REPORT

on the competition for the academic position “Associate Professor” scientific direction 4.2.
Chemical Sciences (Inorganic Chemistry) at the Institute of General and Inorganic Chemistry,
Bulgarian Academy of Sciences (IGIC-BAS) announced: /IB 28 01.04.2025

Candidate: Assistant Prof. Dr. Sonya Harizanova (IGIC-BAS)
Member of the Scientific Jury: Assoc. prof. Dr. Margarita Milanova (IGIC-BAS)

1. BRIEF BIOGRAPHICAL REFERENCE

Dr. Sonya Gancheva Harizanova is the only candidate in the competition announced
by the Institute of General and Inorganic Chemistry of the Bulgarian Academy of Sciences
(IGIC-BAS) for the position of "Associate Professor" in Chemical Sciences (Inorganic
Chemistry). She graduated in 2004 from the University of Chemical Technology and
Metallurgy, Sofia, with a Master's degree in the specialty "Silicate Materials". In 2010, she
received the educational and scientific degree ,,Doctor" in the scientific specialty 01.05.02
"Inorganic Chemistry” after successfully defending a dissertation on the topic:
"Microstructure and reducibility of cobalt perovskites obtained from citrate precursors” as a
full-time doctoral student at the Institute of General and Inorganic Chemistry. Since 2008. Dr.
Harizanova worked at IGIC-BAS successively as a "chemist™ (2008-2011), "chemist - doctor"
(20011-2014) and "chief assistant™ (20014-present).

Assist. Prof. Dr. Sonia Harizanova has completed 4 specializations abroad - Imperial
College London, Department of Materials - Faculty of Engineering, London, United Kingdom
(2022); Institut des materiaux Jean Rouxel — Nantes, France (2017); Technical University of
Darmstadt, Institute of Materials Science, Darmstadt, Germany (2017) and University of
Aveiro, Institute of Materials Science and Ceramics, Aveiro, Portugal (2004).

2. REFERENCE FOR MEETING THE MINIMUM CRITERIA OF BAS

According to the provided reference, Assistant Professor Dr. S. Harizanova is a co-
author of a total of 25 scientific publications, of which 17 were published after obtaining the
PhD. In the competition for "Associate Professor" she participates with 16 publications, all
included in the ISI database (Scopus/Web of Science). Of these, five publications are included
in the habilitation work (group of indicators B - Q1 - 3, 75 points; Q2 - 1, 20 points; SJR - 1,
10 points; Total 105 points), and the remaining 11 are outside the habilitation work (group of
indicators G - Q1 6, 150 points; Q2 - 3, 60 points; Q4 - 2, 24 points; Total 234 points). In the
publications included in the competition, Dr. Harizanova is the first author in 7 of them,
which shows her participation as a leading researcher and her significant contribution to their
development. Along with the publications, a patent on the topic "Thermoelectric Oxide
Material”, owned by IGIC- BAS, is also presented.

Part of the results of Dr. Harizanova's research have been presented at 29 national and
international scientific forums with reports and posters since 2013. The development of Dr.
Harizanova's scientific research activity has also been made possible by her participation in 8
scientific projects (120 points). Dr. Harizanova's scientific publications have received 210
independent citations so far, 104 of which were for publications participating in the
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competition for "Associate Professor” with a contribution of 208 points in scientometric
indicators. The Hirsch index (h) of the candidate, according to the Web of Science database,
is 7 and has a contribution of 70 points in group of indicators G of the additional requirements
of the IGIC-BAS. From the submitted report on the fulfillment of the requirements under Art.
5 of the Regulations on the conditions and procedure for acquiring scientific degrees and for
occupying academic positions at the IGIC-BAS, it can be seen that for each of the indicators
(A-50 points; B-105 points; G-259 points; D-208 points; J-190 points) Dr. S. Harizanova has
a total number of points - 812 and this number significantly exceeds both the minimum
national requirements (400 points) and the higher criteria at the Bulgarian Academy of
Sciences and the Institute of General and Inorganic Chemistry (500 points) for occupying the
academic position of "Associate Pofessor"” in the professional field 4.2. Chemical Sciences.

