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Applicant's personal and professional information.
Only one applicant, Senior Assist.-Prof. Dr. Lyubomir Ivov Aleksandrov participates in the
Associate Professor competition in the professional field 4.2. Chemical Sciences (Inorganic
Chemistry) announced in the State Gazeffe 98117.11.2020 by the Institute of General and
Inorganic Chemistry-BAS for the needs of the High-Temperature Oxide Systems Laboratory.
Dr. Aleksandrov graduated with a Bachelor degree from the University of Chemical
Technology and Metallurgy, specialty Metallurgy in 2002 and in 2004 - obtained his Master
degree with a specialty Silicate Materials from the same university.
After his graduation, Lyubomir Aleksandrov worked as an engineer at EPIC Electronic
between 2005 and 2006, and. from 2005 he has been enlisted as a regular PhD student at
IGIC-BAS with supervisors Prof. Dr. Reni Iordanova and Prof. DSc Dimitar Klisurski and
title of the dissertation thesis "Synthesis and structure of amorphous and polycrystalline
molybdate phases, containing oxides of the rare-earth elements". During the period 20052009, he has been preparing his thesis and has defended it in 2009, acquiring a PhD title.
From 2009 to 2012 Dr. Aleksandrov has been working as a Chemist at IGIC-BAS and from
2012 tlll present he is a Senior Assist-Professor at the same institute.
Between 2009 and 2015, Llubomir Aleksandrov has specialized several times abroad - at the
TU, Wien, Austria (2009); Nagaoka University of Technology, Nagaok4 Japan (2009-2011);
Offo Schott Institute, Friedrich Schiller University, Jena, Germany (2013) and Nagaoka
University of Technology, Nagaok a, J apan (20 1 4 -20 1 5).
2. General description of the materials presented for the competition.
Senior Assist-Prof. Lyubomir Aleksandrov is applying for the Associate Professor
competition with the total number of 62 scientific publications, 42 of these in IF journals, 1lin peer reviewed scientific journals without IF and 9 - in conference proceedings. Most of the
publications are in renowned international and leading Bulgarian scientific journals, the
largest number of works being published in Journal of Non{rystalline Solids (Q1) - 11,
Journal of Chemical Technology and Metallurgy (former Joumal of the University of
Chemical Technology and Metallurgy) (Q3 from 2012) - 9 and Bulgarian Chemical
1.

Communications (Q4) - 6, Optical Materials (Q1/ Q2) - 5.
In the present Associate Professor competition, Dr. Aleksandrov applies with 30 publications
in total, l0 of them - presented instead of a habilitation thesis. 9 of the publications
substituting the habilitation thesis, are published in scientific magazines with quartiles as
follows Ql (3) and Q2 (6), and I article is published in a SJR journal. The publications for
Indicator G (f), according to the requirements of the Law for the Development of the
Academic Staff in the Republic of Bulgaria (LDASRB), have also been published in
specialized scientific magazines with the following quartiles: Ql (8), Q2 (4), Q3 (3), Q4 (3)

and 2 - in journals with SJR. The applicant has also presented a list with his contributions at
53 scientific forums in total - 35 from which are at international and 18 at national meetings.

