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1. Brief biographical data about the candidate.

Tanya Malakova was born in the town of Byala Slatina in 1981. After completing her
secondary education in the fall of 2000, she enrolled in a bachelor's program at Sofia
University, Faculty of Physics - "Nuclear Chemistry". She defended her first degree in 2004
with a thesis - "Electromagnetic form factors of the proton". For the next two years, she
studied in the Master's program "Theoretical and Mathematical Physics". She brilliantly
defended her master's degree with a thesis on "Spin-independent and isospin short-range
correlations in light nuclei".

In 2006, she started working at ISSP - BAS as a physicist with ta subject - X-ray
diffractometry and processing of neutron spectra. Due to the nature of her work, in 2010 she
won a doctoral competition at INRNE - BAS on the topic "Neutron Physics". In 2018, she
transferred to IE — BAS, continuing to work in the field of structural studies of condensed
matter. From the following year, she is a student on independent training, and from 2022 she
is appointed as an assistant in the lab. “Gyromagnetic Electronics”.

Actively working in one of the best institutes of the BAS, the PhD student
accumulates sufficient experience, as in parallel with conducting the experiment, she
participates in several scientific projects and more than 25 scientific forums. The publication
activity of the dissertation student left a particularly pleasant impression on me - in recent
years, she has prepared 5 publications in journals with IF and SJR, on which the dissertation
itself is based, and two citations have been noticed so far.

2. Actuality of the problem and general characteristics of the dissertation.




There is absolutely no doubt about the relevance of the scientific issue. The
development of new voluminous oxide materials and especially the modeling of their
properties on the basis of an elucidated structure is a particularly important task, with a view
to accumulating a foundation and securing the needs of hydrogen energy. The peer-reviewed
dissertation can be defined as a complex structural study of perovskite oxide systems, mainly
for application as fuel cells. The aim of the dissertation work is formulated correctly,
concretely and substantiated, which is reflected in the correct setting of the work tasks related

to clarifying the structure of complex oxide systems of the perovskite and spinel type for
electrochemical applications.

The dissertation is written on 142 pages, contains 81 figures and illustrations and 18
tables. The used literature covers 184 sources, the majority of which are publications from
the last 10-15 years. The dissertation has a classic structure — introduction, overview,
experimental part and conclusion organized in 6 chapters, ending with extensive comments.

The First Chapter is an introduction to the scientific issues, as in retrospect the author
focused on the various modifications of the perovskite structure. Naturally, the focus is placed
on the field of barium cerium ceramics with a view to subsequent application. The PhD
student has managed to make a comprehensive analysis of the possible structures - basic and
deformed, capable of commenting on the investigated oxide systems. The theoretical part
ends with Chapter Two, which is devoted to the physical foundations of the Rietveld
method. A method fundamental to the full-profile analysis of elastic neutron scattering from
condensed matter. The experimental part of the dissertation is represented by three separate
chapters, but essentially it is only about different objects of research. The Third Chapter is
dedicated to clarifying the structure of perovskite ceramics - BaCe0.85Y0.1503-b used in a
solid-state fuel cell. Conducted neutron diffraction and X-ray diffraction experiments show
that BCY15-based materials are anion-deficient, with orthorhombic symmetry invariant to
temperature, particle size, and sintering conditions. The Fourth Chapter summarizes the
structural studies on powdered samples of substances synthesized at the Institute of Catalysis
of the BAS (with index IC) and the company Marion Technology (with index MT):
Co0304 _IC; Ni-NiCo204 IC; Co304 MT - Marion Technology company; NiCo204,
La0.6Sr0.4Ca0.803-8 (LSCO), La0.6Sr0.4C00.2Fe0.803 (LSCF), La0.85r0.2MnO3-5
(LSM), in the temperature range from helium to room temperature. The studied compound
class is temperature invariant with respect to configuration. Anomalies resulting from the
antiferromagnetic arrangement of the atomic magnetic moments have been found for the
cobaltates. -In principle, the materials are monophasic, of course the composition Ni70-
NiCo0204 exhibits metallic nickel. XRD and SEM studies of the lanthanum-containing
samples were also carried out, and the optimization of a bifunctional electrode based on them
was sought. In the last experimental Chapter Five, results are presented concerning the
structure of substituted: bismuth manganites (bismuth substitution with (neodymium and
strontium) and (neodymium and calcium). Data are presented not only on the structure, but
also on the magnetic relationships, considered in the light of variable valence of manganese.
The influence of the degree of substitution of diamagnetic Bi3+ with rare earth magnetic
Nd3+ ions on the structural and magnetic properties of  polycrystalline
Bi0.25Nd0.25Sr0.5Mn0O3 and Bi0.25Nd0.25Ca0.5MnO3 was clarified. Both substances
belong to the class of mixed-valent manganites, whose electrical and magnetic properties are
explained using double exchange (DE) interaction theory, the Jahn-Teller effect, polaron
theory, and phase separation. '

The author's good knowledge is a basis, which enables her to complete the dissertation
work with a relevant assessment of the scientific contributions, is clearly evident from the
presentation. In the final Sixth Chapter, the PhD student presents the main scientific



contributions of this research, as well as the presentation of the most important experimental
results to the scientific community, in a rather synthetic form.

