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R E V I E W 

 

on the competition for the academic position “Associate Professor” 

in a higher education branch 4. Natural sciences, mathematics and informatics, 

professional field 4.2. Chemical sciences (Inorganic chemistry) 

announced in „State Gazette”, issue No. 28/01.04.2025 

 

by Prof. Dr. Penka Vasileva Tsanova 

Faculty of Chemistry and Pharmacy, University of Sofia “St. Kl. Ohridski” 

external member of the scientific jury appointed with Order No. RD-09-91/27.05.2025 

issued by the Director of the Institute of General and Inorganic Chemistry –  

Bulgarian Academy of Sciences 

 

One candidate has applied for the competition for the academic position “Associate Professor” in 

Professional Field 4.2: Chemical Sciences (Inorganic Chemistry), intended to meet the needs of the 

“Intermetallics and Intercalation Materials” Laboratory at the Institute of General and Inorganic Chemistry – 

Bulgarian Academy of Sciences (IGIC – BAS) – Chief Assistant Professor Dr. Sonya G. Harizanova. Dr. 

Harizanova has submitted all the required documents for participation in the competition, and they comply 

with the Law on the Development of the Academic Staff in the Republic of Bulgaria, its Implementing 

Rules, and the Regulations of IGIC – BAS regarding the conditions and procedures for acquiring academic 

degrees and holding academic positions. 

1. Brief Biographical Information and Professional Development 

Sonya Harizanova holds a Master’s degree in Silicate Materials from the University of Chemical 

Technology and Metallurgy – Sofia (2004). During her Master’s studies, she completed a five-month 

specialization at the University of Aveiro, Institute of Materials Science and Ceramics, Aveiro, Portugal 

(2004). In 2005, she was admitted as a full-time PhD student at the Institute of General and Inorganic 

Chemistry – Bulgarian Academy of Sciences (IGIC – BAS). During the course of her doctoral studies, Sonya 

Harizanova undertook a one-month short-term specialization at the Technical University of Darmstadt, 

Institute of Materials Science, Darmstadt, Germany (2007). Since 2008, she has worked as a chemist at 

IGIC–BAS. In 2010, she defended her PhD dissertation at IGIC – BAS, titled “Microstructure and 

Reducibility of Cobalt Perovskites Prepared from Citrate Precursors”, earning the educational and scientific 

degree “Doctor of Philosophy” in the scientific specialty 01.05.02 Inorganic Chemistry. From 2011, Dr. 

Sonya Harizanova held the position of Chemist-PhD at IGIC–BAS, and since March 2014 she has been 

serving as Chief Assistant Professor at the same institute. During this period, she completed two short-term 

research visits: one at the Institut des Matériaux Jean Rouxel, Nantes, France (13 days, 2017), and another at 
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Imperial College London, Department of Materials – Faculty of Engineering, United Kingdom (8 days, 

2022). 

2. General Overview of Research and Teaching Activities 

Dr. Sonya Harizanova is a co-author of a total of 26 scientific publications (1 publication from 2025 

is not included in the main list) and 1 active patent. Of these publications, 21 are indexed in Scopus and 17 in 

Web of Science (WoS). To date, all publications have received 208 citations in Scopus and 96 in WoS, 

excluding self-citations by all authors. Dr. Harizanova’s h-index is 7 in Scopus and 6 in WoS. For the 

Associate Professor competition, Dr. Harizanova is participating with 16 scientific publications, all indexed 

in international databases (Scopus and WoS), and 1 registered patent—excluding the research works 

submitted during her PhD defense. She is the first author on 7 of these publications. Currently, the articles 

submitted for the competition have received 116 citations in Scopus (excluding self-citations by all authors), 

which reflects both the relevance of her research and the scientific impact of the published results. In terms 

of quantitative indicators, the candidate exceeds both the minimum national requirements and the additional 

institutional criteria for the academic position of Associate Professor: 

Group B indicators – 5 scientific publications (3 in Q1, 1 in Q2, 1 in SJR-ranked journal): 105 points 

(minimum required: 100 points); 

Group G indicators – 11 scientific contributions (6 in Q1, 3 in Q2, 2 in Q4, and 1 registered patent): 

259 points (minimum required: 220 points); 

Group D indicators – 104 citations (Scopus): 208 points (minimum required: 120 points); 

Group J indicators – h-index of 7, participation in 6 national research projects, 2 international 

projects, and 1 international scientific network: 190 points (minimum required: 70 points). 

