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REVIEW
for a competition forthe academic position "Professor" in the professiona I field 4.2. chemical

sciences, scientific specialty "Physicochemistry", announced in State Gazette No. 79 of04 october
2022 forthe needs of the Institute of Optical Materials and Technologies (lOI\4T) - BAS

Candidate: Dr. Daniela Bogdanova Karashanova, Associate Professorat IOMT - BAs

Reviewer: dr Dragomir Mladenov Tachev, professor at the Institute of Physical Chemistry - BAS

1., Brief biographical details of the applrcant .

The only candidate in the competition is Dr. Daniela Bogdanova Karashanova, Associate

Professor at the Institute ot Optical Materials and Technologies, IOMT-BAS. she is a graduate of the
Faculty of Physi€s ofSofia University "St. Kliment Ohridski" with a degree in Physics and specializatjons

in Meteorology and Pedagogy of 1994. she received the educational and scientific degree "Doctor"
(PhD) in 2005 at the central laboratory of Photoprocesses "Acad. Jordan Malinowski" - Bulgarian

Academy of sciences, she defended his thesis on "Physicochemical properties of vacuum-depositdd

silver su lfide thin films: epitaxia I growth a nd s u rface electrica I prope rties". Since 1995 Dr. Ka ras hanova

has been working at the Institute of Optical lvlaterials and Technologies, IOMT-BAS {formerly the
Central Laboratory of Photoprocesses "Acad, Jordan IMalinowski".) holding successively the positions

of "Physicjst", "SeniorAssistant" and "Associate Professor". Since 2010, she has been in charge ofthe
Electron Microscopy Laboratory of the Institute.

Associate Professor Karashanova also has scientific and organizational experience, Between

2014 and 2020 she was a Representative in the Program Committee of the FP Horizon 2020 at the
Ministrv ofScience and Education, and since 2019 she has been a Member ofthe Permanent Scientific

Expert Committee on ChemicalSciences atthe Research Fund.

2. Evaluation of the submitted materials
Associate Professor Karashanova hassubmitted a complete set of documentsfor participation

in the competition in accordance with the requirements ofthe Regulationsfor the lmplementation of
the Law forthe Development ofAcademic Staff in the Republic of Bulgaria and the Regulations for the
Conditions and Procedure for the Acqlrisition of Scientific De8rees and the Occupation of Acadenic
Positions at IOMT - 8AS. The documents are accurately formatted and provide the necessary

information for the evaluation ofthe scientific research activity of Associate Professor Karashanova.

The candidate participates in the competition with 18 publications, ofwhich 6 are equivglent

of habilitation thesis (group of indicators "B", indicator "4") and 12 in group of indicators "f", indicator

"7"- lt is noteworthy that all but one ofthe submitted articles were published after 2019.Ihe anicles

submitted as the equivalent of a habilitation thesis are thematically related under the title
"Transmission electron microscopy of materials with catalytic applications" and concern the
characterization mainly of graphene-like carbon phases,

Ofthe first 5 publications, 4 were in Q1-ranked journals and 2 in Q2-ranked journals. Of the
second 12 publications, 6 are injournals with Ql rank, 2 with Q2 and one with Q3. One patent is also

listed. Thus, the applicant scored 140 points out of 100 required for the group of indicators "8" and
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305 points in,,T" out of220 required by the Law on the Development ofAcademic Staff in the Republic
ofBulgaria (LDASRB)and the Regulations for its implementation in IONIT-BAS.

84 citations of publications involving the applicant were submitted forthe competition, which
eirned her 158 points on the "A" indicators against the required 120. The citations are of articles

involvin8 the applicant no older than 2012, again with a preponderance of articles published after
2019.

Daniela Karashanova has participated in 12 national and 5 international scientific or
educational projects. She has been the leader of two national projects. This asset brings her a total of
250 points in Group,,E".

In this way, Dr. Daniela Bogdanova Karashanova gained a totalof923 points withthe requjred
640, which significantly exceeds the minimum requirements forthe academic position of "professor",
set out in the Law on the Development of Academic Staff in the Repubtic of Bulgaria and the
Regulations on the Conditions and Procedure for the Acquisition of Scientific Degrees and Academic

Positions at IOMT-BAS.

The oldest of all the articles presented, including as cited paper, was published in 2012, two
ydars afterthe acquisition ofthe academic position of"fusociate Professor" and 7 years after receiving

th'e ESD "Doctor". Therefore, the publications and citations of the applicant included in the present

cdmpetition were not used by her either in obtaining the Ph.D, or in being awarded the academic
position of Associate Professor.

