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Report on the dissertation entitled “Crystallographic and electronic properties of rare-earth A;B,0;
oxides under extreme conditions” by Daniel Stasko, submitted to Charles University for the degree of
Doctor in Science.

The dissertation of Daniel Stasko includes 104 pages, is written in English and is divided in 6 chapters. A
large part of the thesis includes already published material from pre-reviewed articles, among them are 4
articles first authored and one co-authored by Daniel Stako. The thesis is focused on the characterization
of the structural, electronic and magnetic properties of iridium based heavy rare-earth compounds A;Ir;0;
with A = Dy, Ho, Er, Tm, Yb, Lu and their variation with temperature and pressure. Other three works
authored and co-authered by D. Stasko were not included in the present manuscript for consistency
reasons, as those are focused on zirconium based A,B,07 oxides.

A2B,07 oxides, with A being a rear-earth element, and B being a 4d or 5d transition metal, exhibit particular
structural, electronic and magnetic properties, such as a metal to insulator transition (MIT),
antiferromagnetic ordering, domain wall ferromagnetism and geometric frustration phenomena. These
properties are not only interesting for applications in our modern high-tech industry but provide a rich
playground to deepen our fundamental understanding of the relationships between materials’ property,
atomic structure and chemistry. Hence, the systematic study of this relationship in these oxides is very
relevant for different fields of research.

In this dissertation, D. StaSko addresses this problem by determining systematically the structural,
electronic and magnetic properties of A,B,0; oxides, with B= Iridium and A equals to a heavy rare-earth
element. D. Stadko uses a rich variety of state-of-the-art experimental techniques to provide a complete
picture of their structure and physical properties: Synthesis of high quality CsCI-flux-grown polycrystalline
samples and PbF,-flux-grown single-crystals with A = Pr, Sm, Dy, Ho, Er, Tm, Yb, and Lu. Ambient pressure
and temperature characterization of samples using a range of electron microscopy and X-ray diffraction
(XRD) methods. High and low temperature structural investigations using synchrotron XRD techniques to
elucidate the atomic structural evolution across the electronic transitions. High-pressure structural
characterization using powder synchrotron XRD techniques in a diamond anvil cell to elucidate the
pressure induced structural changes. Electrical and magnetoresistivity measurements on powdered
samples at ambient pressure to 2 K to study the semiconductor to insulator transition. Electrical and
magnetoresistivity measurements on powdered samples at high pressure and simultaneous low
temperature to study antiferromagnetic ordering phenomena. Magnetisation measurements on single
crystals to investigate the origin of the ferromagnetic component in the AFM ordered structure. D. Stasko
finalized his manuscript with a detailed discussion concerning the underlying mechanism of the
semiconductor to insulator transition and the origin of the ferromagnetic component in the
antiferromagnetic ordered insulating phase.
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This work lies at the highest international standard for research, as demonstrated by the publication in
well-established scientific journals in the field, i.e. Journal of. Physics and Chemistry of Solids, Scientific
Reports and Ceramics. | also have no doubt that the paper placed on ArXiv will be published soon in a
recognized pre-reviewed international recognized research journal. Overall, the manuscript is well
structured, written in good English, is easy to read, and is well documented. The list of reference and
citations in the text demonstrate that D. Stasko has a good and up-to-date knowledge of the scientific
literature in the field.

in chapter 1 D. StaSko gives a detailed theoretical background to phenomena related to A;lr,0; oxides
including the systematics of magnetic properties of rare Earth A** cations and the electronic structure and
magnetism of Ir* cations in tetrahedral arrangement. He further demonstrates that he has a profound
understanding of geometric frustration phenomena as well as the necessary theoretical understanding of
electrical transport properties, metal to insulator transition and their relevance for A;lIr;0; iridates. He
concludes this chapter with the theory of compressibility and equation of states. D. Stasko demonstrates
here, that he has solid skilis to synthesize and emphasise the relevant information for the reader
considering the plenitude of phenomena occurring in these compounds.

