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Nanostructured Metal Oxides Thin Film for Environmental Applications 

M. Boshta1, M.H. Sayed1, M.M. Gomaa1, T. Dilova2, G. Atanasova2 and A.Og. Dikovska3  

1 Solid State Physics Department, National Research Centre, 12622 Dokki, Giza, Egypt 
2 Institute of General and Inorganic Chemistry, BAS, Bulgaria 

3 Institute of Electronics, BAS, Bulgaria 
E-mail: boshta2000@yahoo.com 

Keywords: Metal Oxides, Thin films, Photocatalysis, Gas sensors. 
 
Nanostructured metal oxide thin films have been gaining increasing attention in the field of 

environmental applications due to their unique properties and potential for solving environmental 
issues. Metal oxide thin films, such as TiO2, ZnO, NiO and WO3 can be prepared with controlled 
nanostructures, which enhance their surface area and reactivity. These films have been 
extensively studied for various environmental applications, including water purification, energy 
storage, and gas sensor.  

In this presentation, we will discuss the recent advances in the synthesis, properties, and 
applications of nanostructured metal oxide thin films in environmental technology. One of the 
main advantages of nanostructured metal oxide thin films is their increased surface area, which 
allows for higher reactivity compared to bulk materials. This property is particularly useful for 
applications such as photocatalysis, where the thin films can efficiently convert light energy into 
chemical energy, leading to the degradation of pollutants. Additionally, the unique properties of 
nanostructured metal oxide thin films make them excellent candidates for use in sensors and 
energy storage devices. 

Several cost-effective chemical deposition techniques for the preparation of nanostructured 
metal oxide thin films will be presented. The material properties and environmental application of 
various nanostructured metal oxides thin film will be discussed. 
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1. M.M. Gomaa M.H. Sayed and M. Boshta, ECS J. Solid State Sci. Technol. 12 (2023)023002. 
2. M.M. Gomaa, M.H. Sayed, V.L. Patil, M. Boshta, P.S. Patil, Journal of Alloys and Compounds, 885 

(2021)160908 
 

Acknowledgements: The authors thank the bilateral project between the Bulgarian Academy of Sciences 
(BAS) and the Academy of Scientific Research and Technology of Egypt (ASRT). The authors are also grateful 
to the project Д01-92/06.2022 - "European Network on Materials for Clean Technologies", to present the 
obtained results in the SizeMat4. 
  



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
16 

Topic A 
A-O2 

Modification of Alumina Catalyst Support by Silica: Effect on the Activity of Nickel 
and Cobalt for CO2 Hydrogenation 

Guido Busca 
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E-mail: Guido.Busca@unige.it 

Keywords: Alumina Catalyst, CO2 Hydrogenation. 
 

The surface properties of materials in the NiOx-SiO2-Al2O3 and CoOx-SiO2-Al2O3 systems have 
been studied by XRD, FTIR, UV-VIS and FESEM techniques. 

The surface properties of lamellar type ϒ-Al2O3 nanoparticles produced by decomposition of 
boehmite are apparently dominated by the strong acido-basicity of the cation-anion sites located 
at the corners and edges. Calcination of these materials causes surface area loss and the growth of 
the size of the nanoparticles. The addition of small amounts of silica produces hydrogen-ortho-
silicate species mainly interacting with such as strong Al3+-O2- sites on edges and corners. The 
addition of silica inhibits particle growth and surface area loss of alumina. 

Also nickel oxide and cobalt oxide species when deposed in small amounts by impregnation 
techniques over lamellar ϒ-Al2O3 nanoparticles interact with the same strong Al3+-O2- sites on 
edges and corners. In the case of impregnation with nickel, hardly reducible NiAl2O4 spinel-type 
surface species are formed, until the loaded amount raises that sufficient to cover the alumina 
surface. At higher loadings, easily reducible NiO particles form. In the case of impregnation with 
cobalt, hardly reducible CoAl2O4 -like surface spinel is formed at low loading, more easily reducible 
Co2AlO4-like surface spinel form at intermediate loading while easily reducible Co3O4 spinel 
particles is form at higher loadings.  

The presence of silica on the alumina surface has two contrasting effects: it reduces the 
room for Ni and Co dispersion, thus favoring the formation of easily reducible NiO and Co3O4 
particles. However, if calcination is realized, it inhibits surface area loss and allows more metal 
ions to be dispersed on the support.  

After reduction, Ni based catalysts are very selective to methane formation. However, the 
CO2-hydrogenation activity decreases by addition of silica because of the lower activity of larger Ni 
particles. Instead, low loaded cobalt catalyst is active in reverse water gas shift reaction, due to 
the activity of unreduced Co2+ in surface spinel phase. At higher loading or by silica addition, more 
easily reducible Co species may form, which are active in methanation. 
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Intelligent Capacitive Thermoelectric Converters with Dynamic Workload 
Management: Principle, Materials and Challenges 

Petar Petrov 
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Keywords: Thermoelectric converters, Materials. 
 

Mobile devices are now an all-pervasive technology. A typical cell phone gives off around 0.2 
Watts of heat when idle, and closer to a Watt while making a call or running processor-intensive 
applications. The heat generated by a tablet or laptop is much higher. Almost all of this heat is 
never recovered. 

In this paper, we will present our latest achievements in developing barium titanate based 
materials that could be used to build an intelligent thin film thermoelectric (TFTE) converter 
attached to a digital system/device with dynamic workload management. Due to the TFTE 
converter’s small heat mass, it is possible to achieve a rapid heating-cooling cycle, hence, one can 
recover more wasted heat per unit time.  

We will discuss the requirements imposed on the active materials and will compare them 
with our current results. We will discuss materials’ structural properties examined using SEM and 
x-ray diffraction, and their dielectric properties (dielectric permittivity and P-E hysteresis loops) 
measured in a temperature range between 80-450K at frequencies up to 1MHz. 
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Photodeposition of Me/MeOx Cocatalysts on TiO2 Thin Films: Effects on 
Photocatalytic Activity and Quantum Efficiency 

Bozhidar Stefanov 
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Titanium dioxide (TiO2) is a versatile photocatalyst, finding a plethora of applications in 
emerging “green” technologies [1]. The photocatalytic action of TiO2 is based on absorption of 
photons, with energy higher than its bandgap (Eg = 3.2 eV, λ ≤ 384 nm), leading to the excitation of 
electron-hole (e– - h+) pairs, or excitons, that in hand may participate in redox reactions with 
surface-adsorbed chemical species. However, the quantum yield of this photochemical process is 
significantly hindered by e– - h+ recombination losses (>90%) [2]. A promising strategy for 
minimizing recombination losses, while simultaneously improving surface charge transfers, is 
through introduction of cocatalysts on the TiO2 surface. These are often noble metals (Me-type) or 
transition metal oxides (MeOx-type) that form Schottky-, or heterojunctions with TiO2 and 
selectively accumulate either of the photogenerated charge carriers. Cocatalyst-modification may 
be carried through simple procedure of impregnating the pristine catalyst with a cocatalyst 
precursor salt solution followed by a thermal treatment, however, it is possible to use 
photocatalytic activity of TiO2 itself for direct photodeposition of the of Me/MeOx-type cocatalysts 
[3], as shown in Figure 1.  

 

 
Figure 1. Simplified mechanism of photodeposition of Me/MeOx type cocatalyst from precursor ions. 

 

Photodeposition-functionalization is a beneficial modification strategy, since both the 
photoreduction of metal ions to Me-type species and, alternatively, their photooxidation – to 
MeOx-type products takes place on specific sites, facets, and defects that express a differential 
redox activity on the TiO2 surface. This way photodeposited cocatalysts are preferentially located 
on surface-sites that already accumulate the type of photogenerated charges to be able to pass 
through the TiO2|cocatalyst junction. It has been demonstrated in literature that photodeposition-
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functionalized TiO2 yield improved quantum efficiency, as compared to impregnation-
functionalized TiO2, e.g., in the case of CoOx/Au/TiO2 [4].  

This work contributes to the topic with results on the effects of Me/MeOx photodeposition 
on the photocatalytic activity of TiO2 thin films. Optically-transparent TiO2 layers were dip-coated 
on a glass substrate from a titanium tetraisopropoxide (TTIP) – salicylic acid (SA) – isopropanol (IP) 
based sol (1:3:15 TTIP:SA:IP molar ratio). Five coating cycles were applied with an intermediate 
heat-treatment (1h @ 450°C) to afford 250-nm-thick anatase layers. The as-prepared 
photocatalyst was surface-functionalized in liquid phase via photodeposition under UV light (LED 
source, λ=365±5 nm, ≈12±0.5 mW cm–2). Aqueous solutions (5 mM precursor ion content) of: Pd2+, 
Ag+, and Pt(OH)6

2- were used to deposit Pd, Pt, and Ag (Me-type), respectively; while Co2+, Ni2+, 
and Mn2+ with equimolar electron scavenger (IO3

-) were used in the deposition of CoOx, NiOx, and 
MnOx (MeOx-type). Photodeposition was carried at varied UV dose (1.25 – 15 J cm–2) and 
reference samples were prepared via impregnation with the same electrolytes, in darkness, 
followed by thermal treatment (1h @ 350°C). All samples were characterized by SEM-EDX to 
observe any change in morphology and measure the cocatalyst content. The effects of 
functionalization on the photocatalytic activity were studied in liquid-phase photooxidation of 
Methylene blue (MB) dye model contaminant, to provide both information of the change of 
available MB adsorption sites, by measuring the equilibrium MB coverage during dark adsorption, 
and an estimate of the quantum efficiency of the functionalized TiO2 layers, by screening the MB 
removal rate at varied UV illumination intensity (0.5 – 1.5 mW cm–2). 

Briefly, in all cases the functionalization led to a decrease in the MB saturation coverage, 
which was proportional to the UV dose in the photodeposition strategy. The impregnation 
approach had, in general, detrimental effect on MB removal rate for all of the six Me/MeOx 
cocatalysts. In the photodeposition case – an improved photocatalytic activity was observed in the 
Me-type case (Pt > Ag > Pd); while the MeOx functionalization had a detrimental effect for MnOx 
and a modest improval in the other two cases (NiOx > CoOx). 
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A survey of the basic mechanisms of thin film deposition technics is given. Two main 
principles define the Physical Methods and Chemical one that split different branches often 
overlapping each to other. The focus here goes to the Physical Methods being thermal and 
sputtering and it carry the name Physical Vapour Deposition, or shortly -PVD.  

The PVD technics combine different sources and processes and could be described in general 
as follow – Magnetron Sputtering (MS), Vacuum Evaporation, Pulsed Laser Ablation (PLD), Atomic 
Layer Deposition (ALD), Molecular Beam Epitaxy (MBE), Reactive Ion Etching (RIE), High-Impulse-
Power Energy Magnetron Sputtering (HiPIMS). Ion Assisted (IA-PVD) and Ion-Beam-Assisted (IBAD) 
also take an important part, intensively used rending high-edge-end user coatings.  

The use of these varieties of methods and techniques are directly determined by the nature 
of the desired films/coatings and their applications. A special place and less known device being 
deposition reactor and ultra-high-vacuum pump simultaneously, is the so-called Ion-Sublimation 
BINION type that yields films with enhanced growing rate and densely packed crystalline 
structures.  

The main consumer of these products is the microelectronics industry where both CVD and 
PVD process are intensively used. An importance is given to special class compounds used as 
diffusion barriers when high-temperature process take place. The efficiency of almost all 
mechanical parts of any rolling mechanism depends on the use of such hard and protective 
coatings and tribological films together. Medical applications controlling vital human parameters 
or joints with extremely wear-resistant complex materials are a fraction of the PVD scope of 
application. 
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UiO-66 is a type of metal-organic framework (MOF) with a highly crystalline structure. It was 

first synthesized by UiO (University of Oslo) researchers in 2008 [1] and has since become one of 
the most studied MOFs due to its unique properties and potential applications in gas storage, 
catalysis, and drug delivery [2-5]. UiO-66 is a highly stable material with exceptional thermal and 
chemical stability. The UiO-66 structure consists of Zr6O4(OH)4 clusters that are connected by 
organic terephthalate linkers (BDC). The resulting structure is a three-dimensional, porous 
framework with a high surface area. Each Zr6O4(OH)4 cluster is coordinated by twelve BDC linkers, 
producing a framework with octahedral cages interconnected by smaller tetrahedral pores.  

The UiO-66 framework can undergo structural rearrangement during the dehydroxylation 
process without collapse. Zirconium Zr6O4(OH)4 clusters lose two water molecules and transform 
to Zr6O6. In this process, bridge μ3-OH groups are converted into μ3-O, while Zr downgrades its 
coordination number from 8 to 7. So potentially, UiO-66 can provide two kinds of active sites: μ3-
OH groups with Brønsted acidic properties and unsaturated Lewis acidic Zr-sites. Brønsted acids 
and Lewis acids are both important types of catalysts in various chemical reactions. However, the 
accessibility of those groups in UiO-66 is not apparent due to the high packing of the zirconium 
cluster bonded with 12 linker units. The present research aims to study, by means of IR 
spectroscopy, the effect of the dehydroxylation process on the concentration and accessibility of 
active sites in UiO-66.  

The in situ FTIR experiments were performed with self-supporting pellets. We evacuated the 
UiO-66 sample at different increasing temperatures to trace the transformation of Zr6O4(OH)4 
clusters to Zr6O6. The spectrum of the UiO-66 sample after the synthesis contained a band at 3672 
cm- 1 associated with vibrations of isolated μ3-OH groups. Subsequent heating led to decreased 
intensity of these bands, indicating dehydration of the Zr6O4(OH)4 cluster and the formation of 
Zr6O6 with bridge μ3-O groups (Figure 1a).  

CO is one of the most used IR probe molecules for the determination of surface acidity [6]. It 
alternatively can be coordinated to metal cations or protons of the OH groups. The UiO-66 sample 
was exposed to 5 mbar of CO. It led to the appearance of several bands in the carbonyl stretching 
region. The band at 2152 cm-1 is associated with CO molecules that are C-bonded to μ3-OH sites. 
Two bands at 2136 and 2132 cm-1 corresponded to physically adsorbed CO (Figure 1b). Evacuation 
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at elevated temperatures leads to dehydroxylation of Zr clusters. The band at 2152 cm-1, 
registered after subsequent CO adsorption, reduced its intensity. We did not observe bands 
associated with CO adsorption by Zr4+ sites.  

 

Figure 1. (a) Successive FTIR spectra of UiO-66 sample during heating from room temperature (bottom spectra) up to 
275 °C (top spectra) in a dynamic vacuum. Spectra are provided in region 3700-3640 cm-1. (b) The left part 
demonstrates successive FTIR spectra of the UiO-66 sample after introducing 5 mbar of CO with subsequent stepwise 
evacuation. The right part shows differential spectra of the UiO-66 sample evacuated at room temperature for 15 
minutes and those exposed to CO. The sample was evacuated at RT before the experiment. (c) Successive FTIR spectra 
of the UiO-66 sample after introducing 5 mbar of CD3CN with subsequent stepwise evacuation. Before the 
experiment, the sample was evacuated at RT (right part) or at 250 °C (right part). 

Another probe molecule widely used to evaluate surface acidity is CD3CN. It usually forms H-
bonds with hydroxyl groups or coordinates unsaturated metal cations. The UiO-66 sample was 
evacuated at various temperatures and exposed to CD3CN vapor. Evacuation at room temperature 
does not lead to dehydroxylation, and the zirconium cluster contained μ3-OH groups. A band at 
2260 cm-1 is attributed to non-specifically adsorbed CD3CN. Another band at 2277 cm-1 is 
associated with CD3CN interacting with hydroxyl groups. The UiO-66 sample evacuated at RT did 
not contain open Zr4+ sites. When the sample is fully dehydroxylated, the bands of CD3CN 
adsorbed on OH groups vanished. However, a band at 2300 cm-1 was detected due to Zr4+-NCCD3 
species. The results indicate that dehydroxylation of UiO-66 leads to the creation of Zr4+ sites 
which are able to adsorb relatively strong bases. We believe that the dihydroxylation of the 
zirconium cluster opened the zirconium site for interaction with acetonitrile.  
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Plasmonic materials have a wide range of applications, from energy storage and harvesting 
to bio-sensing and memory storage devices. However, the archetypal plasmonic materials gold 
and silver are limited in their applicability, displaying poor thermal stability, limited spectral 
tunability, and incompatibility with standard CMOS fabrication processes.  

In this paper, the mechanism of formation of transition metal nitride and oxide thin films 
and their optical properties with tunable epsilon-near-zero (ENZ) behaviour will be discussed. We 
will present the technological conditions for the deposition of thin films with unusual double ENZ 
frequencies and will show that they can be modified by changing the film deposition 
conditions. Thus allowing one to fabricate, control and engineer tunable plasmonic and 
metamaterial devices and surfaces, using CMOS-compatible technology. 
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The recent pandemic has shown how important it is to be able to effectively disseminate 
vaccines to combat worldwide disease outbreaks. Against COVID-19, Moderna and Pfizer-
BioNTech have shown the efficacy of new mRNA-based vaccines encapsulated in lipid 
nanoparticles (LNPs) for drug delivery. They are, however, still affected by stability issues when 
unfrozen and agglomerate with time making them then ineffective for intracellular delivery. This 
therefore requires large costs in cold chains, storage and delivery routes with cold conditions, 
especially in hard-to-reach areas without these services in place. We propose a novel usage of 
nanohole arrays to use the nano enclosures to individually separate the LNPs for storage. We 
demonstrate using further developed polymer-functionalised lipid nanoparticles (fLNPs) to be able 
to load these fLNPs in both wet and dry storage conditions. Encapsulating Calcein as a model drug 
we show that we can use pH to control loading and unloading from the nanopackaging. 
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This study presents a physical method for producing mixed metal oxide-oriented nanowires. 
The samples were produced by pulsed laser deposition carried out in air at atmospheric pressure 
(in open air). Implementing the ablation process in open air resulted in nanoparticle and/or 
nanoparticle aggregates forming in the plasma plume. Two sets of experiments were performed, 
namely, by applying nanosecond (ns) and picosecond (ps) laser ablation. The depositions were 
performed by laser ablation of mixed targets made of iron and zinc oxides with different ratios 
between them. Also, we were able to control the morphology of the nanostructures by carrying 
out the depositions in an external magnetic field. The structure, morphology, composition, and 
optical properties of the structures obtained were studied in relation to the sample’s composition 
as well as to the laser ablation regime applied. The sample microstructure independently of the 
laser ablation regime applied represented nanoparticles with a polygon shape and a different size. 
The mean diameter of the nanoparticles produced by ps ablation was  14 nm, which is lower than 
the one obtained by ns ablation ( 18 nm) of a target with equal weight percent of the initial metal 
oxides. The morphological analysis revealed that the structure of the samples consisted mainly of 
nanowire-like features with a few tens of micrometers in length. These nanowires composed of 
nanoparticles were oriented predominantly parallel to the magnetic field lines of the magnetic 
field. 

The nanostructures obtained could be used in the design of novel optical, magneto-optical, 
and sensor devices. 
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SEM images of the samples produced by (a) ns and (b) ps laser ablation of a target with a small amount of ZnO 
introduced in Fe2O3. 
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SiC is the most widely used wide-bandgap semiconductor in microelectronics and is 
indispensable in devices intended for operation in extreme conditions. In the last fifteen years, 
another application of SiC was shown - epitaxial layers of graphene of excellent quality are formed 
on this material [1]. However, the cost of SiC wafers and SiC epitaxial layers remains too high, so 
the search for alternative synthesis methods remains a problem.  

The thin SiC layers were deposited by the chemical vapor deposition (CVD) method in an 
Oxford Nanofab Plasmalab System 100 apparatus on Si substrates with an orientation of [001]. 
The substrates were cleaned in 10% HF and washed extensively with bidistilled water before the 
CVD processes. The wafers are annealed in the reactor in an environment of pure H2 at a 
temperature matching that of the deposition – 1140oC for 15 min before the deposition. The 
deposition processes take place at a pressure of 200 mTorr in a gas mixture of H2 (500 sccm) and 
precursor CH4 (10 sccm). The delay time in the different experiments was 20 or 60 min.  

The X-ray photoelectron spectroscopy method is used for identification of SiC layer on top of 
Si substrate as first step in formation of graphene/SiC/Si structure. In the present work, we show 
some initial results from the elemental analysis of the surface areas of thin films of SiC and Si-O-C 
amorphous phases. The obtained results will be presented and discussed in detail. 
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The main subjective of the work are synthesis and detailed characterization of new carbon 

materials. Carbon composites are produced from polymer waste by thermo-oxidation treatment 
with nitric acid at 250 oC, pyrolysis at 650 oC in nitrogen atmosphere, and further hydro-pyrolysis 
at 850 oC.  

The products are immered in solutions of the metal salts (nitrates of zinc, copper and silver), 
and the resulting metal-carbon composites were subjected to further characterization. The 
synthesized samples are characterized by XPS, XRD, BET, SEM, elemental analysis. 

Elemental analysis was performed using a Vario Macro Cube (Elementar Analyzensysteme 
GmbH) analyser to determine the content of C, H, N, S. The oxygen content was determined by the 
difference. The morphology study was performed using a FEI Quanta 250 FEG scanning electron 
microscope, in vacuum, at 10.0-15.0 kV. 

X-ray diffraction analysis was performed using a Bruker D8 Advance diffractometer with 
CuKα radiation. The average crystallite size was calculated by Scherer equation.  

The XPS studies were performed in a VG Escalab II system with Al Kα1,2 radiation 
(h = 1486.6 eV) and total instrumental resolution of 1 eV. The pressure in the chamber was 
1x10–8 Pa. The C 1s line of adventitious carbon at 285.0 eV was used as internal standard to 
calibrate the binding energies (BE). The element concentrations were evaluated from the 
integrated peak areas after Shirley's background subtraction using theoretical Scofield‘s 
photoionization cross-sections.  

XPS analysis revealed that the carbon-metal composites contain 0.4 at. % Zn, 1.7 at. % Cu 
and 1.5 at. % Ag, respectively.  

The obtained carbon composites are distinguished by moderate surface area and presence 
of metal nanoparticles included in the carbon matrix. The properties of these carbon materials 
imply their use as adsorbents of molecules, atoms, ions, as well as microorganisms in water and 
air.  

The obtained materials have possible application for hydrogen storage and in medicine. 
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In this work, we present fabrication of thin films/nanostructures of metals and metal oxides 

by picosecond laser ablation. The samples were prepared by using a Nd:YAG laser working on its 
fundamental wavelength at a 1 kHz repetition rate and a pulse duration of 10 ps. Two sets of 
experiments were performed, namely, the depositions were carried out in vacuum and in air at 
atmospheric pressure. The subject of investigations was the noble metals Au and Pt; transition 
metals Ni and Fe, as well as metal oxides such as ZnO and TiO2. We studied and compared the 
phase composition, microstructure, morphology, and physicochemical stage of the samples’ 
surface of the as-deposited samples. It was found that the picosecond laser ablation of Au 
performed in vacuum leads to fabrication of thin films consisting of nanoparticles with a size in the 
range of 2-4 nm. The implementation of the same process in air at atmospheric pressure results in 
fabrication of nanostructures composed of nanoparticles with a mean diameter of 10 nm. 

 

  
Microstructure of the Au nanoparticles produced by 

picosecond ablation in vacuum 
Morphology of Au samples produced by picosecond 

ablation in air 

The ablation of pure Pt and Fe metals in the air leads to production of nanoparticles of their 
oxides. Furthermore, the theoretical investigation of the laser ablation process of pure metals in a 

10m 
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picosecond regime in vacuum and in air environment was implemented by molecular dynamics 
simulation. 

 
Acknowledgements: The authors thank the financial support of project KP-06-N37/20 “Formation and 
physical properties of composite nanostructures of metal oxides and noble metals” under the “Competition 
for financial support of basic research projects – 2019” Program of the Bulgarian National Science Fund. 
The authors are also grateful to the project Д01-92/06.2022 - "European Network on Materials for Clean 
Technologies", to present the obtained results in the SizeMat4. 
 
  



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
32 

Topic A 
A-P5 

Study of Gas-sensing Properties of Pure and Mixed Metal Oxides Thin Films 
Tina Dilova1, Mohamed H. Sayed2, Mohammed M. Gomaa2, Mostafa Boshta2, Aleksandra Baeva1, 

Genoveva Atanasova1 and Anna Dikovska3 

1Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria. 
2Solid State Physics Department, National Research Centre, 12622 Cairo, Egypt. 

3Institute of Electronics, Bulgarian Academy of Sciences, 1784 Sofia, Bulgaria. 
E-mail: tina@svr.igic.bas.bg 

Keywords: gas sensors, mixed metal oxides, thin films 

In this work, we present the results obtained by measurement of the gas-sensing properties 
of thin films produced via chemical routes. Pure and mixed oxides samples (WO3, NiO-WO3, NiO-
ZnO, WO3-ZnO) were prepared by chemical spray pyrolysis and chemical bath deposition 
techniques. In addition, annealing procedures of the as-deposited thin films were applied. The gas-
sensor measurements were carried out in a test chamber at a temperature in the range of 25 - 
250 oC. The experiments were implemented in the presence of a flow of high-purity N2 as a 
reference gas. The test gas was injected by a microsyringe into the chamber. Carbon monoxide, 
acetone, ethanol, and ammonia were used as the test gases with a concentration of 30 ppm. The 
gas-sensing response of the samples was measured by monitoring the variation of the samples’ 
resistance. The influence was studied of the samples’ gas-sensing response on the deposition 
method and annealing procedure applied. The experimental conditions for the samples’ 
preparation with the best gas-sensing performance were determined. 
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Metal-organic frameworks (MOFs) are crystal hybrid materials with constant and 
homogeneous content of the pores. Depending on the method of synthesis and combination of 
different metal centers as well as organic ligands, their physical and chemical properties can be 
easily controlled.  