The main scientific results submitted by Dr. Harizanova for the competition have been disseminated 

through 39 poster presentations and 11 oral presentations, delivered at 29 scientific forums (16 national and 

13 international conferences). 

Her extensive project involvement clearly demonstrates both the relevance and competitiveness of 

the scientific topics she pursues, as well as her role as a responsible and active researcher. 

In terms of teaching activity, Dr. Harizanova has supervised student internships for three students (2 

from UCTM and 1 from the Faculty of Chemistry and Pharmacy at Sofia University), and she has reviewed 

two theses (one Bachelor’s and one Master’s) by students from UCTM. 

3. Main Scientific and Applied Contributions 

The scientific research of Dr. Sonya Harizanova is focused on the field of modern chemistry of 

inorganic materials, and more specifically on the development of original synthesis methods and the 

investigation of their influence on the structural and morphological characteristics of the resulting materials, 

with the aim of tuning their specific properties according to their potential applications. The submitted 

habilitation work, titled "Chemical Approaches for Tuning the Thermoelectric Properties of Materials for 

Energy Conversion", comprises five thematically related publications, in four of which the candidate plays a 
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leading role as first author. The habilitation study summarizes innovative and targeted chemical strategies for 

enhancing the thermoelectric performance of oxide materials, both through intelligent substitutional design 

within the crystal lattice and through the formation of multiphase and hybrid composites. These approaches 

are scientifically well-founded and have been successfully implemented experimentally. The following key 

scientific achievements and contributions can be highlighted: 

1. A novel approach to improving the thermoelectric performance of LaCoO3 based on double 

substitution of cobalt ions in the perovskite structure with nickel and iron ions 

This represents a contribution of significance to materials science, particularly in the context of developing 

environmentally friendly, sustainable, and non-toxic thermoelectric materials. The employed method of 

simultaneously substituting Co
3+

 with Ni
2+

 and Fe
3+

 is a well-founded strategy aimed at balancing opposing 

effects: Ni
2+

 enhances electrical conductivity but reduces the Seebeck coefficient, while Fe
3+

 has the opposite 

effect. This combination targets an optimal ratio between electrical conductivity and thermopower, which is 

essential for achieving high thermoelectric efficiency. The precise synthesis method, based on "soft 

chemistry" using lyophilized citrate precursors, ensures high atomic-level homogeneity, a low phase 

formation temperature (600 °C), and excellent control over composition and microstructure. This is a 

significant methodological contribution with potential applicability to other systems involving cation 

substitution. 

2. An alternative strategy involving the formation of multiphase composites composed of cobalt 

oxides with either perovskite or layered structures, or hybrid composites combining cobalt-

containing oxides with graphene-like materials 

An alternative approach has been proposed for modifying the thermoelectric efficiency through the 

fabrication of multiphase composites composed of components with distinct thermoelectric properties - 

specifically, a perovskite-type phase (LaCo0.8Ni0.1Fe0.1O3) and a layered-type phase (Ca3Co4O9). A 

significant scientific result was achieved with composites rich in the perovskite phase, reaching a maximum 

thermoelectric efficiency of ZT = 0.34 at room temperature, which markedly exceeds the values reported for 

epitaxial layered cobaltite oxides. The study demonstrates that control over phase composition and 

microstructure in oxide composites is an effective strategy for enhancing the thermoelectric performance of 

cobaltates. 