Chapter 2 presents the experimental methods used in this dissertation, with a special emphasis on the
methods employed for investigations of magnetic and electrical transport properties that is the heart of
the present work. D. StaSko briefly introduces the high-pressure methods he employed, including the
piston cylinder and diamond anvil cell. He finalizes the chapter with the two synchrotron techniques used
in this thesis, including high resolution and high-pressure powder diffraction.

In chapter 3, D. Stasko presents a state-of-the-art summary of previous results on A,/r,07 oxides. Overall,
this portion of the manuscript is well written, well documented, and pleasant to read. In this section, D.
Stasko demonstrates that he is well aware of the context of his research within up-do-date international
standards.

Chapter 4 is the core of the thesis and is dedicated to the detailed description of results obtained in the
performed experiments. The chapter starts with the careful characterization of synthesized single-
crystalline and powdered samples. The results presented reveal that high-quality samples have been
synthesized which is an extremely challenging task. D. Stasko then presents results on the powder XRD
data obtained at as a function of temperature or pressure. These results clearly demonstrate a high
stability of the polychlore structure at conditions between 300 K to 2 K or up to 20 GPa. However, in
contrast to previous works on light rare earth iridates, no anomalous evolutions of the Ir-O bond length
nor of the fractional coordinate of oxygen x48f could be observed. The powder XRD data that exhibit
asymmetric peak broadening required an advanced and optimized analysis method that D. Stasko
developed. The analysis approach is robust and well justified. The extracted thermal compressibility
curves (Fig. 4.7) are highly convincing and will probably remain unchallenged in the future. The chapter
conciudes on the structural properties in the iridate series with a synthesis of results on the observed
structural evolution as a function of the REE cation. | highly appreciate this effort as such synthesis of data
is not only very useful for the community to predict properties but also for the general understanding of
these compounds.

The chapter proceeds with a detailed description of the electrical resistance measurements at low
temperature and high pressure in heavy REE iridates. These measurements are very difficult due to the
high resistivity of heavy REE at low T and have been performed using the most appropriate experimental
methods. As such, the results of this study will set a standard for such measurements of heavy REE A,B,0;
compounds. D. Stasko then uses an original method to determine the anomalous change of slope in the
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electrical resistivity, which occurs over a broad temperature interval. D. Stasko then discusses if different
known physical models could explain the anomaly (Weyl fermion, Mott insulator, Slater) and performs
fits to the data using the relevant equations. The data do however not allow distinguishing clearly between
the Slater or the Mott insulator mechanism. The Slater mechanism is identified here as the favourable
model as it can explain most of observations. Next, the magnetic measurements at low T on Lu and Er
iridates are presented followed by a detailed description of electrical and magnetic transport properties
evolution under simultaneous high pressure and low temperature application. The chapter continuous
with unique and high quality experimental results on the anisotropic magnetisation of Er and Lu single-
crystal iridates as a function of the field and T. These systematic and complete datasets allowed D. Stasko
to clearly demonstrate the existence of a ferromagnetic component in the insulating phase and to
characterize its properties.

In the last chapter, D. Stasko synthesis his results to elucidate the potential underlying mechanism that
can explain the occurrence of the FM component in the insulating phase. He demonstrates the likelihood
of the antiferromagnetic domain wall model based on Ir spin-arrangement models with Ir spin in DW with
different crystallographic orientations. He considers both the occurrence of magnetisation perpendicular
and parallel to the DW and performed calculations on the distance between DWs. Overall, this chapter is
complete and convincing. The experimental results are clear and well interpreted. | also appreciated the
effort done here to relate the structural, magnetic and electronic properties, which is a difficult task.