In recent years, a number of porous materials have been investigated as potential sensors 
[1–4], and in the last 20 years, luminescent metal–organic frameworks have attracted 
considerable interest due to their properties as high specific surface area, ability to adjust pore 
size, porosity. It is the porosity that is a serious advantage of MOFs over other luminescent 
sensors, as it can provide a concentrating effect, which leads to increased detection sensitivity and 
selectivity to the analyzed analyte. 

In the present work we mainly focus on synthesis of Ln-MOFs with terephthalic acid (BDC) as 
linker and Ln= Sm(III), Dy(III), Tb(III) and Eu(III) as metal centers. Obtain samples are characterized 
by powder XRD and their structure was determinate isostructural to compound with empirical 
formula [Dy2(BDC)3(H2O)4]∞(Figure 1). Their structure parameters are determined by Rietveld 
analysis.  

 

  
Figure 1. Powder XRD of Ln-MOFs compered to simulate from single crystal (left) and the structure it 

corresponds (right).  
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Luminescence properties were investigated as well as stability in water (Figure 2) and 
behaviour in different acidity. Most luminescent samples were tested with number of cations and 
anions, as well as some organic pollutants.  

 
Figure 2. Confirmation of stability of Ln-MOFs in water with XRP (left) and fluorescence spectroscopy (right). 
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Metal exchanged zeolites are important materials for adsorption and catalysis. Since zeolites 
are aluminosilicates and the introduction of aluminium atoms brings charge defects, the latter are 
compensated by a charge balancing cations. These could be H+ (which are responsible for the high 
Brønsted acidity of zeolites) or metal cations. Thus, changing the cation nature allows to tune the 
adsorption and catalytic properties of zeolites. 

To provide a high adsorption capacity, it is necessary to use a zeolite with a low Si-to-Al ratio, 
reflecting in a high concentration of the charge-balancing cations. Recently we tried to develop 
zeolite based materials for CO2 capture [1-3]. Indeed, we found that two CO2 molecules can be 
simultaneously attached to one Na+ site in NaY zeolite [4]. However, this process occurs at low 
temperatures and is thus not convenient for practical application. Therefore, we decided to 
change the nature of the exchanged cations to Ca2+. The choice was justified by the high 
electrophilicity of Ca2+ (expected to lead to stronger adsorption complexes) and the fact that Ca2+ 
sites in CaNaY can attach up to three CO molecules each. Indeed, our result demonstrate that a 
stepwise conversion Ca2+(CO2)  Ca2+(CO2)2  Ca2+(CO2)3 occurs.  

The next step is to enhance additionally the adsorption capacity by using X instead of Y 
zeolite. It should be noted that, since one Ca2+ cation replaces two Na+ cations in the structure, no 
too high density of Ca2+ sites is expected. The first step was to study the coordination chemistry of 
Ca2+ before assessing the CO2 capture properties. Here we report the results with a commercial 
sample which demonstrated very high adsorption capacity. This leads to extremely high intensity 
in the IR spectra of the bands of adsorbed CO. Thus, due to instrumental limitations, it was 
impossible to determine their exact positions. Therefore, we examined the region of 12C–O 
overtones and 13C–O modes (arising from the natural 13C abundance of ca 1 %). Due to the 
nominal low intensity of the N–N band of adsorbed N2, it was possible to follow it directly.  

Fig. 1 presents the spectra of CO adsorbed at low temperature on CaX. Panel A deals with 
the 13C-O stretching region and panel B, with overtone region. The spectra in panel A demonstrate 
stepwise conversion between complexes with one (2145 cm-1), two (2133 cm-1) and three (2125 
cm-1) CO molecules. Moreover, at high equilibrium pressure there is a band at 2120 cm-1 which 
could be due to tetraligand complexes. However, looking at the overtone region (Panel B), 
conversion up to triligand complexes is clearly visible. Therefore, the band at 2120 cm-1 is 
attributed to a small feature of physically adsorbed 12C-O incidentally falling at a position 
assignable to 13C polycarbonyls.  
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Figure 1. Adsorbed species on CaX. A: FTIR spectra of absorbed CO in the (13CO) region; B: VTIR spectra of absorbed 

CO in the 2(12CO) overtone region; C: FTIR spectra of absorbed 15N2.  

The coordination of three small molecules was also confirmed by the spectra of adsorbed 
15N2 (Panel C). At low coverage Ca2+–15N2 species are formed and monitored by a main band at 
2264 cm-1 with two lower intensity satellites (attributed to combination modes) at 2276 and 2251 
cm-1. With coverage increase these species are first converted into Ca2+(15N2)2 adducts (2259 cm-1) 
and then into Ca2+(15N2)3 species (2257.5 cm-1).  

Preliminary experiments indicate that one Ca2+ site can also hold three CO2 molecules. 
Adsorption isotherm reveal a very high adsorption capacity. However, it should be noted that 
some other CaX preparations demonstrated somewhat different chemistry and a lower adsorption 
capacity. Therefore, the results obtained indicate that some CaX zeolites could be very effective 
CО2 capture materials.  
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Rapid industrial and technological development leads to the release of a large amount of 
organic pollutants in waters, which has irreversible negative consequences on the biochemical 
processes of living organisms [1]. 

In recent years, lanthanide metal-organic frameworks have emerged as one of the most 
effective luminescent sensors of organic pollutants due to their unique optical properties, high 
selectivity and sensitivity, short response time and high degree of repeatability of results [2]. 

One of the most effective methods for the removal of organic pollutants (including 
antibiotics and dyes) is the catalytic activation of peroxymonosulfate due to its high and non-
selective oxidizing action, activity in a wide pH range and, last but not least, its low cost (in 
contrast to methods based on activation of H2O2).  

It is known that Ln-MOFs catalytic activity is attributed to the metal center [3], and the 
mixed metallic metal-organic frameworks are of particular interest due to their higher catalytic 
activity compared to their monometallic analogues. This is mainly due to the better control of the 
porous structure and the presence of more than one type of active center involved in the catalytic 
reaction [4]. 

The present work presents the synthesis and characterization of Ln-MOFs (Ln=Ce(III), Tb(III)) 
with terephthalic acid by solvothermal method and investigated its catalytic activation of 
peroxymonosulfate and their potential application as a catalyst for the activation of 
peroxymonosulfate in a Fenton-like reaction for water purification from organic pollutants. The 
prepared Ln-MOFs were characterized by several physicochemical methods such as powder XRD, 
TEM, UV-VIS spectroscopy and were tested as catalysts for Fenton-like activation of 
peroxydisulfate for oxidation of tetracycline hydrochloride in water as model pollutant. The 
reaction mechanism was evaluated by radical scavenging experiments and the recyclability of the 
catalyst was tested in three consequent runs. 
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Figure 1. Tetracycline hydrochloride degradation 
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Many industries such as textile, food, leather, paper, printing, pharmaceutical, cosmetic, etc. 
generate significant amounts of solid waste with the potential for reuse in various directions. In 
recent years, due to an increase in the production capacity of the essential oil industries in the 
country, the waste generated by them is causing increasing interest as alternative raw materials 
for the production of various eco-materials – biosorbents, pharmaceutical and washing products, 
etc. At the same time, the produced eco-materials and products should meet certain requirements 
and norms covering their safe use by humans. 

In this regard, in the present work, data from studies carried out to characterize the micro- 
and macro-component composition of waste plant material from black cumin (Nigella sativa L) are 
presented as a preliminary stage to its subsequent use in the production of new eco-materials 
with the potential for application as a biosorbent and in the cosmetics industry. Various analytical 
methods were used for this purpose. The obtained data are considered in the context of the safe 
application of the new materials in human use. 
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We report on studies of magnetic properties of bulk Y-type hexaferrite. The recent attention 

to hexaferrites is due to the observation of a large magnetoelectric effect in some of them and to 
their application in microwave radiation screening. The Y-type hexaferrite bulk samples with a 
nominal chemical composition of Sr1.5Ba0.5Zn2Fe12O22 were synthesized by modified co-
precipitation sonochemical methods. To confirm the single phase and the samples‘ composition, 
they were characterized by X-ray diffraction. The X-ray diffractograms of the powdered 
compounds under investigation revealed the formation of a single hexagonal Y-type hexaferrite 
phase showing well-defined reflections of allowed planes. The morphology was studied by SEM. A 
PPMS Quantum Design magnetometer was used for hysteresis measurements at 4.2 K and at 
room temperature. The hysteresis curves obtained are very narrow, typical for in-plane 
magnetization oxides. To study the magnetic phase transitions in Ba0.5Sr1.5Zn2Fe12O22 bulk samples, 
we followed the zero-field-cooled (ZFC) and the field-cooled (FC) magnetization as a function of 
the temperature and conducted ac susceptibility measurements. These were performed in the 
temperature range 4.2  300 K in magnetic fields of 50 Oe, 100 Oe and 500 Oe. We found that the 
temperature of the magnetic phase transition from a conical spin order to a helicoidal spin order 
decreases from 138 K to 78 K as the applied field is increased from 50 Oe to 500 Oe. The second 
magnetic phase transition from a helicoidal spin order to a ferrimagnetic one was only observed 
for an applied magnetic field of 500 Oe. The ac susceptibility measurements showed 
metamagnetic phase transitions near room temperature. 
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Photochromism is reversible phenomenon of molecular systems induced by light 
irradiation resulting in remarkable changes in the optical absorption spectrum of the 
photochromic compounds. Nowadays, photochromic materials have attracted much attention 
because of the wide variety of their applications in intelligent systems, such as photo-driven 
switches and molecular transporters, photo-controllable optical memories and molecular logic 
devices. A combination of metal-ion recognition moieties with photochromic molecules has been 
reported to afford metal-ion responsive photochromic molecules.  

Here we report novel spiroindolinonaphthoxazines (SO) bearing different substituents in 
their naphthoxazine and indoline ring molecular systems (Scheme 1). Such SOs were designed 
aiming their application for detection of heavy metal ions in solutions at a concentration less than 
10-5 M. We studied the effects of both the molecular structure of the synthesized SOs and their 
solvation in various solvents (organic and inorganic) on the absorption properties and the 
complexation of the SO molecules with some metal ions, including harmful heavy metal ions. 
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Scheme 1. Photochromism of substituted spiroindolinonaphtoxaxines 

 

The effect of the solvent and designed molecular structure on the kinetics of thermal 
bleaching of the photomerocyanine (MC) form of the synthesized SOs are also investigated by 
means of optical absorption spectroscopy. The photomerocyanines of these SO compounds show 
positive solvatochromism indicating that their excited state is more polar than the ground state. 
Thermal equilibrium between the ground state populations of the colourless and coloured forms 
was influenced by the solvent polarity, as well as by the nature of the substituents.  
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Fig. 1. Kinetic runs at 600 nm after irradiation of 1×10–5 M solutions of SO designed with –OH group and 

benzothyazolyl substituents in solvents of different polarity 
 

Complexation of SOs with selected metal ions in appropriate solvents, including also water, 
is the possibility to stabilize the coloured MC form. SOs containing -OH substituents can easily 
form complexes with Al(III), Fe(II) or Cu(II). On the other hand, SOs with a benzothiazolyl 
substituent can form complexes with Ni(II), Co(II), Cd(II) or Zn(II). The interaction of SO having 
sulfobutyl substituent on the indoline fragment of the molecule with Cd (II), Ca(II), Mg(II), Zn(II) or 
Pb(II) leads to formation of colored complexes of metal ions with merocyanine form of the 
compound [1]. The complex formation by SOs can be readily detected due to the change of both 
the intensity and the shape of the MC absorption band in the visible spectral range (about 630 nm) 
(Fig.2). The obtained results on the photo-physical characteristics, photo-transformations and 
complexation of the synthesized SOs can be useful and can be applied in the highly sensitive and 
selective analytic techniques for metal ion sensing, detection of chemical compounds of ecological 
interest, as well as for the monitoring of drinking water.  

 
Figure 2. Absorption spectra of MeCN solutions (5 x 10- 5 М) of SO having sulfobutyl substituent on the indoline 

fragment of the molecule in the presence of 1 equiv. of Cd(II) (2), Mg(II) (3), Ca(II) (4), Zn(II) (5), Pb(II)(6).  
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Reduction of volatile organic compounds (VOCs) in the waste gases is an important task in 

the areas of environmental protection. These gaseous emissions may be found in many fields of 
industry, such as chemistry and petrochemistry, oil and natural gas processing, energy production 
and many others. The catalytic combustion is a competitive abatement technique for VOCs 
removal especially when the organics cannot be recycled or is present in low concentrations [1]. 
The different types of catalysts, such as supported noble metals; metal oxides or supported metal 
oxides; mixtures of noble metal and metal oxides were used. Among them the manganese and 
cobalt containing catalysts are less expensive and demonstrate high activity for VOCs oxidation 
[2,3].  

The present work is focused on the investigation of the structural and catalytic properties 
of a number of mono-component cobalt and bi-component Co-Mn catalyst samples supported 
over hierarchical macro-mesoporous silica. The catalysts were prepared by incipient wetness 
method via using acetate precursors. The obtained materials were characterized by N2- 
physisorption, XRD, UV-vis, XPS and H2-TPR methods. No cobalt oxide lines were observed for 
studied catalysts, thus indicating for the fine dispersion of Co3O4. XPS data show that only Co2+ 
species present on the surface.  

According to the TPR investigations, the cobalt silicates surface phases are formed. Very 
low intensive peaks characteristic of Co3O4 weakly interacting with the surface are visible in TPR 
profile of 5%Co-SiO2(MM)-acetate. The catalysts performance has been evaluated by tests on 
combustion of butane and n-hexane (Figure 1). It was observed that the 5% Co-SiO2(MM) acetate 
present the best catalytic performance in both cases. It should be pointed out that the increase of 
content of cobalt and introduction of Mn when using of acetate precursor lead to decrease in 
activity.  
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Figure 1. Temperature dependence of butane and n-hexane oxidation on Co-SiO2(MM) and Co-Mn-SiO2(MM) zeolites. 

The reduced activity of the two-component Co-Mn catalyst obtained from a mixed solution 
of acetates is most likely due to the fact that cobalt forms silicate-like phases, which are inactive, 
and manganese - a separate phase of manganese oxide, the activity of which is lower in the 
studied reactions. 

On the base of the obtained results the investigated materials could be successfully used in 
development of stable catalyst for abatement of VOCs gas emissions. 
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The work investigates the photocatalytic efficiency of MeOx modified ZnO thin films. 
Heterogeneous photocatalysis is a powerful, low-cost and simple method for wastewater 
treatment. The degradation of organic pollutants is carried out by a transition metal oxide acting 
as a photocatalyst. We report the synthesis of ZnO thin films by a simple sol-gel method, co-
catalytic modified with Oxidizing-Promoting metal oxides - CoOx, NiOx, with concentration 5.10-³ 
M. ZnO/MeOx films are characterized by means Scanning electron microscopy (SEM), X-ray 
diffraction analysis (XRD) and UV-Vis spectroscopy. The zinc oxide surface displayed a discernible 
ganglia-shaped pattern and exhibited a hexagonal wurtzite structure. The photocatalytic activity of 
ZnO films, both in their pure form and with co-catalytic modifications have been examined for the 
degradation of Malachite Green in a distilled water solution under UV irradiation. The findings 
revealed that the photocatalytic degradation activity follows first-order kinetics, and ZnO/MeOx 
films resulted in a significant percentage of dye degradation. From this, we can conclude that the 
co-catalytic modification with non-stoichiometric transition metal oxides extends the lifetime of 
photogenerated electron-hole pairs in ZnO. 
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Contamination of environment by heavy metals is a serious problem worldwide, due to 
their toxic effects and persistence. Copper is among the most common pollutants, found in surface 
water and groundwater, as well as in industrial wastewater. Although copper is an essential 
element for humans, it can be very harmful at high concentrations and have to be removed from 
contaminated waters. The conventional methods for the removal of metal ions are often 
restricted because of technical or economic constraints. This has led to the development of new 
and improved methods for treatment of polluted waters. Biosorption, based on metal binding 
capacities of various biological materials, is an effective technique for removal of toxic metals. On 
the other hand, the production of essential oils in our country is well developed and large amounts 
of waste are generated, which raises the question of their utilization. In this regard, it is a 
challenge to study the biosorption capacities of such materials. 

In the present study the comparison of the adsorption properties of two potential 
biosorbents, obtained after essential oils extraction from the plants Melissa officinalis L. (denoted 
as M) and Lavandula angustifolia L. (denoted as L) for the removal of Cu(II) ions from aqueous 
solutions was performed. SEM and low-temperature nitrogen adsorption were used for the 
characterization of the material. The effect of contact time, solution acidity, temperature, sample 
amount and initial metal concentration on Cu(II) removal from aqueous solutions were studied by 
means of the batch method. The initial and equilibrium cоpper cоncentrations were determined 
by flame AAS. Equilibrium experimental data were fitted to linear Langmuir, Freundlich and 
Dubinin-Radushkevich models. The values for non-linear chi-square test χ2 were calculated too.  

It was established that M and L are biosorbents with similar porosity, surface area and 
heterogeneous structure, which favours the biosorption of Cu(II) ions on different parts of both 
plant materials. Optimum pH value was found to be about 4. The adsorption equilibrium is 
attained within the first two minutes which suggests an excellent affinity of the investigated waste 
materials towards Cu(II) ions in aqueous media. Temperature and sample amount do not influence 
significantly the biosorption. It was established that Langmuir isotherm most adequately described 
the adsorption process for both waste plant materials. The calculated values for non-linear chi-
square test χ2 for Langmuir, Freundlich and Dubinin-Radushkevich equations confirm this 
assumption. Maximum adsorption capacities for both biosorbents differ significantly - 47.66 mg g-1 
for M and 28.08 mg g-1 for L., which cannot be explained with their porosity and surface area. 
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Nevertheless they both could be used as effective biosorbents for the removal of copper ions from 
aqueous media. Desorption experiments were also performed. Both tested eluting agents 1M 
HNO3 and 0.1М EDTA showed practically equal recovery efficiency of 100%.  
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As a heterogeneous photocatalyst, titanium dioxide (TiO2) attracts significant academic 
interest due to its wide application in priority technologies, such as contaminated water and air 
remediation, self-cleaning and antibacterial coatings [1]; and photo-electrochemical devices for 
solar energy conversion to hydrogen or other chemical products [2]; and environmental 
monitoring sensors [3]. These applications rely on the absorption of photons of energy larger than 
TiO2’s bandgap (Eg = 3.2 eV, λ < 387 nm), leading to the generation of mobile photoexcited 
electrons and positively charged “holes”, also known as excitons. Most of these photogenerated 
species (> 99%) recombine, losing their energy to heat [4], whereas the photocatalytic action of 
TiO2 is based only on the chance interaction between excitons found near the surface with 
surface-adsorbed reaction partners, leading to their chemical transformation via photoreduction 
and photooxidation. A promising approach to ensure increased quantum yields in photocatalysis 
through extending exciton lifetimes and improving electron-hole separation is based on surface 
functionalization of the photocatalyst with cocatalysts – typically, most noble metals or transition 
metal oxides – that can preferentially accumulate photogenerated electrons or holes, by forming a 
heterojunction with the photocatalyst. 

In this work, semiconductor TiO2 films were prepared by sol-gel deposition on a glass 
substrate, employing a dip-coating technique, and surface-functionalized with MnOx, Pd and Cu / 
CuOx co-catalyst layers via UV-light assisted photodeposition (λ = 365 nm) in liquid phase. The 
photodeposition electrolytes were comprised of aqueous solutions of 1 mM Mn(IO3)2 and 
Pd(NO3)2 for MnOx and Pd photodeposition, respectively, and a 0.1 M Cu[EDTA] complex in the 
case of Cu/CuOx, whose pH was adjusted in the 5 – 6.5 range to afford different photodeposition 
products. The effects of photodeposition UV dose were studied in the 5-20 J/cm2 range, at fixed 
UV illumination intensity (≈10-12 mW/cm2). The combined effects of these parameters on the 
surface coverage and oxidation state of the resulting cocatalyst layers were investigated by means 
of X-Ray Photoelectron Spectroscopy (XPS), whereas Atomic Force Microscopy (AFM) was 
employed to look in the resulting morphology. 
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Due to the extreme water contaminations with different organic pollutants, finding a 
suitable and efficient dye degradation process is in vital need for both natural environment and 
human health. Recently persulfates (such as peroxymonosulfate and peroxydisulfate) showed 
great potential for oxidation of refractory organic pollutants in water. Despite that their activation 
is rather slow and ineffective. Different processes such as UV light, thermal- or ultrasound 
activation are utilized to increase their activation, but the catalytic Fenton-like activation proved 
to be the most effective and cost-efficient method. Most of the catalysts studied to date for 
Fenton- like activation of persulfates are Fe- based oxides (including spinels and perovskites) and 
their composites and little to none is known about the activity of other d- elements (such as Mn, 
Ni, Cr). 

 The current study’s aim is to provide information about the effect of various d-elements 
on the catalytic Fenton- like activity of perovskites of the type NdBO3 (where B= Cr, Mn, Ni and Fe). 
The nanocatalysts were synthesized via modified Pechini method and their catalytic activity was 
evaluated through degradation of Crystal violet (CV) (cationic) and Congo red (CR) (anionic) in 
peroxymonosulfate activation in aqueous solution. The catalysts were characterized by several 
physicochemical methods such as XRD, SEM, TEM to evaluate their phase composition, crystal 
structure and textural properties. The results of the catalytic experiments showed that Fe-based 
perovskite is by far not the best catalyst for peroxymonosulfate activation. The reaction 
mechanism was determined by a series of ROS scavenging experiments of the most active 
material. 
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Methane abatement through catalytic oxidation processes, especially at low temperature, falls in 
line with the most important challenges of environmental catalysis. Different types of zeolite 
framework structures (MCM-22, MCM-41 and Beta-11), modified with palladium, gold, silver and 
cerium, were prepared and the effect of reaction conditions, the initial concentrations of reagents 
and the presence of water vapor on the catalytic performance in methane combustion and CO 
complete oxidation were investigated. The catalysts were characterized by various techniques, 
including XRD, ICP, low-temperature nitrogen adsorption, O2-TPD and CH4-TPR. The investigated 
catalysts exhibited high CH4 conversion and on-stream stability for methane combustion at 
relatively low temperatures (below 400oC). The temperatures of methane ignition (T10%) and total 
conversion (T100%) for the most active Pd-Ag-Beta-11 catalyst were found to be 230 and 330oC, 
respectively. For reaction of CO oxidation, the temperature at 50 and 90% conversions (T50% and 
T90%) for the best performed Pd-Au-Ce-MCM-22-30 catalyst are 100 and 140oC, respectively. In the 
presence of water vapor (2 wt.%) and absence of oxygen, the Pd-Au-Ce-MCM-22-30 catalyst 
showed excellent thermal stability and its activity remained almost unchanged. The investigated 
noble nanostructured materials have a strong potential for practical applications due to their high 
activity and stability for methane total conversion and CO complete oxidation.  

Acknowledgements: The authors are grateful to the project Д01-92/06.2022 - "European Network on 
Materials for Clean Technologies", to present the obtained results in the SizeMat4. 
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The well state of the water - soil - vegetation ecosystem is essential for the health of living 
organisms. As trace metals are toxic, their content in the natural waters or in the soil solutions is 
of particular importance because, depending on their bioavailability, trace metals can be absorbed 
by the ongrowing vegetation and thus enter the food chain. The bioavailability and transport of 
the elements in the food chain strongly depend on their chemical species.  

Trace metals Mn, Ni, Cu, Zn and Pb dynamics in the water - soil – vegetation system was 
investigated by experimental studies of the waters, soils, laboratory-prepared water-soil extracts 
and the ongrowing uncultivated grass vegetation, as well as by thermodynamic modeling of their 
chemical species in the waters and water- soil extracts.  

The studied region was Chelopech – Cyrkvishte - Zlatiza – Pirdop, western Sub-Balkan, 
Bulgaria, where two big copper mines, Chelopech and Elatsite, as well as a metallurgical plant 
(Aurubis AG) are situated. Cu was found to be the most widespread pollutant in both waters and 
soils samples. The area of the Chelopech Mine was found to be the most polluted one. Cu, Zn, Pb 
and Mn exceeded the maximum allowed concentrations in waters according to the Bulgarian 
regulations. With respect to Cu and Pb the soils were determined as “moderately to heavily 
polluted”.  

Two thermodynamic models were applied for calculation of the trace metal chemical species 
in waters and water-soil extracts – the classical ion-association model for calculating the inorganic 
metal species and the Stockholm Humic Model (SHM) accounting for the complexation reactions 
of trace metals with organic matter. Computer program Visual Minteq was used. Experimental 
data for the total concentrations of major and trace metals, dissolved organic carbon and pH were 
used as input data for the calculations. 

The results showed that in waters and water-soil extracts, Mn mainly exists in the form of 
inorganic species – free Mn2+ ions and carbonate complexes. Cu, Zn and Pb exist as organometallic 
complexes OrgCuOH and OrgМе (Me = Cu, Zn, Pb). Ni is characterized by both inorganic and 
organometallic species, the ratio of which varies depending on the environmental conditions. 

