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1. Brief biographical data on the candidate's educational and scientific growth

The only candidate in this competition is Chief Assistant Professor Dr. Maria Kalapsazova, who
obtained the master's degree in 2009 at the University of Chemical Technology and Metallurgy
(UCTM)- Sofia, specialty: "Cellulose, paper and packaging". She obtained her “Bachelor” degree
at the same University in 2008, specialty "Organic chemical technologies". PhD degree Dr.
Kalapsazova obtained in 2017 at the Institute of General and Inorganic Chemistry - BAS on the
specialty 01.05.02-Inorganic Chemistry with the thesis "Sodium intercalation oxides as cathode
materials for ecological ionic batteries". Dr. Kalapsazova has been working at IGIC-BAS since 2012.
In the period 2013-2016, she was a full-time PhD student. She was elected to the academic
position of Chief Assistant on 17.10. 2019, that is, the candidate meets the requirements under
Art. 27 of the Regulations for the Implementation of the Law on the Development of the Academic
Staff in the Republic of Bulgaria (LDASRB) at IGIC - BAS for a minimum internship in the
corresponding professional field and as a chief assistant.

During her study within the master's program of UCTM - Sofia, Dr. Kalapsazova specialized at the
Technical University - Dresden, Germany under the Erasmus program. After her appointment at
IGIC-BAS, she completed three long-term specializations: at the University of Cérdoba, Spain
(04.05 - 03.06.2014), at the Helmholtz Institute, Ulm, Germany (01.10.2018 - 31.07.2019) and at
the Technical Institute in Karlsruhe, Germany.

2. Description of the presented documents and materials

Dr. Kalapsazova has submitted all the necessary documents for the occupation of the academic
position of "Associate Professor" according to the Regulations for the Implementation of the
LDASRB at IGIC - BAS. According to the presented list of the total number of publications, Dr.
Kalapsazova has 18 publications, all of them included in the ISI database (Scopus/Web of Science).
The first three publications are part of the PhD thesis, and Dr. Kalapsazova participates in the
competition with the remaining 15 publications. Four of them are included in group "B -
habilitation work". They are all in the Q1 category, thus covering the required minimum of 100
credits. The remaining 11 publications are outside the habilitation work and are included in group
"I'". Five of them are in Q1 category, five —in Q2 and one —in Q4, which adds up to 237 credits out



of the required 220. Dr. Kalapsazova is the first author in all publications included in group "B"
and in five of group "I, which is an indisputable proof of her leading role in the conducted
research. The journals, in which Dr. Kalapsazova has published her research, are leading in the
field of materials science in general and of energy storage materials in particular, with all
publications in Ql-category journals being in the top 2 to 15% of the journal rankings in the
respective fields of the SCOPUS database. These are: Journal of Physical Chemistry C (at 4t place
out of 175 refereed journals for 2017), Journal of Physical Chemistry Letters (at 7" place out of
184 refereed journals in 2021); Electrochimica Acta, Frontiers in Chemistry, ChemSusChem, etc.
This is evidence of the high quality of the conducted research.

The total number of noticed citations (without auto-citations of all authors) for the short period
of 8 years (2015-2023) of Dr. Kalapsazova's professional activity, is 170, according to the SCOPUS
database, which is an indication of the relevance of her research topics. For the competition she
presented only the citations of the publications participating in the competition, which are 83,
giving, respectively, 166 credits according to the national minimum requirements, which exceeds
more than 2 times the required minimum of 60 credits. Until now, Dr. Kalapsazova's activity
covers and exceeds the national minimum requirements for holding the academic position of
"Associate Professor".

