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In the competition for associate professor at the Institute of General and Inorganic Chemistry at  

BAS for the needs of the "Intermetallics and Intercalation Materials" laboratory, one candidate 

participated - chief assistant professor Maria Lazarova Kalupszova, PhD. Maria Kalupszova 

graduated from the University of Chemical Technology and Metallurgy - Sofia in 2009, majoring 

in "Cellulose, Paper and Packaging". In 2017, she defended a dissertation for the acquisition of the 

scientific and educational degree Doctor on the topic: "Sodium intercalation oxides as cathode 

materials for ecological ionic batteries". 

Maria Lazarova Kalupsozova has been working at the Institute of General and Inorganic Chemistry 

- BAS as a chemist since 2012, and since 2019 she has been a chief assistant. Dr. Kalupszova 

specialized in Universidad de Córdoba – Spain, Helmholtz Institute Ulm and Karlsruhe Institute of 

Technology – Germany. She is the recipient of the National Scholarship "For Women in Science" 

2021 for Bulgaria and the "Prof. Hristo Balarev" award of the SHC for "Outstanding Young 

Scientist in the Field of Inorganic Chemistry" for 2018. 

The scientific activity of Ch. Associate Professor Maria Kalupsozova covers 18 publications, all 

included in the ISI database (Scopus/Web of Science). He participated in the competition with 15 

publications: four of the publications (Q1) were presented as a habilitation thesis, in all publications 

included in the habilitation thesis the candidate was listed as the first author; five of the non-thesis 

publications are in Q1, five in Q2 and one in Q4. A total of 170 citations (h index - 6) were noticed 

on the works of Maria Kalupsozova, of which 83 - on the articles included in the current 

competition. She participated in 34 national and international scientific forums. 

Dr. Kalupszova is a participant in 7 scientific projects in the period 2016-2023 and the head of 

three projects with MES-FNI and BAS. 



The candidate's research is generally in the field of solid state chemistry and in particular the 

chemistry of energy storage materials. Research on the relationship between the synthesis, structure 

and properties of oxide electrodes (NaxNi1/2-yMn1/2O2, x=1/2, 2/3; y=0, 1/6) is reflected in 3 

publications [1,2,8 ]. They reliably show that the simultaneous intercalation of monovalent ions 

(such as Li+ and Na+, Li+ and K+, Na+ and K+, etc.) is an effective strategy to overcome the 

structural and kinetic difficulties of intercalating single monovalent ions with large ionic radii (such 

as Na+ and K+). Such co-intercalation reactions have been used as an original approach for energy 

storage in hybrid Li+ -Na+ batteries. The influence of morphology and structure on the 

electrochemical properties of oxides used as cathodes in ion batteries was also investigated. It is 

shown that the arrangement of the transition-metal layers can be controlled by changing the ratio 

of the metals. Nanoscale oxides with a P3-type structure that is sufficiently flexible and able to 

intercalate both Na+ and Li+ ions have been found to be promising materials for application as 

electrodes in hybrid Li-Na-ion batteries. 

In another series of publications [4, 5, 7, 8] structural and surface modification of oxide electrodes 

of the NaxMO2 type (M = Ni, Mn, Mg, Ti, Al) was carried out in order to improve the 

electrochemical properties of layered sodium transition metals oxides by increasing cation and 

oxygen redox activity. Several different approaches have been applied to achieve this goal, 

including surface modification of layered NaxMO2 oxides by deposition of electrochemically 

inactive oxides such as CeO2 and Al2O3, structural modification of layered NaxMO2 oxides by 

replacing part of the nickel ions with electrochemically inactive ions such as Mg2+, Ti4+ and Al3+ 

and combined surface and structural modification with a sought-after synergistic effect. The 

obtained results prove that the redox reactions of lattice oxygen can be regulated by a rational 

combination of metal substituents and oxygen storage modifiers. The study demonstrates that 

CeO2 and Al2O3 modifiers contribute to increase the specific capacitance of layered oxides, while 

metal substituents (such as magnesium, titanium, and aluminum) control their cycling stability 

under different current loads. As a result of combining the two approaches, two materials were 

selected - CeO2-coated P3-Na2/3Ni1/3Mg1/6Mn1/2O2 and Al2O3-coated P2-

Na0.67Ni0.42Al0.08Mn0.5O2, distinguished by a high intercalation capacity in terms of sodium, 

excellent cycling stability and exceptional ability to operate at various current loads. 