Mn, Cu and Zn were found in stems and roots of all grass samples, with Cu and Zn contents 
exceeding the average values for this vegetation. Pb was only found in the terrestrial samples from 
the area of Chelopech and Cyrkvishte and in the roots of grass samples taken near water bodies. 
The highest phytoaccumulation coefficients were calculated for Cu and Zn, followed by Pb, Ni and 



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
55 

Mn, and the coefficients for the grasses taken near the water bodies exceeded those for the 
grasses taken from the interior of the region. 

Our results showed that phytoaccumulation is a process that depends not only on the total 
amount of the element, but also on the form in which it exists in the aqueous solution. Our 
research proved that the availability of organo-metallic complexes of transition metals with fulvic 
acids is a prerequisite for their phytoaccumulation. 

 

Acknowledgements: This work has been carried out in the framework of the National Science 
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Education and Science (MES) of Bulgaria (Agreement № Д01-271/09.12.2022). The authors are also grateful 
to the project Д01-92/06.2022 - "European Network on Materials for Clean Technologies", to present the 
obtained results in the SizeMat4. 
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Carbon-based materials have been investigated for many years due to their suitable for wide 

practical use physicochemical properties such as high specific surface area, tunable porous 
texture, chemical stability, mechanical stability, abundance etc. The carbon-based materials are 
applicable for the adsorption of many gaseous compounds, namely for the low temperature 
adsorption, and especially for CO2 uptake. Carbon-based materials could be classified as 
traditional (active carbon) and recently developed (graphene, graphene oxide (GO), reduced 
graphene oxide (RGO), single-walled and multi-walled carbon nanotubes (CNT), carbon-dots (CD), 
fullerenes etc.). Graphene is material with 2D sp2 hybridized carbon framework with large 
theoretical specific surface area (2630 m2/g). In reality, the specific surface area of bulk graphene 
(i.e. RGO) is not as high. Carbon–dots are versatile and less defined spherical nanocarbon 
materials with functional groups on the surface. They recently attract research interest for its high 
biocompatibility, low toxicity, nano-scale size, and possibility for functionalization. It will be very 
attractive to combine the properties of different carbon-based materials for effective 
improvement of their adsorption capability through intensifying the interactions between the 
carbon material and the gaseous adsorbate [1]. It is known, that the synthesis method, the type of 
initial compounds, and the preparation conditions have a great influence on the chemical state 
and the porous structure of the carbon-based materials.  

The goal of the present work is the preparation and characterization of hybrid CD-RGO 
material with high CO2 capture capacity.  

The preparation of the starting graphene oxide was made by the modified Hummers’ 
method and the reduced graphene oxide was further obtained by its reduction using L-ascorbic 
acid. The hybrid CD-RGO material was prepared from GO with excess of L-ascorbic acid added to 
the oxidation mixture, followed by thermal treatment. Additionally, for comparison carbon-dots 
were prepared by carbonization of L-ascorbic acid at the same preparation conditions as the 
hybrid material. The characterization of the studied materials was made by powder XRD, SEM, 
TEM and N2-physisorption.  

Some results from the characterization are presented in Figure 1. The XRD patterns show the 
characteristic peaks for GO (at 10–12° and ~42.5°) and for RGO and CD-RGO (~25o). The pattern of 
the CD consist of a hump at about 20-30o, indicating the amorphous state of the material. The N2 
adsorption isotherm of GO and RGO are of mixed type II–IV and for CD and CD-RGO of I-IV type 
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with H3 hysteresis, evidencing their hierarchical porosity. The SEM images indicate the sheet 
morphology of GO and RGO, spherical particles for CD and mixed sheets and balls for CD-RGO. 

 
Figure 1. XRD, N2-physisorption and SEM micrographs of GO, RGO, CD and CD-RGO. 

 
The adsorption capacities of CD-RGO towards CO2 at 273 K and 100 kPa are found to be 

higher than more of the reported in the literature carbon materials. No direct correlations of the 
CO2 adsorption capacity and the texture properties of the CD and the CD-RGO hybrid material are 
found. The preparation conditions of the new CD-RGO hybrid favours the enrichment of the 
carbon surfaces by various functional groups with co-existing aromatic and aliphatic parts, 
ensuring synergetic action of the hybrid constituents towards CO2.  
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The preferential CO oxidation (PROX) is a simple, efficient, and economic method for CO 
removal. Catalysts so far proposed for the PROX process are based mainly on noble metals, such 
as Pt, Rh, and Ru, deposited on different supports with or without any promoters. Due to high 
price of precious metals, non-precious metal catalysts have been considered as a potential 
alternative for the CO PROX reaction Co-based catalysts have shown promising catalytic 
performance for the CO PROX reaction. The main drawback of the bulk cobalt oxide appears to be 
the reduction to the metallic Co under the excess H2, which lead to deactivation [1]. Different 
studies indicate that a highly oxidized form of cobalt that exhibits strong interaction with a 
support allows CO activation that could lead to high activity for the preferential oxidation of CO in 
excess H2 [2]. 

The focus of the present work is the use of Bulgarian natural zeolite clinoptilolite as a 
carrier in PROX reaction. Bulgarian clinoptilolite was chosen due to low price and good chemical 
performance, making it very suitable as a support in different catalytic reactions. The use of 
support decreases the content of active phases respectively their price and also prevents them 
from sintering. 
Clinoptilolite was modified with 1M nitric acid to increasing the specific surface area and clean the 
pores of various contaminants. The active phase Co was applied after the chemical modification of 
the clinoptilolte by the method of wet impregnation from aqueous solutions. The obtained 
samples contained 10 and 20 % Co by weight as oxide in the final product. The name of the 
catalysts are 10CoA and 20CoA.The as-synthesized samples were tested in the PROX reaction.  
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Figure 1. CO conversion to CO2 on A) 

 
Sample with higher concentration of active phase showed higher catalytic activity in the PROX 
reaction. The observed high catalytic activity was correlated to high concentration of active phase 
and presence of Co3+ ions on the surface proved by XPS.  
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A new method for calculation of energy distribution of the adsorption space is proposed. 
The approach is based on the classical statistical mechanics. The method allows calculation of the 
energy distribution of the adsorption sites directly from the low pressure region of experimental 
adsorption isotherm, without any preliminary constraints on the functional form of the energy 
distribution. For nonporous and mesoporous adsorbents the method gives assessment of the 
surface heterogeneity, but the accuracy of measurement is not good in this case, due to the 
smaller amount of adsorbed substance. For microporous samples the final result is an adsorption 
energy distribution of the micropore volume. For microporous samples with chemically 
heterogeneous surface, the effect of micropores presence is dominant and any analysis of 
heterogeneity using adsorption data is impossible. 

In most cases the adsorption energy distribution is completely enough for characterization 
of the adsorption behaviour of a given adsorbent. However, probably because of the scientific 
tradition, most researchers prefer to obtain and analyse a pore size distribution instead of a pore 
energy distribution. The pore size distribution seems more universal, because the energy 
distribution strongly depends on the nature and the size of the adsorbed molecules. However, we 
must always have in mind that the energy distribution is in principle more primary, because the 
adsorption is a consequence of the higher energy potential in vicinity to the adsorbent surface. To 
convert the energy distribution into pore size distribution a concrete and simplified pore model is 
needed, what is a source of inaccuracy. Anyway, the energy distribution conversion into pore size 
distribution is not a principle problem. Due to the above, when adsorbate is one and the same we 
prefer to use energy distribution when compare different adsorbents.  

It is important to remember that some simplifying assumptions are also made and in our 
method, such as: (i) the constant liquid adsorbate density, completely independent from the 
shape and the size of the pores (when the size of the pores is comparable with the molecular 
diameter the liquid density will be changed considerably); (ii) usage of the ideal gas model, 
appropriate only at low pressure. Of course, if the pores are smaller than the molecular diameter, 
they are invisible for our method. 

Among the advantages of the method most important are its mathematical simplicity and 
clear physical sense. 
Acknowledgements: The authors are grateful to the project Д01-92/06.2022 - "European Network on 
Materials for Clean Technologies", to present the obtained results in the SizeMat4. 
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This paper aims an investigation the impact of beam deflection geometry on the structure, 
surface architecture, microhardness, and friction coefficient of electron-beam surface-modified 
TC4 titanium alloys. During the experiments, the electron beam has been deflected in the form of 
different scanning geometries, namely linear, circular, and matrix. The structure of the treated 
specimens was investigated in terms of their phase composition employing X-ray diffraction 
experiments. The microstructure and chemical composition were studied by Scanning electron 
microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX). The surface architecture was 
examined by atomic force microscopy (AFM). The friction coefficient was studied by a mechanical 
wear test. The obtained surface topography and mechanical properties of the EBSM TC4 titanium 
alloy are discussed concerning the applied technological conditions, and formed phase 
composition and microstructure. 
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Chromium is a common heavy metal element found in industrial waste waters due to its 
wide application in leather tanning, electroplating, dyestuff and so on [1]. Among various harmful 
toxic elements, hexavalent chromium has been called the most poisonous heavy metal cation due 
to its mutagenic, carcinogenic properties. Being able to exist in Cr(VI) to Cr(III) oxidation states, it 
can produce responsive oxygen species in cells. Among the various methods for Cr(VI) removal 
photocatalytic reduction proved to be one of the cost-effective and environmentally friendly 
method. The development of efficient photocatalysts with appropriate band structures, lower-
photon energy utilization, and reusable photocatalysts has been a bottleneck issue for a decade. 

In this work we explore the photocatalytic Cr(VI) reduction ability of the Tb1-xCexVO4 (x= 0 – 
1) solid solution family prepared by a facile hydrothermal method. The obtained samples are 
characterized by a number of physicochemical methods such as powder XRD, SEM, TEM, UV-Vis 
spectroscopy to obtain information the phase composition, crystal structure, morphology and 
optical properties of the materials. The samples were then tested as catalysts for complete 
photoreduction of Cr(VI) to Cr(III) under visible light irradiation. The most active member of the 
solid solution family showed complete photoreduction of hexavalent chromium in just 30 minutes 
of light irradiation. The reaction mechanism was evaluated by series of radical scavenging 
experiments and the catalysts recyclability was tested in three consecutive runs.  

 
References 
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The Aqueous Phase Reforming of Polyols is a well-known hydrogen production process 
starting from biomass, having the advantages of using relatively moderate pressure and 
temperature conditions [1]. As with most bio-refinery processes, the fate of the reaction products 
is dependent on the different interactions that the reactants have with the catalyst surface and 
the different mechanism of probable fragmentation of the reactants induced by the active sites. It 
has already been shown that the addition of small percentages of tin to a Raney-nickel catalyst (Ni 
content > 60%) drastically decreases the methanation reaction rate, thereby increasing the 
hydrogen yields in the gas phase products [2]. In addition to the gas phase, these intrinsic 
characteristics of the chosen active phase also influence the distribution of liquid phase products. 
The combined and well-directed use of this information, together with an extensive study of the 
spent catalyst, could lead to a deeper understanding of the chemical-physical mechanisms driving 
the process, enabling further improvements of the catalyst. 

The bimetallic catalysts and their corresponding monometallic references were obtained by 
impregnation of a Ce(Zr)O2 support obtained hydrothermally by micellar-assisted synthesis, with 
different weight percentages of Sn and 10 wt.% of Ni. After the reduction pretreatment, the 
catalysts were subjected to the APR reaction carried out in a batch "Parr" reactor, with an aqueous 
solution of ethylene glycol 6 % wt. at a screening temperature of 270 °C, an initial pressure of 20 
bars of N2 at initial pH=14. The catalytic products in the gas and liquid phase were analyzed by 
chromatographic tecniques while the spent catalysts where analyzed by a combination of 
characterization methods as XRD, HR-TEM, EDX and H2-chemisorption.  
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The combined study of gas-phase and liquid-phase carbon products highlights how the choice of 
active metals and their quantitative combination, drastically affects the fragmentation pathway of 
ethylene glycol. The presence of a synergistically active support will also lead to surprizingly good 
achievements in biomass valorization processes. 
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X-ray photoelectron spectroscopy (XPS) is used to study various chemical surfaces, such as 
sensors, catalysts, photocatalysts, semiconductors, polymers, optical materials, anti-corrosion 
coatings and many others. Almost all chemical processes and reactions take place on the surface 
of samples, and therefore the used XPS method provides essential and irreplaceable information 
for characterizing the surface of photocatalysts. Among the various metal oxides, ZnO is 
considered to be one of the most promising materials for photocatalytic applications. The present 
work describes the XPS study of the green synthesized ZnO nanoparticles using Mentha arvensis 
extract as reducing and stabilizing agent, produced through a low-cost and ecological approach, 
limiting the harmful effects on the environment. The measurements were carried out on AXIS 
Supra electron spectrometer using achromatic AlKα radiation with a photon energy of 1486.6 eV 
and charge neutralisation system. The binding energies were determined with an accuracy of 
±0.1 eV. The chemical composition of the ZnO nanoparticles was determined by monitoring the 
areas and binding energies of C1s, O1s and Zn2p photoelectron peaks.  

XPS results proved that on the surface of the ZnO nanoparticles exist organic carbon bound 
to oxygen, adsorbed hydroxyl groups and lattice oxygen species. Addition of Mentha arvensis 
extract to zinc precursor solution increases the amount of OH- surface groups which leads to 
higher photocatalytic activity. These results indicate that the green synthesized ZnO nanoparticles 
are suitable for environmentally friendly photocatalysts. 
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The presented investigations demonstrate the corrosion behavior and protective ability of 
newly developed systems, which consist of ZrO2 sol-gel films, deposited on Zn-Co(3 wt.%) or Zn-
Ni(10 wt.%) alloy coatings/low-carbon steel substrates. After each dip-coating deposition, the 
samples were dried at 50oC, after that were treated at 380oC with low velocity rate. The dipping-
drying cycles were repeated three times. 

The chemical composition, phase composition, hydrophobicity, surface and electronic 
structure of the samples were studied by means of X-ray diffraction (XRD), X-ray photoelectron 
spectroscopy (XPS) Scanning electron microscopy (SEM), Atomic Force microscopy (AFM) and 
Contact angle (CA) measurements.  

Potentiodynamic polarization (PDP) curves and polarization resistance (Rp) measurements 
for a prolonged period of time were carried out to estimate the corrosion resistance of the 
coatings. 

The experimental data presents the positive influence of the systems obtained for the 
enhanced protective properties of the low-carbon steel in test environment causing localized 
corrosion. The presence of appropriate surface morphology with amorphous and hydrophobic 
nature determine the high corrosion resistance of the ZrO2/Zn alloy/carbon steel systems.  
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The goal of the work is to investigate the catalytic activity of gold nanoparticles loaded on 
zeolite X synthesized from fly ash find in CO and benzene oxidation reactions. This is aimed at 
solving two significant environmental problems. The first is successful utilization of coal fly ash as a 
waste product from the thermoelectric power plants by obtaining of materials with high added 
value like zeolites [1,2]. Тhе other is purification of waste gases from CO and volatile organic 
compounds (VOCs) which are very harmful for the environmental [3,4]. 

Zeolite X samples from coal fly ash has been successfully obtained by two-stage method – 
melting of fly ash with sodium hydroxide at high temperature followed by hydrothermal synthesis. 
In order to monitor the effectiveness of the fly ash zeolite, a reference sample of a pure zeolite 
support according to a classic recipe was also synthesized. The impregnation of gold nanoparticles 
on both initial and fly ash supports was carried out with 2 different concentrations of aqueous 
gold salt (HAuCl4) solutions (8 and 12 wt %) at constant pH = 7.0 and temperature 60 °C. The 
resulting catalysts were noted AuX_1 and AuFAX_1 for the samples formed from the low 
concentration solutions and AuX_2 and AuFAX_2 for high concentration solution samples, 
respectively. The initial and gold-supported catalysts were investigated in catalytic oxidation 
reactions of CO and benzene.  

In the reaction of benzene oxidation, the fly ash samples synthesized demonstrated a 
significantly higher activity compared to the gold-containing reference catalysts. Maximum 
benzene conversion was observed at the AuFAX_2 sample (82 % at 300 °C) followed by the 
AuFAX_1 catalyst (44 % at 300 °C) while almost no activity was investigated for the two reference 
catalysts (Fig. 1-A). Both in the CO and benzene oxidation reactions, the catalysts formed from coal 
ash exhibited better catalytic properties compared to their reference analogs. Moreover, gold-
impregnated fly ash zeolites reach 100 % CO conversion at room temperature after a short 
induction period (Fig. 1-B), while the reference Au samples reach barely 87 % for Au X_1 and 92 % 
Au X_2 conversion at temperature 200 °C (Fig. 1-A).  
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There is also a big difference in the catalytic stability of both systems. In the case of 
reference zeolite X, the deactivation of the sample started in a very short period after reaching the 

ma
xim
um 
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ver
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n, 
whi
le 
the 
acti
vity 

of the AuFAX_2 sample remained stable (100 % CO conversion) for more than 10 h in flow mode. 
 

Figure 1. A) Temperature dependence of benzene and CO conversion over Au reference samples 
(AuX_1 and AuX_2) and fly ash catalysts (AuFAX_1 and FANaX); B) Time stability of CO conversion 
on both gold-fly ash samples (AuFAX_1 and AuFAX_2).  

 
The catalytic activity tests in benzene and CO oxidation reactions were carried out in a 

continuous flow type of glass reactor at atmospheric pressure with a catalyst bed loading of about 
0.5 cm3 with fraction 0.43–0.63 mm for benzene and fraction 0.25-0.52 mm for CO. The used gas 
mixtures were: inlet benzene concentration 42 g m−3 in air and 2 % CO, 10 % O2 and N2 for balance 
up to 100 % in CO reaction, at space velocity 4000 h−1. 
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The corrosion-protective influence of eco-friendly ceria conversion coatings deposited on Al 

1050 alloy, additionally treated in mixed NaH2PO4 and Ca(NO3)2 solution, was studied in this paper. 
The growth structure, main components and corrosion resistance of the so formed protective 
systems where studied by SEM, EDS, XRD, XPS and electrochemical (PDP, Rp) methods. The results 
obtained show us that the basic components of the conversion layers (and these – produced after 
exposure for a definite time in model corrosion media) are: according to XPS – Al2O3, Al(OH)3, 
CePO4, Ca10(PO4)6(OH)2 according to XRD – Ca5(PO4)3(OH). There are established optimal regimes 
of conversion treatment of Al substrate at which the relationship of co-deposited Се3+, РО4

3+ and 
Са2+-containing components of the conversion layers determine maximize values of their 
polarization resistance (Rp) – criterion for corrosion protection of Al. At this it is shown how their 
concentration depends/changes from the type and the time of immersion treatment of ceria 
conversion layer in mixed NaH2PO4 + Ca(NO3)2 solution. By the highest and stable in the time 
protective ability (strong increase of Rp and decrease of corrosion current density) are 
characterized the systems for which the inclusion of additional 72-hours exposure of samples over 
the water vapors take place. This effect is related and based on the formation of fill out the 
defects of the conversion coatings and additional Bayerite (α-Al(OH)3) deposits, leading to the 
decrease of the corrosion rate. 
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Polarisation resistance (Rp) histograms of the following samples: 1 – Al1050; 2 – 
Al(NaOH)/CCOC(Ce+Cu);  

3 - Al(NaOH)/CCOC(Ce+Cu)/PhN(PO4+NO3)(5 min); 4 - Al(NaOH)/CCOC(Ce+Cu)/PhN(PO4+NO3) (3x5 min);  
5 - Al(NaOH)/CCOC(Ce+Cu)/PhN(PO4+NO3) (3x5 min + 72h exp.) and XPS – Ca2p core photoelectron spectra 

of sample No.5 
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The volatile organic compounds (VOCs) are the main type of air pollutants [1,2]. Among the 
most widespread VOCs emissions, are these which are released as a result of increasing usage of 
liquefied petroleum gas (LPG—primarily composed of propane and butane) [3]. One of the most 
promising technology for elimination of low concentration of industrial gases is their removal by 
catalytic oxidation [4]. Usually, the catalysts used protection against VOCs were noble metals (Pt, 
Pd and Ru), but they have high manufacturing cost and low thermal stability [5]. On the other 
hand, the transition metal oxides have many advantages because of their high activity for deep 
oxidation of VOCs and much lower cost [6]. 

In this work, materials based on Ni - modified MnOx were prepared by co precipitation 
method. The obtained materials were characterized by XRD, N2-physisorption and DTA. According 
to XRD the formation of mixed MnO2 – NiO and NiMnO3 ilmenite structure were confirmed. After 
the catalytic test no significant changes in the phase composition and textural characteristic were 
observed, indicating that prepared catalysts are stable. For practical application of the synthesized 
materials, a samples of NiMnO3, supported on aluminum silicate carriers and gamma - alumina 
carriers were prepared and tested on combustion of butane and propane (Figure 1). 
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Figure 1. Temperature dependencies of butane and propane oxidation on Ni - modified MnOx catalysts 
supported on aluminosilicate ceramic supports (a) and gamma - alumina carriers (b) (GHSV=60 000 h-1). 
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On the base of the obtained results one may conclude that the NiMnO3-ilmenite can used as 
an active phase for further development of catalytic converters for abatement of exhaust gases 
from liquefied petroleum gas (LPG)-motor engines. 
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Glassy carbon coatings on graphite and ceramics find applications in various composite and 
refractories and sensor elements for measuring equipment. The possible applications of glassy 
carbon are determined by the combination of specific properties, such as high temperature 
resistance, high hardness, low electrical resistance, chemical inertness. In outer space, the 
equipment used is subjected to a constant flow of high-energy particles of various origins. This 
deteriorates the quality of the materials used, especially the surface layers and various types of 
coatings. 

Measuring the electric fields in near-Earth orbit is performed most often by the double 
probe method. Quality of the surface and materials used for the probes are critical for correct 
measurements of the differential potential between them. In practice, glassy carbon has emerged 
as the most suitable material with value of the work function about 5.05 eV. Because of the 
relatively short lifetime of research satellites, the long-term effects of cosmic radiation on glassy 
carbon have not yet been investigated in details. 

The present study aims to trace a possible change in the surface properties of samples with 
deposited microns thick glassy carbon layer on a dense graphite substrate after a 28-month stay 
on the International Space Station (ISS). The effect of open space was studied by the methods of 
powder X-ray diffraction (XRD), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), 
radiation environment measurements and 14C activity decay. The studies did not show changes in 
the structure and properties of the glassy carbon layer, except some contamination and formation 
of carbonyl and carboxyl groups on the surface of the samples. 
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Sulphide and selenide clusters of the type M2Se2 and M2S2 (M=Fe-Cu) as well as their 
carbonyl complexes are promising as catalysts and photocatalysts in various redox reactions, 
including water splitting to molecular hydrogen and oxygen [1]. The photocatalytic properties of 
hexacarbonyl complexes of iron oxide and iron sulphide for water splitting were already proved 
and their main advantage is the favourable light absorption in the visible region, particularly for 
iron sulphide [2,3]. The role of the carbonyl ligands is not limited to electron donation. The CO 
groups also stabilize the flexible rhomboid clusters and provide efficient electron redistribution in 
the course of the reaction path. This hypothesis cannot be checked only on the basis of existing 
experimental techniques, which necessitates the introduction of adequate theoretical models. 

The reaction mechanism is traced with the help of transition state theory, relying on data 
from quantum-chemical calculations with first-principles methods and implemented hybrid 
density functionals (B3LYP, CAM-B3LYP). All calculations are performed with the help of Gaussian 
16 program package [4]. The rhomboid selenide and sulphide clusters form stable hexacarbonyl 
and tetracarbonyl clusters. For the selenides, the tetracarbonyls provide a more favourable low-
energy route of water splitting as compared to the hexacarbonyls, whereas for the sulphides, the 
reaction activation barriers of hexa- and tetracarbonyls are close. The triplet-state pathway is 
lower by energy than the singlet-state pathway for both selenides and sulphides, but the energy 
barriers are significantly (up to twice) lower for the selenides. The reaction pathway is similar for 
selenides and sulphides and the first elementary step is water adsorption is dissociative water 
adsorption, H2O → OH− + H+, the proton being attached to a sulphur or a selenium centre and the 
hydroxyl group – to a transition metal cation. Appropriate light-absorption bands in the selenides 
contribute to further lowering of the energy required in water splitting. Among the transition-
metal elements (Fe-Cu), cobalt selenide proves stable enough as a tetracarbonyl and provides a 
particularly low-energy reaction path, with less than 80 kJ mol-1 for the first reaction step. The 
results indicate that selenides are indeed good candidates for photocatalysts in water splitting and 
other redox reactions. 
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In the present work, we present results on the influence of electron beam surface 
modification on the damping effects of Inconel alloy 625. The chemical composition of the 
specimens used is as follows: (in wt.%) 29.5Cr, 0.5Mn, 7.5Fe, 0.2Co, 57Ni, 3.7Mo, 0.2W, 0.2Cu, and 
1.7others. The electron beam surface modification procedure was carried out on an EvoBeam 
Cube 400, Evobeam GmbH machine, where the acceleration voltage was 60 kV, the speed of the 
movement of the samples was 40 mm/s the electron beam current was 10 mA and 20 mA, 
corresponding to a beam power of 600 W and 1200 W. The structure of the modified specimens 
was studied by X-ray diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive 
X-ray spectroscopy (EDX). Operation diagrams of the damping ability and oscillation absorption 
coefficient are built and discussed concerning the applied technological conditions of the electron 
beam modification technology. The results obtained showed that the electron beam surface 
modification procedure leads to a lack of a prominent amplitude dependence of the internal 
friction, as well as resonance relaxation maximum due to the significantly finer microstructure and 
strengthening effects. The internal friction increases sharply at about 530 ͦC for the sample 
modified by a beam power of 600 W and at 560 ͦC for another one, while for the untreated one, 
this increase is at about 500 ͦC within the region of the established relaxation maximum. The 
temperature dependences of the absorption coefficient of the investigated specimens are also 
shown. 
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Dyes are an important class of synthetic organic compounds used in many industries, 
especially textiles. Consequently, they have become common industrial environmental pollutants 
during their synthesis and later during fiber dyeing. Most of these dyes represent serious problems 
to the ecological system as they are considered toxic and have carcinogenic properties. Therefore, 
dyes removal is an important and challenging area in wastewater treatment. One of the methods 
for the purification of wastewater from dyes is adsorption, which is a cheap and readily available 
method. Methylene blue (MB) is an important basic dye widely used in the textile industry for 
dying cotton, wood and silk. MB often serves as a model compound for removing dyes and organic 
contaminants from aqueous solutions. Researchers try to develop advanced materials for effective 
removal of MB contaminated water. Recently, graphene oxide (GO) and GO-based nanomaterials 
have attracted attention due to the specific sheet-like morphology and the presence of various 
types functional groups (carboxyl, hydroxyl and epoxy groups) on the graphene surface. 