A total of 292 citations of the scientific works of Dr. Aleksandrov was noticed in the Web of
Science andlor Scopus databases, from which 191 are of the scientific publications with
which the candidate applies for the competition. The Hirsch-index (h) of Dr. Aleksandrov,
according to Scopus, is 10. The applicant took part in 15 scientific projects - 8 financially
supported by the BNSF, 4 - by the Scientific Sector of the University of Chemical
Technology and Metallurgy and 3 - with funding by other national and international sources.
He was coordinator of 1 project with the Ministry of Education and Science of Bulgaria,
2012 and of 1 international project (financially supported by Japan). Dr. Aleksandrov has
reviewed 11 theses in total - 7 Master theses and 4 Bachelor theses of students from the
University of Chemical Technology and Metallurgy. All materials presented by Dr.
Aleksandrov for the competition correspond to the topic of the competition and exceed
several times for most of the criteria the Minimal National Requirements as defined in the
LDASRB and the Regulation for the Application of LDASRB for the academic position
"Associate Professor" in 4. Natural Sciences, Mathematics and Informatics, professional
direction Chemical Sciences, as well as in the Rules on the Terms and Conditions for
Acquisition of Academic Degrees and Occupation of Academic Positions at IGIC-BAS (1
483 points in total from 500 required).
3. General characteristics of the research activities.
Three fields of research interests can be outlined in the scientific publications submitted by
Dr. Aleksandrov in the competition: 1) synthesis of non-traditional molybdate and tungstate
glasses; investigation of the glass-forming ability in 3, 4 and multicomponent systems,
containing these two oxides; investigation of the thermal properties, of the phase formation
and phase separation processes in the obtained glasses and glass-like materials and
formulation of structural models for the structure of the glass nefwork. 2) synthesis, structural
characterization and studying of the possibilities for application of amorphous organicinorganic hybrid materials in the systems SiO2/biopolymer and SiO2/polysaccharides/Me,
where Me:Ag, Cu, Zn. 3) investigation of the possibilities for the synthesis of glasses and
glass-ceramics with good luminescent properties in the visible and infra-red field of the
electromagnetic spectrum and exploring the possibilities for the synthesis of glass-crystalline
materials obtained by means of laser-induced crystallization.
For the characterization of the prepared materials a complex combination of appropriately
selected techniques, each supplying complementary information, was used in order to gather
the information necessary for the raising of hypotheses for the near- and intermediate-range
order in the synthesized glasses; formulation of structural models and proving the suggested
phase separation in the glasses and in the investigated hybrid organic-inorganic materials: Xray diffraction; XPS; UV-Vis, IR- and Raman spectroscopy, DTA, DSC, SEI\4/TEM;
fluorescent spectroscopy.
The publications substituting for the habilitation thesis correspond to the first area of research
interests and concem the investigation of the possibilities for the selection of new borate
glass compositions with molybdenum andlor tungsten oxide; determining the glass-forming
and liquid phase separation regions; development of techniques for rapid cooling of the melts
which allows to avoid the spontaneous crystallization during cooling and to control the phase

separation phenomena; the thermal properties are characterized and a wide range of
spectroscopic techniques has been utilized, in order to gather information on the structure of
the obtained glasses and how the addition of molybdenum oxide to the composition
influences the liquid phase separation and crystallization processes. Based on the results from
these investigations, structural models, describing the near- and intermediate-range order in

the glass network have been proposed. These scientific investigations are undoubtedly from
fundamental significance - for increasing the number of known glass-forming compositions
in the investigated non-traditional oxide systems; understanding of the mechanisms of liquid
phase separation and crystallization and for the accumulation of data about the structure of
the synthesized glasses and investigation of their optical properties. The submitted for the
competition publications have also apractical aspect - tungstate and molybdate glasses/glasscrystalline materials find a wide area of application exactly due to their non-traditional
composition and therefrom resulting specific structure and due to their advanced optical
properties (transmission in different spectral regions; strong luminescence in the visible and
infra-red region of the electromagnetic spectrum; their ability to become a host matrix for

different rare-earth ions and thus, to allow achieving a controlled modification of the
properties); as solid electrolytes; parts of the construction on non-linear optical devices;
materials for the immobilization and storage of radioactive wastes; parts of various optical
elements.

The publications, different from those substituting for the habilitation thesis, are partly
dedicated to the first field of research interests of Dr. Aleksandrov, but most of them
correspond to the other two research areas of interests - 2) studying, characterization and
investigation of the antibacterial activity and cytotoxicity of the amorphous hybrid materials
aiming their application in biomedicine and 3) laser-induced volume nanocrystallization of
Au and Ag particles in boro-silicate glasses and investigation of their plasmonic and in
general optical properties and the possibilities to model the processes of scattering in the
synthesized glasses/glass-crystalline materials.
4. Main scientific contributions.
4.1. Scientific contributions in the publications substituting for the habilitation thesis.
The main contributions in the scientific works presented in stead of a habilitation thesis by
Lyubomir Aleksandrov could be summarized as follows. Compositions have been selected