3. GENERAL CHARACTERISTICS OF A CANDIDATE'S RESEARCHACTIVITIES
3. 1. Main scientific contributions presented in habilitation work.

The habilitation thesis of Assistant Professor Dr. S. Harizanova is based on five papers
and is dedicated to the application of various chemical approaches to regulate the
thermoelectric properties of energy conversion materials. The main scientific contributions of
the candidate can be summarized as follows:

1. Double substitution in the perovskite structure to improve the thermoelectric efficiency of
LaCoOs.
2. Multiphase and hybrid composites as energy conversion materials.

A new approach is proposed to increase the thermoelectric efficiency of LaCoOs with
a perovskite structure by double substitution of Co*" ions with Ni** and Fe** ions
(LaCoi-y(Nio.sFeo.5),03, 0 <y < 0.25). The best results were achieved with the composition
LaCoo.sNio.1Feo.10s, whose thermoelectric efficiency is one order of magnitude higher than
that of pure LaCoOs at room temperature. The replacement of La*" with Sr** ions in the same
composition (Lai—SryCoo.sNio.1Feo.10s, 0 < x < 0.25) does not significantly affect the thermal
conductivity. A specific synthesis method using “soft chemistry” has also been developed,
involving lyophilization of solutions with lanthanum, strontium, transition metals and citric
acid as a complexing agent. The resulting multiply substituted oxides are formed at
temperatures of 600°C.

Multiphase composites between cobalt oxides with perovskite and layered structures
and hybrid composites between cobalt-containing oxides and graphene-derived materials were
synthesized using “soft mechanochemistry” reactions — lyophilization, Pechini reactions and
co-precipitation, as well as mechanical grinding of the individual components in certain
proportions, and their potential as thermoelectric materials was investigated. The obtained
results show that the formation of composites can be used as an effective chemical approach
to modify the thermoelectric efficiency of cobaltite’s.

The approach for the formation of composites involving reduced graphene oxide has
also been applied to polyanionic materials used as electrodes in lithium- and sodium-ion
batteries. A unified method for the synthesis of composites between NasFes3(PO4)2P207
(NFPP) and reduced graphene oxide (rGO) has been developed. It consists of mechanical
mixing in a ball mill of NFPP and rGO in a ratio of 85-to-15 wt.% and annealing the mixture
at 400 °C in an argon flow. These studies contribute to the development of electrode materials
based on polyanionic compounds.

The research conducted by Dr. Harizanova shows that chemical approaches involving
the selective substitution of metal ions in a given structure and the formation of composites
can be used to effectively regulate certain physical or chemical properties of a given class of
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materials with potential application in the field of energy conversion. Also, the selection of
metal substitutes from the point of view of toxicity would help in the development of
environmentally compatible materials.

3. 2. Scientific contributions presented in works outside the habilitation work

The main contributions of the candidate are again related to the application of various
methods of inorganic synthesis and the study of their influence on the structural and
morphological characteristics of materials in order to regulate their specific properties.

By the precipitation of a solution of AI(NOs)s with Na;WO4 and subsequent thermal
treatment of the precipitated compositions at 800°C, nano-sized Alx(WOs)z was obtained,
which can be used as a medium for tunable lasers.

By exchange reactions between K™ and Na', using a precursor Mg-substituted
KMnPO4-H20 with a ditmaritene-type structure (KMno.gsMgo.1sPO4-H20), the magnesium-
substituted sodium-manganese phospho-olivine NaMnPQOs with improved electrochemical
characteristics was synthesized. The mechanochemical treatment of magnesium-substituted
phospho-olivines with carbon black leads to the formation of composite materials with high
electrode conductivity (2.5 x 10 S/cm).

A specific method based on lyophilization has been developed for the preparation of
the compound NaFeVPO4(SO4). (NFVPS), as well as the preparation of composites of
NFVPS and reduced graphene oxide (rGO) by mechanochemical milling with potential
applications as electrodes in sodium-ion batteries.