The present study deals with the removal efficiency of MB using agraphene oxide (GO), 
areduced graphene oxide (RGO) and a novel hierarchical N-functionalized reduced graphene oxide 
monolith (N-RGO). 

GO was synthesized by modified Hummer’s method from graphite powder. Exfoliation of 
graphite oxide to GO was made by sonication. RGO was obtained with addition of L-ascorbic acid 
to GO solution and thermal treatment at 6000C in Ar. Three-dimensional (N-RGO) porous material 
was obtained hydrothermally using GO suspension and ammonia, followed by freeze-drying. The 
physicochemical characteristics of the final materials were evaluated by XRD, low-temperature N2 
adsorption, SEM and XPS. 

Some results from the materials characterization are shown in Figure 1. The specific surface 
areas of the prepared materials are: GO- 14 m2/g BET, RGO-18 m2/g and N-RGO- 40 m2/g.  

Powder diffraction patterns presented for GO and RGO show typical lines of graphite-
derived carbon materials with a broad peak at around 10o 2θ for GO and 25o 2θ for RGO and N-
RGO corresponding to the (002) inter-planar distances in layered carbonaceous phases. 

Surface nitrogen content in N-RGO obtained by XPS is found to be 4.5 at.% which confirms 
the effective surface functionalization of the N-RGO material.  

SEM photographs prove the sheet-like morphology of all samples. The functionalization does 
not change the architecture of the materials. 
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Figure 1. N2-physisorption (a), XRD (b), XPS (c), SEM of GO (d), SEM of RGO (e) and SEM of N-RGO and as inlet of a 

picture of the monolith (f). 

 

The effect of the process parameters (initial dye concentrations, contact time, solution pH 
and temperature) on the adsorption capacity of nano materials was investigated. Equilibrium data 
were fitted to pseudo-first order, pseudo-second order and intraparticle diffusion kinetic models 
and linear Langmuir, Freundlich and Dubinin-Radushkevich isotherm models. The adsorption 
process was well described by pseudo-second-order and Langmuir models. The negative values of 
change in Gibbs free energy and enthalpy change indicate that adsorption of Methylene blue onto 
the studied materials is spontaneous and exothermic with a negative entropic change. Based on 
the experimental results, it can be concluded that the studied nanomaterials can be used as 
potential adsorbents for the removal of MB from contaminated aqueous solutions. 
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The removal of metal ions from industrial wastewaters using different adsorbents is always 
of great interest. Silver (Ag) is a naturally occurring one of the precious metals and is stable in 
acidic medium. Silver and its compounds are being consumed in modern technology such as 
electrical contacts, batteries, photographic industry, brazing alloys, silverware, medical products, 
and also used as coinage metal, in jewelry, chemistry laboratories, catalysis, ineffaceable inks, etc. 
These industries release significant amount of silver which adversely affects the aquatic 
ecosystem. Like the other kinds of soluble heavy metal ions, silver ions are nonbiodegradable and 
accumulate in living organisms through food chain system thus causing various diseases. The 
toxicity and high economic value of silver result in the requirement of a treatment that both 
remove the silver from wastewater and recover a valuable material. That's why an efficient 
method is needed for the removal or recovery of silver ion from industrial waste solutions due to 
the economical and environmental points of view. Several research studies have been focused on 
the utilization of the natural adsorbents which are extracted from agriculture wastes due to their 
biodegradability and eco-friendly properties. 

Rice husk is the main by-product of the rice milling industry, accounting for approximately 
20% of all rice products. For almost one century, there have been efforts to develop and 
demonstrate applicable methods of utilization of waste from the rice production chain. A possible 
application of the rice husks is as biosorbents, directly or after activation and modification. In 
plants, cellulose, hemicellulose, lignin and other concomitants are contained in the cell 
membrane. The membrane of annual plant species like rice is made up of almost pure cellulose. A 
lot of published results show that cellulose can adsorb different organic and inorganic pollutants 
from water media. Natural cellulose is made up of β-glucosidic residues linked by oxygen bridges. 
A large number of hydroxyl groups in the cellulose determined its affinity to different pollutant 
(metal ions, oils, fats and dyes). 

The aim of the present work was to investigate the efficiency of cellulose obtained from rice 
husk as an adsorbent for the removal of silver ions from aqueous solutions. The preparation of 
cellulose biosorbent consisted of two main stages: removal of hemicellulose and lignin from raw 
rice husks and bleaching. Instrumental methods such as XRD, DTA, FTIR, SEM as well as low-
temperature nitrogen adsorption are used for its characterization. The TGA curves clearly show 
complete lignin extraction as a result of treatment of the husks with NaOH and NaHSO3. XRD 
patterns before and after bleaching show the crystallization peaks typical of cellulose are 
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observed. The data obtained from low-temperature nitrogen adsorption/desorption curves 
showed that the cellulosic material is mesoporous with relatively small specific surface area. 

The estimation of optimal parameters influencing the Ag(I) removal such as solution acidity, 
contact time, temperature and initial metal ions concentration was studied by means of the batch 
method. Optimum pH value was found to be about 2.5. It was established that the adsorption 
equilibrium is achieved within the first five minutes which suggests an excellent affinity of the 
investigated material towards Ag(I) ions in aqueous solutions. It was proven that increasing the 
temperature increases the amount of adsorbed silver ions. Equilibrium experimental data were 
fitted to linear Langmuir, Freundlich and Dubinin-Radushkevich models. The calculated isotherm 
constants and the correlation coefficients for the three models mentioned above are presented in 
Table 1. From the correlation coefficients r2 (greater than 0.99) it is clear that Freundlich model is 
most adequate in describing the adsorption process.  

 
Table 1. Isotherm constants and correlation coefficients for the three models for Ag(I) adsorption  

Langmuir parameters Freundlich parameters Dubinin-Radushkevich parameters 

Q0 
(mg g-1) 

K1 
(L mg-1) r2 

kF 
(mg1 nLn g-1) 

n 
(L mg-1) r2 

Qm 
(mg g-1) 

E 
(kJ mol-1) r2 

13.70 0.049 0.8970 1.50 1.95 0.9936 6.20 16.20 0.8211 

 

The maximum adsorption capacity for studied material was found to be 13.70 mg g-1. The 
results showed high adsorption capacity of the investigated material towards silver ions, hence it 
has good potential for the removal of Ag(I) from aqueous solutions. 
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Methane is the major component of natural gas and recent investigations indicate that 
methane has an even greater global warming potential than previously considered [1]. A very 
effective technology for reducing of methane emissions is the catalytic combustion. One of the 
most effective catalysts widely implemented for the total oxidation of methane is Pd supported on 
γ-Al2O3 [2]. It is known that PdO/Al2O3 catalysts are not stable at high temperatures since the 
surface area of alumina decreases and significant part of PdO transforms to Pd [3]. The catalyst 
deactivation is also related with the sintering of the palladium at high temperatures and the 
presence in the gases of sulfur compounds and water vapor at high concentrations. In order to 
improve the properties of palladium based catalysts, different additives have been used. 

New results on the effect of TiO2 on Pd/La-Ce-Al system for catalytic oxidation of methane 
in presence of H2O and SO2 have been obtained (Figure 1).  
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Figure 1. Activity of Pd/La-Ce-Ti-Al catalyst in reaction of complete methane oxidation in absence and 
presence of water vapour, SO2 and after thermal ageing. 
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The catalyst characterization has been made by N2- physisorption, XRD, SEM/EDX, HRTEM, 
XPS, EPR, O2-TPD, CH4/TPR and FTIR methods. Modification of Ti to the La-Ce-Al system leads to 
higher resistance towards the presence of SO2 due to prevailed formation of unstable surface 
sulfites instead of the thermally stable sulfates. In parallel, a decrease in the specific surface area 
and increase in the average pore diameter have been observed. It is supposed that the most 
probable reasons for the observed lower catalytic after thermal ageing are: (i) agglomeration of 
the Pd-clusters (from 8 nm to 12 nm); (ii) transformation of part of the TiO2 from anatase to larger 
particles of rutile and (iii) - the increase in PdO/Pd – ratio above its optimum. The presence of Ce3+ 
on the catalytic surface and in the volume was revealed by EPR and XPS. Most probably the Ce3+ - 
ions on the surface are in close proximity with lantan. It is assumed that methane oxidation 
proceeds on the palladium crystallites, which are reducible at the lower temperatures, however at 
some initial temperature the catalytic support begins to serve as oxygen supplier to re-oxidation of 
Pd0 into PdO, there upon the ceria is being reduced from Ce4+ into Ce3+.  

The reaction pathway over Pd/La2O3-CeO2-TiO2-Al2O3 catalysts proceeds via the mechanism 
of Mars-van Krevelen, where the water molecules adsorb on both oxidized and reduced sites; a 
slow desorption of the products (CO2, H2O).  
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Oxygen-containing volatile organic compounds are among the main air pollutants, which are 

precursors to the formation of ozone in the ground layer of the atmosphere and, along with fine 
dust particles, are the main cause of the formation of photochemical smog. This causes serious 
damage to human health and has a harmful effect on vegetation. Among the technologies applied 
for their elimination, the catalytic oxidation to carbon dioxide and water has been considered the 
most beneficial and efficient. Supported noble metals are considered as promising catalysts for 
total oxidation at low temperatures. The use of Palladium in these reactions has advantages 
expressed in its thermal stability, low cost and even high activity. Inorganic supports for catalysts 
have been widely studied in oxidation of VOCs, but the presence of water vapours in the gas 
mixture (or formed in the entire reaction) deactivates many of the hydrophilic catalytic systems. 
That is why the application of carbonaceous hydrophobic supports will sustain the complete 
oxidation of VOCs at lower temperatures in wet media. The hypothesis is that the hydrophobic 
surface of the support hinders the adsorption of the water vapour thus preserving of the catalyst 
from the deactivation and simultaneously facilitates the adsorption of organic molecules on the 
catalyst surface. The aim of this work is the preparation and characterization of Pd catalysts 
supported on reduced graphene oxide (RGO) with high low-temperature activity and water 
resistance for the oxidation of toluene. 

The reduced graphene oxide (RGO) was prepared from graphene oxide (GO) obtained by 
modified Hummers’ method. After reduction of GO with ascorbic acid, the produced RGO was 
dried and Pd was loaded on it by incipient wetness method. The resulting material was applied on 
the surface of mullite particles in a form of: a) fine powder with alumina-hydrogel as a binder 
(Pd/RGO-surf) and b) mixture paste of above two ingredients (Pd/RGO-bulk). The Pd/RGO was 
characterized by powder XRD, SEM-EDS, XPS and N2-physisorption. The tests on complete catalytic 
oxidation of toluene were carried out in a fixed bed reactor with GHSV of 30 000 h-1 and inlet 
concentrations of the reagents: 75- 450 ppm toluene; 1- 16 vol. % O2, 0– 1.8 vol. % water vapour 
in nitrogen. 

Some results from the characterization are presented in Figure 1. The analyses of XRD 
patterns and XPS spectra reveal the successful loading of Pd on the RGO support forming mainly 
PdO with traces of metallic Pd. SEM images confirm the homogeneous distribution of Pd particles 
on the surface of RGO. The SSA obtained for RGO is 158 m2g-1 and for Pd/RGO sample is 134 m2g-1.  
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Figure 1. XRD (a), XPS (b), N2-physisorption (c), SEM of RGO (d) and Pd/RGO (e), EDS of Pd/RGO (f). 

 
The results from the catalytic experiments presented in Fig. 2. show the catalysts are highly 

efficient below 220oC and resistant to water vapor. 

 
Figure 2. Temperature dependence of conversion degree and kinetic parameters in toluene oxidation. 

 
A highly active catalyst for toluene combustion has been successfully prepared using 

composite active phase of Pd-nanoparticles with RGO loaded on mullite support. Due to the 
specific interaction between the composite’s constituents the new formulation of the active phase 
permits an effective operation of the catalyst in low temperature toluene oxidation. The results 
obtained lead to further perspective for application of the currently developed approach for 
preparation of large scale monolithic catalytic systems for air pollution control.  
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Nowadays, the emission of volatile organic compounds (VOCs) is one of the major 
contributors to air pollution. One the most promising technology for it is elimination is catalytic 
oxidation [1]. The method is characterized by low levels of secondary pollutant generation due to 
relatively low operating temperatures [2,3]. The noble metals are one of the most commonly used 
catalysts for the purification of gas mixtures from harmful substances. Their main disadvantage is 
their high price. In order to produce highly active and cost-effective catalytic materials, the use of 
rare earth and transition metal oxides is extremely promising for real practical application. It is 
well known that rare-earth metals have good thermal stability and can trap photoinduced 
electrons, thereby reducing the recombination of the electron–hole pairs [4]. From the other hand 
the zinc oxide is a widely used and stable semiconductor photoctalyst due to its high surface area 
and non-toxicity. Therefore, the use in a catalytic process of semiconductor nanomaterials such as 
ZnO, which is modified with rare earth metal oxides, is of interest. 

In this work, we have synthesized ZnO materials doped with the La3+ or Eu3+ ions, using 
green and simple hydrothermal method. Ln-modified (Ln = La or Eu) zinc oxide powders are 
modified with Pd. The materials are characterized by various techniques such as N2-physisorption, 
XRD, HRTEM, XPS, TPD, TPR and FTIR methods. 

The analyzes show that the obtained materials are mesoporous, and the catalytically active 
phase is palladium in the form of Pd0, Pd2+ and Pd4+, homogeneously dispersed on the support 
surface. In order to examine the applicability of the synthesized material as combustion catalyst, the 
reaction of complete oxidation of different hydrocarbons: methane, propane and butane were 
investigated. The performed catalytic tests show that Pd/La2O3/ZnO possesses high activity in the 
combustion of various VOCs compare with the Pd/Eu2O3/ZnO and the most impressive being the 
activity in the reaction of complete oxidation of butane (Figure 1). 
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Figure 1. Temperature dependence of methane, propane and butane oxidation on Pd-MeOx (Me = La or 
Eu)/ZnO catalysts 

Therefore, one can conclude that the Pd/La2O3/ZnO catalyst could successfully find application as 
an active phase in the further development of environmentally friendly catalysts, especially for the 
neutralization of waste gases containing propane and butane. 
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The zeolites occur in the nature as hydrated aluminosilicate minerals. They belong to the 
class of minerals known as “tectosilicates.” Most common natural zeolites are formed by 
alteration of glass-rich volcanic rocks (tuff) with fresh water in playa lakes or by seawater [1,2]. 

The natural zeolites (Mordenite, Clinoptilolite) and hydrothermally synthesized NaX zeolite 
were ultrasonically treated and impregnated with silver nanoparticles. The citrate surface 
stabilized silver nanoparticles dispersion was prepared using effective electrochemical method. 
The elemental and phase composition, structure of the obtained materials were investigated by 
various methods such as X-ray fluorescence (XRF) and powder X-ray diffraction analyses, Fourier-
transform infrared spectroscopy. The Ag-loaded Clinoptilolite, Ag-loaded Mordenite and Ag-
loaded NaX zeolite samples with 1.20 mass%, 1.18 mass% and 1.02 mass% silver content were 
determined by XRF studies. 

The catalytic ability of Ag-Mordenite, Ag-Clinoptilolite and Ag-NaX zeolite was investigated in 
the reaction of ozone decomposition. It was estimated by monitoring of the ozone concentration 
and calculating the conversion degree of ozone into molecular oxygen. The prepared Ag-loaded 
Mordenite demonstrates the higher conversion degree more than 40% in comparison with Ag-
Clinoptilolite and Ag-NaX zeolite samples at room temperature. 
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CO elimination is an important reaction in environmental catalysis and combustion engine to 
improve the fuel efficiency.  

Noble catalysts such as Au, Pt, etc. have been used for CO oxidation, since noble metals have 
superior activity and CO can be fully transformed into CO2 at room temperature conditions. 
However, it is of great significance to develop non-precious catalysts since noble metals are rare 
and expensive. 

The aim of this research was development of new catalysts based on nickel and nickel-cobalt 
due to their lower cost and high catalytic activity. 

The samples were synthesized by the method of wet impregnation to maximize the 
accessible metal (oxide) sites for catalysis of a clinoptilolite type of zeolite carrier. The obtained 
samples were characterized by x-ray diffraction, infrared spectroscopy, and temperature-
programmed reduction and examined in reaction of CO oxidation. 
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ZnO and ZnO-based thin films are of great interest to researchers because of their possible 
applications in photocatalysts, gas sensors, biosensors, photodetectors, thin-film transistors and 
other electronic devices. Photodetectors find applications in areas such as industry, commerce, 
military technology, scientific research, and entertainment. It is known that the ZnO-based 
photodetectors operating in the UV range are used for environmental monitoring, UV radiation 
and fire detection, image detection, space exploration, etc. Therefore, the fabrication of 
photosensitive elements demonstrating a fast response and recovery times under light irradiation 
is a subject of intensive experimental work. 

In this study, the effect of light irradiation on the electrical properties of ZnO and ZnO-based 
thin films is investigated. A series of thin films (ZnO, ZnO:W, ZnO:W,Ni, WO3) were prepared on 
glass substrates by chemical spray pyrolysis and subsequent annealing procedure. X-Ray 
Diffraction, X-Ray Photoelectron Spectroscopy, and Scanning Electron Microscopy were used for 
characterization of the as prepared films. Aiming to perform the photosensitivity measurements, 
the samples were coated with gold electrodes. The reaction of different thin films under 396 nm 
light irradiation was registered. Irradiation of the sample surface with UV light leads to fast 
decrease of the sample resistance due to creation of electron-hole pair. It was observed that all 
thin films possess a good response to UV light. The ZnO:W samples have shown the highest 
response as well as the shortest response and recovery time. 
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The deep hydrodesulfurization (HDS) of diesel fuels requires the decomposition of refractory 

compounds such as 4,6-dimethyldibenzothiophene (4,6-DMDBT). The active phase of HDS 
catalysts consists of MoS2 nanocrystals dispersed on a γ-alumina and promoted by Ni(Co) atoms. 
However, these catalysts are not sufficiently effective for deep hydrodesulfurization of crude oil 
fractions, because of their low hydrogenation function.  

The present work is focused on the effect of the support surface and metal-support 
interaction on deep HDS activity at 360 °C and 5.0 MPa of sulfided mesoporous alumina-supported 
trimetallic NiMoW catalysts. Two preparation methods as sol-gel and hydrothermal processes 
were applied for the synthesis of mesoporous alumina. NiMoW trimetallic catalysts were 
synthesized by simultaneous impregnation of the mesoporous alumina supports using ammonium 
heptamolybdate (NH4)6Mo7O24.6H2O, ammonium metatungstate (NH4)6H2W12O40.H2O, and nickel 
nitrate Ni(NO3)2.6H2O as metal sources. The obtained samples were characterized by N2 
adsorption-desorption isotherms, X-ray diffraction (XRD), diffuse reflectance spectroscopy (UV-vis 
DRS), X-ray photoelectron spectra (XPS), temperature-programmed reduction (TPR), and 
transmission electron microscopy (HRTEM).  

The preparation mode of mesoporous alumina used as a support for trimetallic NiMoW 
catalyst has a great influence on metal-support interaction and catalytic activity. In this work, a 
novel highly active trimetallic NiMoW/AlHYDT HDS catalyst was prepared by impregnating NiMoW 
components on a hydrothermally synthesized mesoporous alumina support (Fig. 1). The 
NiMoW/AlHYDT catalyst was more efficient in HDS of 4,6-DMDBT than the NiMoW/Al material 
deposited on alumina support prepared by the conventional sol-gel method [1]. This is believed to 
be due to the combination of textural (pore size ~7.5 nm) and reducing properties, suitable metal-
support interaction, and beneficial dispersion of active Mo(W)S2 nanocrystallites (slab length 2−4 
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nm) on alumina support prepared by hydrothermal method. The trimetallic catalyst using a 
conventional sol-gel alumina support showed low conversion in 4,6-DMDBT hydrodesulfurization 
reactions due to small pore size (~5 nm) and strong interaction between alumina surface and 
active metal components. 

 

 

 
 

Figure 1. Formation of desulfurized products, yHDS, during HDS of 4,6-dimethyldibenzothiophene at 360 °C and 5 MPa. 
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As contemporary battery applications such as electric vehicles demand higher energy 

densities, layered LiNiO2 (LNO) could contribute as the end-member of the LiNi1-x-yCoxMnyO2 
(NCM) family with the highest extractable specific capacity in a practical voltage window. 
Achieving high capacities requires among other things a defect free crystal structure, which is not 
easily achieved due to the natural occurrence of Ni excess on the Li site (NiLi) and/or antisite 
defects where Ni and Li switch crystallographic sites. Here, we present a study of the evolution of 
point defects in a series of LNO samples varying from underlithiated to fully lithiated stoichiometry 
in layered Li1-zNi1+zO2 with -0.05 ≤ z ≤ 0.35. Using the high angular resolution of synchrotron X-ray 
diffraction complemented with the different elements contrast provided by neutron diffraction, 
we are able to identify two defect regimes. In the first regime, at the underlithiathed end, both NiLi 
as well as Li on the Ni site (LiNi) defects are present. Inhibited crystal growth during synthesis is 
found to coincide with the presence of these LiNi defects for z ≥ 0.15. Upon decreasing z values and 
the vanishing of LiNi, the primary particle size distribution as well as average refined crystallite size 
increases. Investigation of the local structure by nuclear magnetic resonance reveals the presence 
of a Li environment not detected by diffraction methods at the low z, the Li-rich end of the sample 
series. Finally, magnetometry data suggest the onset of the ferrimagnetic-to-antiferromagnetic 
transition in LNO correlates with the elimination of LiNi defects in the structure. The present study 
thus not only highlights the correlation between defect chemistry and physical properties, but also 
shows the relationship to crystal growth, a field highly relevant for industrial battery cathode 
materials engineering. 
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Carbon dioxide (CO2) capture, storage and utilization (CCSU) have been suggested as an 
effective strategy to reduce global greenhouse gas emissions. In recent years, many studies were 
carried out to develop highly efficient materials, such as porous carbons, zeolites, mesoporous 
silica, metal-organic frameworks (MOFs), covalent–organic-frameworks (COFs) and metal oxides 
for capturing CO2. Some adsorbents derived from biomass sources have also been considered. 
Different synthesis, functionalization and modification approaches have been exploited in order to 
achieve improved CO2 uptake capacity and selectivity of adsorbents, fast adsorption kinetics, easy 
regeneration and stable cycling performance. Herein, some of the mostly advanced porous 
materials for CO2 capture will be described. In addition, recommendations for improved properties 
and performance characteristics of effective porous adsorbents will be discussed. Finally, some 
recent publications on the theme of Component 3 “Effective methods for CO2 capture and 
utilization” of the National Scientific Program E-Plus will be briefly presented. 
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The growing demand for sustainable energy storage devices requires fabrication of novel 
materials for rechargeable metal-ion batteries. The stability of the materials incorporated in the 
electrochemical cells plays crucial role for the specific capacity and cycling stability of the energy 
storage devices. The processes that occur inside such systems are fairly complex and hence the 
identification of unwanted side reactions affecting the electrochemical stability is not trivial. 

