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1 General considerations and short biographical data

Maria Lazarova Kalapsazova has submitted all the necessary documents for her participation in

the competition for the academic position of Associate Professor, announced by IGIC-BAS. The
The presented reference tables show that her results exceed the minimum national requirements

for the academic position.

1.1 Biographical data

Maria Kalapsazova was born on 28.08.1985 in Petrich. Bulgaria. In 2009 she graduated from the
University of Chemical Technology and Metallurgy — Sofia, Master's degree in Pulp, Paper and
Packaging. Since 2012 she has been working at IGIC-BAS consecutively as a chemist, full-time
PhD student and chemist-doctor. She received her Ph.D. in 2017, the topic of her thesis being
"Sodium intercalation oxides as cathode materials for environmentally friendly ion batteries™. In
2019, she was elected Chief Assistant at the same institute.

1.2  Vuacmue 6 uzcnedosamencku npoekmu

M. Kalapsazova participated in a project for bilateral cooperation Bulgaria — China under the NSF
program, as well as in the European Science Network "European Twinning on Materials Chemistry
Enabling Clean Technologies". Participates in a number of national projects and programs, such
as Ne JTH09/13 “Joint intercalation of alkaline and alkaline earth ions in two- and three-
dimensional structures: experimental and theoretical modeling”, Ne KII-06-H69/ 8.12.2022
Reversible redox-interaction of new peri-dichalcogen-substituted naphthalenes with alkali ions,
Scientific Infrastructure “Energy storage and hydrogen energy (ESHER), National program E+,
National Scientific program Vihren (CARIM project), Center of Excellence on Mechatronics and
Clean Technologies, etc. She is the manager of three NSF projects: Ne JI®OHII-151/12.05.2016r
Reversible intercalation of lithium and sodium in layered oxides “, Ne I®HII-17-24/25.7.2017
ABP: - Structural modification of sodium nickel-manganese oxides with three-layer arrangement
and Ne KII-06-H69/7 15.12.2022 “Bio-carbon materials: reversible interaction of sodium with
disordered structures”.

2 Description of submitted materials

Dr. Kalapsazova’ s scientific output covers 18 scientific papers published in international journals.
In addition, she is a leading participant in over 30 reports, mainly at international conferences.
Prior to her participation in this competition, Maria Kalapsazova has defended her dissertation for
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obtaining the educational and scientific degree of Doctor (2017). In this sense, only that part of the
scientific works that refer to the competition for associate professor will be reviewed. (3
publications on which the dissertation work is based are excluded). Dr. M. Kalapsazova's
publications are in reputable specialized international journals, such as Journal of Physical
Chemistry C, Physical Chemistry Chemical Physics, Electrochimica Acta, Journal of Physical
Chemistry Letters, ChemSusChem, etc. She has publications in Bulgarian scientific journals
(Bulgarian Chemical Communications), as well as in proceedings of international conferences
(Materials Today: Proceedings). As a rule, Chief Assist. Kalapsova works with a wide team of
Bulgarian and foreign researchers. Given the complexity of the systems studied and the wide range
of methods used, a relatively large number of authors are often involved in publications. The
general review of the works unequivocally shows that in the majority of the presented scientific
production Chief Assist. Kalapsazova has a leading or significant involvement.

3 General characteristics of the candidate's research activity

The scientific and applied research of Dr. M. Kalapsazova is in a dynamically developing
interdisciplinary field — synthesis and characterization of materials for energy systems — reversible
batteries and supercapacitors. The following sections will briefly review the main results obtained,
their interpretations and the generated ideas.

3.1 Synthesis of sodium-transition-metal oxides and optimization of composition and
morphology

The optimization of the synthesis of this type of oxide is based on changing the morphology of the
particles and stabilizing the crystal structure. These objectives have been achieved by changing
the precursors and subsidizing with electrochemically inactive ions. All compositions are pure
phases with a P3-type structure and are made up of micrometric aggregates consisting of well-
crystallized individual particles. Lithium titanate was also synthesized to realize an
electrochemical cell with real anode material. The authors conclude that the lyophilized precursor
method is an efficient synthesis procedure that allows to control the morphology of the synthesized
oxide without changing the structural type.