and the glass-formation possibility has been evaluated, the liquid phase separation ranges
have been established; the thermal stability as well as the crystallization phenomena have
been investigated and hypotheses have been raised for the main types of structural units
present in the amorphous materials in the systems: Mo03-La2O3-B2O3, MoO:-NdzO3-B2O3 u
MoO3-La2O:-BzO:-NdzO:, MoO3-ZnO-BzOg, MoO:-SiOz-B2O3-Na2O-ZnO-NdzO:, WO:LazO yB zO z, WO:-MoO 3-La2O3-82O3, WO3-Nb2Os-LazO:-BzO:.
For the systems MoO3-Ln2O:-BzO:, Ln:La and.lor Nd (publications 1, 2, 4, 5) the glassformation range and the main types of structural units present in the glass network, as well as
the influence of the addition of MoOr on these characteristics and that its addition leads to
decrease in the glass-building ability are established. For selected compositions it has been
concluded that structural units present in a broad concentration range of MoOr (10-60
mol%o).are isolated (MoOa)2-tetrahedra. The occurrence of bonds from the type Mo-O-B has
been excluded, i.e. it has been suggested that Mo builds its own network and thus, the phase
separation present has been explained. It has been concluded that the isolated (MoOa)2tetrahedra will serve for building of a metaborate network and bonds from the type Mo-O-Ln
and B-O-Ln. It has been established that for compositions with MoO: > 60 molo/o, a
transformation is observed of the (MoOa)2-tetrahedra into MoO6 octahedra and occurrence of
bridging bonds from the type Mo-O-Mo. The structural evolution observed due to the
addition of neodymium oxide is suggested to lead to stabilization of the glass network and
thus, glass-building ability even for higher MoOg concentrations. In the system WO;-LazO:B2O3 fuublications 6, 8) the glass-forming and liquid phase separation regions are established,
as well as the optical properties are studied. The main crystallizing phases which exhibit
promising optical properties are determined. The type of the main structural; units present in

the glass phase has been determined - isolated (WO+)2- with varying symmetry, corner-linked
WOo and BO3 structural units, the linkage between which is established through LaOn
polyhedra. It has been proven that the increasing WO3 concentration leads to transformation
of the type (WOa)2- ---+ WOo and increase of the number of bridging bonds of the type W-OW and B-O-B. The precipitated crystalline phase has successfully been doped with europium
ions, Eu3*:LaWBOo and it is observed, as well as the reason is explained for the achieved
strong luminescence of the obtained glass-crystalline materials in the infra-red range of the
spectrum. In the system WO:-MoO:-LazOz-BzO: (publication 9), it has been established that
both the density and refractive index increase, as well as the occurrence of solid solutions has
been reported - the phase LaMo*-1W"BO6. The structure of the amorphous network has been
analyzed and the conclusion has been made that it mainly consists of (MoOa)2- and (WOa)2-

and a borate network B-O-B represented by BO3 and BOa structural units. It has been
confirmed that in this system, similar to the findings for the other two above discussed
systems, the linkage between the two networks - tungstate and borate is established through
LaO, polyhedra; besides partial transformation of WO+ into WOo structural units sharing
common corners has been observed. In the system WO:-NbzO 5-La2O3-82O3 @ublication 10),
the influence of the addition of Nb2O5 has been established and a structural model has been
proposed describing the network forming. A number of important for the optical properties
physico-chemical characteristics have been determined for the synthesized materials. The
conclusion is reached that the addition of niobium to the composition improves the glassforming ability without deterioration of the optical properties. The hypothesis is raised that
the glass network is again consisting of two separate networks - tungstate, in which mainly
isolated WO+ and a small amount of WO6 octahedra are present and a borate network in
which mainly BO3 structural units are present, represented by metaborate chains lB@2O 1",
pyroborate [BzOs]a- and orthoborate [BO3]3 groups. It has been established that the niobium
ions are participating in the tungstate network mainly as NbOo octahedra linked by common
corners and edges. The evolution of the main structural units present as a function of the
changing Nb2O5 concentration and the tendency towards cluster-formation have been traced
in case of high enough Nb concentration. In the system MoO:-ZnO-BzO: (publications 2, 3)
monolith glasses have successfully been synthesized for appropriately chosen initial
compositions by using melt quenching technique and the influence of the changing MoO3
concentration on the physical properties and glass-formation ability has been established. It
has been concluded that the main structural units formed in the amorphous network are
isolated MoOa tetrahedra with varying symmetry and the borate network is mainly
represented by diborate, triborate and tetraborate groups, consisting of BOa tetrahedra and
BO3 triangles. It has been proven that the linkage between the molybdate and borate units is
established through ZnOn (n:6, 5). For all samples, heat-treated at different temperatures,
always one and the same crystalline phase precipitates however with different quantity - uZnMoOq which is known for its excellent emission properties. The precipitated crystalline
phase has successfully been doped with europium ions and it has been shown that the glasscrystalline samples containing Eu3*:ZnMoO4, dra characterized by a better red luminescence
that the parent glass. The liquid phase separation processes have been investigated in the
system MoO3-SiO2-B2O3-Na2O-ZnO-NdzO3 (publication 7) aiming to use the prepared
glasses as hosts for the immobilization of radioactive wastes. It has been concluded that
crucial for the applicability of the prepared materials for the above mentioned purpose is the
way molybdenum incorporates in the glass network. The main structural units building the
glass network have been established - MoOa, BOs and SiOa polyhedra, which presence will
result in the occurrence of phase separation. A complex morphology of the microstructure
was witnessed by the SEM analyses. Information has been gathered regarding the