Machine learning and statistics, on the other hand, have proven to be very powerful 
approaches for determining possible products of chemical reactions. This kind of methods have 
successfully been utilized in synthesis planning [1], retrosynthetic analysis [2] and mass-
spectroscopy fragmentation prediction [3]. In the present study different machine learning and 
cheminformatics approaches are deployed to create an algorithm that generates diverse feasible 
redox reactions given electrochemical system, e.g., cathode material, anode material, electrolyte, 
solvent, etc., can undergo. The results are validated using literature data about side reactions of 
well-studied electrochemical systems. 
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Silicate glasses with high concentrations of 3d-transition metal oxides are prone to 
spontaneous crystallisation, for example in case of compositions with high iron oxide 
concentrations. Crystalline phases, usually precipitated, are magnetite and depending on the 
melting conditions, also some hematite. The resulting glass-crystalline materials are of interest 
due to their potential application in electronics, as structural materials and in biomedicine. The 
practical applicability of such materials is determined by their phase composition, by the way Fe-
ions are incorporated in the glass matrix and the resulting structures as well as the physical 
properties. The subject of the present study was the synthesis of oxide materials with high Fe2O3 
concentrations in the well-studied window glass-based system 16Na2O/10CaO/(74-x)SiO2/xFe2O3 
with x = 20, 25 and 30 mol%. X-ray diffraction was used to study the spontaneous crystallization of 
magnetite and minor quantities of hematite. The elemental composition and oxidation states of 
the constituents of the as quenched glasses was studied by X-ray photoelectron spectroscopy. Fe 
is present in both oxidation states, i.e., as Fe2+ and Fe3+ while all other elements are present in 
their oxidized states, i.e., as Na+, Ca2+ and Si4+. The O1s, Fe2p and Fe3p photoelectron spectra 
provide information on the valence state of iron and the corresponding oxygen bonds in the glass 
network. The numbers of non-bridging and bridging oxygen ions are calculated and their 
dependence on the Fe concentration is clarified. Electron microscopy was used to study the 
structure of the prepared materials. SEM and TEM allowed the imaging of the crystals’ 
morphology while the HRTEM analyses supplied information on the shape of the single particles 
formed in the glass-matrix, as well as on the phase composition by visualizing the interplanar 
distances of the crystalline phases in the samples. . In order to confirm the precipitation of 
magnetite in the obtained materials, low temperature electrical measurements were undertaken 
and the Verwey phase transition at about 120-130 K was observed, which is attributed to the 
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change in electrical conductivity of about two orders of magnitude and the transition from 
insulating to conducting properties.  
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The implementation of coordination polymers could be a successful strategy for improvement 
of electrochemical properties of the electrode materials for Li-ion batteries. Earlier studies [1] have 
revealed that quinone-based coordination polymers of Ni(II) and Ni(IV) show relatively high redox 
potentials and remarkable capacity for storage of Li-ions due to the existence of multiple redox 
centres, since both the metal ions and the quinone ligands are involved in the redox reactions. The 
polymers remained structurally stable during the whole lithiation process. 

The objective of the current study is to examine the structural stability of the modelled 
coordination polymers in the presence of a standard battery-electrolyte solvent – ethylene 
carbonate (EC). Solvent molecules were introduced around the repeating unit of the already 
designed coordination polymers and the geometry of the resulting structure was optimized in 
periodic boundary conditions with DFT. Next, the electrode potential was recalculated taking into 
account the solvation effect. The obtained results expectedly show insignificant decrease in the 
potential. More importantly, the ligands remain coordinated and EC does not affect the structural 
stability of the polymers. They remain structurally robust and electrochemically potent, which is 
an additional proof of their applicability as prospective electrode materials. 
 

1. Danchovski, Y.; Rasheev, H.; Stoyanova, R.; Tadjer, A. Molecules 2022, 27, 6805.  
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Mg-based materials are very perspective for hydrogen storage application because of their 
light weight, high absorption capacity, good reversibility, abundance and low cost. These materials 
have also some disadvantages as slow hydrogen sorption kinetics and increased absorption-
desorption temperatures. Using different additives, ball milled with Mg or MgH2, lead to a 
decrease of hydrogen sorption temperatures and improved kinetics. The hydrogen sorption 
properties of the 80 wt% MgH2- 15 wt. % Ni- 5wt.% POW (synthesized from polyolefin wax a waste 
productt from polyethylene production) [1], 80 wt% MgH2- 15 wt. % Ni- 5wt.% CAN (synthesized 
from walnut shells) and 80 wt% MgH2- 15 wt. % V- 5wt.% CPS (prepared from peach stones) 
prepared by ball milling under Ar atmosphere are investigated in this study. The polyolefin wax, 
walnut shells and peach stones are submitted to pyrolysis and steam activation, in order to 
prepare nanoporous carbons. Mixtures of MgH2, Ni or V and the corresponding carbon additives in 
the composition of 80 wt.% MgH2- 15 wt.%Ni- 5 wt.% POW, 80 wt% MgH2- 15 wt. % Ni- 5 wt.% 
CAN and 80 wt% MgH2- 15 wt. % V- 5wt.% CPS are ball milled under Ar atmosphere in a planetary 
mono mill with rotation speed of 200 rpm for duration of 1 h. The absorption/ desorption 
characteristics of the composites are studied with volumetric Sievert’s type apparatus. The 
absorption measurements are carried out at 473 and 573 K, and a pressure 1 MPa, while 
desorption is investigated at T = 623 and 573 K, and P = 0.15 MPa. After ball milling and hydriding, 
the composition of the samples, are monitored by XRD. The 80 wt.% MgH2- 15 wt.%Ni- 5 wt.% 
POW and 80 wt% MgH2- 15 wt. % Ni- 5 wt.% CAN after cycling and hydriding are analysed also by 
TEM. The kinetics curves of hydriding of the composites at 573 K and 1 MPa are presented in Fig.1. 
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Figure 1 Hydrogen absorption kinetics curves. 

  
The absorption capacity value is 5.3 wt. % H2 and is higher for the sample with POW additive. 

For the 80 wt% MgH2- 15 wt. % Ni- 5wt.% CAN the absorption capacity value is 4.9 wt. % H2 and 
for the 80 wt% MgH2- 15 wt. % V- 5wt.% CPS is 3.8 wt. % H2 obtained at same temperature. The 
hydrogen desorption capacity at 623 K and 0.15 MPa is with close value for the both samples with 
Ni, but the rate of desorption is increased for the POW containing sample. The XRD and the TEM 
analyses e.g. SAED and HRTEM of the samples after hydriding confirmed the presence of MgH2 as 
main phase, Mg2NiH4 in monoclinic and orthorhombic structure and some Mg, Ni and traces of 
MgO. The addition of Ni leads to formation of Mg2NiH4, which is favourable for the sorption 
kinetics. More pronounced positive effect on the hydrogen absorption kinetics and absorption 
capacity has the combination between addition of Ni and nanocarbon as POW with higher specific 
surface area and more developed pore structure. 
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Nowadays, oxide materials are recognized as stable and less toxic thermoelectric 
alternatives to the conventional semiconductors based on bismuth and tellurium [1]. In general, 
their performance is characterized by the dimensionless figure of merit ZT = S2T/(ρλ), where S is 
the Seebeck coefficient, T is the absolute temperature, ρ is the electrical resistivity, and λ is the 
thermal conductivity. Therefore, high thermoelectric activity is envisaged for oxides having both 
high electrical conductivity and lower thermal conductivity. Given the diversity and flexibility of 
crystal structures of oxides, the common approach for improving their thermoelectric activity is 
through selective metal substitution. Recently, we proposed an alternative approach, which is 
based on the formation of composites between individual phases having distinctions in the electric 
and thermal conductivities [2]. Through rational manipulation of particle sizes and interfacial 
effects, it is possible to increase the power factor together with a reduction of the thermal 
conductivity, thus yielding the enhancement of the thermoelectric activity of composites in 
comparison with the individual constituents. 

Here in, we validate this concept by exploring the formation of composites between 
graphene-based materials and oxides. Two types of graphene-based materials are selected due to 
their high electrical conductivities and the option to be prepared in large scale: N-containing 
reduced graphene oxide (NrGO) and expanded graphite (EXG 98 20/20 µm) (Phi). As oxides, we 
choose p-type Ca3Co4O9 and n-type Zn0.995Al0.005O. Both Ca3Co4O9 and Zn0.995Al0.005O are 
synthesized by soft-chemistry reactions, the annealing temperature being different: Ca3Co4O9 is 
annealed at 800 oC, while type Zn0.995Al0.005O at 700 oC [2,3]. The composites between oxides and 
graphene-based materials in ratio of 80-to-20 wt. % were prepared by mechanical mixing, 
following by pelleting. The dense composite pellets were annealed at 200 oC for 1 h in an argon 
atmosphere.  

The most important parameter that is changed in oxide-graphene composites is the thermal 
conductivity (Table 1). The NrGO is characterized with extremely lower thermal conductivity, while 
higher thermal conductivity is observed for the expanded graphite. After the formation of 
composites between NrGO and oxides, the thermal conductivity decreases dramatically: more 
than three times for p-type Ca3Co4O9 and about one order for n-type Zn0.995Al0.005O. It is worth 
mentioning that the thermal conductivity of the composite decreases even in the case when 
individual constituents such as Ca3Co4O9 and Phi exhibit high thermal conductivity. 
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This study demonstrates that graphene-based materials can be effectively used for reducing 
the thermal conductivity of oxides, thus enabling to achieve thermoelectric materials with 
improved properties.  

 
Table 1. Thermal conductivity of NrGO, Phi, Ca80NrGO, Zn80NrGO, Ca80Phi20, Ca3Co4O9, and Zn0.995Al0.005O. 

 

№ Samples 
Thermal Conductivity, λ, 

W/m.K 

1 NrGO 0.003 

2 Phi 0.838 

3 Ca80NrGO20 0.211 

4 Zn80NrGO20 0.029 

5 Ca80Phi20 0.222 

6 Ca3Co4O9 0.620 

7 
Zn0.995Al0.005

O 
0.300 
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There is growing interest among industry and scientists in turning waste into treasure and 

reducing environmental hazards and this is at the base of waste management for the production 
of high-value carbon materials. Мany biowastes have been recycled to synthesize carbon 
materials, but their applications are still limited by unsatisfied physico-chemical characteristics. In 
order to obtain carbon with characteristics suitable for a specific application, a precise selection of 
both the waste raw material and the carbonization method is necessary. 

Herein, we face the waste recycling with another challenge – preparation of carbon material 
suitable for sodium-ion storage. Since the energy storage in sodium-ion batteries process though 
an intercalation mechanism, it is necessary to obtain carbon with a disordered structure and the 
pore size enough to host the large sodium ion reversibly. This non-graphitized and disordered 
carbonaceous material are known as hard carbon. 

In the present contribution we selected a coffee grounds as a waste source due to the high 
amount of the main binder component – lignin (> 20 %) [1]. It is assuming that the lignin will steer 
the process of formation of a carbon structure designed to reversibly “accommodate” sodium 
ions. The synthesis procedure of the hard carbon consists of torrefaction of coffee ground at 
relatively low temperature (750 oC) and subsequent high temperature pyrolysis at 1100 oC (Fig. 1). 
In order to evaluate the influence of the mineral content of the raw material, part of the solid 
residue from torrefaction was chemically treated until complete ash removal (Fig. 1). The synthesis 
temperatures were selected in accordance with differential thermal analyses (DTA-TG) of the bio-
waste material and solid residue.  

 
Figure 1. Schematic representation of the preparation of hard carbon from bio-waste coffee grounds. 
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The electrochemical tests of the both hard carbons (with and without ash) are carried out in 
model half cells consist of sodium metal as a counter and reference electrode and 1 M NaPF6: PC 
electrolyte. Cyclic voltammetry was used for evaluating the capacitive and diffusive (i.e. 
intercalation) reactions. The first irreversible capacity, specific capacity and rate capability are 
discussed in terms of ash content as well as charge/discharge rate (fig.2). Both hard carbons show 
reduced capacity irreversibility during the first cycle compared to some commercially available 
biomass derived carbon materials.  

  
Figure 2. The irreversible capacity of first cycle (left) and rate capability test (right) of hard carbon, obtained without 

and with chemical treatment.  
 

The recycling of waste coffee grounds on this synthesis strategy open a door for fabricating 
promising hard carbon materials with applications in the field of sodium-ion energy storage 
devices.We believe that this procedure could be applicable for recycling other bio-waste sources. 
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Redox-active organic molecules are the major candidates for electrode material components 
in metal-ion organic batteries. Therefore, the importance of accurate theoretical assessment of 
their electrode potential utilising cheap and efficient methods is essential.  

Traditionally, the theoretical calculations of this quantity employ an implicit environment of 
the redox-active molecule, simulated as an isotropic electric field, which is produced by a medium 
with a predefined dielectric constant. The latter is usually equal to that of the electrolyte, 
motivating the choice with the argument that the reduction occurs at the electrode-electrolyte 
interface. However, the bulk electrode is also involved in the reduction and it may have vastly 
different properties compared to those of the electrolyte. Moreover, the dielectric characteristic 
of the bulk electrode certainly does not remain constant during the charge/discharge process.  

This study is focused on the development of a novel protocol for calculation of the electrode 
potential in the bulk of the electrode. On the one hand, standard DFT/PCM calculations were 
carried out searching for relationship between the electrode potential, the dielectric constant of 
the medium and the electric properties of the redox-active organic molecule before and after 
reduction with Li. On the other hand, a cluster cut out of the crystal structure of the target 
compound is modelled by means of an ab initio calculation with two-layered ONIOM (Figure 1) 
approach before and after the reduction of a separate molecule in it, in order to analyse the 
structural changes invoked by the reduction and their effect on the overall electrostatics.  

Figure 2: A representation of the full Li reduction of a benzoquinone in bulk benzoquinone 
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The increasing demand for large-scale, low-cost, and efficient energy storage systems 
stimulate scientific and applied research on sodium transition-metal polyanion materials for 
battery application. The main representatives of polyanion-type electrodes are phosphate-based 
compounds. The interest in the phosphate electrodes is determined by their numerous 
advantages such as high structural and thermal stability of the phosphate matrix, safety, suitable 
work voltages, operation at higher temperatures, wide distribution of sodium in nature and low 
cost, particularly in the case of Fe-containing phosphates. To date, many studies have been 
conducted on iron-containing phosphate electrode materials, and some progress has been made. 
However, the typical low conductivity which leads to relatively low capacity performance of such 
materials still restrict their practical application.  

From a structural point of view, the phosphates having a tunnel-type structure that provides 
channels for fast mobility of alkali metal ions are among the most promising electrode materials 
for future battery application. In this regard, our attention is directed to two compounds which 
compositions contain two kinds of anionic units: NaFeV(PO4)(SO4)2 (labeled NFVPS) and 
Na4Fe3(PO4)2P2O7 (labeled NFPP). The tunnel-type structure of the two compounds can be clearly 
seen from the crystal structure representation (Fig. 1). 

a b 

Figure 1. Crystal structure of NaFeV(PO4)(SO4)2 (a) and Na4Fe3(PO4)2P2O7 (b) 
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The two compounds are prepared by precursor method where the precursors are obtained 
by freeze-drying of solutions containing: NaH2PO4 and Fe(HCOO)2 (4:3 mole ratio) for NFPP and 
NaH2PO4, Fe(NO3)3, (NH4)2SO4 and NH4VO3 (1:1:2:1 mole ratio) for NFVPS, followed by annealing at 
500 and 400 C, respectively.  

In order to increase the low electronic conductivities of NFPP and NFVPS two types of 
carbon-based composites have been prepared as cathode materials: i) with 15 % rGO (reduced 
graphene oxide), labeled as NFPP/G and NFVPS/G; ii) with 15 % carbon black labeled as NFPP/C 
and NFVPS/C. The composites are obtained via ball-milling procedure. Their structure and 
morphology have been studied by XRD and SEM. The electrochemical properties of the carbon 
composites have been examined in Li-half cells using LiPF6 in EC:DMC as electrolyte in 
galvanostatic and potentiostatic regimes at 25 and 40 C. The charge-discharge performance and 
cycling stability have been tested at C/2 rate (Figure 2). 

 a  b 

Figure 2. Cycling stability of NFVPS/G, NFVPS/C, NFPP/G and NFPP/C at C/2 rate at 25C. 

The results reveal that rGO is more effective additive than carbon black in the achievement 
of higher specific capacity for both compounds. After 100 cycles the obtained discharge capacities 
are: 102 mAh/g for NFPP/G and 82 mAh/g for NFVPS/G. The composites with carbon black exhibit 
lower specific capacities: about 60 mAh/g for NFVPS/C and about 30 mAh/g for NFPP/C, but here 
the reversibility is better than in the case of composites based on rGO. The phase stability of the 
phosphates during the cycling has been followed by ex-situ XRD method. 

In conclusion: The present study demonstrates the effectiveness of carbon-based 
composites with sodium iron phosphates for achievement of good electrochemical performance in 
hybrid metal-ion batteries.  
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Layered Mn-rich oxides stand out among the cathode materials for sodium-ion battery due 
to their diversity of structural modifications and unique intercalation properties towards Na+ ions 
[1]. The intercalation of Na+ into layered oxides proceeds thanks to the redox properties of 
transition metal ions [1]. Recently, it has been found that, in addition to transition metal ions, 
lattice oxygen participates in intercalation reactions too [2]. The involvement of the O-/O2- redox 
couple in the electrochemical reactions, as well as the resulting structural changes, is a subject of 
this investigation. 

Herein, we examine in details the sodium intercalation properties of Mn-rich oxide, 
Na2/3Mg1/3Mn2/3O2, having a P3-type layered structure. The studied oxides were obtained by 
freeze-drying method, followed by heating up to 600⁰C. The low-temperature synthesis allows to 
stabilize the P3-type structure over P2 one, the lattice parameters being of a=2.8558(0.0003) Å, 
c=16.5705 (0.0040) Å. The sodium intercalation into layered oxides was examined in model 
sodium-ion cells using sodium electrolyte 1 M NaPF6 in PC. CV curves were recorded in a broad 
voltage range 1.5-5.5 V, thus the oxygen redox reaction is found to occur at about 4.5V. Taking 
into account these results, two voltage ranges are selected for electrochemical characterization: a 
narrow range between 1.5 and 4.0V, where Mn-ions are electrochemically active, and a broad 
range between 1.5 and 4.8V, where lattice oxygen is activated. As a result, the oxides deliver 
higher discharge capacity (more than two times) when the upper voltage limit increases from 4.0 
to 4.8 V (Fig. 1).  

In order to understand the underlying mechanism of reversible oxygen redox activity the 
electrode materials were studied by post-mortem XRD and EPR analysis. After the first charge up 
to 4.8 V (corresponding to complete extraction of Na+), the XRD pattern displays a phase 
transformation from P3- to O3 type structure concomitant with a strong interlayer contraction 
(around 13 %). The subsequent oxide discharging to 1.5 V (corresponding to 1 mol intercalated 
Na+ into oxide) leads to a formation of mixture between phases with P3 and O3-structures, which 
have intra- and inter-layer distances different from that of the pristine oxide. When the number of 
cycles is increased up to 50 cycles, there are no further structural changes: P3- and O3-phases in a 
ratio of 35-to-65 wt. % account for the cycled electrodes. This disclose that all structural changes 
occurring during cycling in a broad voltage window are reversible and they are a function of the 
participation of lattice oxygen in the electrochemical reaction. Supporting this findings, the 
pristine P3-structure remains when the oxide is cycled numerously in a narrow voltage range, i.e. 
where the manganese ions are electrochemically active. 
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The post-mortem EPR analysis is carried on the same type of electrodes that are studied by 
XRD. This method is undertaken for monitoring of oxidation state of manganese ions after the 
electrochemical reaction and it is also useful in distinguishing manganese ions that are positioned 
in different surroundings. In the pristine Na2/3Mg1/3Mn2/3O2 oxide, manganese ions are stabilized 
in oxidation state of 4+. The EPR data give evidence that, at potentials above 4.0 V, Mn4+ ions are 
electrochemically inactive, while, at potentials lower than 3.0 V, Mn4+ ions are partially reduced to 
Mn3+. Therefore, the activation of the oxygen redox activity can be related with Mg2+– induced 
variation in the electronic structure of oxides. Besides, the EPR spectroscopy demonstrates some 
structural changes occurring at the interface electrolyte-electrode where Mn2+ ions are included. 

The present studies shed further light on the design of electrode materials with oxygen 
redox activity. 

 
Fig.1. Specific capacity as a function of cycle number for Na2/3Mg1/3Mn2/3O2 at C10, C/5, C/2, C/1 between 1.5 

and 4.8 V (A) and 1.5 and 4.0 V (B). 

 
References  
[1] E. Gonzalo, M. Zarrabeitia, N. E. Drewett, J. Miguel López del Amo, Teófilo Rojo, Energy Storage 

Materials 34 (2021) 682. 
[2] B. Song, E. Hu, J. Liu, Y. Zhang, X.-Q. Yang, J. Nanda, A. Huq, K. Page, J. Mater. Chem. A7 (2019) 

149.  
Acknowledgements:  

- Project BG05M2OP001-1.001-0008, „National center of mechatronics and clean technologies“ 
funded by the Operational Programme Science and Education for Smart Growth, co-financed by the 
European Union through the European Regional Development Fund. 

- CARiM (NSP Vihren, КП-06-ДB-6/16.12.2019) for the research program.  
- The authors are also grateful to the project Д01-92/06.2022 - "European Network on Materials for 

Clean Technologies", to present the obtained results in the SizeMat4. 
  



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
110 

Topic B 
B-P9 

Synthesis and Redox Activity of New Peri-Dichalogensubstituted Naphthalimides 
Delyana Marinova1, Mariya Kalapsazova1, Silva Stanchovska1, Lyuben Borislavov1, Monika 

Mutovska2, Natali Simeonova2, Yulian Zagranyarski2 and Radostina Stoyanova1 

1 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria 
2 Sofia University “St. Kliment Ohridski”, Faculty of Chemistry and Pharmacy, 1164 Sofia, Bulgaria 

E-mail: manasieva@svr.igic.bas.bg 

Keywords: Naphthalimides, NMR spectroscopic techniques, Cycling voltammetry, Ionic-based 
electrolyte 
 

One of the scientific challenges in the field of combined knowledge of inorganic and organic 
objects is the identification and modeling of materials capable of participating in reversible 
oxidation-reduction reactions (redox reactions). The study of redox reactions in organic materials 
dates back to the sixties of the last century. Initially, the electrochemical properties of carbonyl 
compounds against Li-metal were investigated. In recent years, scientific interest in organosulfur 
compounds for rechargeable metal-ion batteries has grown exponentially. They are considered 
promising materials with interesting redox properties. This contribution presents the synthesis 
procedure and redox activity of new class peri-dichalogensubstituted naphthalimides. Based on 
the literature analysis, we found that they would be very suitable structural matrices for reversible 
alkali ion exchange. 

 

 
 

Figure 1. Scheme of preparation of peri-dichalogensubstituted naphthalimides 

 
Compound A was prepared from the imidization of 4,5-dibromo-1,8-naphthalic anhydride 

with 1-aminooctane (Figure 1, path 1) as previously described in the literature. In parallel, we have 
prepared a novel tetrachloro naphthalene monoanhydride B as well as the 
tetrabromonaphthalene monoanhydride derivate C (Figure 1, path 2), which we could modify 
selectively at the peri-positions of the aromatic core (compounds 2–6). As illustrated in Scheme, 
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compounds 1 and 2 were obtained in 91% and 88% yield, respectively, by treatment of N-octyl-
4,5-dibromonaphthalene monoimide (A) with S (or Se) in NMP at 170 °C for 6 hours (8 hours for 
Se). Similarly, the reaction of precursor B (or C) with S (or Se) in NMP at 170 °C for 4 hours (6 hours 
for Se) afforded the NMI-disulfide bridges 3 and 5 as well as the NMI-diselenide bridges 4 and 6 in 
90%, 87%, 93% and 89% yield, respectively, as shown in Scheme. Compounds 1–6 have been 
characterized by means of 1H, 13C{1H}, 77Se{1H} NMR spectroscopic techniques as well as 
elemental analysis, mass spectrometry. 

The compounds containing S and Se are compared in respect of their redox activity toward 
Li+ ions (Figure 2). The CV-curves of 3,6-dichloro-peri-dithiolo and 3,6-dichloro-peri-dislenolo 
substituted 1,8-naphthalimides displays several peaks that are grouped at two voltage ranges: a 
low-voltage one between 1.5 and 3.0 V and high-voltage one between 3.5 and 5.5 V. The 
comparison indicates that Se-substituents shift down the peaks at low potentials. This is a first 
evidence for the participation of S- and Se- substituents in the electrochemical reaction. 

 
Figure 2. CV of 3,6-dichloro-peri-dithiolo (A) and 3,6-dichloro-peri-dislenolo (B) substituted 1,8-naphthalimides vs. Li-

metal as counter and reference electrode in ionic liquid-based electrolyte LiTFSI-Pyr1,3-FSI 
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The ongoing intensive use of conventional fuels is associated with increasing carbon 
emissions and their serious impact on the climate. The European Green Deal, as part of the EU’s 
long-term strategy, aims to address climate change issues by eliminating net greenhouse gas 
emissions by 2050, most notably СО2, whose emissions reach a record amount of 420 ppm in 2020 
[1]. In recent years, technologies have been developed and industrialized to capture СО2 from 
outgoing gas streams or directly from the atmosphere, after which it can be utilized via 
transformation processes to chemical substances and fuels [2]. This can be achieved by 
carboxylation reactions, where the СО2 molecule is used as a precursor for organic compounds, 
such as carbonates, acrylates, and polymers, or in reduction reactions to produce methane, 
methanol, synthesis gas, urea, or formic acid [3]. 

In the present study, bimetallic (Ni-Ru) catalysts based on ZSM-5 zeolite, were prepared by 
wet impregnation. We describe the application of Ni and Ru functionalized ZSM-5 zeolite for gas-
phase hydrodeoxygenation of CO2 to renewable methane production. The resulting catalysts were 
characterized by a number of physicochemical methods such as X-ray powder diffraction, nitrogen 
physisorption, temperature-programmed reduction (TPR-TGA), TEM, and XPS spectroscopy. Finely 
dispersed nickel and/or ruthenium oxide species formed on the external surface and in the pores 
of zeolite support. It was found that the peculiarity of the used zeolite structure and the 
modification procedure determine the type of formed metal oxides, their dispersion, and their 
reducibility. XPS study revealed that the surface got rich in nickel and poorer in ruthenium for 
bimetallic catalysts. Ni had higher dispersion in the presence of ruthenium, and TPR investigations 
confirmed also its facilitated reducibility.  