Evidence related to the additional requirements of IGIC-BAS, category "X" of the Regulations for
the implementation of the LDASRB at IGIC - BAS has also been presented. Hirsch index (H) of the
publications submitted for the competition is 6, and that of all publications is 7, according to the
SCOPUS database as of January 2024. The minimum required H index for the academic position
of "Associate Professor" is 5. Lists of projects are presented (a sample from the SONIX database
reporting the activities of BAS), which reveal that Dr. Kalapsazova is a participant in 5 national and
2 international projects and is the leader of 3 projects — 2 one-year projects under the "Young
Scientists" program of BAS and one funded by the National Fund for Scientific Research at the
Ministry of Education and Science (MES), started in 2022. Dr. Kalapsazova's project activity shows
her skills for teamwork and is a proof of her initiative and efficiency. The credits collected are
243.88 against the required minimum of 60.

All submitted documents and materials are on the topic of the competition and the scientometric
indicators cover and exceed the required minimum national requirements for holding the
academic position of "Associate Professor" in the area of Natural Sciences, Mathematics and
Informatics, professional field Chemical Sciences according to the LDASRB and the Regulations for
its implementation in MES, BAS and IGIC-BAS, with the candidate scoring 796.88 credits out of
the minimum required 500 credits.

3. General characteristics of the candidate's research activity

Dr. Kalapsazova's field of scientific interests is related to the development and characterization
of intercalation compounds - layered oxides as electrode materials for rechargeable alkali-ion
batteries. The topic is current and promising in the light of the growing worldwide trends to
search for new energy systems, allowing to reduce dependence on fossil fuels and other



processes that pollute the environment. Thus, improvement of energy storage devices leads to
sustainable development of energy and the economy as a whole.

Dr. Kalapsazova's research activity is focused on materials for Na- or hybrid Li/Na-ion batteries as
a more environmentally friendly and economically more efficient alternative to the Li-ion
batteries that have been established in practice. The research is multidisciplinary and includes not
only the preparation and characterization of new cathode materials, but also the study of their
electrochemical characteristics in real electrochemical cells, elucidation of the structural changes
in the materials and the mechanism of intercalation, the search for alternative electrolyte media
and effective anode materials.

3.1. Scientific contributions in the studies included in the habilitation work

The research included in the habilitation work is a continuation and upgrade of the research from
the PhD thesis of Dr. Kalapsazova and concerns (i) modification of the morphology and chemical
composition of sodium-deficient oxide Naz/sNiosMnosO2 with P3 type layered structure; (ii)
investigation of the electrochemical characteristics of the newly obtained cathode materials
when varying the type of electrolyte, temperature and electrochemical cell; and (iii)
establishment of regularities in the relationship synthesis — structure — phase boundary transitions
— electrochemical properties.

The main contributions can be summarized as follows:

The type of precursors used dffects the particle size distribution of the obtained
Naz/3Nip.sMno. 502 oxides. Naz/;3NiosMnosO; obtained from acetate salts of Na, Ni and Mn has
a narrower particle distribution range (30-70 nm), and when Ni(CH3COO); is replaced by Ni(NOs)3,
the particles are in the 50-150 nm range.

Nay/3Nii;sMgi16Mni202  has been obtained by partially replacing Ni?* with Mg?* ions in the
Na2/3NiosMngs02 structure. The substitution does not change the structure, but leads to an
increase in the bulk of the unit cell and disrupts the arrangement of Ni and Mn inside the
transition metal layer of the oxide.

Five different electrolytes have been tested in studying the electrochemical characteristics of
the obtained materials: LiPF6 and LiBF4 dissolved in a mixture of ethylene carbonate and dimethyl
carbonate (EC:DMC = 1:1 v/v); LiPF6 dissolved in ionic liquid (LiTFSI:Pyr14FSl); NaPF6 dissolved in
ethylene carbonate and diethyl carbonate (EC:DEC = 1:1 v/v) and NaPF6 dissolved in ionic liquid
NaFSI:Pyr14FSI. The electrochemical characteristics of the materials during operation, both in a
half-cell with a metal lithium counter-electrode and in a full cell with a real negative anode, are
compared and the differences are explained by the mechanism of the ongoing electrolytic
reactions and structural changes taking place in the electrodes during the process.

