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The thesis is focused on the structural, electronic, and magnetic study of novel rare-earth A2Ir2O7 
oxides, which include heavier lanthanides as A3+ ions, which were not studied previously in detail by 
the scientific community. The study is focused on the metal-insulator transition in such oxides with 
pyrochlore lattice and its connection with the magnetic ordering in the Ir4+ sublattice. The author used 
several experimental techniques to elucidate the interplay of the magnetic ordering and 
transformation of the electronic behaviour at low temperatures on well structurally characterized 
samples, even under the influence of extreme conditions, such as high hydrostatic pressure. The 
structure of all studied samples was studied in detail using X-ray diffractions in standard equipment 
and at high-resolution synchrotron. The results show that the pyrochlore lattice is stable in the 
temperature range down to 4 K and at high pressures up to 20 GPa. The author shows that in the case 
of heavier lanthanides in A2Ir2O7 studied in this work, the electronic properties show a rather 
semiconductor-insulator transition than a metal-insulator transition as observed for lighter 
lanthanides. The author proposed several models as the origin of the insulating state, suggesting the 
Slater mechanism related to the AFM ordering in the Ir4+ sublattice as the most plausible. Yet, it seems 
that the model was impossible to apply in the direct description of the resistivity data below the 
transition since it was predicted for a metal-insulator transition where the gap in the electronic 
structure appears at the transition due to AFM order in the material. In the case of the studied 
materials, a semiconducting gap already exists above the transition. Thus, the results of this work are 
important for the scientific community to work further on finding similar examples and improving the 
underlying model. Magnetoresistive measurements in connection with the magnetic studies reveal 
the presence of a ferromagnetic component in the AFM-ordered state in the Ir4+ sublattice, which is 
robust even in quite strong magnetic fields and yields an asymmetric magnetoresistance response 
depending on the magnetic field applied on sample cooling. The author proposed several specific 
measurement protocols in magnetic measurements to evaluate the magnitude of the FM component, 
and based on the simple microscopic domain-wall model, he estimated the size of AFM domains and 
the magnetic moment of the FM domain wall. As an interesting result of the study, it seems that a very 
simple model of linear domain walls also explains the isotropic nature of the FM contribution. 

The results of this thesis were published in several peer-reviewed articles in renowned journals (most 
of them recently in 2024), which confirms the quality of the scientific work and the ability of the author 
to present his results to the scientific community. Indeed, some of the findings will motivate further 
studies in the community or by the author himself. One such prospect is related to revealing the 
correlations between the structural parameters defining the distortion of oxygen octahedra and the 
ionic size of the lanthanide ion or to the presence of a possible anomaly in the x48f structural parameter 
at the AFM (or metal-insulator) transition. 

From the formal point of view, the thesis is well written and easy to read and to follow the author’s 
ideas. First, the subject overview is presented, starting from elemental knowledge of magnetism and 



electron transport in studied materials; then, all experimental methods used throughout the study are 
described, and finally, the original results are discussed in detail, with some future prospects 
presented. I found only a few typos; the graphical presentation is very good and clear.  

I have only some comments for the general discussion and suggestions for further work: 

1. On page 28, the author mentioned that up to now, no La and Ce members of this type of oxides 
have been reported in the literature. What is the reason, perhaps the structural instability of some 
type? Is there any way to prepare such oxide in other forms, if not bulk? 

2. Why was Er2Ir2O7, together with Lu2Ir2O7, chosen for the detailed study of magnetoresistance and 
magnetic properties on single crystals? From one point, Er2Ir2O7 is exceptional in the studied group 
of oxides because of the very different behavior of resistance in the insulating state in comparison 
with other members of the studied group and also by the highest thermal expansion coefficient 
α300K. On the other hand, the proposed FM domain model works well for Er2Ir2O7 and Lu2Ir2O7 in the 
description of magnetoresistance and magnetic properties. 

3. Usually, the magnetic ordering is also revealed as an anomaly in the temperature dependence of 
the AC susceptibility. It is evident that in the pressure-dependent data in Fig. 4.23, no anomaly is 
present, which may also result from the low sensitivity of the method in the pressure cell. Have you 
tried to detect the transition using AC susceptibility in a SQUID-based magnetometer with high 
sensitivity at ambient pressure? 

4. Another suggestion for trying an AC susceptibility study relates to the presented model of FM 
domain walls. In many magnetically ordered materials, the dynamic behavior of the domain walls 
at low temperatures was observed by the frequency-dependent AC response, from which the 
reversal barrier of its magnetic moment and perhaps its size can be estimated.  

In my opinion, the reviewed thesis fulfills all requirements posed on theses aimed at obtaining PhD 
degree and shows the ability of Mgr. Daniel Staško to work independently as a researcher. This thesis 
is ready to be defended orally in front of the respective committee. 
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