The studied catalysts were tested in CO2 hydrogenation to methane. 10Ni5Ru/ZSM-5 
material showed the highest activity and high selectivity for methane formation, reaching the 
equilibrium conversion and 100 % selectivity at 400 °C. The stability and reusability of 
10Ni5Ru/ZSM-5 show that it is appropriate for practical application. 
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Borosilicate glasses with high concentrations of alkaline and alkaline-earth metal oxides are 

prone to phase separation and after appropriate choice of the composition could allow the 
controlled crystallization of dielectric phases such as BaTiO3 and BaZrxTi1-xO3. The obtained glass-
ceramics could find potential application in electronics and medicine as parts of different sensors 
and electronic or opto-electronic devices as well as for energy storage. The present work reports 
on the results from the synthesis of oxide glasses in the compositional series 20.1Na2O/(23.1-
y)BaO/yZrO2/23TiO2/21SiO2/9.8B2O3/3Al2O3 by using traditional melt-quenching technique. 
Glasses were obtained for y = 0.5, 1, 2, 3 and 6 mol% ZrO2. The densities were measured by 
utilizing a helium pycnometer and used to determine physico-chemical characteristics of the 
prepared glasses such as the molar volume, the oxygen packing density and the refractive index. 
The obtained results show that the values of all estimated physico-chemical characteristics 
increase with increasing ZrO2 concentration. Furthermore, the characteristic temperatures, i.e., 
glass transition and crystallization peak maximum temperature were determined by using 
differential thermal analysis. The obtained values reveal that both the glass transition and 
crystallization peak maximum temperatures increase with the increasing zirconium oxide 
concentration.  
 

Acknowledgements: This study is funded by the European Union-Next Generation EU, through the National 
Recovery and Resilience Plan of the Republic of Bulgaria, project № BG-RRP-2.004-0002, "BiOrgaMCT. 

  



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
115 

Topic B 
B-P12 

Radical Species Emerging Prior to Electrolyte Degradation 

Hristo Rasheev1,2, Georgi Vassilev2, Radostina Stoyanova1 and Alia Tadjer1,2 

1 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, 
Bulgaria. 

2 Faculty of Chemistry and Pharmacy, University of Sofia, 1164 Sofia, Bulgaria. 
E-mail: hrasheev@chem.uni-sofia.bg 

Keywords: Carbonate-based solvents, Ceria, DFT, g-tensor calculation. 
 

Electrolytes are key components of rechargeable metal-ion batteries as they allow the 
transfer of charge-carriers from one electrode to the other. Suitable electrolytes have to satisfy a 
few essential requirements, the most important being: a high ion conductivity and a wide 
electrochemical stability window. Preliminary experimental results on standard electrolytes, 
indicate that prior to degradation, carbonate-based solvents form stable radicals under both 
oxidative and reductive conditions. Additives such as vinylene carbonate (VC), ceria (CeO2), or 
both, influence the concentration and lifetime of the generated radicals: VC plays a significant role 
upon discharge and ceria mainly enhances the radical concentration during the charge stage. 
Interestingly, the EPR spectra upon oxidation and reduction are almost identical, although 
different radical species are expected to be formed. In order to suggest an interpretation of the 
experimental findings, we used the Density Functional Theory (DFT) to calculate the isotropic g-
factors of various radicals originating from the solvent molecules (ethylene carbonate (EC) and 
dimethyl carbonate (DMC)), and from VC. The effect of CeO2 and the electrolyte ions (Li+ and PF6¯) 

was also estimated. The most likely candidates behind the experimental EPR signal are identified 
and a two-step mechanism of radical formation upon oxidation is proposed.  
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Searching for negative electrodes for Li and Na-ion batteries, Ti-based materials 
characterized with high energy density and low-cost need to be highlighted [1]. Among Ti-based 
materials, sodium titanates having a general formula Na2TixO2x+1 and diversity of structures are 
most interesting from the electrochemical point of view. The compound with Na2Ti3O7 
composition exhibits a layered structure, which ensures suitable sites for fast Li+ and Na+ 
intercalation [2]. Contrary to layered Na2Ti3O7, tunnel Na2Ti6O13 intercalates Na+ ions at enhanced 
potentials (i.e. at 0.8 V vs Na/Na+), while the intercalation of Li+ is accomplished in a broad 
potential range (i.e. lithiation at around 1.5 V together with charge storage below 1.2V) [3]. In 
general, until now intensive research has been done on the Na-storage performance of sodium 
titanates, while the studies on Li-storage performance are rare.  

Herein, we examine the mechanism of Li- and Na-storage by hydrothermally obtained 
sodium titanates with a specific nanowire-like morphology. In this aspect, CV-experiments 
complemented by ex-situ X-ray diffraction are used. Sodium titanates with nanowire-like 
morphology were obtained through hydrothermal reactions using reaction pressure of 2, 5 and 30 
bar. At low pressure, isolated nanowires with length of 0.5-0.70 μm and an average diameter of 
0.05 μm are formed, while at high pressure, there is a tendency nanowires to bundle (Fig. 1). 

 
Figure 1. SEM images of sodium titanates obtained under pressure of 2 bar (left), 5 bar (medium) and 30 bar 

(right). 

 
Hydrothermally prepared sodium titanates are able to interact with Li+ and Na+ ions 

reversibly, this interaction being dependent on the titanates morphology. In Li-ion cell, the 
isolated nanowires deliver at a rate of C/10 and C/2 a capacity of 230 mAh/g and 140 mAh/g, 
while in Na-ion cells, the capacities are 120 and 40 mAh/g, respectively. The isolated nanowires 
outperform bundled nanowires and exhibit an exceptional rate capability in lithium ion cells: at a 
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fast charging rate (i.e. the rate of 10C), the reversible capacity of isolated nanowires is of 140 
mAh/g versus 105 mAh/g for bundle nanowires.  

Figure 2 compares the CV curves of isolated nanowires used as positive electrodes in Na- and 
Li-ion half cells. At a low scan rate, the electrochemical interaction of sodium titanates with Li+ 
proceeds at a redox peak of 1.75/1.60 V versus Li/Li+, while the interaction with Na+ takes place in 
a broad potential range with a barely resolved redox peak at 1.16/1.03 V versus Na/Na+. By 
increasing the scan rate from 0.1 mV/s to 20 mV/s, the CV profiles of sodium titanates in both Li- 
and Na-ion cells become smoother without distinct redox peaks. This indicates that the CV profiles 
resemble rather those due to of capacitive reactions than that of intercalation reactions. To 
evaluate the contribution of capacitive and the intercalation reaction, the dependence of the 
current (i) on the scan rate (v) is quantified following the equation: i(V) = k1v + k2v1/2. The data 
show that the storage of Na+ in sodium titanates is a result mainly of the capacitive reactions even 
at low scan rates, while the both intercalation and capacitive reactions govern the Li+ storage.  

 
Figure 2. CV curves at 0.1 mV/s scan rate for isolated nanowires in sodium (left) and lithium (right) half-cells. 

 

The hybrid mechanism of Li storage give rise to the remarkable rate performance of 
nanowires as anodes in lithium half-cells. Based on ex-situ XRD diffraction analysis, the Li+ 
diffusion into sodium titanates takes place by a formation of mixed lithium-sodium phase Na2-

xLixTi6O13, which is de-composed to distinct lithium phases Li0.54Ti2.86O6 and Li0.5TiO2. In contrast to 
Li, sodium titanates store sodium predominately by capacitive reactions, as a result of which the 
phase composition retains. 

This study demonstrate that isolated nanowires of sodium titanates can serve as effective 
negative electrodes in hybrid Li,Na-ion batteries. Besides, isolated nanowires are prepared by 
simple and reproducible hydrothermal method followed by annealing at 350 oC. This method 
without any further optimization is sufficient to obtain isolate titanate nanowires with improved 
electrochemical properties. 
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Organic compounds are in the spotlight of numerous scientific teams searching new cathode 
materials for metal-ion batteries. Key assets are their low-cost, environmental friendliness and 
easy chemical modification by functionalization with groups enhancing their redox activity. 
Lithium is quite expensive to purify and scarce on our planet, so alternative charge carriers are 
wanted for the green future of metal-ion batteries. Magnesium is non-toxic, more cost-efficient 
and environmentally-friendly, its ion bears twice the charge of Li and Na ions, which makes the 
Mg-ion storage devices a promising alternative of the traditional Li-ion ones. Major drawbacks of 
the Mg-ion batteries are electrolyte decomposition on metallic magnesium upon recharging and 
insufficiently studied electrode materials suitable for magnesium intercalation and 
deintercalation. The latter issue can be resolved by using redox-active organic materials. Sadly, 
these are non-conducting and usually quite soluble in the electrolyte. To reduce solubility, we 
have, on the one hand, incorporated the organic molecules (quinones) in complexes with a 
transition metal ion (Ni(II)), and on the other hand, we have attached the entire complex to a 
graphene sheet, thus endowing conductivity to the material as well. Using periodic DFT 
calculations (PBE), we have quantified the effect of the quinone topology and the degree of its 
functionalization with electron-accepting groups (-CN) on the electrochemical potential of the 
material and its theoretical capacity for magnesium uptake.  
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Besides the positive and negative electrodes, the electrolyte is a key component in 
lithium/sodium ion batteries (LIB/SIB) as it provides the ion transport between the two electrodes 
in the electrochemical cell. Recently, ionic liquids (ILs) based on imidazolium and pyrrolidinium 
cations have been proposed as promising alternative to the conventional organic electrolytes 
(often NaPF6 or NaClO4 salts dissolved in a mixture of organic carbonates such as propylene 
carbonate, ethylene carbonate, diethyl carbonate, etc.). ILs are non-flammable, non-volatile, with 
excellent thermal and electrochemical stability, enabling battery operation at higher temperatures 
(40-90°C) and within wide electrochemical windows (up to 6V). These properties make ILs safety 
and green alternative to the organic electrolytes, but the high manufacturing cost currently limits 
their large-scale application. 

To date, only limited phosphate-based positive electrode materials such as NaFePO4, 
Na2FeP2O7 and Na3V2(PO4)3 have been investigated using ILs as electrolytes and very promising 
electrochemical characteristics in terms of energy density and capacity retention that outperform 
the organic electrolyte-based devices have been reported.  

Here, we first report electrochemical properties of tunnel–type sodium iron phosphates, 
Na4Fe3(PO4)2P2O7 and Na2Fe3(PO4)3 (Fig. 1), in sodium half-cells using NaFSI:[Pyr13]+[FSI]- 
electrolyte (Pyr13FSI is N-methyl-N-propylpyrrolidinium bis-(fluorosulfonyl)imide) (1:9 mole ratio).  

a b 

Figure 1. Crystal structure of Na4Fe3(PO4)2P2O7 (a) and Na2Fe3(PO4)3 (b) 

The phosphate materials are prepared by thermal decomposition and further annealing at 
500-600 °C of the phosphate-formate precursors, the latter being obtained by freeze-drying of 
solutions containing NaH2PO4, Fe(HCOO)2.2H2O and (NH4)2HPO4 in needed proportions. The 
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electrochemical performance is studied in galvanostatic and potentiostatic regimes at 25 and 40 °C 
in different voltage windows. The observation of clear redox peaks in the CV curves owing to 
Fe2+/Fe3+ redox pairs, that remain unchanged during the cycling, confirms the electrochemical 
activity and stability of the phosphates in the NaFSI:Pyr13FSI electrolyte (Fig. 2a). An improved 
charge-discharge performance is established at elevated temperature: the reversible capacity is 
about 100 mAh/g at C/2 rate after 100 cycles (Fig. 2b). 

 (a) (b) 

Figure 2. CV-curves after 9 cycles (a) and specific capacity at C/2 rate during the 100 cycles 
(b) of Na4Fe3(PO4)2P2O7 in NaFSI:Pyr13FSI electrolyte at 25 and 40 °C. 

The phase stability and surface species formed during the cycling in IL electrolyte have been 
studied by ex-situ XRD and XPS techniques. The results obtained demonstrate the potential of 
tunnel-type Na4Fe3(PO4)2P2O7 and Na2Fe3(PO4)3 as cathodes in SIBs using NaFSI:Pyr13FSI electrolyte 
at intermediate temperature. 
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The generally accepted classical theory for the crystal growth developed by Kossel and 
Stranski describes crystallization as a layer-wise deposition of atoms, ions or molecules on the 
surface of a crystal nucleus [1,2]. At the same time D. Balarew, on the basis of experimental data, 
developed the idea for colloid chemical growth of the real crystals, viz., that clusters with a size of 
~0.01 μm (nanoparticles) aggregate into a disperse structure of real crystals [3]. For many reasons 
this theory remained in forgetfulness.  

However, in the last two decades an increasing number of examples were observed, which 
could not be explained by classical models. Finally, it was proven that the crystals can also grow by 
attachment of nanoparticles, a process known as nonclassical crystallization [4]. So, D. Balarew 
was perhaps the first scientist who determined the ability of the nanoparticles to form crystals 
through oriented attachment. 
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Optical excitations of large-scale (>1000 atoms) heterogeneous systems are of interest in 
several fields, from photovoltaics to biological systems to quantum computing. Being able to 
predict such properties accurately from first principles would assist in the development of novel 
systems in these fields, and provide deep understanding of these phenomena. This is a challenging 
task, however; even if only a small region is optically active, quantum mechanical environmental 
effects must often be included, and the cost of applying a quantitatively accurate level of theory to 
the whole system is prohibitive. Here, I show how this issue can be approached in practice, 
including demonstrations of the power of two methods that enable such complex calculations: an 
extension of the spectral warping method of Ge et al., and a novel combination of quantum 
embedding (specifically embedded mean-field theory) and linear-scaling (time-dependent) density 
functional theory. Applications of these methods and others to a wide variety of systems, 
including molecular crystals, chromophores in solution, defects in semiconductors, and self-
assembled molecular cages, are presented, showing how computational modelling can be utilised 
to help understand previously inaccessibly large systems. 
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Light-emitting materials are one of the most common applications of the rare earth 

elements in the vastly developing field of innovative technologies [1]. The unique advantages, 
gained by employing LnIII-based compounds, in particular are the narrow absorption and emission 
bands, while the corresponding excited states have long lifetimes, and a small propensity for 
photobleaching. A great flexibility of these applications, including modification of the 
luminescence quantum efficiency and yield, is made possible by the binding of the metal ion to a 
sensitizing chromophore [2]. The latter, also called antenna group absorbs UV light and transfers 
the energy to the 4f excited state through a nonradiative mechanism. 

 Carbamoylmethylphosphine oxide (CMPO) structures are a well-known type of chelating 
agents, implemented in the TRUEX (transuranium extraction) process, but also very effective for 
Ln metals. The presence of a P=O group provides several advantages: strong interaction between 
Ln3+-ion and the highly polar P=O group, which could be viewed as a favourable hard Lewis acid 
and hard Lewis base, respectively; the P=O group is characterized by a low frequency vibrational 
mode (1125 cm-1), which suppresses the non-radiative deactivation transitions caused by 
vibrational excitations. In addition, phosphine oxide ligands form asymmetric structures, which are 
known to stimulate the luminescent emission f lanthanide-centred states. The 
carbamoylmethylphospine oxide fragment also provides certain flexibility to the molecular 
geometry, leading to the existence of conformers with different mutual orientation of the P=O and 
C=O groups. As a consequence, several different adducts with Ln3+ are possible, since CMPO can 
perform both as monodentate and bidentate ligands. Typical examples are the complexes of 
phenacyldiphenylphosphine oxide (Phenac). Between 2 and 4 units of this compound can bond 
with rare earth ions, either in neutral or deprotonated form. Recently, Leach et. al. [3] reported 
the formation of two different Ln-phenac structures (Ln  Sm, Eu, Gd, Tb, Dy), when acetonitrile 
solutions of Phenac and Ln(NO3)3x6H2O are mixed at 3 : 1 ratio. While IR-, NMR and ESI-MS 
experiments indicate that two complexes: Ln(Phenac)2(H2O)(NO3)3 and Ln(Phenac)3(NO3)3 (Fig. 1), 
co-exist in solution, only the first of these stoichiometries is identified in the solid state. Such 
phenomenon is rarely observed and it raises questions about the driving forces of this 
discrepancy. It is also interesting to examine whether the number of Phenac molecules affects the 
sensitization process and the lanthanide luminescence as a whole. 

In order to elucidate these matters, theoretical modelling of the formation of complexes 
with general formula Eu(Phenac)3-x(H2O)x(NO3)3 (x=0,1) in acetonitrile solution, is performed on 
the basis of DFT calculations. The work is extended further, employing the TDDFT, as well as the 
semi-empirical RM1 and INDO-S/CIS methods, in order to assess the ability of Phenac to sensitize 
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the red luminescent emission of Eu3+ ions. With the help of quasi-degenerate perturbation theory 
(QDPT), spin-orbit coupling between excited singlet and triplet states, as well as lowest triplet 
excited states and the ground state, are estimated. Further, calculations of the respective 
intersystem crossing rates and rates of radiative transitions are obtained. The QDC model of Freire 
and co-workers is implemented to perform a Judd-Ofelt analysis of the luminescence spectrum. 
Finally, the energy transfer rates, the quantum efficiency and luminescence quantum yield are 
calculated within the frame of the approach, defined by Malta and coworkers. All theoretical 
estimates are validated through comparison with the available experimental data. Based on the 
accumulated results, all major prospective electronic relaxation and energy transfer pathways in 
the two europium complexes are reconstructed and presented in the form of Jablonski diagrams.  

 

 
Figure 1 . Molecular structures of Phenac (a), Eu(Phenac)2(H2O)(NO3)3 (b) and Eu(Phenac)3(NO3)3 
(c). 
 

References 
1. J.-C. Bunzli, Eur. J. Inorg. Chem. (2017), 5058–5063.  
2. K. Binnemans, Coordination Chemistry Reviews 295 (2015) 1–45.  
3. E.G. Leach, J.R. Shady, A.C. Boyden, A.L. Emig, A.T. Henry, E.K. Connor, R.J. Staples, S. Schaertel, 

E.J. Werner, S.M. Biros, Dalton. T. 46 (2017) 15458-15469. 
 
Acknowledgements: The authors acknowledge the grant, covering the participation costs, within Project 
Д01-92/06.2022 – ‘European Network on Materials for Clean Technologies’, funded by the Ministry of 
Education and Science under the National Program ‘European Scientific Networks’. This work is supported 
financially by the Bulgarian National Science Fund at the Bulgarian Ministry of Education and Science, 
through Grant КП-06-Н59/6 (2021), project ‘PhotoMetalMod’. The European Regional Development Fund 
within the Operational Programme “Science and Education for Smart Growth 2014–2020” under the 
Project CoE “National Center of Mechatronics and Clean Technologies” (BG05M2OP001-1.001-0008) is 
acknowledged for the provision of the program licenses of Gaussian16 and VASP packages. The authors 
also acknowledge the provided access to the e-infrastructure of the NCHDC - part of the Bulgarian National 
Roadmap on RIs, with the financial support by the Grant No D01-387/18.12.2020. 
  

a) b) c) 



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
125 

Topic C 
C-O4 

Synthesis Optimization to Improve Setting Performance of a Sr-doped Bioactive 
Endodontic Cement 

Diana Flores-Barnett, Xiaozhe Song and Aránzazu Díaz-Cuenca 

Materials Science Institute of Seville (ICMS), Joint CSIC-University of Seville Center, 41092 Seville, 
Spain. 

E-mail: aranzazu@icmse.csic.es 

Keywords: Strontium, Sol-gel method, Bioactive endodontic cement, Calcium silicate, Setting time 
 

There has been a growing interest in calcium silicate-based cements such as Bioactive 
Endodontic Cements (BECs) due to their bioactive responses and unique self-setting abilities. BECs 
are commonly used in endodontics for regenerative and restorative procedures such as pulp 
capping, root canal obturation, coronal sealings, and perforation repair [1]. These calcium silicate 
powder formulations react with water and harden to form hydrated phases of good sealing 
abilities, mechanical strength, antibacterial properties, and bioactive inducement of hard tissue 
formation [2]. Studies have shown that these materials can stimulate the natural remineralization 
process at the material’s surface, defined as bioactivity. All of which are promising characteristics 
for biomaterials needed to induce tissue regeneration at sites of injury, infections, or lesions. 
There is an ongoing attempt to improve such cements and their properties by incorporating 
bioactive ions that can trigger cellular and biological responses such as differentiation, migration, 
capillary formation, and antibacterial properties.  

Strontium (Sr) has been shown to be a promising therapeutic ion due to its bioactivity and 
radio-opacity properties [3]. Sr is a naturally occurring ion that has a chemical similarity to calcium; 
it can be exchanged with calcium when activating cellular functions through the calcium-sensing 
receptor that is essential in bone and hard tissue regeneration processes. Sr is known to have a 
dual-effect on bone in which it increases bone density as it simultaneously promotes osteoblast 
activity and inhibits osteoclast activity [4]. Although most studies show Sr to be promising in bone 
regeneration, there is growing interest in Sr for endodontic applications due to its bioactive and 
chemical properties that favor the regeneration of root cementum and enhance the radiodensity 
of materials while avoiding toxic, heavy materials [3].  

The present study proposes a new synthesis route that combines the properties of Sr and 
calcium silicates by incorporating Sr into the calcium-silicate network via the sol-gel method. This 
method consists of a series of hydrolysis and polycondensation reactions that provide control over 
the product’s particle size and purity [3]. X-Ray Diffraction (XRD) is used to analyze the material’s 
crystal phase composition before and after calcination procedures. This work’s main objective is to 
optimize the synthesis route in order to produce a Sr-doped calcium silicate cement with a 5% Sr 
substitution. The goal is to produce a calcium silicate cement in its most hydraulic form in order to 
favor a lower setting time. Current XRD results suggest successful incorporation of Sr ions into the 
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calcium silicate network, however more work needs to be done in terms of favoring tricalcium 
silicate (Ca3SiO5), the more hydraulic form of calcium silicates. 
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Glasses based on tellurium oxide are of particular interest due to their relatively low melting 
temperature, high refractive index and high non-linear optical properties. Because of their 
exceptional properties tellurite glasses are promising materials for a broad range of technological 
applications. In this work we present results of a study of several binary glasses based on TeO2 as a 
function of the added oxide in the systems ZnO-TeO2 and R2/3O-TeO2 (R=B, Al). All glasses were 
prepared by melting in Pt crucibles and their structure was characterized by Raman and infrared 
spectroscopy and correlated to their properties. 
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In the present study, the five type of copper-based fiberboards were prepared and their 
structure and antibacterial behavior were investigated. The modification process is carried out by 
varying the copper reduction system (CuSO4.5H2O:Na2S2O3.5H2O) in a ratio of 1:1 to 1:2 at 
hydromodule M=1:6. Phenol-formaldehyde resin was used as a binding agent. The copper content 
and the main properties of fiberboards (thickness, flexural strength and swelling) were 
investigated. Infrared spectroscopy (IR), Scanning electron microscopy (SEM) and Transition 
electron microscopy (TEM) were applied in order to study the structure and morphology of the 
fiberboards.  

The antibacterial activity was tested against gram-positive (Bacillus subtilis 3562) and gram-
negative (Escherichia coli K12 407) bacteria. The results indicated that the antimicrobial activity of 
the materials depending on the copper concentrations. The tests showed that materials had 
pronounced antibacterial performance against both strains. Based on these results the obtained 
copper-fiberboards can be used as antibacterial agents in the package and the building industry. 
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 New multicomponent glasses containing a different amount of WO3 at the expense of 
B2O3 with the composition in mol% of 50ZnO:(49-x)B2O3:1Bi2O3:xWO3:0.5Eu2O3, x=1, 5, 10 were 
synthesized by applying the melt-quenching method (cooling rate 101-102K/s). The obtained 
samples were characterized by x-ray- and neutron diffraction (XRD&ND), infrared spectroscopy 
(IR), and photoluminescence spectroscopy (PL). Physical properties as molar volume, oxygen 
packing density and glass transition temperature were also determined using the results of 
differential scanning calorimetry (DSC) and Archimedes principle for density. IR spectra (Fig. 1) 
revealed that the glass network consists of [BiO6] octahedral units (band at 480 cm-1), [BØ2O]- and 
[BØ4]- metaborate groups (bands at 1460, 1350 cm-1 and band at 1030 cm-1 respectively), [B2O5]4-

pyroborate dimmers (band at 1045 cm-1), [WO4]2-tetrahedral, and octahedral [WØ4O2]2- species 
(band at 880 cm-1 and bands at 865, 680 cm-1 and 640 cm-1 respectively) with four bridging and 
two non-bridging oxygen atoms [1]. It is suggested that WO3 inclusion does not stimulate 
formation of the boron tetrahedral oxygen units (BO4). Neutron diffraction experimental data 
were simulated by Reverse Monte Carlo modelling. The atomic distances and coordination 
numbers have been revealed. From the obtained structural parameters, we have concluded that 
the glassy network is formed mainly by trigonal BO3 (few tetrahedral BO4 was also identified) and 
tetrahedral ZnO4 groups. The density and the molar volume increase, while the oxygen packing 
density of glasses have been found to decrease with the introduction of WO3 indicating decreasing 
cross-linking degree within the glass networks. According to the DSC data, the obtained glasses are 
characterized with the high glass transition temperatures (over 500 ◦C) and an absence of glass 
crystallization effects. The glasses obtained presented strong 612 nm red luminescence with 
excitation at 394 nm. The positive effect of WO3 on the luminescence intensity of the Eu3+ doped 
zinc bismuth borate glass was established.  
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Fig. 1. IR spectra of glasses 50ZnO:(49-x)B2O3:1Bi2O3: xWO3:0.5Eu2O3:, x=1, 5, 10 (in mol%). 
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B2O3 is a well-known classical glass former but the sol-gel method is not very often used for 

the synthesis of amorphous borate materials. Sol-gel technique have attracted much attention 
due to several advantages as good homogeneities, ease of composition control, lowering of the 
melting or sintering temperature and better control of the microstructure. This method is suitable 
for obtaining of glasses which are usually difficult to be prepared by melt quenching owing to their 
high melting temperature or tendencies toward crystallization and phase separation. Up to now, it 
was established that the incorporation of boron to the TiO2 bulk extends its visible light 
absorption.  

