in the past years, several other photoemission groups shared their
world view on the CMR effect and the manganites through the literature. These world
views did not all point in the same direction and are in some cases even contradicting
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each other. In this thesis we give, amongst others, our view on the electronic structure
of the manganites and we try to reconcile the results obtained from photoemission with
those from other electronic structure probes such as transport, optical conductivity and
scanning tunneling spectroscopy.

During our work on the manganites, a small revolution occurred in the field of the
high temperature superconductors. A completely new family of superconductors was
discovered, the iron pnictides. As our work on the manganites was already very much
leading us to the ‘story’ that finds its first full publication in this thesis, we decided to
shift the focus of the later period of the PhD trajectory to the quickly developing field
of the iron pnictides. These materials are briefly introduced in the coming section.

1.2 Pnictides and high temperature superconduc-

tivity

One of the holy grails of contemporary condensed matter physics is the unraveling of
the the mechanism behind unconventional and (more specifically) high temperature
superconductivity. Finding a way to engineer materials that are superconducting at
room temperature would surely lead to a revolutionary change in technology of great
relevance to the current debate as regards energy efficiency and sustainability.

No wonder that ever since their discovery in 1986, the high temperature supercon-
ducting cuprates (with a record Tc above 135 K) have been in the spotlight of physical
research. Yet, despite an unprecedented body of experimental and theoretical work, the
mechanism behind high temperature superconductivity remains to date elusive.

In the beginning of 2008, very unexpectedly, superconductivity at temperatures in the
range of 55 K was found in a compound based on iron. Transition temperatures that high
were previously only known from copper oxides. Even more so, iron is usually associated
with ferromagnetic ordering, that is all but mutually exclusive with superconductivity.1

It appeared that the particular compound, Sm(O1−xFx)FeAs, is a member of an entire
family of compounds, called iron pnictides, that all show superconductivity.

In light of the enormous research effort on unconventional superconductivity since
the mid-eighties of the last century, the discovery of high temperature superconductivity
for an entirely new class of materials, 2 is a truly remarkable fact.

Our research group, up to that point mainly focused on cuprates and manganites,
recognized that this was a rare chance to enter into a young and very dynamic research
field. This is the reason that this thesis has somewhat of a dual character. The man-
ganites were intended to be the main and sole topic of the research related in this PhD
thesis. However, neither the PhD sponsor, nor the PhD student could resist the tempta-
tion to dive into the pnictide field. Thus, although the manganites are not really closely

1Some material show unconventional superconductivity coexisting with ferromagnetism, but they
have transition temperature that are typically (far) below 1 K.

2Ironically enough, the transition metal pnictide compounds as a class of materials are not per se
new, but no-one had thought to investigate possible superconductivity in the ‘right’ representatives of
these systems.
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connected to the pnictides (their physical properties are very different: the physics of
the former is rooted in strongly correlated electrons and localized lattice dynamics, while
the physics of the pnictides seems to be governed by itinerant magnetism), the chance
to work in the newly developing field of the pnictides and the excitement and sense of
urgency associated with it was just too good to let it pass. Therefore, a major part of
the experimental work discussed in this thesis is on the iron pnictides.

As the pnictide high Tc superconductors form such a young research field, many of
the fundamental issues concerning their electronic structure and the mechanism under-
lying the superconductivity in these systems are not settled. Even seemingly ‘simple’
questions such as the local iron moment in the anti-ferromagnetic phase and the value
of the Hubbard U are still not clear. Only time will show whether the discovery of this
family of compounds will help us to understand the mechanism behind unconventional
superconductivity, or if it will just lead to more open issues concerning the nature of
this extraordinary physical phenomenon.

1.3 This thesis

This thesis is organized in the following way: in Chapter 2 the experimental methods and
theoretical background are treated. We begin with an introduction into the crystal struc-
ture and the physical properties of the colossal magnetoresistant (CMR) manganites, in
particualar La(2−2x)Sr(1+2x)Mn2O7, and the iron pnictide high temperature superconduc-
tors, in particular MFe2As2 (M is Ba and Eu). Due to limitations in space, and the fact
that two completely different systems are to be discussed, we have chosen to give only
a brief overview of the physical properties and focus more on the subjects that are of
relevance to the four experimental chapters, rather than giving an in depth overview of
the entire fields of colossal magnetoresistance and high temperature superconductivity
(although one can wonder whether it is even possible to give a full overview of either of
the two fields without at least tripling the number of pages contained in this thesis).