3.2 Improvement of the electrochemical characteristics of oxides as materials for positive
electrodes of reversible batteries

On the basis of thorough and large-scale investigations the authors suggest that, on the one hand,
the improvement of the electrochemical characteristics of layered oxides is due to an optimization
of the synthesis conditions and, on the other, to an optimization of the composition of the
electrolytes in contact with the oxide materials. The difference in morphology between the two
oxides was demonstrated by prolonged cycling: the more small-grained oxide synthesized from
acetate precursors showed better electrochemical properties in LiPFe- electrolyte, while the
coarser-grained (synthesized rom mixed acetate-nitrate precursors) exhibits better electrochemical
properties (charge-discharge capacity) in an electrolyte with an LiBFsactive salt.

At a further stage, it was demonstrated that Na-oxides derived from acetate precursors exchange
Na ions with a lithium-containing electrolyte even before cycling, with a higher specific capacity
being achieved when the oxide is operated in a sodium electrolyte. An important result of
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electrochemical experiments is that half-cells and full hybrid metal-ion cells operate under the
same mechanism of competitive intercalation of the two alkali ions. The best electrochemical
performance at elevated temperatures (improved cyclic stability and ability to operate at different
speeds) was achieved when operating the sodium-ion cell in an ionic liquid-based electrolyte.

3.3 Investigation of the mechanism of intercalation by studying changes in the structure and
surface of oxides

A deeper knowledge of the intimate mechanism of the intercalation process allows optimization
of the synthesis of electrode materials with a greater degree of determinism. In the works of Dr.
Kalapsazova, the mechanism of intercalation has been studied primarily by ex-situ analytical
methods to establish the effect of this process on the volumetric and surface structure and their
changes during operation of the oxides in reversible batteries. Intercalation of lithium in sodium-
transition oxides in presence of lithium electrolyte leads to a decrease of the interlayer spacing due
to the replacement of Na by Li-ions. The change in Na content was found to be accompanied by a
phase transformation of the layered structure from P3- to O3-type.

With regard to the influence of electrolyte composition on the surface condition, the authors show
that at the electrode-electrolyte interface, alkali ions and solvent molecules participate in additional
counterion reactions with Li/NaF product formation. Temperature has a significant influence on
the dissolution/deposition of alkaline fluorides on the electrode surface, resulting in LiF being
deposited instead of NaF and the film becoming denser at high temperatures. In sodium-ion cells
in the presence of an ionic liquid-based electrolyte, on the contrary, the main processes are of the
adsorption-desorption type with less pronounced surface reactions.

In conclusion, the acquired scientific information on the morphology and composition of layered P3-
oxides, the deepening of the studies on the intercalation mechanism and the interaction of this type of
oxides with the electrolytes of reversible battery systems are crucial to further improve them as smart
electrode materials.

4 Main scientific and applied research contributions
4.1 Enrichment of existing knowledge and theories

4.1.1 Tracing the synthesis-structure-properties interrelation of oxide electrodes:
The influence of morphology and structure type (P2 and P3, i.e. the arrangement of the
transition metal layers in the crystal lattice) on the electrochemical properties of oxides has
been investigated. During electrochemical intercalation of Li+ in the layered sodium-
transition oxides a transformation from P3- to O3-type structure takes place, in the lithium
layers which remains < 5% Na+ ions. Further reversible lithium intercalation takes place
in the electrochemically generated O3-phase.



4.1.2 Structural and surface modification of oxide electrodes: The deposition of CeO2 and Al2O3
on the surface of the already obtained layered NaxMO:> oxides is accomplished by
impregnation using a wet chemistry method. The surface of P3-oxide modified with CeO>
shows a drastic increase in reversible capacity and improved cyclic stability when used as
a positive electrode in Na-, Li- and hybrid Li-Na-ion cells, as a result of redox reactions
involving nickel and manganese ions (between 1.5 and 4.2 V) and lattice oxygen (above
4.2 V), which is stabilized by the CeO2 modifier.