Finally, the chapters 5 and 6 summarize the results of the manuscript and suggests further
investigations on the topic.

| have only few comments and suggestions for this manuscript that shall be addressed during the oral
discussion and/or in the final thesis document:

e Chapter 2: It is not explained why single crystalline samples were analyzed at 120 K with a lab X-ray
source (page 18). Was this due to beam damage problematics? This seems to be important because
the later comparison of structural data from single-crystal and powder samples reveals an
inconsistency for Lu but not for Er. In addition, in the manuscript, the temperature at which the
powder samples have been measured is not given, so it remains unclear if both datasets can be
compared directly. If temperature was lowered due to beam damage problematics using a lab X-ray
source, this effect should be even more relevant for synchrotron XRD techniques. Indeed, later this
effect has been observed for high-resolution XRD measurements (chapter 4). In contrast, beam
damage effects on structural data acquired at high pressure are not discussed in the manuscript. Was
there any measure taken to avoid beam damage?

» Chapter 2: The description of the beamline setup of ID15b is missleading. The figure and reference
given ([63]) are representing the old high-pressure diffraction beamline located at port ID09 of the
ESRF. For clarity, | would recommend to update the reference and figure according to the actual
employed setup at ID15b in the final published version of the thesis manuscript.

o Chapter 4: Despite all care during the synthesis, minor impurities of irO, in powdered samples and
Pb incorporation into the surface of single-crystalline samples, could not be avoided. Detailed EDX
analysis suggests that the stoichiometry of powders seem to be unaffected by the impurities in
contrast to single-crystals for which a clear Pb substitution of the A cation was observed. Also careful
single-crystal measurements have been conducted but refinements could however not reveal this
substitution. In regard of the rigorous approach applied here, the single crystal XRD data are
eventually not fully explored. It is not clear from the description given, if during the single-crystal
refinement both the partial B site occupancy, to account for Ir deficit, has been refined and the partial
constrained occupancies for Pb and the A cation simultaneously. This model would be the closest to
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observation from EDX and should lead to a better residual factor. Some more information on the
single crystal data analysis could be helpful to judge if such an refinement can be done with the data
(number of indexed reflections, completeness, scaling factors, Rint etc..).

+ Chapter 4.2.1: Analysis of high-resolution XRD data: The asymmetric peak broadening is here related
to off-stoichiometric contribution with up to 30% oxygen deficit in some samples (Sm). Since EDX
measurements have ruled out such high off-stoichiometry this interpretation may not be the only
one. Could beam damage effects explain the asymmetric peak shape? Is there a variation of the
extracted volumetric cancentration of the off-stoichiometric components with T? Interesting the
data quality for different iridates is not the same, but the reason for this is not explained in this
chapter. For example, the signal to noise ratio for Pr and Sm are significantly lower compared to the
one obtained for Lu (Figure 4.6). Could this be also related to beam damage?

e Chapter 4.2.1 and 4.2.2: Instead of plotting the bulk volume against T in Fig. 4.7 the normalized
volume (V/VO0) could be plotted against T to help elucidating small anomalies around Tir. In this way
systematic errors are reduced as only relative variations are plotted. This method could be also
employed for the high-pressure datasets. Finally, also the normalized pressure versus the finite strain
(Ff plot) could be employed which could help to identifying any slight compression anomaly.

e Chapter 4.3: It could be interesting to extract the broadening around T* (Fig. 4.16), i.e. the
temperature range of the unfitted region around the electrical anomaly T* . If there is a systematic
within the series in terms of its width as a function of REE cation this could help to better understand
if there is a transition from the Slater to the Mott insulator mechanism with decreasing T.

In conclusion, | wish to emphasis that the results presented in the manuscript of D. Stasko lie at the
forefront of the international research standard. The new findings presented here on the structural,
electronic and magnetic properties of A;Ir;0O; iridates are of high impact to the community and will
certainly be a reference. The manuscript is very well written and structured. | could not detect any
fundamental errors or flaws. References and results of previous works are well documented. In this work,
D. Stasko combined several experimental techniques that are all difficult to master. In addition, he
performed series of systematic measurements and advanced analysis protocols. With this dissertation
and rigorous work D. Stasko has proven that he is now a high-level researcher and expert in the domain
of experimental physics and material science. Therefore, | recommend that the department of condensed
matter physics at the Charles University, accepts this document as a doctoral thesis for the purpose of
conferral of a Ph.D.
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