Regularities in the relationship synthesis - structure - phase boundary transitions -
electrochemical properties have been deduced by applying a large set of modern methods for
the characterization of materials. It was established that regardless of the composition and
particle size of P3-Naz/3Ni12xMgxMn1/20; (x=0, 1/6) oxides, in the presence of a lithium-containing



carbonate electrolyte, replacement of Na* ions occurs in the structure of the oxides with the
smaller Li* ions and formation of LiyNa(.1-0.2)Ni1/2xMgxMn1,,02 with O3 rather than P3 type of
structure. This substitution takes place even before the start of the electrolytic reaction. | was
established, that the coarser crystalline material shows better charge and discharge capacity in a
LiBF4-containing electrolyte while the one with smaller particles - in a LiBP4-containing
electrolyte. When using a sodium electrolyte, domains with a complete lack of sodium may be
formed. Original data on the composition of the compounds formed at the electrode-electrolyte
boundary surface, formed as a result of interaction of the alkali ions from the electrode with the
ions from the electrolyte, are obtained. When working with a Li/Na-containing carbonate
electrolyte, Lix/NaxPF,0; and Li/NaxPF, cover the surface of the oxide with the smaller particle
size, while only Lix/NaxPF,0; cover the surface of the oxide with the larger particles. When an
electrolyte based on LiPFe dissolved in an ionic liquid is used, the surface layer is made up of
LiF/NaF, sulfur- and nitrogen-containing products decomposed by the ionic electrolyte. The layer
hardens as the temperature increases. When using NaPFe dissolved in an ionic liquid, primary
adsorption of electrolyte ions on the electrode surface takes place. For the first time, a cathode
made of NaysNii;zsMgi1sMn1202 has been shown to successfully operate at temperatures up to
60°C, with the best electrochemical performance in terms of cycling stability and ability to operate
at different rates being achieved at 40°C and operation of the sodium ion cell in an electrolyte
based on ionic liquids.

3.2. Scientific contributions in the research beyond the habilitation work

Objects of research in the publications included in group "I'" are again electrode materials for
alkali-ion batteries, in which the knowledge on their thermal, structural and electrochemical
properties have been enriched and summarized.

The main contributions are:

The structure of the target oxides NaxNi,Mn.0; (x =1/2, 2/3; y= 1/2, 1/3; z=1/2, 2/3) does not
depend on the type of precursor, but depends on the ratio of metals Na:Ni:Mn. Thus, oxides with
the composition NaxNi1/2Mn1/202 (x = 1/2, 2/3) crystallize in a three-layered structure, while the
Naz/3Ni1/3Mn2/30; oxide crystallizes in a two-layered structure. The structural type of the starting
layered oxide and the structural changes that occur during the intercalation of alkali ions
determine the electrochemical properties of the materials. P3 - Nay/3Ni1;3sMny302, which during
operation transforms into O3 type structure, shows an improved electrochemical behavior in
terms of reversible capacity and cycling stability.

Surface modification of layered oxides with CeO; stabilizes the redox activity of oxygen, leading
to improved electrochemical performance. A composite between P3-Nax/3Ni1/3Mn3/302 and CeO;
displays high reversible capacity, following the order: Na* intercalation < Li* intercalation < Li*,
Na* co-intercalation, as CeO, protects the layered oxide from interfacial interaction with the
electrolyte. Surface modification with Al;Os does not significantly change the electrochemical
properties of P3-Naz/3Ni1/3Mn2/30;.



The selective replacement of Ni?** and Ni** ions by Mg?*, resp. Ti** in the structure of P3 -
Na/3NiisMnz/30: preserves the structure but leads to an increase in the bulk of the elementary
cells. Electrochemical characteristics depend on the type of substituting ion. Ti**ions increase the
redox activity of oxygen while Mg?* ions influence the redox activity of nickel before the oxygen
redox reaction is activated, thus contributing to the good cyclic stability of the studied layered
oxides.