Transparent monolithic binary and ternary gels with participation of B2O3 were obtained. 
The structure, properties and antibacterial abilities of selected two ternary 
(80TiO2/10TeO2/10B2O3; 50TiO2/25TeO2/25B2O3) and one binary (80TiO2/20B2O3) gels, were the 
subjects of the present study. A combination of titanium butoxide, telluric (VI) acid and boric acid 
was used as precursors. The phase transformations of the obtained gels in the temperature range 
200 – 700C are investigated by XRD. Composite materials containing an amorphous phase and 
different crystalline phases (metallic Te, α-TeO2, anatase, rutile and TiTe3O8) are prepared. The IR 
results showed the short range order of the amorphous phases which are part of the composite 
materials consists of TiO6, BO3, BO4, and TeO4 structural units. The B2O3 presence resulted in a 
better connectivity between the building units in comparison to other investigated by us ternary 
system containing TiO2. The UV – Vis spectroscopy showed two maxima about 240 – 260 nm and 
310 – 330 nm related to the isolated TiO4 units and condensed TiO6 groups (Fig. 1).  
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The photocatalytic test reveals that the addition of tellurium oxide did not improve the 

degradation of the MG dye of the ternary compositions while the effectiveness of the binary 
TiO2/B2O3 one is comparable to those of pure TiO2 obtained from Ti(IV) butoxide (Fig. 2). All 
investigated composition exhibited good antimicrobial activity against Escherichia coli K12.  
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Fig. 2. Photocatalytic activity against Malachite 
green under UV irradiation of the heated at 

500C samples compared to pure TiO2 obtained 
by metal alkoxide. 

Fig. 1. UV-Vis spectra of as-prepared gels 
compared with Ti(IV) butoxide. 

0 20 40 60 80 100 120 140 160 180 200

0,0

0,2

0,4

0,6

0,8

1,0

 50TiO2/25TiO2/25B2O3
 80TiO2/10TiO2/10B2O3
 80TiO2/20B2O3
 TiO2 (Fluka)

 C
/C

0

Time, min

200 300 400 500 600 700 800

0

5

10

15

20

25

30
2

4
0

3
2025

0

3
20

26
0

33
0

25
0

(1)

(2)

(3)

(4)

(1) (80TiO
2
.20B

2
O

3
_gel

(2) (80TiO
2
.10TeO

2
.10B

2
O

3
_gel

(3) 50TiO
2
.25TeO

2
.25B

2
O

3
_gel

(4) samp. Ti (IV) n-butoxide_gel

K
u

b
el

k
a-

M
u

n
k 

u
n

it
s

W a v e l e n g t h, n m

 

 

31
0



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
133 

Topic C 
C-P4 

Influence of Cu as Minority Alloying Element on the Corrosion Behavior of 
Amorphous Al-Si-Ni Rapidly Solidified Alloys and their Crystalline Analogues 

Vanya Dyakova1, Yoanna Kostova1, Boriana Tzaneva2,  
Daniela Kovacheva3 and Hristina Spasova1 

1 Institute of Metal Science, Equipment and technology with Hydro- and Aerodynamic Centre 
“Acad. A. Balevski”, Bulgarian Academy of Sciences, 1574 Sofia, Bulgaria. 

2 Technical University of Sofia, 1000 Sofia, Bulgaria. 
3 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, 

Bulgaria. 
E-mail: v_diakova@ims.bas.bg 

Keywords: Corrosion, Amorphous, Crystalline, Aluminum, Alloys 
 

Numerous studies have been published on the corrosion behavior of amorphous alloys of 
systems based on iron, zirconium and aluminium [1]. The important role of chemical composition 
and of amorphous state of metallic glasses for their corrosion resistance are well studied, but the 
literature data on the corrosion resistance of amorphous alloys compared to their crystalline 
counterparts are rather conflicting [2, 3]. 

The influence of copper as minority alloying element on the corrosion behaviour of two 
alloys Al74Ni16Si10 and (Al74Ni16Si10)98Cu2 in amorphous and crystalline state was investigated in this 
work. The amorphous alloys were produced as thin ribbons by Chill Block Melt Spinning method 
(CBMS). The amorphous structure of the ribbons was proven by X-ray diffraction (XRD) (fig.1). TEM 
observations of the amorphous matrix revealed clearly visible bright areas without diffraction 
reflections, which we defined as clusters of aluminum atoms.  

  
a. Al74Ni16Si10. 

am – amorphous, ncr – nanocrystalline 
b. (Al74Ni16Si10)98Cu2 

am – amorphous, ufcr – ultrafine-crystalline 
Figure 1. XRD diagrams of amorphous and crystalline Al74Ni16Si10 and 

(Al74Ni16Si10)98Cu2 ribbons 

The crystalline analogues of the amorphous alloys were obtained by annealing of the ribbons 
at a temperature above the crystallization temperature of the alloys. The phase composition of 
annealed ribbons was determined by XRD (fig. 1).  
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The corrosion rate of the amorphous alloys and their crystalline analogues was obtained by 
gravimetric method using continuous immersion tests in 3.5 %NaCl at 25oC and 50оС for 360 
hours. The results showed that the addition of 2 at.% copper worsens the corrosion resistance of 
both amorphous and crystalline alloys, and the effect is more pronounced in crystalline alloys (the 
rate increases from 0.0102 gm-2h-1 in Al74Ni16Si10 to 0.0307 gm-2h-1 in (Al74Ni16Si10)98Cu2 at 25oC). 
The corrosion rate of the amorphous alloy Al74Ni16Si10 increases almost twice with the increase of 
corrosion medium temperature to 50oC, while the increase for the crystalline alloys Al74Ni16Si10 
and (Al74Ni16Si10)98Cu2 is 4 and 2 times, respectively. These results are confirmed by 
electrochemical tests also. 

The base electrochemical parameters corrosion current density (jcorr) and corrosion potential 
(Ecorr) were determined from the polarization curves. The addition of copper in the amorphous 
alloys does not significantly affect both parameters. Ecorr values range from -0.450 to -0.350 V vs 
Ag/AgCl, and the jcorr density is about 10-8 Acm-2. The transformation from amorphous to 
crystalline state shifts the corrosion potential of both crystalline alloys by more than 300 mV in 
negative direction versus their amorphous analogues. The jcorr of crystalline alloys is more than 
two orders of magnitude higher than that of the amorphous ones. In crystalline alloys, the 
negative effect of copper addition is more pronounced. This is probably related to the separation 
of copper-rich phases, which have cathodic behaviour and stimulate the corrosion process in the 
other phases. 

The crystallographic structure and phase composition of the separated corrosion products 
were determined by XRD.  

From the obtained test results, we conclude that the amorphous alloys Al74Ni16Si10 and 
(Al74Ni16Si10)98Cu2 have better corrosion characteristics than their crystalline analogues. The 
negative effect of copper addition on the corrosion resistance of alloys is weaker than the effect of 
transformation of the amorphous structure into a nano- or ultrafine crystalline. 
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BaMoO4 nanoparticles with a tetragonal structure were synthesized using both methods: the 
solid-state synthesis and the mechanochemical treatment. The solid state reaction of the initial 
mixture of BaCO3 and MoO3 (1:1 molar ratio) was performed by heat-treatment at 900 oC for 15 h 
(BaMoO4-I). The same mixture was subjected to intense mechanical treatment in a planetary mill 
(Fritsch–Premium line–Pulversette No 7) in air using different milling speeds - 500 and 850 rpm. 
The obtained phases were analysed by X-ray diffraction (XRD), infrared (IR), ultraviolet visible (UV-
Vis) reflectance and photoluminescence (PL) spectroscopies. The higher milling speed of 850 rpm 
led to faster synthesis of BaMoO4 after 30 min milling time (BaMoO4- II). The same phase was 
obtained after 5h milling time applying lower milling speed of 500 rpm (BaMoO4 –III). UV-Vis 
spectroscopy indicated that BaMoO4 particles have strong visible light absorption and the 
calculated optical band gaps are above 4.00 eV. The maximum of emission peaks are centred at 
405 nm and 570 nm at 330 and 488 nm excitation wavelengths, respectively. The shape and the 
intensity of emission peaks strongly depend on the synthesis method. More symmetric emission 
peaks were observed for BaMoO4 prepared after 30 min milling time at 850 rpm (BaMoO4- II). It is 
established that the mechanochemical treatment is suitable method for faster synthesis of 
BaMoO4 with a potential application for optical devices. 

 
Fig.1 XRD patterns of BaMoO4 obtained by solid state reaction 

 and mechanochemical treatment using 500 and 850 rpm milling speeds. 
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Fig. 2. Emission spectra of BaMoO4 obtained by solid state reaction and mechanochemical treatment using 500 and 

850 rpm milling speeds. 
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Lanthanide-based compounds are of growing interest for development of new technologies 

using light radiation. Nowadays, the search for new organic antenna-chromophores to enforce the 
specific lanthanide emission is a key challenge in design of novel highly efficient luminescent 
materials. The β-diketones and N,N-donor heterocycles are the mostly used antenna-
chromophores, sensitizing Eu3+ and Tb3+ emission, but for other ions as Sm3+ and Pr3+ they are less 
suitable. The presence of dithiocarbamate (DTC) ligands in the heteroligand Ln complexes, with 
general formula Ln(S2CNR2)3L, where L=phen or 2,2’-Bipy, provides necessary stability for practical 
application and significantly modifies the luminescence properties [1]. Several processes can occur 
upon light excitation of the complexes: energy transfer from the chromophore-ligand to the Ln, 
ligand-to-metal charge transfer, inter-ligand electron transfer and photo-induced electron 
transfer. The role of all these processes to the complex luminescent properties has been discussed 
in a series of previous studies, however the operative mechanism, which modulates the 
luminescent properties of the heteroligand Ln complexes is still not fully understood [2,3]. 

In the present study, spectroscopic techniques, quantum chemical and semiempirical model 
calculations are applied for estimation of the excited state processes and energy transfer 
mechanism in two heteroligand lanthanide complexes with general formula Ln(PDTC)3(phen) 
(where PDTC = pyrrolidinedithiocarbamate, phen = 1,10-phenantroline and Ln ≡ Sm3+, Eu3+). The 
entire photophysical process, including absorption, photoexcitation, radiative and non-radiative 
emission is investigated and discussed. The experimental part includes the synthesis of the 
complexes, IR and EPR spectroscopy, DTA-TG measurements, UV-Vis absorption, excitation and 
luminescence spectra measurements at room temperature, both in solid state and in 
dichloromethane solution. To help the interpretation of the experimental data, the complete 
energy level diagram of the ligand-centered excited states and the possible relaxation pathways 
was constructed with the help of DFT/TDDFT/ωB97xD method. The spin-orbit coupling and the 
S→T intersystem crossing rates were assessed on the basis of CASSCF/NEVPT2 wave funcƟons, 
using the quasi-degenerate perturbation formalism. The software programs: Gaussian16, ORCA, 
VASP, MOMAP and LUMPAC were used. The theoretical apparatus, developed by Malta was 
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further used to estimate the ligand-to-metal energy transfer rates of the Eu3+ complex. The 
experimental data and the theoretical predictions of the energy transfer mechanism pathways 
allow to explain the role of the PDTC ligand in the sensitization process and to assess the efficiency 
of the two complexes as UV-to-visible light converting species. 

       
Fig. 1. Molecular structure of Sm(PDTC)3(phen), extracted from X-ray of monocrystalline sample. 
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The preparation of inorganic/organic hybrid materials via macromolecules-controlled 
biomimetic process helps for understanding the naturally occurring biomineralization as well as 
results into development of novel biomaterials with potential applications in dental medicine. 

The study is focused on the formation of calcium phosphates in physiological medium 
containing polymer with betaine functionality, either polycarboxybetaine (PCB) or 
polysulfobetaine (PSB), in order to reveal how the betaine moieties influence the phase 
composition of obtained calcium phosphates. The newly developed hybrid materials are expected 
to show high potential for dental applications, e.g. for enamel remineralization. 

PCB and PSB linear polymers were obtained using RAFT polymerization. Both polymers 
contain in their side chains covalently bound positively charged ammonium group and negatively 
charged acidic (carboxy or sulfo) group. This zwitterionic structure is mimicking the naturally 
occurring betaine form of amino acids as well as the polar groups of phospholipids. 

The calcium phosphates formation is carried out using Са2+/polymer molar ratio = 1/1, and 
Са2+/Р molar ratio = 1.67. To this purpose, 0.05 М aqueous solution of CaCl2 containing either PSB 
or PCB, is added drop wise (3 ml/min) to 0.03M aqueous solution of NaH2PO4 under constant 
stirring, the obtained suspension is left to mature for 1 hour, rinsed from Cl- residuals using dialysis 
membrane and then freeze dried.  

A relationship between the change in pH, in the concentration of free Ca2+ ions during the 
process and precipitated solid phases was established. In the presence of PCB, the change of both 
parameters is smooth, with pH falling from 8.9 to 6.5 and remaining constant during maturation. 
In contrast, in the presence of PSB, there is a distinct leap in the course of both parameters at pH 
6.9 – 6.6, after which the pH continues to decrease to 5.7. 

Two independent methods for calcium phosphate characterization, namely XRD and NMR, 
show significant differences in the phase composition of the calcium phosphates formed in the 
presence of PCB versus the ones obtained in the presence of PSB. In the presence of PCB mainly 
amorphous СР (АСР, Ca3(PO4)2.nH2O) is formed. The NMR data show that the calcium phosphate 
phase formed in the presence of PSB represent a mixture of dicalcium phosphate dihydrate 
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(СаНРО4.2Н2О, DCPD) and poorly crystalline octa calcium phosphate (Ca8(HPO4)2(PO4)4.5H2O, 
ОСР). The formation of OCP in the presence of PSB, could be explained with the partial hydrolysis 
of DCPD during the maturation phase.  

The observed different phase compositions of the formed calcium phosphates is explained by 
the different nature of the negatively charged functional group which results into different dipole 
moment of the formed zwitterionic (betaine) structure. Moreover, the carboxylic group enters in 
acid-base interactions, acting in this way as a buffer which explains the gradual and smaller pH 
decrease observed for PCB controlled system. In contrast, as the sulfo group is a stronger acidic 
group as compared to the carboxylic group, pH decreases to a greater extent in PSB presence, 
which defines a prevailing number of HPO4

2- as compared to РО4
3- ions. Thus, a non-apatite 

environment is constituted around Са2+ ions in the presence of PSB, which results into the 
formation of acidic calcium phosphates. The different dipole moment of both zwitterionic 
structures defines specific orientation of the water molecules dipoles around polymers: PCB 
dipoles induce specific orientation of water molecules dipoles which enhances their interaction 
with Са2+ ions [1], thus probably promoting the formation of amorphous calcium phosphates.  

All three types of calcium phosphate obtained within the study are precursors for 
hydroxyapatite formation, which is known to be the main building block of enamel. The well 
known antifouling properties of both PCB and PSB make the obtained novel hybrid materials 
promising for enamel remineralization.  
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The effect of calcination mode on the phase composition and degradation in a simulated 
dental enamel demineralization environment of calcium phosphate ceramics obtained from the 
same primary precipitate was investigated. The purpose is to optimize the conditions for obtaining 
calcium phosphate ceramic tablets which represent an approximate model for studying 
biomimetic processes in an environment free from biological macromolecules. This would make 
possible the clarification of the physicochemical characteristics of the ongoing processes of de- 
and remineralization in living organisms. 

The primary precipitate was obtained by precipitation in an aqueous medium of 1M solution 
of Ca(NO3)2 and 0.6M solution of (NH4)2HP04 at a Ca/P ratio of 1.67 stoichiometric for 
hydroxyapatite (HA) at pH=10.5-11 maintained by continuous addition of NH4OH. The resulting 
precipitate was matured for 24 h in the mother liquor, centrifuged, washed 3 times with double 
deionized water and dried at 80oC for 10 h. One part of the precipitate was calcined at 250oC for 2 
h and milled for 5 h in a ball mill at 600 rpm (the material is designated as HAP250). The other part 
of the precipitate was calcined at 1100oC for 2 h and milled for 60 h (the material is designated as 
HAP1100). 

From the two materials, tablets with a diameter of 13 mm and a height of 2.2 mm were 
prepared by tableting at a pressure of 6.5 t for 2 min. Two modes of calcination of the obtained 
tablets were applied: (a) stepwise calcination by holding for 1 h at 200, 400, 600, and 800oC and 2 
h at 1100oC; and (b) rapid heating to 1100oC at 10oC/min, holding for 2 h. 

The results of the XRD analysis showed that regardless of the treatment of the precipitate 
before tableting, after grinding both samples consist of a poorly-crystalline HA phase as a main 
component. NMR solid state analysis revealed differences in inner structure of both substances. 
The 31P MAS NMR spectra of both samples display similar spectral pattern typical for HA. The 
lineshape of the peak composed of a relatively narrow main signal at 2.8 ppm overlapped with the 
broad low intensity resonance suggests the presence of crystalline and amorphous/nanocrystalline 
HA phases. The 1H31P CP spectra however reveal some structural differences in the amorphous 
component formed in the two materials. In sample HAP1100, a signal characteristic of nanometric 
β-TCP was additionally identified.  
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Both, HAP250 and HAP1100, transform into a biphasic mixture of HA and β-tricalcium 
phosphate (β-TCP) after annealing, but with different phase ratios depending on the calcination 
mode. Step wise calcination resulted in practically equal contents of both phases, while rapid 
heating led to dominance (over 80%) of HA in HAP1100. After sintering of the latter a minor amount 
(up to 5%) of α-TCP was detected. The different ways of processing the samples before tableting 
affected the compact behavior of the tablets during tempering. The tablets obtained from HAP250, 
showed the highest volume contraction (29%) and the highest compaction, while for HAP1100 it 
was only 3%, regardless of the calcination mode. This led to differences in the microporosity of the 
tablets.  

The slow stepwise heating of HAP250 tablets provided an opportunity for prolonged contact 
between the gasses (H2O and CO2) released by phase transformation, which stimulated secondary 
reactions and formation of intermediate phases. The β-TCP amorphized by the 60-h grinding of 
HAP1100 crystallized, aggregated and stabilized its structure. Rapid heating limited intermediate 
reactions and solid phase formation, stimulated the rapid decomposition of nanoparticles and the 
production of hydroxyapatite. 

The degradation ability of the tablets was tested by immersion in a 0.1% solution of lactic acid 
containing 2.2 mM CaCl2 and 2.2 mM NaH2PO4 for 2 h, 6 h and 3 days. Solutions based on organic 
acids and buffers are used in the so-called chemical model to mimic the enamel demineralization 
process. Lactic acid produced by the bacteria in the oral cavity participates in the dental biofilm 
causing caries. 

SEM images showed that the duration of 2h is not sufficient to register a demineralization 
process. After 6 h and particularly after 3 days of contact, increase in porosity, and change in grain 
morphology both on the surface and in the bulk of the tablet were observed as a result of 
dissolution of the mineral phases during exposure. 

Studies performed on HAP1100 revealed that rapid heating of the precipitate obtained by the 
described method is the best option for preferentially obtaining a hydroxyapatite phase, and the 
6-h stay in a simulated demineralization solution is optimal. The research is a preliminary attempt 
to evaluate the possibility of using calcium phosphate ceramics for model in vitro studies of de- 
and remineralization processes. 
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In recent years glass-ceramic materials have been increasingly used in people’s daily life. 
Doped by Rare Earth ions, these materials are used for the production of thin displays, optical 
fibres and wave guides. Glass-ceramic materials combine the properties of glasses and ceramics 
and thus become a good alternative to the conventional phosphors and glasses. They are cheaper 
and easier for preparation. Mechanical, thermal, electrical and optical properties of the material 
could be improved by controlled heat treatment of the parent glass. The main disadvantage of the 
glass-ceramic is that active ions may be distributed between different crystallizing phases and the 
glass in the sample. 

Europium ion is well known as an emitter of the orange-red light due to 5D0→7F1 (585-600 
nm) and 5D0→7F2 (610-625 nm) transitions. Colour shades depend on the host symmetry. Eu3+ is 
often used in blue-green-red tricolour for obtaining of white light. 

Dysprosium ion emits two intensive lines - in the blue region (470-550 nm) caused by the 
transition 4F9/2→6H15/2, and in the yellow region (570-600 nm) caused by the transition 
4F9/2→6H13/2. Dy3+ ion is of special interest because of the possibility to achieve white light in one 
host with single doping.  

Terbium ion emits green light (around 550 nm) because of the transition 5D4→7F5. Blue 
emission can be observed when the dopant concentration is low. Tb3+ ion is important, because 
the human vision is most sensitive to the green light. Besides, Tb3+ ion can be co-doped with Eu3+ 
ion for obtaining the white light emitting medium.  

The oxide system for preparing the glass-ceramics contains B2O3 and GeO2 as glass-forming 
agents, Li2O and B2O3 as lowering temperature components, CaO and GeO2 as germanate phase 
forming agents and Rare Earth ion as activator. Glass compositions from the oxide system CaO-
GeO2-Li2O-B2O3, DTA data of the glasses, thermal treatment regime and crystalizing phases are 
presented in Table 1. Glasses are treated with a step of 10°C and holding 2 hours at each 
temperature. Concentrations of the Rare Earth ions are 4 at% Eu3+, 1 at% Dy3+ and 2 at% Tb3+ in 
place for Ca2+, based on our previous investigations. 
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Table 1: Investigated glass compositions from the oxide system CaO-GeO2-Li2O-B2O3, DTA data of the glasses (glass 
transition temperature Tg, crystallization onset Tx, crystallization temperature Tc, glass stability parameter Tx-Tg), 

thermal treatment regime and crystalizing phases 
 

 CaO 
[wt.%] 

GeO2 
[wt.%] 

Li2O 
[wt.%] 

B2O3 
[wt.%] 

Tg 
[°C] 

Tx 
[°C] 

Tc 
[°C] 

Tx-Tg 
[°C] 

Thermal treatment 
regime [°C] 

Crystalizing phases 

Glas
s 

          

G1 45 38 5 12 536 610 679 80 570-630 Ca2GeO4 + unknown phase 
G2 40 43 5 12 516 636 675 120 570-620 Ca5Ge3O11 + Li2GeO3 
G3 28 53 15 5 440 473 496 33 430-500 Li2CaGeO4 + Li2GeO3 

 
In the glass-ceramics with composition G1 the crystal part varies between 20 and 80% and 

the main particle size appears between 5 and 15 nm. In the glass-ceramics with composition G2 
the crystal part varies between 3 and 60% and the main particle size values are between 3 and 5 
nm. In the glass-ceramics with composition G3 the crystal part varies between 40 and 85% and the 
main particle size is between 4 and 7 nm. 

Excitation and emission spectra of the doped glass-ceramics contain the characteristic 
transitions of Eu3+, Dy3+ and Tb3+ ions. Some differences in the peak splitting appear depending on 
the crystallizing phases. The emission intensity depends on the composition of the parent glass, 
thermal treatment regime and the nature of the active ion. The experimental results are 
presented in Table 2. 

 
Table 2: Thermal treatment regime in which maximum luminescence intensity is obtained for the glass-ceramics with 

different compositions and different active ions, chromaticity coordinates and CIE diagram 

 
Activ
e ion 

Glass Thermal treatment 
regime [°C, h] 

Luminescence intensity CIE 
x, y 

 

Eu3+ G1 
G2 
G3 

590, 6 
600, 10 
490, 14 

1.045x1010 
6,078x109 
5,308x109 

0.65, 0.35 
0.65, 0.35 
0.65, 0.35 

Dy3+ 
 

G1 
G2 
G3 

600, 8 
600, 10 
470, 10 

3,755x108 
6,268x107 
5,693x108 

0.42, 0.44 
0.43, 0.45 
0.41, 0.44 

Tb3+ G1 
G2 
G3 

620, 12 
620, 12 
480, 12 

3,186 x108 
3,404x108 
3,089x108 

0.34, 0.58 
0.34, 0.58 
0.33, 0.56 

 
CIE coordinates of Eu3+ doped samples are placed in a very narrow area in the red part of the 

chromaticity diagram. CIE coordinates of the Dy3+ ion and Tb3+ ion are more widely located in the 
yellow and green regions. 