3. General characteristics of the candjdate's scientific research, applied scientific and
na.bo^di.:l r.riviria<

The research activity of Assoc. Prof. Dr. Karashanova since 2010 is concentrated around

transnission electron microscopy (TEM) and related eleatron diffraction {SAED). As a universalmethod

in materials science, TEM is used to characterize the nanostru€ture of a wide range of new materials.

This is also the case of Assoc, Karashanova's research - they cover supported metal catalysts, oxides

on porous substrates, ghphene and thin film materials, metal and composite nanoparticles, in a

variety of media. Candidate's scientific activity consists in preparation of samples of different nature

and properties for their investigation with TEN4, planning and €onducting the experiment, and

analyzing the results for their structu re morphology and phase composition.

The total number of articles featuring the candidate in the Scopus database is curently 120,

104 of which have been published since 2012. Obviously, the growth of the pLrblication activity of
Assoc. Prof. Karashanova is positively influenced by the successful management of the Electron

Microscopy Laboratory at IOMT-BAS, which she was entrusted $th in 2010.The citations witho ut self-

citations of all co-authors, again in the Scopus database, of all papers involving Assoc - Prof.

Karashanova is 540 and the Hirsch index is 11

The teaching activity of Assoc. Prof. Dr. Karashanova includes a course of ledures for PhD

students at the Training Center of BAS with the title "Electron microscopy and electron diffraction in

rhorphologicaland phase analysis of materials". The duration is 30 hours of lectures and 15 hours of
exercises. She was also the supervisor of one thesis forthe Bachelor's degree and the co"supervisor of
two theses for the Master's degree.

4, lVain screntific and aoolied contributions
The main scientific contributio.s of the work presented as the equivalent of a habilitation thesis

concern the studv ofthe microstructure and phase composition of innovative catalytic materials.
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A classicalgold catalyst on a support containing cerium oxides was investigated with TEM. The size,3-
4 nrn, ofthe gold nanoparticles as wellas their affinity for Cez 03 are determined byTEM. The existence

of a non-stoichiometric phase Ceu Or0, which is an intermediate in the reduction of CeO, to Ce, 03,

has also been shown to be relevant to theformation ofthegold particles. ltwasfound thatthe addition

of potassium to the substrate did not change its phase composition. lt was shown for the first time
that when alumina and alumina oxyhydroxide exist in the substrate, gold nanoparticles are formed on

the surface ofthe tormer and in close proximity to the latter. The quaternary system of Cor 04, CeO,

and y-Al, 03 + V-AIOOH was first proposed for the oxidation of formaldehyde to carbon dioxide and

A mixture of CeO, and v-Al, 03 has also been used as a copper catalyst support, and jn some cases V-

Ah 03 is doped with Yttrium. The difference in the phase compositions of the substrates obtained
differently was established by TEM, which explains the different catalytic behavior of the respqctive

catalvtic svstems.

Another nanocatalyst studied with TEN4 is a system of metals: Ni, Ru and Pt, singly or in combination

oftwo metals: Ni-Pt and Ru-Pt, deposited on a porous beta zeolite substrate. The zeolite particles lsed
were found to have an elliptical shape, in contrast to the spherical shape reported in the literature.
The zeolite was characterized as a beta type with a tetragonal lattice. The metal particles have been

characterized in the high resolution mode ofthe microscope as the sizes found are again below 5 nm.

Electron diffraction also detected oxides of Niand Ru due tothe larger arnount ofthese metals in the
catalyst. The metal-containing particles are located on the zeolitesurface.

A series of catalysts, in which the active phases are oxides of Co, Mn and ml{{rres thereot werc
deposited on macro-mesoporous silica. Details of the substrate structure, the phase composition ,b'f

the active components and theirdistribution on the substrate surface have been established with TEM.

In the simultaneous presence ofthe two metals in a 111or 2:1 ratio, stable mixed oxides ofthe type

Mn, Co3r Oa were detected by electron diffraction and high resolution. The position of the metal

nanoparticles on the mesoporous silica was determined, The sizes found are again between 2 and 5

nm, with clustering also observed in the case of pure Cobalt. An important result is the loss ofcatalytic
activity when some ofthe particles enterthe mesopores ofthe substrate.