The replacement of Ni** by AP*, depending on the amount of Al, is accompanied by the
formation of a P2 structure, with displacement of the arrangement of Ni?* and Mn* ions inside
the layers and formation of an admixture phase of NaAlO,. The upper limit of AI** concentration
in Naz/3Ni13Mn/30; is 8 at. %. P2 - Nay/3Alo.0sNio.s2Mno 500, layered oxide and the one that is
surface-modified with Al,Os stabilize the high-voltage response, suppress Mn release in the
NaPF6-containing electrolyte during electrode cycling, and lead, respectively, to reduced MnF;
deposition on the surface of the electrode, resulting in an increase in the capacity of the
electrochemical cell.

A composite between P3-Naz/3NiisMnz/;30. and activated nanoporous carbon (25%:75%)
shows supercapacitor properties in terms of operation at different rates close to those of
composites based on a/Bis-Ni(OH), and activated carbon and much better than those of an e-
MnO,-based composite. Layered oxide is a respectful material for use as a positive electrode in
hybrid supercapacitors with an aqueous alkaline electrolyte.

Aluaudite Na;Mn>(S0Os); intercalates Li* ions into an electrochemical half-cell through a nano-
level phase transformation into Li2Mn2(SOa)s, the latter further participating in the
electrochemical reaction. Orthorhombic LizMn(SO4)3 shows better electrochemical properties (in
terms of specific capacitance) in an ionic liquid-based electrolyte. Monoclinic LizMn(SOa)2 shows
better electrochemical properties than orthorhombic Li;Mn»(SOa)s as a supercapacitor material
at temperatures up to 60°C.

An innovative in-situ EPR methodology has been developed for the determination of
intermediate products prior to massive electrolyte degradation. This knowledge is needed for
better understanding, problems overcoming and improving the overall performance of ion
batteries.

A facile and reproducible procedure for the hydrothermal synthesis of sodium titanate serving
as the negative electrode in hybrid Li/Na-ion batteries has been developed. The product obtained
by this method is made of nanowires and stores lithium through a hybrid capacitive-diffusive
mechanism between 0.1 and 2.5 V. In this way, a higher specific capacity is achieved than with an
electrode obtained by the standard method of synthesis consisting of mechanochemical
activation and subsequent thermal treatment.

4. Critical notes, questions and recommendations

| have no critical notes and recommendations for Dr. Kalapsazova's work.



However, it would be interesting to know if it is possible to distinguish a composition among the
many investigated modifications of P3 - Naz/3Nii;3sMn3/302 oxide, which would be promising
enough for practical application and could be protected by a patent.

5. Conclusion

The scientific production and activity of Chief Assistant Professor Dr. Maria Kalapsazova meets
and exceeds the national minimum requirements, those of BAS and the specific requirements of
IGIC-BAS for holding the academic position of "Associate Professor". Her research interests are in
a promising field with potential for future development. Her scientific contributions to date enrich
the existing and add new knowledge in the field of electrode materials for ion batteries.

| am personally acquainted with Chief Assistant Dr. Maria Kalapsazova. | am impressed by her
professionalism, enthusiasm and dedication to work. As a PhD student and follower of Prof. DSc.
Balarew, | cannot help but note my satisfaction with the fact that in 2017 Dr. Kalapszova won the
award "Prof. Christo Balarew" of the Union of Chemists in Bulgaria "Outstanding Young Scientist
in the Field of Inorganic Chemistry". | believe that Dr. Kalapszova is a well-established specialist
in the field of inorganic materials science and, without any doubt, she is able to plan and lead the
research in independent thematic areas.

Based on everything said above, | give my positive assessment of the overall scientific research
activity of Chief Assistant Professor Dr. Maria Kalapsazova and recommend her with conviction
to the Scientific jury to be elected to the academic position of "Associate Professor" in the
professional field 4.2 Chemical Sciences.

14.02.2024 Reviewer:

Sofia Prof. Dr. Diana Rabadjieva