The influence of three types of carbon additives – differing in origin and structure (expanded 

graphite – ExGr, reduced graphene oxide – rGO, and N-containing reduced graphene oxide – NrGO) – has 

been investigated for two types of oxides: p-type Ca3Co4O9 and n-type Zn0.995Al0.005O. It was demonstrated 

that the addition of only 2% ExGr or NrGO improves the thermoelectric efficiency of p-type Ca3Co4O9, due 

to enhanced phonon scattering in the composites resulting from the heterostructural distribution of the carbon 

and oxide phases – this is a result of high practical relevance. 

3. Application of the composite formation approach involving rGO to polyanionic materials 

(sodium iron phosphate-pyrophosphate – Na4Fe3(PO4)2P2O7, NFPP) for electrodes in lithium- 

and sodium-ion batteries 
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It has been shown that rGO not only enhances the electrical conductivity of the composites but also 

participates partially in the electrochemical process through capacitive surface reactions, particularly at 

elevated temperatures – this offers a novel and important perspective on the role of carbon phases. The 

synthesis method used (lyophilization combined with ball milling) is cost-effective and scalable, making the 

approach suitable for real-world applications. 

The scientific contributions of Dr. Harizanova’s works beyond her habilitation thesis can be 

characterized both as an enrichment of existing knowledge and as the acquisition of a number of new 

findings in the field of the synthesis and properties of polyanionic compounds, mixed oxides, and non-

graphitizable carbon materials. These materials meet the requirements for their specific applications as media 

for tunable lasers, electrode materials, thermoelectrics, and catalysts. The scientific contributions are 

classified based on the chemical composition of the materials into three thematic areas, each outlining 

significant individual achievements and highlighting the candidate's leading research role in the design and 

synthesis of the materials, as well as in the investigation of their practical applications. 

Direction 1: Polyanionic Compounds as Media for Tunable Lasers and Electrode Materials 

1.1 Synthesis of Nanosized Al2(WO4)3 

An efficient precipitation-based method has been proposed for the synthesis of nanosized Al2(WO4)3, which 

overcomes the limitations of high-temperature synthesis and minimizes particle agglomeration. The 

composition of the amorphous precursor has been thoroughly characterized, with predominantly sixfold 

coordinated Al
3+

, ensuring a stable nanostructure favorable for subsequent sintering. The crystallization 

temperature (630 °C) and the associated enthalpy have been have been determined, allowing for precise 

thermal treatment control. The obtained nanomaterials have been demonstrated to be suitable for the 

fabrication of transparent ceramics – offering a more accessible and stable technological alternative to the 

challenging and inefficient growth of Al2(WO4)3 single crystals. 

1.2 Polyanionic Compounds with Olivine-Type Structure 

An effective strategy has been proposed to enhance the electronic conductivity of sodium manganese 

phospho-olivine (NaMnPO4) by substituting the metal ions with magnesium and subsequently coating the 

olivine particles with activated carbon. This overcomes the primary limitation of the material as an electrode. 

An innovative low-temperature synthesis method (200 °C) has been developed, based on ion exchange using 

a dittmarite-type precursor, which ensures phase purity and control over the product's chemical composition. 

The carbon coating (up to 5 nm), applied via mechanochemical treatment, preserves the olivine phase 

structure and results in significantly improved electronic conductivity. The composites exhibit stable 

electrochemical performance – a capacity of 90–100 mAh/g in sodium half-cells, and even higher capacity in 

mixed Li
+
/Na

+
 intercalation in lithium half-cells – attributed to the presence of nanodomains and the mobility 

of Mg²⁺ within the structure. A notable original contribution of this research is the development of a new 

hybrid electrochemical system with Li4Ti5O12 as the anode and Mg-NaMnPO4 as the cathode, based on the 

non-selective intercalation capability of magnesium-substituted phospho-olivines. 

1.3 Mixed Phosphate-Sulfate Salts of Sodium, Iron, and Vanadium 
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The polyanionic compound NaFeVPO4(SO4)2 (NFVPS) has been proposed as a novel multi-electron 

electrode material for sodium-ion batteries, capable of reversibly intercalating 3 mol of Na⁺ ions due to the 

multiple redox couples of iron and vanadium (V
2+

/V
3+

, V
3+

/V
4+

, V
4+

/V
5+

, Fe
2+

/Fe
3+

) – achieving a high 

specific capacity (up to 175 mAh/g). An original synthetic strategy based on lyophilization has been 

developed, involving controlled mixing and freezing of a complex solution of NaH2PO4, Fe(NO3)3·9H2O, 

NH4VO3 and (NH4)2SO4. This stabilizes the valence states of vanadium and enables the formation of a 

homogeneous precursor. 

