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Summary of the Thesis: 

The Thesis by I. Rafalovskyi (the Author, henceforth) is centred on the study of domain structures, 

local symmetries and order/disorder on several lead-based relaxor compositions that are relevant for 

applications in the field of piezoelectric sensors/actuators, transducers, and transformers. The study 

is rather a fundamental one and hence is carried out on single crystals and thin films especially 

produced for the sake of the investigation. As preferred characterization method, the Author employs 

Raman spectroscopy, due to its capability to reveal the local structure of materials, but reports also 

results obtained by other techniques (in particular: dielectric permittivity measurements), in order to 

link the local structure of the material with its macroscopic properties. The materials investigated in 

this Thesis are: PMN-32PT, PFN-38PT, PSN, PbTiO3 on DyScO3 substrate, PMN-PT on SrTiO3 substrate, 

and PIN-PMN-PT.  

First of all (Chapter 2), the Author presents the theory of Raman scattering from the classical 

viewpoint of second-order susceptibilities, which is the basis for the Raman tensor formalism. Then, 

the normal mode determination is presented with very much detail, starting from group theory 

considerations, symmetry operations and further discussing reducible/irreducible representations 

and character tables. Practical examples of normal mode determination in tetragonal PbTiO3 and in 

rhombohedral BaTiO3 are also presented, and these are indeed very useful to wrap up the previous 

theoretical part and provide the reader with a real-life application. Following, the Author discusses 

briefly the Principal Component Analysis (which is used in one case study in the Thesis).  

Chapter 3 is dedicated to a comprehensive literature review on Pb-based relaxors, with focus on the 

systems of study in the present Thesis. Basic concepts are presented in a clear and easy-to-follow 

manner for all investigated systems, but regrettably only the PSN material – despite being one of the 

most interesting ones in this Thesis - is not explained in detail in a dedicated section. Nevertheless, 

the Author here presented the literature well, and in particular he outlined in detail the state-of-the-

art of the Raman studies on Pb-based relaxors. In Chapter 4 the experimental setup used in the Thesis 

is described, including non-standard configurations that were necessary for the present study. 

Chapter 5 presents the results of the Thesis and the related discussion. The main results can be 

summarised as follows: 

 In PMN-PT single crystals, using the zero field heating after field cooling procedure, it was 

possible to distinguish the coexistence of lamellar domains of rhombohedral and tetragonal 

symmetry. Distinction between the two phases was possible using polarised Raman 

experiments with the aid of a rotation table. In addition, the Author confirmed by applying 

increasing electric field strengths to a PMN-PT sample that a tetragonal phase can be induced 

out of the rhombohedral one under the effect of the electric field. 



 In PFN-PT, the Author confirmed (using polarised Raman spectroscopy with various scattering 

configurations) that the material with 38% PT content possesses a tetragonal ferroelectric 

phase. 

 In PSN, single crystals possess ferroelectric phase, whereas thin films display relaxor behaviour, 

as evident from the absence of angular dependence of Raman intensity. This striking and very 

interesting result is related to the effect of strain at the interface between thin film and 

substrate, likely affecting the tetragonal distortion of the PSN unit cell. 

 The effect of strain at the substrate-film interface in thin films is also at the basis of the 

multidomain state in PT on DyScO3 and the tetragonal distortion in the PMN-PT on SrTiO3. 

 In PIN-PMN-PT, photo-induced defects can be generated by illuminating the sample surface 

in correspondence of the rhombohedral-tetragonal transition temperature. This property 

could be important for future applications.  

The Author concludes the Thesis with a summarising discussion in which it is demonstrated how 

polarised Raman spectroscopy can help distinguishing between crystal symmetries using the 

depolarisation ratio. 

 

Comments on the Thesis: 

All in all, the Thesis by I. Rafalovskyi is a very nice and comprehensive piece of work. The goal of the 

Author is to demonstrate how Raman spectroscopy can be useful for the study of Pb-based relaxors, 

and in my opinion he brilliantly succeeded in this endeavour. In fact, the aforementioned results are 

cutting-edge, and very useful to understand the local structure of such materials and in particular the 

interplay of temperature, electric field and strain, as demonstrated in particular by the studies on 

PMN-32PT and PSN. The fact that high-level results were produced by this Thesis is demonstrated by 

the five excellent papers that were published by the Author on prominent peer-reviewed journals 

during the course of his Thesis. In particular, I think that the use of polarised Raman spectroscopy to 

study the local symmetry of crystals is an extremely useful and precise method, which rivals other 

more established methods such as Rietveld refinement of synchrotron XRD data. Compared to the 

latter method, Raman has an enormous advantage: it is a quick measurement that can be performed 

on a table-top instrument. Hence, I am very happy that the Author clearly demonstrated the potential 

of the polarised Raman method in his Thesis.  

The experimental work has been very well conducted by the Author, and he demonstrates a very 

good capability to analyse, present, discuss and summarise his results. Furthermore, the literature 

review on relaxors and the theoretical part about Raman are of top quality. The Author demonstrated 

also to be very active and successful in finding suitable samples for his analysis. The amount of work 

he performed and presented in his Thesis, not mentioning the number of publications stemmed out 

of it, is perfectly in line with the requirements of a PhD thesis. 

For his Defence, I recommend the Author to compare together all results obtained with polarised 

Raman spectroscopy on the various investigated samples (similar to Figure 5.37) and use this 

comparison as starting point for discussion, highlighting the similarities and differences between the 

different systems and also providing sketches of what the crystal structure could look like (on the 

mesoscale – a few unit cells) in all the investigated systems. Furthermore, I have a couple of questions 

for the Author, to be answered during the Defence: 



 In polarised Raman measurement with automatic rotation table, how did you ensure that 

always the same point was measured during rotation? 

 In PMN-PT, did you simulate the angular dependence according to differently oriented 

domain variants in both rhombohedral and tetragonal phases, and did you take in 

consideration also the presence of monoclinic phase? You could fit the angular dependence 

using the well-known equation: I=(eiRes)2, where ei and es are the polarisation vectors of 

incident and scattered light, respectively, and R is the Raman tensor transformed according 

to the Euler angles. Fitting of data collected (across the whole rotation) in the dark and light 

areas in PMN-PT could be performed assuming either R for rhombohedral, tetragonal and 

monoclinic phases with the same starting angle between domain and laser polarisation in both 

dark and light areas, or assuming only rhombohedral phase but with different starting angles 

in the two areas. This procedure should allow to determine unambiguously if there is indeed 

a different phase or just a different domain orientation. 

 In the PSN film, does the fact that the peak at 810 cm-1 (related to the B-site occupation) 

presents no angular dependence and that the peaks < 400 cm—1 (related to A-site, external 

lattice vibrations) show angular dependence suggest that the Pb-sublattice is ordered and the 

B-sublattice disordered (and hence induces relaxor behaviour)? 

 Do you see an advantage in using atomistic modelling to study the behaviour of the 810 cm-1 

peak in all investigated systems in order to understand what is the structural reason (e.g. the 

presence of disorder) behind the behaviour of this peak? 

 Is my understanding correct? In PMN-PT, even if the material obtains macroscopic tetragonal 

symmetry from poling, the rhombohedral symmetry due to the parent phase prior to poling 

is always responsible for the angular dependence of the Raman spectra. 
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