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The thesis addresses a class of materials known as relaxor ferroelectrics which are characterised by a 

large dielectric relaxation, often found around room temperature. The relaxation is attributed to a 

diminished correlation length of lattice polarization as result of chemical disorder in the crystal. The 

reduced polarization correlation manifests itself as so-called polar nanoregions (PNRs), the dynamics 

and statics of which have been widely studied and modelled by various techniques and correlated with 

dielectric behaviour. Whilst the technological applications of the relaxation phenomenon itself are 

vanishingly small, the frequent occurrence of relaxor behaviour in materials developed for 

piezoelectric and capacitor applications advocates that understanding of the relaxor phenomenon is a 

worthwhile pursuit. Notwithstanding the past 60 years of study, there is still much that is not 

sufficiently well understood, inhibiting control over the phenomenon in technological materials 

development. Hence, in the contexts of both science and technology, the thesis addresses an important 

topic in materials physics. 

The thesis reports on two approaches to further our understanding of relaxors: one, experimental, 

employing neutron scattering to probe the statics and dynamics of PNRs, and the second, theoretical, 

in which a model ferroelectric system including disorder is modelled using a phase field methodology. 

Whilst the two approaches have a common feature, in that they both address systems with a uniaxial 

order parameter, they are to a large extent mutually exclusive and both make independent 

contributions to the body of relaxor research. 

The thesis comprises 5 chapters: the first is an introduction and review of the topic, the second details 

the experimental work, the third reports on the modelling work whilst the fourth and fifth provide a 

discussion and set of conclusions respectively. 

The first chapter provides a succinct description of the key common features of relaxor ferroelectrics, 

defining the behaviour with respect to temperature according to 4 states. The review is far from 

exhaustive, but the candidate has managed to distil the essence of relaxor behaviour and its putative 

origins, such that this section is characterised by a clarity that is lacking in many more extensive 

reviews. The context and motivation for the selected experimental approach benefits greatly from the 

unambiguity of the introduction. The chapter goes on to review the properties of the tungsten bronze 

structured SBN series of crystals, which is the subject of the neutron scattering studies. This section 

demonstrates, perhaps unwittingly, some of the difficulties in attempting to apply a generic set of 

definitions to all relaxor materials. There is perhaps a little confusion concerning the meaning of the 

term TC across the series of materials; hopefully this can be clarified in the oral examination. 

The experimental chapter comprises a detailed account of the theory and practice of neutron 

scattering, developing in a formal way the equations relating to the interaction of neutrons with the 

crystal structure and phonon spectra and how the components of scattering relate to ferroelectric 

phenomena. A description of the instrumentation and techniques is also provided before describing 

the main results and analysis on the SBN crystals. There are a number of interesting, original and 

useful results, perhaps the most satisfying of which is the observation of order parameter fluctuations 

which correlate with the polar fluctuation spectrum derived from dielectric data. This strongly 

corroborates the PNR models that have evolved to describe relaxors, but in a different material set to 

the ubiquitous canonical relaxors based on lead perovskites. 

The theoretical chapter presents the results of phase field calculations on a uniaxial ferroelectric with 

point defects at which it is assumed the order parameter is zero. At first sight it would seem that the 

model has little to do with SBN, as it is based on a set of Landau coefficients for barium titanate. 

However, the simplification of using zero-polarization point defects as a surrogate for the more 

complex forms of disorder found in real relaxors works well to demonstrate the emergence of relaxor 

like properties in a uniaxial system with domains. Perhaps the most important result of the model is 



that relaxor like behaviour emerges from a Cole-Cole relaxation with a broadening spectrum of 

relaxation frequencies. As pointed out in the summary chapter, compared to other models there is no 

predetermined distribution of physical parameters in the model that directly controls the relaxation 

time spectrum, other than the randomness of the point defect distribution. The discussion leaves the 

impression that the origin of the relaxation in the model appears to be due to domain wall 

displacement rather than the type of order parameter fluctuation prevalent in other models. This is 

also a topic for clarification in the oral examination. 

The remaining two chapters draw out and summarize the main findings and conclusions of both the 

experimental and modelling work. 

Overall the thesis creates a very positive impression. It is well written and is blessed with a certain 

clarity. It is free from flaws of logic and, as far as I can ascertain, devoid of gross misinterpretations. 

Both the experimental and modelling sections of the thesis report new, original work, which makes a 

valuable contribution to the body of work on relaxors. The interpretation of the neutron scattering 

work in particular, in which separation of the scattering components and their relation to the static and 

dynamic features of the structure reveals the candidate’s creative scientific ability. These results are of 

importance, not only because they bring greater clarity to our understanding of the origins of the 

relaxation, but also because they build confidence in a technique which may be used to investigate 

other relaxations in similar materials systems, for example the sub-freezing temperature relaxation in 

piezoelectric complex perovskites. 

Whilst I am happy that the thesis positively demonstrates the capabilities of the candidate to undertake 

original and worthwhile science, I felt that the thesis left many aspects of the work under-reported. As 

this is the first Czech thesis of which I have had experience, it is quite likely that what I see as 

omissions are simply due to differences between common local practice and that with which I am 

familiar in other parts of Europe. That is, the thesis seemed rather short compared to practice 

elsewhere. This is not due to a lack of original content, but rather the omission of supplemental 

information that may not have been the candidate’s own work, but is nonetheless important for him to 

have assimilated during the course of his studies. For example, I would expect to find in an equivalent 

thesis elsewhere additional content on how the SBN crystals were grown and characterised, or a 

detailed description of the phase field methodology and the programming environment, even though 

these were not the candidate’s own work. Correct references were provided, but the omission of their 

discussion from the thesis means that the candidate is deprived of the opportunity to demonstrate in 

the thesis his breadth of understanding of the topic on which he has worked. Of course, these broader 

aspects can be explored in the oral examination. It is noted that the examples of omissions I cite are 

contrary to the level of supplemental theoretical and experimental detail provided for the neutron 

scattering chapter. 

Finally, I confirm that I believe the thesis reports new and important results that will be influential to 

studies of other materials, as identified above and demonstrates the ability of the candidate to 

undertake creative scientific research. 
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