The studied glass-ceramics could be used as red, green and yellow phosphors. 
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 Titanium and its alloys are widely used as implant materials and for the needs of 
biomedicine because they exhibit attractive mechanical and biological properties and 
biocompatibility. Furthermore, it is well known that titanium borides (TiB) are attractive materials 
for the fabrication of implants. In the present study, TiB was fabricated in the form of coatings on 
titanium substrates by electron-beam surface alloying technology. A mixture of 30 g boron powder 
and 30 ml acetone was evenly deposited on the top of the Ti substrates and after drying and 
evaporation of the acetone, a homogeneous boron film was formed. The samples were then 
electron beam alloyed by a scanning electron beam where a circular geometry of the beam 
deflection was used. During the process, the accelerating voltage was 60 kV, the speed of the 
movement of the samples was 4 mm/s, the electron beam scanning frequency was 200 Hz, and 
the electron beam current was 15, 20, and 25 mA. The phase composition of the fabricated 
specimens was investigated by X-ray diffraction (XRD). The microstructure and chemical 
composition were studied by scanning electron microscopy (SEM) and energy-dispersive X-ray 
spectroscopy (EDX), respectively. Additionally, the hardness and Young’s modulus were 
determined by nanoindentation experiments. The results obtained in this study are discussed in 
terms of the possible application of fabricated titanium-boride coatings in modern biomedicine 
and implant manufacturing. 
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Hybrid calcium phosphate materials are a new generation of biomaterials applicable in 
dentistry for the non-invasive treatment of early carious lesions. They successfully combine the 
properties of the inorganic calcium orthophosphate phases and the synthetic or natural organic 
biocompatible substances, and as well as compositionally, they resemble the structure of natural 
enamel and dentin, which consist of poorly crystalline nanosized calcium carbonate apatite and a 
protein component. 

The aims of this work are to study: (i) the possibility for preparation of new hybrid calcium 
phosphate materials via a biomimetic wet precipitation process in the media of physiological 
solution and two biocompatible polymers (polycarboxy betaine (PCB) and polysulpho betaine 
(PSB) at a constant pH close to the physiological one; and (ii) their spectroscopic characterization. 

PCB and PSB are linear polymers that contain in their side chains covalently bound positively 
charged ammonium groups and negatively charged carboxyl or sulfo groups. This zwitterionic 
structure mimics the naturally occurring betaine form of amino acids as well as the polar groups of 
phospholipids. 

The hybrid materials were prepared by a method of continuous precipitation. Physiological 
solution (0.9% NaCl) was used as a media for dissolution of initial CaCl2 and Na2HPO4. 0.05 mM 
CaCl2 was added to 0.03 mM Na2HPO4 at a rate of 3 ml/min with a Ca/P ratio of 1.67 and a 
constant pH of 8–8.4 (maintained with 1 mM NaOH or 1 mM HCl). The corresponding amount of 
polymer (PCB or PSB) for obtaining a Ca/polymer ratio of 1 was dissolved in the CaCl2 solution. The 
resulting suspension was transferred into a dialysis tube (3.5K MWCO, 16 mm, SnakeSkinTM 
Dialysis Tubing, Thermo Scientific, Waltham, MA, USA) and immersed in distilled water, which was 
changed periodically until Cl-ions disappeared. The washed material was lyophilized. For 
comparison, a synthesis was also carried out without the presence of polymer. 

The results from chemical, XRD, and DTA-TG-MASS analyses reveal the preparation of 
materials containing poorly crystalline hydroxyapatite with a Ca/P molar ratio of 1.6–1.7 and a 
polymer phase in an amount of 42–46%. 
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IR and Raman spectra of the new materials and initial products were made in order to 
illustrate the functional groups of the samples and to clarify the interactions between the 
polymers and calcium phosphates in hybrid materials. 

The results show that the newly formed materials exhibit the absorption peaks corresponding 
to both the initial polymers and the poorly crystalline hydroxyapatite precipitated in a synthesis 
run without the presence of polymers, which confirms the existence of the mineral and organic 
phases in them. In both the Raman and IR spectra of CaP-PSB (material obtained in the presence 
of PSB), no noticeable differences in the shape and positions of the peaks compared to those of 
the parent products were observed. This is an indication of little intermolecular interaction 
between the two phases. However, it is worth noting the significant Raman spectra attenuation 
observed by PO4

3- vibrations at 482 cm-1 and 963 cm-1, corresponding to O-P-O bending (2) and P-
O stretching (4) of the hybrid material. Contrary, significant differences in the shape and position 
of the peaks corresponding to the vibrations of the PO4

3- group are observed in the IR spectra of 
CaP-PCB (the material obtained in the presence of PCB). The broadening and rounding of the peak 
at 1020 and 559 cm-1 as well as the disappearance of the splits at 959, 600, and 468 cm-1 observed 
in the spectrum of pure calcium phosphate indicate a decrease in the crystallinity of the 
phosphate phase. Shifts in the peak positions of the phosphate group vibrations and the peak 
positions of the C–O vibrations in the carboxy group may result from intermolecular interactions 
between the precipitated CaP and PCB. In addition, a red shift in the band of the methylene group 
is observed in the Raman spectra of hybrid material. 

The differences in the spectral characteristics of the two materials can be explained by the 
different nature of the negatively charged functional groups in the polymers, which results in a 
different dipole moment of the formed zwitterionic (betaine) structure. Probably, the stronger 
dipole caused by the shorter distance of the zwitterionic chain of PCB compared to PSB leads to 
stronger interactions with the PO4

3- groups of calcium phosphate. 
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Ultra-short Laser-assisted Micro-structure Formations on Mg/Zn Double Doped 
Calcium Phosphate Ceramics for Enhanced Antimicrobial Activity 
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Calcium phosphate based ceramics are used in medicine as a substitutes for bone repair, 
healing or as coatings on metal implants improving their surface properties and promoting cellular 
orientation, adhesion and proliferation. The implementation of laser irradiation for producing 
surfaces with increased percentage of roughness in addition to doping metal ions, could 
potentially lead to formation of nano- and micro-scale or hybrid surface structures possessing 
improved antimicrobial properties. As an alternative to conventional methods for surface 
treatment, like plasma and acid etching, the structuration of surfaces by ultrashort-pulsed 
(femtosecond) lasers introduces a contactless patterning of the surfaces, created in a single step, 
with the improved long-term stability of the created structures. Thus, the antimicrobial properties 
of the surface are re-altered by inactivating the pathogens and destroying their biofilm formation 
due to disruption of the microbial moiety. 

The aim of this paper is a comparative experimental study of the surface modification of Mg 
and Zn double doped β-tricalcium phosphate ceramic, textured by a femtosecond laser to evaluate 
different processing modes and improve antibacterial response accordingly. 

Tablets of Mg (8.44 mol%) and Zn (2.63 mol %) double doped β-tricalcium phosphate (β-TCP) 
was prepared in four step method including: (i) biomimetic precipitation of amorphous calcium 
phosphate in the media of simulated body fluid enriched by Mg2+ and Zn2+ ions and in the 
presence of valine as organic additive; (ii) washing and liophilization; (iii) preparation of 13 mm 
disk tablets using Manual-Hydraulic Press SPECAC GS15011 at 6.5 tons; and (iv) step-wise 
calcination at 200, 400, 600, 800 and 1000oC keeping the desire temperature for 3 h. The XRD 
analysis combined with Rietveld refinement shows the preparation of double Mg and Zn ion 
doped β-TCP in which Ca2+ ions in Ca(5) structural positions are completely displaced by doped 
ions. A 32% contraction of the tablet volume after calcination was also observed, resulting in a 
dense ceramic structure. 

The tablets were processed with ultra-short laser pulses with duration of 70fs, central 
wavelength λ= 795nm with different scanning velocities (v) ranging from 0.2-75mm/s. The effect 
of the scanning velocity and laser fluence over the morphology, topography and the chemical 
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characteristics of the laser-induced surface structures was examined via SEM, confocal microscopy 
and XRD studies  

The obtained results demonstrate a decrease in surface roughness, by increasing scanning 
velocities. The analysis of the material ablation and the change in the surface morphology was 
performed by studying the effect of diverse spacing between separate lines and the influence of 
the scanning velocity and laser fluence over ablation depth and surface roughness. From the SEM 
images of the surface topography for all different laser treatments can be seen no side effects of 
cracking that could be a result from phase transformations. Thus the thermal effect caused by the 
laser processing is negligible and doesn’t alter the surface properties. XRD analysis of tablets 
confirmed the SEM observations and did not show the presence of α-TCP or other high-
temperature calcium-phosphate phases, which proves that the applied surface modification 
technique does not change the chemical and crystalline characteristics of the material.  

The 3D confocal analysis estimated relation between scanning speed, laser fluence and 
depth of the ablated craters. It was found that increasing the depth of the single pattern is 
strongly influenced by the laser fluence. 
 The best results prospective for future antibacterial studies showed the tablet surfaces 
treated with velocity of 1.5 mm/s, distance between separate rows (dx and dy) 50 μm at laser 
power of 20 and 60 mW as well (dx and dy) 100 μm at laser power 100 mW (Fig. 1) 
 

       
  a    b    c  
Fig. 1 Scanning electron microscopy (SEM) images of surface-modified (Mg,Zn) - β-TCP tablets: (a) 

laser power 20mW, velocity 1.5mm/s, distance between separate rows dx=50 μm; (b) laser 
power 60mW, velocity 1.5mm/s, dx=50 μm; (c) laser power 100mW, velocity 1.5mm/s, 
distance between separate rows =100 μm;  
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Bioactive endodontic cements (BECs) are widely used in endodontics for root filling 
materials, pulp capping materials, root perforation repair, apexification and coronal sealing during 
regenerative endodontic procedures [1]. BECs are mainly composed of tricalcium silicate (Ca3SiO5) 
and dicalcium silicate (Ca2SiO4) phases, which behave hydraulic after mixing with water and have 
good sealing abilities. Besides, BECs are bioactive materials when implanted in human body, 
forming a biomimetic hydroxyapatite layer on the surface and then generating good 
biocompatibility. However, the application of BECs could be limited because of their long setting 
time, discoloration effects produced by additives to provide radiopacity, clinical handling and high 
cost [2].  

The sol-gel process is a chemical synthesis technique which in comparison with high 
temperature procedures has several advantages. The liquid media provides a molecular level 
reaction of the precursors, which produce a greater homogeneity of the final products as well as 
the generation of a large number of nano-pores and then very high specific surface area. Although 
so far, this technique has not been widely used for the synthesis of BECS, it has an enormous 
potential in the synthesis and desing of novel BEC formulations [3]. On the other hand the Zinc 
(Zn), is an element of particular interest in dentistry due to its antibacterial activity as well as the 
biological effects in stimulating cell proliferation and differentiation, and its role as a cofactor for 
activating enzymes. Studies have shown that zinc increases mineralization by stimulating alkaline 
phosphatase (ALP), a key enzyme in bone calcification and type I collagen in the extracellular 
matrix [4].  

In this work, Zn-doped BECs were synthesized by the sol-gel method. X-ray diffraction (XRD) 
and the Gillmore needles test, according to the American Society for Testing and Materials (ASTM) 
specification C 266, were applied respectively to analyze the phase composition and the setting 
time of the synthesised materials using different Zn contents. Our results indicate that Zn alters 
the crystal form of the tricalcium silicate.  

Preliminary setting time tests indicate that the setting time is modified by the addition of 
zinc. In addition, the Zn-containing materials show a correlation showing a decrease in setting time 
with increasing Zn content. 

 
References 



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
151 

[1] C. Prati, M.G. Gandolfi, Dent. Mater. 31 (2015) 351. 
[2] D. Donnermeyer, S. Bürklein, T. Dammaschke, E. Schäfer, Odontology 107 (2019) 421. 
[3] X. Song, A. Díaz-Cuenca, Materials 15 (2022) 6051. 
[4] P. Thanasrisuebwong, J.R. Jones, S. Eiamboonsert, N. Ruangsawasdi, B. Jirajariyavej, P. 

Naruphontjirakul, Nanomaterials 12 (2022) 1691. 
 
 

Acknowledgements: The authors gratefully thanks the support provided by the Project “European Twinning 
on Materials Chemistry Enabling Clean Technologies-TwinTeam” of the National Bulgarian Programme 
“European research network”; X. Song thanks the China Scholarship Council for the scholarship under the 
State Scholarship Fund (201808410369). 
  



SIZEMAT4  
Pomorie, Bulgaria | May 10-14, 2023 

 

 
152 

Topic C 
C-P14 

Metabolomic Analysis and in silico Studies on the Anti-coronavirus Activity of the 
Plant Graptopetalum Paraguayense E. Walter 

Nina Stoyanova1, Miroslav Rangelov2, Nadezhda Todorova3, Ivayla Dincheva4, Ilian Badjakov4, 
Venelin Enchev1, Nadezhda Markova2 

1 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria  
2 Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, 

1113 Sofia, Bulgaria  
3 Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, 1113 Sofia, 

Bulgaria  
4 Department of Agrobiotechnologies, Agrobioinstitute, Agricultural Academy, 1164 Sofia, Bulgaria  

E-mail: nnkova.nina@gmail.com 

Keywords: anti-coronavirus activity, Graptopetalum paraguayense, proantocyanidins, molecular 
docking, ONIOM; 
 

With the widespread coronavirus SARS-CoV-2 triggering a global pandemic in 2020, the 
need for new therapeutics with potential antiviral activity has increased. Plants represent the 
oldest source of biologically active compounds and have provided humankind with significant 
activity against various microbes. This activity is due to secondary metabolites (phenols, saponins, 
quinolones, flavones, flavonoids, flavonols, proantocyanidins, essential oils, alkaloids, polypeptides 
and other compounds) that are found in a number of plant tissues. These substances may be 
potential inhibitors of the enzymes responsible for viral replication. Four structural proteins (spike 
proteins, envelope proteins, membrane proteins, and nucleocapsid proteins) and sixteen 
nonstructural proteins are encoded in SARS-CoV-2. The primary functions that direct coronavirus 
RNA synthesis and processing reside in nonstructural protein (nsp) 7 to nsp16, which are cleavage 
products of two large replicase polyproteins translated from the coronavirus genome. 

Since, according to our previous studies, Graptopetalum paraguayense E. Walther (GP), a 
succulent in the jade plant family Crassulaceae, shows strong antiviral activity against the herpes 
virus (HSV-1), we decided to test its activity against the new coronavirus as well. To verify the 
inhibitory activity of GP on coronavirus, a polyphenol fraction was isolated from GP to evaluate its 
biological activity and an LC-ESI-QTOF-MS/MS method was validated to determine the content of 
polyphenol components. A total of 12 substances belonging to three main classes of chemical 
compounds have been identified: monomeric procyanidins, dimeric procyanidins and flavonol 
glucosides. These metabolites, together with fourteen different phenolic acids detected by GC-MS 
analyses from our previous studies, were used in molecular docking simulations of eight 
nonstructural SARS-CoV-2 proteins (nsp 3,5, 9,10, 12-15). According to the interaction energies of 
all ligands in the nsp pockets based on the docking results, calculations were performed using the 
ONIOM(B3LYP/6-31+G(d,p):UFF) method . This method was able to provide reliable estimates of 
the interaction energies of the phenolic compounds. Their interaction energies were compared to 
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those of currently used NSP inhibitors. According to the analysis performed, Kaempferol 3-O-beta-
D-glucoside, Epicatechin-3-O-galactoside S-D-betha and Procyanidin B2 bind most strongly to the 
pockets of nsp5, nsp15 and nsp14, respectively and are therefore good candidates for viral 
replication inhibitors. 
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Calcium phosphate ceramic powders are used as components of biomaterials for teeth and 
bone restoration. The various mineral phases possess different solubility and stability in body 
fluids, which determines their bioactivity. Monophase bioceramics of hydroxyapatite (HA) are 
practically insoluble in the body fluids and do not actively participate in the process of bone 
remodeling. The monophase α- and β-tricalcium phosphates (TCP) display high reactivity and they 
rapidly degrade both in vitro and in vivo. Therefore, it is necessary to mix calcium phosphates with 
each other or with other compounds in order to compensate for their disadvantages and foster 
their advantages.  

In this study, a two-step method for the preparation of multiphase calcium phosphate 
ceramic powders applicable to medical types of cement is presented. It involves (i) 
mechanochemical activation of equimolar mixtures of Ca(OH)2 and CaHPO4; and (ii) sintering of 
the ground precursors up to 1350°C followed by fast air-cooling. 

The results showed that after 24 h of grinding at 600 rpm, a solid-state reaction occurs 
between the starting Ca(OH)2 and CaHPO4, forming poorly crystalline hydroxyapatite. 
Mechanochemical activation enhances the system's energy, which, combined with identical 
fragments in the structures of CaHPO4 and Ca5(PO4)3OH, stimulates phase transformation. The 
amount and crystallinity of hydroxyapatite increase with increasing milling time. 

Three- and four-phase ceramic powders were obtained after sintering up to 1350°C, 
depending on the used heating mode and the composition of the starting precursor. Slow 
stepwise heating with a holding time of 1 h at each temperature (200, 400, 600, 800, 1000, and 
1350°C) produced a mixture of hydroxyapatite (HA), α-tricalcium phosphate (α-TCP), and a minor 
amount of tetracalcium phosphate (TTCP) in different ratios depending on the composition of the 
precursor. Rapid heating of an inactivated precursor to 1350°C at a rate of 10°C/min resulted in a 
four-phase material consisting of HA, α- and β-TCP and TTCP with the dominance of TCP phases 
(21.8% α-TCP and 69.3% β-TCP). Three-phase materials - HA, α-TCP, and TTCP were obtained from 
the mechanochemically activated precursors. 

Many temperature-dependent processes occur simultaneously during sintering, which 
affects and depend on the chemical and phase composition, crystallinity, and morphology of the 
materials as well as on their thermal conductivity. The slow stepwise heating provided an 
opportunity for low-temperature reactions to fully proceed: (i) decomposition of the starting 
substances, (ii) interactions between the released gases (H2O and CO2) and the existing mineral 
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phases; and (iii) interactions between the mineral phases themselves. Holding at the intermediate 
temperatures stabilized the crystal structure of the newly formed phases (for example, Ca2P4O7, β- 
TCP, НА), increased their thermal stability, and led to the conversion of Ca2P4O7 into β-TCP, and to 
the polymorphic conversion of β-TCP into α-TCP at 1350°C. Rapid heating reduced low-
temperature interactions, intermediate reactions, and solid phase formation. Thus, at 1350°C, the 
decomposition of the initial HA to the high-temperature tetracalcium phosphate, and the 
interaction of the initial mixture of Ca(OH)2 and CaHPO4 to α- and β-TCP proved to be energetically 
more profitable. 

From the TTCP-based multiphase ceramic powders prepared in this way, self-hardening 
calcium phosphate types of cement were obtained showing better characteristics than cement 
based on single-phase TTCP. 
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The relationship between the composition and glass transition temperature, T g and 
activation energy Ea for structural relaxation are investigated for a series of multicomponent borate 
glasses containing two types of modifier oxides, Na2O and PbO. 

Frequency-dependent heat capacity in the glass transition interval was studied by means of 
temperature modulated differential scanning calorimerty (TMDSC). In this type of DSC 
measurements the conventional temperature program (linear heating, cooling or isothermal 
conditions) is superimposed by periodic temperature perturbation. The dynamic components of 
the real and imaginary parts of the complex heat capacity (Cp*= Cp`+i Cp``) are obtained from the 
experiments carried out at different frequency of temperature modulation. Glass transition 
temperature is determined from the peak maximum of the imaginary part of the complex heat 
capacity. The change of the glass transition and slope of a activation plot (logarithm frequency vs. 
1/Tg ) with composition were determined. The steep decrease in both Ea and Tg of the glasses 
investigated is mainly due to the equimolar substitution of Na2O for PbO. The infrared 
spectroscopy studies reveal that this replacement progressively reduces the content of more rigid 
superstructural borate groups and favors the formation on their expense of groups with lower 
degree of connectivity and containing non-bridging oxygen atoms. These structural changes are 
explained by the influence of Pb2+ cations possessing substantially higher ion field strength as 
compared to that of the Na+ cations. 
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situ FTIR Spectroscopy 

17:00-18:00 
Thematic discussion and report of the TwinTeam project  

(TOPIC A) 

18:00-19:00 
Thematic discussion and report of the TwinTeam project  

(TOPIC B) 

20:00 Dinner time  

  

May, 13  (Saturday) 

Chairman: Assoc. Prof. Dr. Dimitar Panayotov 

 9:30-10:00 Lecture: A-07 
Ryan Bower: Plasmonic Thin Films and Surfaces: 
Fabrication and Properties 

10:00- 10:30 Lecture: A-08 
Daniel Price: Nano Enclosures for Stable Vaccine 
Formulations 

10:30-11:00 Coffee break 

 



Chairman: Prof. Dr. Diana Rabadjieva 

11:00-11:30 Lecture: C-04 
Nagia Tagiara: TeO2-Based Glasses: Properties, 
Structure and Potential Applications 

11:30- 12:00  Lecture: B-03 
Lyuben Borislavov: Machine Learning Prediction of 
Degradation Reactions in Energy Storage Materials 

12:00-15:00 Lunch time  

15:00-18:30 SOCIAL EVENT 

20:00 Dinner time  

May, 14 (Sunday) 

Chairman: Prof. Dr. Radostina Stoyanova 

 9:00-10:00 
Thematic discussion and report of the TwinTeam project  

(TOPIC C) 

10:00-10:30 Round table of the Thematic leaders and AdB of Twin Team project 

10:30-11:00 
Closing 
ceremony 

Prof. Dr. Radostina Stoyanova  

 

May, 10 - Flash Oral Presentations (Topics B and C) 

Manuela Oykova 

(B-P10) 

Hydrogenation of CO2 to methane over bifunctional Ni- and Ru-
ZSM-5 catalysts 

Nina Stoyanova 

(C-P14) 

Metabolomic analysis and in silico studies on the anti-
coronavirus activity of the plant Graptopetalum paraguayense E. 
Walter 

Maria Gancheva 

(C-P5) 

Synthesis and Luminescence Properties of BaMoO4 
nanoparticles 

Yordanka Tuparova 

(C-P15) 

Multiphase calcium phosphate ceramic powders prepared from 
mechanochemically activated precursors 

Trajche Tushev 

(B-P15) 

Tunnel-type sodium iron phosphates as electrodes in sodium 
iron batteries using pyrrolidinium-based ionic liquid electrolyte 

Fatme Padikova 

(C-P10) 
Electron beam surface modification of Inconel alloy 625 

Rositsa Kukeva  

(B-P8) 

Sodium Redox Intercalation at Layered Na2/3Mg1/3Mn2/3O2 
Oxides 

Hristo Rasheev 

(B-P12) 
Radical Species Emerging Prior to Electrolyte Degradation 

Ilia Kichev 

(B-P6) 

Electrode Potential Calculation Accounting for the Dielectric 
Medium of the  Bulk Electrode 

  

May, 11 - Flash Oral Presentations (Topic A) 

Consolato Rosmini Variations in the fragmentation mechanism of the ethylene 



(A-P24) glycol conversion observed on Sn and/or Ni catalysts in Aqueous 
Phase Reforming 

Nikola Yovchev 

(A-P40) 

Photosensitivity of ZnO and ZnO-based Thin Films Obtained by 
Chemical Spray Pyrolysis 

Savina Koleva 

(A-P16) 

Effect of the B- site cation on the catalytic peroxymonosulfate 
activation of NdBO3 (B= Fe, Mn, Ni, Cr) for dye degradation 

Dobrina Ivanova 

(A-P13) 

Preparation of ZnO/MeOx (Co, Ni) sol-gel films as highly efficient 
photocatalyst for organic pollutants degradation photocatalyst 
for organic pollutants degradation 

Tsvetina Goshova 

(A-P11) 

Photochromic spiroindolinonaphthoxazine molecular systems 
for detection of heavy metal ions in water 

Katerina Tumbalova 

(A-P29) 

Preparation and catalytic activity of Ni – Mn oxide catalysts for 
VOCs oxidation 

Stefani Petrova 

(A-P23) 

Hydrothermal synthesis of Tb1-xCexVO4 (x= 0 – 1) solid solutions 
and their photocatalytic activity towards Cr(VI) reduction 

Elzhana Encheva 

(A-P8) 

Catalytic Activation of Peroxomonosulfate with Lanthanide 
Metal-Organic Frameworks (Ln-MOFs) with Terephthalic Acid 

Yana Dimitrova 

(A-P6) 

Stable Lanthanide Metal-Organic Frameworks (Ln-MOFs) with 
Terephthalic Acid for Detection of Water Pollutants 

Aleksandar Tsanev 

(A-P28) 

Influence of the changes in chemical composition and structure 
of protective ceria conversion coatings, modified by immersion 
treatment in solution of NaH2PO4 and Ca(NO3)2, on the 
corrosion behavior of Aluminum 

Plamen Nikolov 

(A-P21) 

Method for calculation of adsorption energy distribution for 
micropores 

Lidia Ivanova 

(A-P14) 

Comparison of the adsorption properties towards copper (II) 
ions of two waste plant materials 

Tsvetomila Lazarova 

(A-P19) 

Carbon-dots and Reduced Graphene Oxide Hybrid Material for 
Carbon Dioxide Capture 

Stefan Valkov 

(A-P32) 

Fabrication and Characterization of Titanium Borides by Electron 
Beam Surface Alloying 

Maria Ormanova  

(A-P22) 

Impact of beam deflection geometry on the surface architecture 
and mechanical properties of electron-beam modified TC4 
titanium alloy 

Petya Konova 

(A-P17) 

Low-Temperature Catalytic Combustion of Methane and CO 
over Noble Metal Based Catalysts 

 