N4 ixed m a nga nese-ceriu m oxides o n mesoporous amorphous silica were a lso investigated. lt was fou nd

that the procedure ofpreparingthe oxides directlyon thesilica did not change itsstructure. With TEM

and EDS, it was shown that manganese and cerium are uniformly dispersed on the surface and in the
pores of the mesoporous silica without clogging the latter. Since the oxide particles are too small,. a

satisfadory diffraction pattern is not obtained by either X-ray diffraction or scanninB electron

diffraction (SAED). For this reason, for the samples with two different molar ratios of Mn:Ce metals,

2:1 and 1:2, Fourier transformation of images taken in high resolution mode was used to identiry the
lvlnO, phase. This demonstrates the presence of N4anganese of the fourth valence, which plays an

essential role in the catalvtic abilitv.

Characterization ofa catalyst with an active component of mixed Coxznl-. Fe, Oaferrites deposited on

modified carbon foam was also performed. A highly developed surface of the carbon support was

found with TEM, making it suitable for use in a catalyticsystem. The active phase consisted ofspherical
particles of5-10 nm in size, but clusters of more than 20 nm were alsofound. A sj8njficant numberof
phases invoiving Co, Zn and Fe have been recorded.

In summary the contributions of the candidate presented as a habilitation thesis are the
characterization byTEM and electron diffraction of catalytic systems characterized by extremely small

amounts and sizes ofthe active component, which is dispersed on a support with a large surface area.
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Ihe determination of the size, location and phase composition of the adive component as well as the
morphology of the support are of utnrost importance for the catalytic properties ofthe system. These

factors determine both the importance ofthe contributions made and the necessity of using advanced

experimental practices, which the candidate clearly possesses.

The scientific and applied contributions ofthe works outside the habilitation thesis ofAssoc. Prof. Dr.

Karashanova are divided thematically into two areas:'Transmission electron microscopy ofgraphene
and thin-film materials' and 'Transnission electron microscopy of metallic and composite
nanoparticles obtained by laser ablation in different media', the unifying one again beingtransmission

electron microscopy.

TileTEM observations are part ofan effort to produce graphene and graphene-like carbon layers with
potential applications in microelectronics and optoelectronics- The descent in size to an atomic

monolaver predestines tra nsmjssion electron microscopy as an indispensable toolfordeterminingthe
relations h ip between preparation conditions and the result obtained. Herein liesthe main contribution
ot the candidate. The studied methods of preparation of graphene and graphene-like phases are

chemicalvapor deposition (CVD) laser ablation ofvarious graphite targets with deposition on several

types of substrates and water and direct irradiation ofgraphite-containing suspension with laser.

The wide variety of preparation methods and parameters predetermines lhe wide variety of carbon
phases to be characterized, and the nanoscale dimensions and the different type of carrier, substrate

qr suspension, imply maximum effort and knowledge in ptanning and performing the experiment.

Aicording to what has been found with TEM, vapor phase deposition on copper foil offers layer-by-

layerformation ofgraphene planes, and bilayergraphene has been demonstrated to be obtained over

largerareas in an advanced manner. By electron diffraction, it is shown that the observed graphene is

bitayered, and the rotation ofthe second plane with respect to the first is determined. By the rotation,

the moment ofobtaining a third graphene plane is aho determined,

When carbon is deposited on a silicon substrate by laser ablation, no ordered graphene planes are

formed. The contribution here is the tracking of the initial stages of nanocrystalline graphite layer

formation. The variation ofthe crystallographic orientation ofthe growing particles is traced.

It wds also found that laser ablation of a graphite target in water formed mainly graphite phases and

diffrilction from a selected region revealed a diffraction pattern typical of single crystal graphite.

Replacing the graphite target with a graphite suspension and varying the irradiation conditions

idiluding irradiation of a flowing stream from the suspension results in the production of multiple
graphene-like phases, among which reduced graphene oxide, defective graphene, graphene oxide,

graphite micropanicles, amorphous carbon and fullerene C60. These phases were identified and

distinguished byTEM and electron diffraction in a selected area. Thin and relatively t ra nspa rent ca rbon

flakes of micrometer dimensions, bulb"like shaped nanosized formations and amorphized nanosized

carbon were observed. The most commonly observed fotms are carbon flakes,

The second topic in the works presented outside the habilitation thesis concerns the characteri2ation

of nanoparticles obtained by pulsed laser ablation under a wide variation of both the irradiation

conditions and the irradiated material and the medium in which the particles are formed. The mode

of production involves small amounts of material, often insufficient for X-ray diffraction, which

highlights the importance ofelectron diffraction in TEIVI observations. The contributions ofAssoc. Proi