4.1.3 For the structural modification of NaxMO: via replacement of nickel ions by
electrochemically inactive ions, distinct procedures were selected according to the type of
metal substitute. It is convincingly shown that the addition of Mg and Ti up to 16% occurs
within the P3-structure, while the substitution of nickel by aluminum ions is accompanied
by structural changes and formation of NaAlO., and the changes are also influenced by the
heating temperature. Structural substitution by Ti-ions increases the redox activity of
oxygen during intercalation by reaching a higher specific capacity at potentials above 4.2
V. Ti-substituted oxide shows average capacity stability when cycled and unsatisfactory
operation at different rates due to MnF. deposition at the electrode-electrolyte interface.
Based on the investigations a combination of both approaches for modification of layered
oxides has been proposed in which a much more significant effect on the redox activity of
oxygen is achieved. The results of these studies allowed the authors to select the best
combinations of modifications for specific applications.

4.2 Applied scientific contributions

4.2.1 Electrode materials for hybrid electrochemical systems:

It is shown that the presence of two redox couples, Ni2+/Ni3+ and Mn3+/Mn4+, makes the Na-
Ni-Mn oxide prospective for application in hybrid supercapacitors. For this purpose, a composite
of the layered oxide and active nanoporous carbon (25 - 75 %) was tested as a positive electrode
in hybrid supercapacitors with an alkaline aqueous electrolyte. The results of the electrochemical
studies of the layered oxides were compared with pure nickel hydroxide, manganese dioxide and
their composites. The results show that the performance of the in-situ generated composite at
different speeds is close to that of a structural composite a/B-Ni(OH). and is much better than that
of e-MnQ2.

5 International significance of the scientific papers of the candidate

The scientific activity of Dr. Kalapsazova and the scientific teams in which she participates is well
known to researchers in the field of functional materials for energy systems — batteries and
supercapacitors, related to optimization of synthesis conditions, definition of composition-
structure-properties relationships and improvement of electrochemical characteristics of cathode
and anode materials. 87 citations of the works included in the competition were noticed (according
to the Scopus database), almost entirely from foreign authors. Some of the works have been cited
many times, e.g. Journal of Physical Chemistry C, 121, 11, 5931-5940, 2017 (28 times), Physical
Chemistry Chemical Physics 19, 27065 — 2707, 2017 (25 times), Journal of Physical Chemistry C
123, 11508 — 115219, 2019 (16 times). In most cases, the results of Dr. Kalapsazova's team are
extensively commented, and some of their findings have served other authors to generate new



ideas. The total number of citations of Dr. Kalapsazova's publications is 172, with the index of
Hirsch after screening the auto-citations being 7. These data clearly indicate the significant place
of the candidate's work in the international scientific literature.

CONCLUSION

e The problematic in which the main scientific and applied results of Chief Assist. Prof.
Kalapsazova is leading and promising for science and technology. The synthesis and
characterization of oxide films with optimal properties for several important applications open
wide opportunities (some of which are unique) for fundamental and applied research, and in the
last few decades this scientific field has emerged as a rapidly developing share of inorganic
material science.

e The scientific development of Chief Assist. Kalapsazova is harmonious. She consistently went
through scientific degrees and titles, which allowed him to form an effective and significant
scientist.

e Chief Assist. Kalapsazova and the scientific teams in which she participates have made an in-
depth analysis of several problems in the field studied and have systematically focused on solving
them. In the process of their research, the teams generate new tasks and ideas with the leading and
significant participation of Dr. Kalapsazova.

e The scientific contributions of Maria Kalapsazova are significant and have received a very good
international evaluation. These results have been achieved through a significant number of
complex studies conducted at a very high level on complex systems and phenomena. The scientific
indicators are very good, which is a criterion for the level of research conducted and the results
obtained, and fully meet the high requirements of the Rules of Procedure for occupying academic
positions at the Institute of General and Inorganic Chemistry at the Bulgarian Academy of
Sciences.

That is why | would like to strongly recommend to the Honorable Scientific Jury to award the
academic position of Associate Professor in Professional field 4.2 Chemical Sciences (Solid State
Chemistry) to Chief Assist. Prof. Dr. Maria Lazarova Kalapsazova.

Sofia, 16.02.2024 Reviewer:
(Prof. Martin Bojinov, DSc)