crystallization behaviour of the synthesized materials and how the presence of various as
composition crystalline phases influences the applicability of the respective glass-crystalline
materials for the immobilization of radioactive wastes.
4.2. Scientific contributions in the materials presented as non-habilitation publications.
In the non-habilitation publications, the principal contributions of the applicant could be also
mainly outlined as investigation of the glass-forming ability and thermal properties as follows.
In the systems BzO:-BizO:-MeO: (Me:Mo or W) (publications 1-3, 5, 6,9, 12) syntheses are
carried out and models for the glass network structure have been proposed. In the system
BzOg-BizO:-MoO: the glass-forming and liquid phase separation ranges are determined, as
well as transmission from 50 to 80% has been estimated which value increases while
increasing the BizOE concentration. It has been suggested that the main structural units in the
glass network are BOa, BO3, MoOq and BiO6. It has been proven that the presence of BizO:
stimulates the BO:-+BOa transformation. The crystallization behavior in the system has been
investigated and the main crystallizing phases established - BiBO:, BiqBzOq, Bi:BsOrz and
Bi2MoO6. Furthermore, the luminescence of these crystalline phases - with and without
doping with europium ions has been studied and it is concluded that the above mentioned
crystalline phases are suitable hosts for the incorporation of rare-earth ions. In the system
B2O3-Bi2O3-WO:, it has been successfully shown that in the absence of La2O3, WO: will
incorporate in the amorphous network in case of low concentrations (< 5 mol %) by

participating in Bi-O-W bonds and their accumulation will result in easier glass
crystallization. The addition of LwOz leads to the occurrence of La-O-B and La-O-W bonds,
which allow the glass-forming to take place even for higher WO3 concentrations (up to 40
mol %o).It was proven that in the glass compositions with large concentrations of WOg, two
glass networks are formed - a boro-bismutate network consisting of BO3, BOa, BiOo and a
tungstate one, mainly built up from WOo which networks are linked by La. It has been
established that the obtained glasses are charactefized by high transmission in the visible
range of the electromagnetic spectrum.

The second field to which Dr. Aleksandrov has made contributions, is the synthesis,
structural characterization and investigation of the potential applications of amorphous hybrid
materials in the systems SiO2/biopolymer and SiO2/polysaccharides/Me (Me:Ag, Cu or Zn),
obtained by sol-gel method (publications 4, 10, 11, 13). The main contributions of the
applicant to this topic concern the thermal properties investigation as well as the analyses of
the results from TEM, AFM, SEM, DTA, IR- lrv-vis spectroscopy and 13C-NMR and the
subsequent development of the structural models. As a result from the investigations carried
out in this field of interests, structural models for the network connectivity between organic
and inorganic component have been proposed, the mechanism of interaction between the
SiO2 skeleton and the pectin macromolecule has been elucidated. It has been proven that the
increase in the pectin concentration results in the occuffenee of phase separation. In the
systems SiO2/CMC/Ag, SiO2/HPClCu and SiO2lHPClZn samples doped with different types
and concentrations of metal (silver, copper and zinc) ions have been successfully synthesized.

It

has been shown that the thermal stability of the hybrid materials decreases with the
increasing metal ion concentration in the composition. According to the IR-data analyses, it
has been suggested that the interaction between the cellulose ether and the silicon network is
established through the building of hydrogen bonds, similar to the situation in the system
SiO2/pectin. Information has been gathered concerning the valence states of the metal ions
and how they influence the structure of the amorphous hybrid materials. Successful tests have
been carried out for establishing the anti-bacterial activity of the prepared materials for grampositive (Bacillus subtilis 3562) and gram-negative (Escherichia coli K12) bacteria and the
concentration range for the metal ions has been established in which the optimal results are

obtained. The degree of cytotoxicity of the hybrid materials in the system SiO2lHPClZnhas
been investigated and the optimal compositions with potential for biomedical application are
determined.
The third field of investigation, in which Dr. Aleksandrov has worked in the last few years, is