Through mechanochemical milling, effective surface modification of NFVPS with reduced graphene 

oxide (rGO) has been achieved, enhancing conductivity and electrochemical stability at elevated 

temperatures. The NFVPS/rGO composite demonstrates excellent long-term stability (up to 97% capacity 

retention after 200 cycles), positioning it among the leading polyanionic electrodes suitable for next-

generation sodium-ion batteries. 

Direction 2: Mixed Oxides for Applications as: 

2.1 Thermoelectric Materials 

Two distinct classes of oxides with different crystal structures have been investigated – cobalt-based 

perovskites with compositions LaCo1-2xNixFexO3 and La1-xSrxCo0.8Ni0.1Fe0.1O3, in which cobalt ions are 

partially substituted with nickel and iron, and lanthanum ions with strontium, as well as aluminum-doped 

zinc oxide with a wurtzite-type structure, Zn1-xAlxO. This broadens the basis for conclusions regarding the 

role of morphology and chemical composition on the thermoelectric properties of oxides. It has been 

clarified that morphological effects (particle size) and structural effects (metal ion substitution) can exert 

different – even opposing – influences on thermoelectric performance. In the perovskites, larger particles 

enhance thermoelectric properties, whereas in ZnO the effect is reversed. This highlights the importance of 

crystal structure and charge carrier mechanisms. The particle size was shown to primarily affect the carrier 

density rather than mobility or thermal conductivity – an important contribution to understanding transport 

mechanisms in oxide thermoelectrics. The study demonstrates that rationally combining crystal structure 

type, choice of substituent metal ions, and control over particle size is an effective strategy for tuning the 

thermoelectric efficiency of oxides. The registration of a patent for a thermoelectric oxide material with the 

composition LaCo0.8Ni0.1Fe0.1O3 attests to an original technological solution with practical application 

potential that goes beyond purely academic contributions. 

These investigations represent a significant contribution to materials science and synthesis, 

especially regarding the effects of morphology and structural modifications on the thermoelectric properties 

of oxide materials. It is worth emphasizing that the strengths of this work lie in its systematic approach, the 

diversity of studied systems, and the successful patenting of a novel material. 

2.2 Catalysts 

A novel perovskite with the composition La(Co0.8Ni0.1Fe0.1)0.85Pd0.15O3 has been synthesized using an original 

approach for incorporating palladium into the perovskite matrix. The resulting material has been then 

deposited onto a SiO₂ substrate modified with γ-Al₂O₃.This strategy is expected to improve thermal stability 
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and facilitate Pd dispersion compared to traditional Pd/Al₂O₃ catalysts. The modification of the SiO2 support 

with γ-Al2O3 is a rational choice aimed at enhancing adhesion and phase stability of the active layer. Two 

methods for depositing the active phase were studied – wet impregnation and aerosol assisted chemical vapor 

deposition – enabling direct comparison of their effects on phase composition and catalytic activity. It was 

demonstrated that the deposition method significantly affects the phase formation (perovskite vs. mixed 

phases), which in turn influences catalytic activity in the methane oxidation reaction. These relationships are 

critical for the targeted design of catalysts. The supported catalysts exhibit higher activity than the bulk 

perovskite, highlighting the importance of morphology, active phase distribution, and surface contact. This 

study makes a valuable contribution to the field of catalysis by developing innovative palladium-containing 

perovskite materials and evaluating various deposition techniques for their immobilization on suitable 

supports. 