After the systems of interest are introduced, the main experimental techniques will be
discussed: angle resolved (vacuum ultra-violet) photoemission (ARPES) and hard x-ray
core level photoemission spectroscopy (HaXPES). After a short theoretical treatment
of these techniques, some of the more practical aspects of photoemission spectroscopy
will be treated. As the work described in this thesis has (almost) without exception
been conducted at large-scale, international synchrotron facilities, the basic physics of
synchrotron photon sources gets a brief mention, followed by an overview of two repre-
sentative beamlines that were the most often used in the line of the research reported
here. Lastly, an overview of the experimental details per chapter is given for the readers
interested in the reproduction of the experiments described here.

Chapter 3 is the first experimental chapter, dealing with ARPES measurements on
the bilayered CMR manganite La1.28Sr1.72Mn3O7 (LSMO). Previously, somewhat con-
tradictory studies had appeared in the literature (see Chapter 1.1.4), showing different
Fermi surfaces for very similar doping levels of LSMO. Sharply peaked features [quasi
particle (QP) peaks] were reported at the Fermi level, but different groups had observed
them in different regions of k-space. We show that these QP peaks form a closed Fermi
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surface and thus that a psuedo gap-less Fermi surface can be observed for this particular
manganite. Additionally, we show that the temperature dependent behavior of the QP
peaks is rather anomalous.

Having published these results in Ref. [1], and continuing APRES measurements
on other doping levels of the same manganite, we noticed that the spread in results
obtained from different cleaves of a single doping level was larger then the difference
between various doping levels. Also, the behavior of the QP peaks did not seem to
correspond to many bulk physical properties of bilayered LSMO. We have therefore
conducted a detailed HaXPES study on this compound, described in Chapter 4. From
this study we can infer that: (i) the surface and bulk of bilayered LSMO are similar in
terms of doping and charge transfer (at temperatures far below or far above TC), (ii) the
electronic signature of the cleavage surfaces of the studied doping levels is in line with
their nominal doping, and (iii) electronic phase separation does not occur far above or
below TC . These results have been published in Ref. [2].

The last conclusion is an important one, in the sense that it disqualifies the anoma-
lous temperature behavior of the QP peaks as resulting from intrinsic electronic phase
separation, as was suggested in prior reports. Based on these observations, we give a
compelling explanation in the final section of Chapter 4 for the observed anomalous
behavior of the QP peaks. We interpret them as a minority phase resulting from the
(inevitable) presence of stacking faults in the multilayer quasi-perovskite LSMO crystal
structure. Thus the QP peaked data are not representative of the physical properties of
bilayered LSMO. This implies that the real spectral signature of bilayered LSMO is that
of a psuedo-gapped ‘bad metal’ without a real Fermi surface. This conclusion is in line
with the observations made by many earlier optical spectroscopy and transport studies,
and (ironically enough) with early ARPES work on bilayered LSMO.

From the end of 2008 onwards, our research shifted focus, so as to cover the newly dis-
covered iron pnictide high temperature superconductors. In Chapter 5, angle integrated
valence band photoemission results obtained from some of our first BaFe2As2 (Ba122)
single crystals are presented. We show experimentally that the near Fermi level (EF )
electronic states are (almost) exclusively of Fe 3d character and thus that the Fe 3d and
As 4p valence band states are barely hybridized close to the Fermi level. Additionally,
we show, using HaXPES measurements, that the surface and bulk electronic structure
of Ba122 are, at most, only slightly different. This is due to the formation of a partially
ordered, residual, half-closed Ba layer on top of the top-most, fully closed As layer upon
cleavage. However, we predict that the influence of the surface is mainly restricted to the
first As and Ba layers at the crystal surface and will not much influence the electronic
structure as probed by for instance angle resolved photoemission or scanning tunneling
experiments involving the near EF electronic states. These results have been published
in Ref. [3].

The final chapter (Chapter 6) of this thesis deals with angle resolved photoemission
measurments on Eu122 in the low temperature orthorhombic and anti-ferromagnetically
(AFM) ordered phase. The nature of the AFM ordering for these compounds is still
under debate. Moreover, ARPES studies clearly demonstrating the AFM band struc-
ture are mostly incomplete. By making use of variable light polarization and different
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photon energies, we show, with unprecedented clarity, that the large Fermi surfaces of
the pnictide parent compounds observed in the tetragonal phase, break up into small
droplet-like Fermi surfaces in the AFM phase.