the laser-induced crystallization of three dimensional structures of metal nanoparticles in
boro-silicate glasses (publications 7, 8, 14-20). Here, the main contributions of the applicant
concern the synthesis of different colorless boro-silicate glasses doped with different
concentrations of silver or gold ions, investigation of their thermal characteristics and
performance of controlled crystallization experiments. For the glasses with higher Ag
concentration (> 5 fi yA crystallization temperatures which are not typical for the
conventional boro-silicate glasses have been observed. The kinetics and mechanism of the
metal particles growth have been studied and explained and their average size was
determined to vary from 5 to 10 nm. A model has been developed, explaining the crystalline
nanoparticles precipitation, which assumes that the diffusion controlled growth and the
occurrence of reduction reactions are responsible for the observed effects. Theoretical model,
based on the Mie theory, has been formulated which explains the changes observed in the
optical properties of the glasses as a result of the modification of the particles as size and
shape due to partial melting, fragmentation and coalescence.
5. Impact of the publications in the literature.
The total citations'number of the publications of Dr. Aleksandrov isZ92 (Web of Science,
Scopus), from which there are for the publications substituting the habilitation thesis i07
citations and 84 citations - for the non-habilitation publications. The most cited publications
are 3 and 4 from those substituting the habilitation thesis, which works are dedicated to the
problems of glass-formation and nanocrystallization in molybdate glasses. From the nonhabilitation publications, the ones with interdisciplinary character are the most cited, which
makes a very good impression. Actually, publications 4 and 10, devoted to the synthesis and
chatactefization of hybrid materials based on SiO2/CMC/Ag and SiO2/pectin are'cited22 and,
1l times, respectively. Another publication, deserving atteniion, is the one from 2019 - JVe 15
(7 citations) reporting the laser-induced nanocrystallizationof noble metal particles in oxide
glasses aiming to produce materials with controllable optical properties.
6. Critical notes and recommendations regarding the applicant,s research activity.
I have no critical comments on the materials submitted roitire competition.
I would like to recommend, that Dr. Aleksandrov should pay more attention in his future
research to the microstructural investigations by meani of methods like small-angle
scattering, for example, which methods will allow to gather information useful for the
investigation of the presence and evolution of phase separation and crystallization
phenomena in the oxide glasses on which he plans to concentrate his research. i would
also
like to recommend paying attention to the polential electrical/electrochemical properties of
some of the obtained materials because these could elucidate the scope of practical

applications of the prepared materials.

Evaluation of applicant's pbrsonal contribution and personal impressions.
foi the .o*p.iition are the result of
team work with researchers with interdisciplinary scientific competence. The average number
of co-authors for the publications substituting for the habilitation thesis ( 1 0 in totallis 4,3, Dr.
Aleksandrov being the I author in 7 of them and a third author in the rest. In the nonhabilitation publications (20 in total), the average number of authors per publication is 6,8
and Dr. Aleksandrov is the first author in I of thern and in 4 publicatiottr ir tt . second, and in
4 publications - the third author. In five of the publicationi he is the corresponding author.
These data as well as my personal impressions from the research activity of tn. ipplicant
7.

The publications with which Dr. Aleksandrov applies

allow me to conclude that his personal contribution to the presented investigation

is

signifi cant and indisputable.

I have known Mr. Lyubomir Aleksandrov since the time he has started to work on his PhD
thesis at IGIC-BAS. I had the opportunity to observe his scientific progress and the
development of his research skills during the years. He makes the impression of a consistent
and thorough person and researcher who is well-acquainted to and capable of applying in his
scientific activity various physical and physico-chemical investigation techniques. He
demonstrates analytical skills in the interpretation of the results from the respective analyses.
He is characterized by big working capacity, analytical thinking and devotion while solving
some research problem which is a pre-requisite for a successful future research career.
CONCLUSION
Senior Assistant-Professor Lyubomir Aleksandrov has presented in the competition materials
which correspond and even, for some of the criteria, exceed the criteria recommended for the

occupation of the academic position 'Associate Professor" at the Institute of General and
Inorganic Chemistry-BAS. Based on all of the above - the well-selected and modern
scientific topic, the quantity and quality of the presented scientific publications, the welldefined personal scientific contributions of the applicant and my positive personal
impressions, I recommend with conviction
Senior Assist-Prof. Dr. Lyubomir Aleksandrov
to be appointed at the academic position of Associate Professor in the professional field
4.2.Chemical Sciences (Inorganic Chemistry) at the Institute of General and Inorganic
Chemistry - BAS.
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