2.3 Advanced High-Performance Electrode Materials for Sodium-Ion and Hybrid Batteries 

This research marks an important step in the development of oxide-based electrodes for sodium-ion and 

hybrid batteries, offering a well-balanced mix of applied relevance and theoretical insight. It presents notable 

scientific contributions in several key directions: 

- Design and Modification of Layered Oxides to Enhance Stability and Capacity 

An important scientific contribution lies in the rational design of modified layered oxides 

(Na2/3Ni1/2Mn1/2O2). The approach combines structural substitution (Ni→Al) with surface modification using 

Al2O3 to address two major challenges in sodium-ion batteries: structural degradation and instability in 

electrolyte environments. The surface coating with Al2O3 suppresses Mn dissolution, which is crucial for 

long-term capacity retention. The substitution of nickel ions with Al³⁺ ions promotes the involvement of 

lattice oxygen in the electrochemical reaction, representing an innovative contribution as it expands the 

concept of active sites beyond metal ions. 

- Innovative Synthesis of Sodium Titanates with Excellent Anode Characteristics. 

A hydrothermal method was employed to synthesize nanowires of mixed sodium titanium oxides 

(Na2TixO2x+1), with precise control over morphology and crystal defects. A functional relationship between 

morphology and capacity was established – individual nanowires demonstrated superior performance 

compared to those grouped in bundles, providing essential insights for electrode optimization. The resulting 

anode materials achieved excellent electrochemical performance, with stable capacities around ~140 mAh/g 

at high current densities, characterizing them as efficient anode materials for hybrid lithium-sodium ion 

batteries. 

- Theoretically Grounded Strategy for Co-Intercalation in Hybrid Batteries 

The analysis of co-intercalation reactions (e.g., Na
+
/Zn

2+
, Li

+
/Mg

2+
, etc.) introduces a strategic and novel 

approach to overcoming the structural and kinetic limitations associated with the intercalation of either 

monovalent ions with large ionic radii or multivalent ions. 

Direction 3: Non-Graphitizable Carbons as Electrode Materials 
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Biological waste (spent coffee grounds) has been utilized as a low-cost and sustainable source for the 

production of non-graphitizable carbons with potential applications in sodium-ion batteries. Through thermal 

and chemical treatment, control over the resulting carbon structure has been achieved. It was demonstrated 

that the parameters of carbonization and subsequent processing directly influence the porosity, ash content, 

and electrochemical properties of the carbons. A surprising role of the mineral ash has been identified: the 

ash content – particularly the presence of albite – enhances electrochemical performance by stabilizing the 

surface film and improving cycling stability, contrary to conventional approaches that aim for complete ash 

removal. By integrating various analytical techniques (EPR, TEM, and electrochemical measurements), a 

distinction has been made between intercalation, adsorption, and sodium cluster formation at different 

potentials. This represents an original contribution to the ongoing discussion about the storage mechanism of 

Na⁺ in non-graphitizable electrodes. A correlation between structure and capacity has been established by 

linking the size and morphology of sodium clusters (2–200 nm), the carbon microstructure, and the operating 

potential. The best cycling stability is observed when intercalation dominates (0.1–0.5 V), while enhanced 

capacity is achieved via the formation of small sodium clusters (<2 nm) at low potentials (~0.01 V). 

I have no critical remarks or questions regarding the materials submitted for the competition. 

4. Conclusion 

Considering the high scientific level of the candidate’s work and their recognition within the global scientific 

community, the undeniable scientific and applied contributions, as well as her involvement in research 

projects, I firmly express my opinion that Chief Assistant Professor Dr. Sonya Harizanova is a highly 

competent researcher in the field of Inorganic Chemistry, possessing the qualifications to conduct original 

research on relevant and forward-looking topics. I strongly endorse her candidacy and confidently 

recommend Chief Assistant Professor Dr. Sonya Harizanova for appointment to the academic position of 

Associate Professor in the professional field 4.2. Chemical Sciences (Inorganic Chemistry) to serve the needs 

of the "Intermetallics and Intercalation Materials" Laboratory at the Institute of General and Inorganic 

Chemistry, Bulgarian Academy of Sciences. 

 

July 25, 2025        Reviewer:  

Sofia             (Prof. Dr. P. Vasileva) 