Mixed cobalt perovskites with compositions LaCo1-2xNixFexOz (x=0.1, 0.25) and Lai-
xSrxC0o.8Nio.1Feo.103 (0<x<0.25), and aluminum-substituted zinc oxide with a wurtzite-type
structure, Zn1xAlxO, have been synthesized by thermal decomposition of the corresponding
precursors: lyophilized citrate solutions for perovskites and co-precipitated hydroxide
carbonates of zinc and aluminum. The effects of multiple metal ion substitution (i.e.,
structural effects) and particle size (i.e., morphological effects) on the thermoelectric
properties of oxides have been investigated. The results demonstrate the possibility of
controlling the thermoelectric efficiency of oxides by rationally combining the type of crystal
structure, the type of metal substituents, and the sizes of the crystal particles.

Catalysts based on perovskites containing palladium with a nominal composition of
La(Coo.gNio.1Fe0.1)0.85Pdo.1503, supported on SiO. previously modified with y-alumina, were
obtained. Two procedures were applied for the deposition of the perovskite: by hot
impregnation of the support with citrate solutions of all ions and by a modified variant of
spray pyrolysis. The deposited catalysts showed higher activity in the methane oxidation
reaction compared to the bulk catalysts. The highest activity was exhibited by the catalyst
deposited by the hot impregnation method.

Layered sodium nickel manganese oxides with the composition Naz;sNiizMn120;
modified by replacing nickel ions with AI®* jons and surface modified with the
electrochemically inactive Al.O3 have been studied. It has been found that the combination of
the two approaches can be used to develop highly efficient and environmentally friendly
electrode materials for sodium-ion batteries.

A new hydrothermal synthesis method has been developed to produce sodium titanate
nanowires, which demonstrate excellent cycling stability and high performance under heavy
current loads. With a reversible capacity of approximately 140 mAh/g and rapid charging
capability (6 minutes per charge), these materials are promising anodes for hybrid lithium-
sodium ion batteries.



Non-graphitized carbons have been obtained from spent coffee grounds and the
mechanism of interaction of carbon with sodium has been studied by electron paramagnetic
resonance, transmission electron microscopy, measurement of the specific surface area and
electrochemical testing in model two- and three-electrode sodium cells. The obtained results
show that at potentials above 0.1 V, mainly sodium intercalation reactions occur in graphite-
like domains of the carbons, while below 0.1 V, mainly the pores are filled with sodium
clusters. The formation of small sodium clusters contributes to an increase in the specific
capacity of carbons, while the intercalation of sodium, occurring between 0.5 and 0.1 V,
ensures good capacity stability during repeated cycling.

The research of Senior Assistant Professor Dr. S. Harizanova emphasizes that for each
class of materials, the most appropriate synthesis methods can be developed, depending on
their specific application. This shows the significant potential of preparative inorganic
chemistry for future development, especially in the context of the growing need for new
materials that combine high efficiency, environmental friendliness and accessibility.

4. Critical comments and recommendations on the candidate’s scientific works.

I have no critical comments on the submitted materials.

5. Personal impressions of the candidate.

I know Dr. Harizanova personally and can confidently state that she is a conscientious
and responsible researcher who conducts well-planned and thorough research. Dr. Harizanova
impresses with her honesty, thoroughness and dedication to science. She has excellent
analytical skills for interpreting the data obtained. All this makes her fully prepared for a
successful research career.

6.Conclusion

Assist. Prof. Dr. Sonya Gancheva Harizanova has submitted materials to the
competition that meet and even significantly exceed the indicators set for occupying the
academic position of "Associate Professor” at the Institute of General and Inorganic
Chemistry - BAS. She skillfully applies and combines various methods for the synthesis of
inorganic materials with specified properties, consistently and analytically interpreting the
results obtained, which testifies to high scientific competence and maturity as a researcher.
Based on the presented scientific results, as well as my personal impressions of her work and
scientific commitment, with full conviction | recommend that Assist. Prof. Dr. Sonya
Harizanova be elected as an “Associate Professor” in the professional field 4.2. Chemical
Sciences, scientific specialty "Inorganic Chemistry™ at the Institute of General and Inorganic
Chemistry - BAS.

15. 07. 2025 Member of the Scientific Jury:

Sofia Assoc. prof. Margarita Milanova