Karashanova are in the electron microscopic characterization of the nanoparticles thus obtained,

which is a necessary step in the optimization ofthe preparation process.
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An excellenttasksolved by a team with the participation ofAssoc. Prof. Karashanova isthe preparation

of silver nanoparticles with a given size distribution in a particularly pure medium for application in

ophthalmology. In thjs task, statistical processing of TEM images was applied to determine the size

distributions of the silver particles. Thus, dependencies of particle quantity and size on laser

wavelength and radiation intensity were established. A significant result is that absorption of laser

radiation with the near-wavelength surface plasmon resonance ofsilver Ieads to melting and fusion or
clumpin8 of nanoparticles and formation of long chains. ljsing TEM research, a two-step method was

developed to produce silver nanoparticles below 10 nm in si2e, in which laser irradiation of a target
produced larger particles, which were subseqLrently fragmented by a second kradiation with a

wavelength close to that ofthe plasmon resonance. Precise TEI\4 analysis accompanied by statistical
image processing was used at each step ofthe nanoparticle preparation to see how the particle size

and size distribution changed and to tune the laser rad:ation parameters in each subsequent

experiment. As a result, with the significant contribution of electron microscopy and the candidate,

silver nanoparticles with a size below 10 nm were successfully obtained in an extremely clean

environment, From this result, a national patent was successfully issued.

With TEM, gold and silver nanoparticles in a solid SiO, orzno matrix were characterized. The particles

in SiO?were obtained by co-precipitation in pulsed laserablation and in ZnO by ion ilnplantation. Laser

irradiation or custom annealing were applied to modify the particles. The siz€s of the particles thus

obtained were determined to be in the orderof a few nm to a few tens of nm. which usually grew after
treatment. As an interestjng result I would note the detection by electron diffraction ofa metastable
phase of silver with a hexagonal lattice parallel to the equilibrium cubic one in ZnO with implanted

silver. I!4oreover laser treatment at 355 nm wavelength leads to the disappearance ofthe equilibrium

cubic lattice of silver.

Another scientific contribution of the candidate is the characterization of nickel and iron in
combination with silver particles obtained in a liquid or on a substrate by laser ablation, including an

applied magnetic field, Again, morphology, size in the nanometer and tens of nanometer range has

been determined. Three size orders ofthe particles, the largest ofwhich is in the micron range, have

been identified and related to three different laser ablation products. The magnetic field has an

influence only on the large size particles that have ferromagnetic properties.

A significant contribution is the observed growth of a nickel particle with a size below 10 nm in the
chamber of the electron microscope under the influence ofthe electron beam. This is considered to
be evidence ofthe presence ofnickelatoms in the liquid that remained on the carbon membrane when

the microscope sample was prepared.

5. significance of the results obtained and personal contribution of the candidate.
Current trends in materials science involve complex physicochemical processes related to the
preparation and use of materials with a particular nanostructure leading to favorable electrical
catal\,tic or optical properties. Therefore, collective activities ofspecialists with knowledge in different
fields are a necessity imposed by practice. In this pi€ture, transmission electron micrcscopy occupies

one of the central places. The systems jnvestigated by Assoc. Prof. Dr. Karashanova and the results

obtained have made a significant contribution to the field of catalysis and the establishment of
methodologies for the preparation of graphene and nanoparticles diverse in composition with the
predominant use of laser ablation.

I have known Prol Dr. Karashanova for more than 10 years as a dedicated, precise and responsible

researcher. I have not had the honor to workwith her directlt but the feedback from close colleagues

wiih whom she has shared work is extremelv oositive. The contributions of Assoc. Karashanova are

Page 5 From 6



welldescribed and distinguished intheauthoas reference.lhave no doubt in her persona I contribution
to the scientific results obtained

6. Conclusion
The publications submitted bythe candidate are on the topic of the competition and represent original
research contributions in the field of applied physicochemistry and in particular in catalysis and
preparation of nanomaterials with potential applications in electronics and optoelectronics.

The.nature and the result of the scientific activity of Associate Professor Dr. Daniela Bogdanova

Karashanova, as well as the Dresented scientific contributions and formal criteria meet all the
requirements forholdingthe academic position of " Professor" defined by the Law on the Development
of Academic Staff in the Republic of Eulgarja and the Regulations on the Conditions and Procedurefor
the Acquisition ofScientific Degrees and the Holding of Academic Positions at IOMT-BAS.

In connection with the above, I propose that Assoc. Prof. Dr. Daniela Bogdanova Karashanova be

elected "Professor" in the professional field 4.2 Chemical Sciences, scientific specialty

"Physicochemistry" for the needs of the Institute of Optical Materials and Technologies "Acad. J.

Malinowski.

30January 2023.

/ Prof. Dr. D.Tachev /
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