In other works [2, 3, 6, 10], new data were obtained on the application of oxides and sulfates as 

electrodes in hybrid electrochemical systems (supercapacitors and supercapacitors). Such are 

layered Na1/2Ni1/2Mn1/2O2 oxides and sulfate-based polyanionic compounds. These results 

reveal the potential of layered Na1/2Ni1/2Mn1/2O2 oxide as an electrode material in hybrid 

supercapacitors. It is also shown that regardless of the type of electrolyte used and the temperature, 

Li2Mn(SO4)2 shows better electrochemical performance compared to Li2Mn2(SO4)3. The 

intercalation of lithium in Li2Mn(SO4)2 leads to its transformation into the Li2Mn2(SO4)3-phase, 

and the electrochemically generated phase is characterized by better properties than the one 

obtained before cycling. 

Also original are the studies with the participation of Kalupsozova focused on other critical 

components for ion batteries, strongly influencing the electrochemical behavior and characteristics 

of the electrode materials, namely the type of electrolyte solution and its reactivity. For this 

purpose, an innovative in-situ EPR approach was applied to study the stability of non-aqueous 

electrolytes, and the electrochemical stability window of the electrolyte was reliably determined. 

Another critical component complicating the realization of sodium and hybrid lithium-sodium-ion 

cells is the selection of a negative electrode material that rapidly and reversibly incorporates large 

amounts of alkali ions. Research by the candidate shows that hydrothermally synthesized sodium 

titanates can serve as effective negative electrodes in hybrid Li,Na-ion batteries. 

 The formulation of the future scientific directions, in which development is expected in the coming 

years, makes a very good impression on the thematic connection of the research conducted by the 

candidate and on the degree of her participation in joint research. All of them reflect modern 

scientific problems, the work on which has real practical value. 

The Habilitation thesis submitted by the candidate for this competition includes 4 scientific 

publications (Q1) and is focused on electrode materials for sodium- and lithium-sodium ion 

batteries. I accept the basic scientific contributions defined by Kalupsozova, briefly synthesized to 

the design of sodium transition metal oxides (NTMOs) by optimization of their composition and 

morphology, improvement of their electrochemical characteristics as positive electrode materials 

in sodium- and hybrid lithium-sodium-ion cells and research of the mechanism of intercalation and 

establishing changes in the structure and surface of NPMO, significant and important in both 

fundamental and applied aspects. 



Ex-situ XRD and TEM analyzes confirmed that the P3-structure of the layered Na2/3Ni1/2-

xMgxMn1/2O2 (x=0, 1/6) oxides is preserved upon intercalation of sodium ions in wide potential 

ranges, while the simultaneous intercalation of Li/Na results in the generation of an O3-phase 

containing lithium and sodium domains. The new results obtained from the research presented in 

the habilitation thesis concerning the optimization of the morphology and composition of the 

layered P3-Na2/3Ni1/2-xMgxMn1/2O2 oxides and study of the Li/Na ion intercalation mechanism 

are a good basis for further improvement of the used oxides as required electrode materials in 

sodium and hybrid lithium-sodium-ion batteries. 

In conclusion, emphasizing the complexity of the research carried out by the candidate, the use of 

a large number of modern experimental methods and innovative approaches, as well as the 

significance of the obtained results and the presence of indisputable scientific contributions, I 

propose Chief assistant professor Dr. Kalupszova to be elected as an associate professor of Solid 

State Chemistry at the Institute of General and Inorganic Chemistry of the BAS. 

 

 

11.02.2024     Prepared the opinion: 

                                          

                Prof. Dr. Tony Spasov 


