OPINION

prepared by Prof. PhD Boyko Tsyntsarski,
Institute of Organic Chemistry with Centre of Phytochemistry,
Bulgarian Academy of Sciences,

member of the Scientific Jury, according to order No RD-09-234 from 20.12.2023
of the Director of Institute of General and Inorganic Chemistry, Bulgarian Academy of
Sciences, Sofia
and according to decision of the Scientific Council of General and Inorganic Chemistry
(protocol No 13/13.12.2023)

in connection with the materials submitted for participation in a competition for the academic
position of ""associate professor' at the Institute of General and Inorganic Chemistry,
Bulgarian Academy of Sciences,
Professional area “4.2.Chemical sciences”, Scientific specialty "Solid State Chemistry"
for the lab. “Intermetallics and Intercalation Materials”, Institute of General and Inorganic

Chemistry, Bulgarian Academy of Sciences

In the competition for the occupation of academic position "Associate Professor”, announced
in Bulgarian State Gazette, No. 89 (page 43) from 24.10.2023, and presented on the
website of the Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
there are documents submitted by Chief Assistant PhD Maria Lazarova Kalapsazova (only

candidate).

1. General presentation

Maria Kalapsazova graduated in 2008 from University of Chemical Technology and
Metallurgy (Sofia), as a BSc, specialty "Organic Chemical Technologies". She obtained her
MSc in 2009 from University of Chemical Technology and Metallurgy (Sofia), specialty:
"Pulp, paper and packaging”. Maria Kalapsazova successfully defended PhD thesis with title
"Sodium intercalation oxides as cathode materials for environmentally friendly ion batteries",
and she was awarded with the educational and scientific degree "PhD - doctor" in 2017, at the

Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences (Sofia).



In the competition for "Associate Professor”, chief assistant, Dr. Kalupsozova participates
with 15 publications. In the publications from indicator group "V" (publications from the
habilitation) there are 4 articles (all with Q1), whereas she is the first author in all of them. 11
articles (5 - Q1, 5 - Q2, 1 - Q4) are included in the publications from indicator group "G"
(publications from the competition, but outside the habilitation), whereas Maria Kalupsozova
is the first author in 6 of them. Maria Kalupsozova has a total of 18 articles in Scopus and 171
citations. In the submitted document it is written that the H index is 6, but currently it is

already 7.

2. Main characteristics of the scientific activities of the applicant

The main research areas of the candidate are related to electrochemistry, solid state chemistry
and new energy sources.

In recent years, lithium-ion batteries have been among the most promising and efficient
energy storage technologies. At the same time, the high price of lithium and the limited
distribution of lithium ores in the earth crust lead to search for substitutes for lithium-ion
batteries. Some scientists have focused their efforts on the development of new classes of
energy sources - post lithium-ion batteries, which include dual metal-ion batteries and
batteries based on electrode materials in which Li* cations are replaced by Na*, K*, Ca?*,
Mg?*, AI**, etc.

The main area of scientific research carried out by the candidate and included in the
habilitation work is related to the synthesis, characterization and application of electrode
materials for post lithium-ion batteries. The objectives of these studies are the layered
sodium-transition metal oxides as adaptive positive electrode materials, which are

successfully applied in sodium- and hybrid lithium-sodium-ion electrochemical cells.

The main scientific contributions of the candidate are:

1. Development of novel sodium transition metal oxides with different composition and
morphology.

2. Optimization of the electrochemical characteristics of sodium transition metal oxides as
positive electrode materials in sodium and hybrid lithium-sodium-ion cells

3. Reveal the mechanism of intercalation and establishing changes in the structure and surface

of sodium transition metal oxides.



New original methods for synthesis of layered oxides are developed. It was established, that
the use of various precursors leads to formation of different morphology of the particles and
stabilizing the crystal structure. Meanwhile, doping with electrochemically inactive ions
(Mg?*) stabilizes the crystal structure of the final product.

The electrochemical properties of electrode materials strongly depend on their structure and
morphology, as well as on their reactivity to different electrolyte mixtures. Particle sizes
affect capacity stability under extended cycling.

In order to build a complete electrochemical cell, LisTisO12, was also synthesized by a solid-
phase reaction between anatase and lithium acetate at 800 °C.