As for the educational side, there is no doubt in my mind that it has also been achieved -
assistant professor Malakova is fully familiar with the current state of this issue and can
independently interpret scientific results from the field of condensed matter physics and, in
particular, structural behavior of complicated oxide systems. According to the individual plan
of the PhD studies, all planned activities have been completed, a fact that is reflected in the
corresponding number of credits. The national requirements for the acquisition of the degree
"Doctor" have been exceeded almost three times.

The abstract of the dissertation work has been prepared according to the established
standards and requirements of the Rules for the acquisition of scientific titles and holding
academic positions of IE - BAS and correctly reflects the achieved results and scientific
contributions reflected in the dissertation work

3. Scientific contributions of the dissertation work.

In my opinion, the main scientific contributions of the dissertation work correlate with
the author's claims and actually represent the acquisition of new data and facts. The
contributions of the dissertation work can be attributed to purely scientific ones, and the

structural characterization can acquire an applied character. I would briefly summarize as
follows:

» On the basis of neutron diffraction, the structure of powdery, layered and porous
materials based on the composition BaCe0.85Y0.1503-6 (BCY15), which make up a
modern solid-state fuel cell, was established. The crystal structure is orthorhombic and
demonstrates a statistical distribution of oxygen vacancies, regardless of porosity and
prior tableting. Adequate structural in space group Pnma have been proposed;

New data were obtained on the temperature dependence of spinels with composition

C0304_IC(MT), NiCo204, Ni-NiC0204 and perovskites La0.6Sr0.4Co00.2Fe0.803-

8, 1a0.6Sr0.4Ca0.803-8 and 1.a0.8Sr0. 2Mn03-8, which prove the stability of their

structural symmetry in the studied temperature range 20K -+ 300K. This fact

determines the possibility of application as bifunctional catalysts in an innovative
carbon-free gas-diffusion electrode in zinc-air rechargeable batteries;

» For the first time, it was found that while maintaining a constant electron
concentration in the Bi0.25Nd0.25(Sr,Ca)0.5MnO3 manganites, the change in the
effective size of the cation in the A-node in the starting Bi0.5Ca0.5 and Bi0.5Sr0 .5
manganites leads to significant structural changes that support the importance of the
lone electron pair of the Bi3+ cation. The ground magnetic state of the studied
compositions was determined to be antiferromagnetic of the CE type (orbital, charge
and magnetic ordering), but the real antiferromagnetic arrangement differs strongly
from the perfect charge and orbital CO/OO arrangement.
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4. Assessment of the degree of personal involvement of the candidate.

The personal participation of the PhD student in conducting and analyzing the
experiment is undisputable. The basis for this statement is provided by the long-term
scientific contacts with the group in which the dissertation student works, as well as by the
results published in the scientific journals. On the other hand, the dissertation stu@ent .has
made significant efforts to explore deeply into the theoretical issues of the scientific direction,



as can be seen from the attached report on the implementation of the tasks set out in the
individual plan. From the materials provided to me and from personal impressions of the
team's work, I come to the conclusion that the presented dissertation work is mainly the

personal work of the PhD student, as of course, the research was planned and conducted under
the expert guidance of the supervisors.

5. Critical notes and recommendations.

I have no conceptual critical notes. I noticed some terminological inaccuracies in
physical terms, which are probably due to the use of foreign language literature.

6. Publications on the dissertation work.

The main results of the dissertation research are the subject of five scientific
publications in renowned international journals and proceedings of international scientific
conferences, distributed as follows: one article in the Journal of Surface Investigation: X-ray,
Synchrotron and Neutron Techniques; one article in Bulgarian Chemical Communications
and one article in The European Physical Journal and two full-text reports.

Parts of the dissertation work have been reported in 25 national and international
scientific forums, and the dissertation student has also participated in oral presentations. The
high publication activity of the PhD student (mainly in the last years of the doctoral studies),
as well as the already noticed 2 citations (only on the articles from the dissertation), are an

explicit assessment of the relevance of the scientific problem on the one hand and the quality
of the conducted research on the other.

Nevertheless, I would like to emphasize the undoubted contribution of the dissertation
to the expansion of fundamental knowledge in the field of specialized materials science -

development of new media for electrochemical applications - solid-state fuel cells and
innovative gas diffusion electrodes.

CONCLUSION

In terms of its volume and quality, the dissertation definitely meets the recommended
requirements from the Regulations for the Application of national rules and the Regulations
of IE-BAS for the acquisition of scientific degrees and holding academic positions. Based on
the above, reflecting the indisputable scientific contributions of the dissertation work, the
importance of the obtained results in the field of special materials science and electronics, the
good reflection and approval of the experimental results by the specialists in this scientific
direction, as well as the good preparation of the PhD student in the field of physics of
condensed matter, I strongly recommend to the members of the Scientific Jury to vote
positively for awarding the educational and scientific degree "Doctor" in scientific direction
4.1 "Physical Sciences" - scientific specialty "Radiophysics and Physical Electronics" to
MSc.-Phys. Tanya Dimova Malakova. -

05.10.23, Sofia.
Reviewer:

/prof. Dg/ Eng. Pl. Petkov/
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