The electrochemical characteristics of sodium transition metal oxides are optimized: Layered
oxides with improved morphology and thermo-stable crystal structure were synthesized;
Different electrolyte solutions have been used in order to improve the electrochemical
properties.

It was found that the electrochemical reaction run through the same mechanism, both for the
oxides obtained from acetates and for those obtained from mixed acetate-nitrate salts.

Detailed investigations of the intercalation mechanism of lithium and sodium cations, as well
as on the changes in the structure and surface of the electrode materials during the
electrochemical reaction, were performed. For this purpose, after cycling the electrochemical
cells, ex-situ investigations were performed: powder X-ray diffraction, TEM, EPR and X-ray
photoelectron spectroscopy.

These studies provide valuable knowledge that can serve as guidelines for further
development of improved electrode materials.

In the competition for "Associate Professor”, chief assistant, Dr. Kalupsozova participates
with 15 publications. In the publications from indicator group "V" (publications from the
habilitation) there are 4 articles (all with Q1), whereas she is the first author in all of them. 11
articles (5 - Q1, 5- Q2, 1 - Q4) are included in the publications from indicator group "G"
(publications from the competition, but outside the habilitation), whereas Maria Kalupsozova
is the first author in 6 of them. Maria Kalupsozova has a total of 17 articles in Scopus and 171
citations. In the submitted document it is written that the H index is 6, but currently it is
already 7.

The publications in the competition has 88 citations (the candidate presented 83, see 3.

Critical remarks and recommendations).



Maria Kalupsozova is participats in 7 projects - one international project and 6 national
projects. She is coordinator of 3 national projects. Maria Kalupsozova has presented 8 lectutes
and 26 posters at international and national forums. She has 3 specializations in Germany and
1 specialization in Spain.

Maria Kalupsozova has won the National Scholarship "For Women in Science™ 2021 for
Bulgaria, for the implementation of a project on the topic "Modeling the structure and surface
of layered oxides to develop more efficient, cheap and safe electrode materials for sodium-ion

batteries".

3. Critical remarks and recommendations

I have no significant critical remarks on the work of PhD Maria Kalapsazova and on the
documents submitted for the competition.

Some editorial technical mistakes have been made in the writing of report (for example, the
links of some articles are not precise /G1, G11/, detailed information about the projects is
missing, also there are some technical errors).

The text :"is significantly improved, especially in the presence of an electrolyte based on ionic
liquids [3, 4]" should. have been corrected to: “are significantly improved, especially in the
presence of an electrolyte based on ionic liquids [3, 4]. /Habilitation report, at the end of p. 4/.
Citation 42 does not cite the publications listed. Citations 37 and 40 are repeated. Citation 23
Is from 2021, not 2020. 2 citations should be omitted, but another 7 citations should be added
(see the list on the next page), thus the citations should be 88. General list of publications -
publication 18 is missing article number.

These small technical mistakes do not reduce the importance of the scientific contributions of
the candidate. | recommend PhD Maria Kalapsazova to intensify her work on the training of
PhD students in the future.
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Conclusion

The scientific activity and scientometric data of Chief Assistant PhD Maria Lazarova
Kalapsazova, reflected in the documents for the competition, cover completely and even
exceed the requirements for occupying the academic position "Associate Professor” in the
Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, Sofia, as well
as the criteria according to the Law on the Development of the Academic staff in the Republic
of Bulgaria (ZRASRB) and the Regulations for Implementation of the ZRASRB.

The scientific achievements of PhD Kalapsazova represents her as an successful and
promising young scientist, with significant contributions and international recognition in the
fields of solid state chemistry, new energy sources and chemistry of electrode materials for

post Li-ion batteries.

Based on the analysis of scientific works and their scientific contributions, | give my positive
assessment and recommend the Scientific Jury to prepare report-proposal Scientific Council
of General and Inorganic Chemistry, Institute of General and Inorganic Chemistry, Bulgarian
Academy of Sciences (Sofia), to award Chief Assistant PhD Maria Kalapsazova with the
academic position of "Associate Professor" in the professional area “4.2 Chemical sciences”;
Scientific specialty "Solid State Chemistry” - for the lab. “Intermetallics and Intercalation

Materials”, Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences.

14.02.2023
The opinion is prepared by:

Prof. PhD Boyko Tsyntsarski



