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A semi-analytical method for studying the near and far electromagnetic fields of a 
two-dimensional array of nano- and microparticles is considered. It takes into 
account multiple scattering of waves within the quasi-crystalline approximation 
where a pair correlation function is used to describe the arrangement of particles in 
an ensemble [1,2]. Formulas are presented that describe (i) the characteristics of far 
fields, (ii) ensemble-averaged and (iii) the ensemble- and surface-averaged energy 
densities of electric and magnetic fields on the surface of particles in a light-
absorbing medium. They allow finding parameters for getting the desirable far- 
and near-field characteristics in arrays with long-range and short-range order.  
 
The results of calculations of the near-field enhancement at wavelengths of 
plasmon resonance of nanoparticles and lattice-induced resonance for the array of 
silver particles at normal incidence of a plane wave are presented. It is shown that 
the spectral positions of the maxima of the energy densities of the electric and 
magnetic fields on the particle surface coincide with the position of the maximum 
of the lattice-induced resonance absorption, which is observed for the far field. 
Spectral dependences of the surface-averaged energy densities of the electric and 
magnetic fields of highly ordered and partially ordered structures composed of 
nanoparticles have small differences, whereas for structures composed of particles 
the size of a wavelength, the differences are significant.  
 
The results are of interest for designing 2D arrays when solving problems of 
optimizing scattering, absorption and emission of light. They can be useful for 
various applications, in particular for SERS, photocatalysis and photovoltaics. 
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Apatitic materials, particularly hydroxyapatite (HA), have garnered significant 
attention in recent years for their applications in different important aspects of our 
daily life, including, but not limited to biomedicine, energy storage, or 
environmental sustainability.  
The present work explores the potential of apatitic materials in two main areas: (1) 
water purification technologies [1-4], respectively (2) cultural heritage protection 
[5]. Our own results obtained in these areas, regarding tailoring the properties of 
apatites to enhance their performance, as well as some practical applications are 
briefly presented in improving human health and overall quality of life. 
Overall, this body of work highlights the versatility of apatitic materials and their 
promising role in enhancing human well-being. The findings underscore the 
potential of these materials to not only solve critical technological challenges but 
also to contribute significantly to the quality of life on a global scale. 
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Ionic liquids (ILs) are commonly, if inaccurately, defined as salts that are molten below 100 °C. Perhaps the 
greatest number are based on cations of N-alkylated heterocycles with a variety of different anions, such 
that the combination of the two engenders a low melting point. While they have a very wide range of actual 
and putative uses being attractive inter alia for their vanishingly low volatility and seemingly infinite 
tunability, preparing a unique IL for each application is an unsustainable approach. 

However, by mixing ILs in varying proportions it is possible to prepare libraries of liquids simply and efficiently 
from a much smaller number of pure, component ILs, so tuning bulk and surface structures, and a range of 
other physical properties, facilitating the search for ILs suitable for a range of applications. A major challenge, 
however, is that the design rules linking liquid structure and properties to composition are not well 
understood in ILs. 

We began by studying IL mixtures containing cations 
with different alkyl chain lengths and a common anion 
([CnMIM][Tf2N] – opposite) using techniques such as 
reactive-atom scattering/laser-induced fluorescence 
(RAS-LIF), small-angle X-ray (SAXS) and neutron (SANS) 
scattering, viscometry and surface tension, 
complemented by atomistic molecular dynamics 
simulations. The results showed that the physical 
properties, interface and nanostructure of the 

 
ILs used in this work. 

mixtures could be tuned as a function of both chain length and composition although interestingly, the 
majority of properties do not vary as a simple linear function of composition. 

More recently, we have turned our attentions to mixtures prepared from components where one bears a 
hydrocarbon chain and the other a fluorocarbon chain ([CnMIM]1–x[Cm+2MIM-F2m+1]x[Tf2N] – above). There are 
fundamental questions that arise from such a study deriving from what can be poor-to-non-existent 
miscibility between longer-chain hydrocarbons and fluorocarbons and then how they relate to surface and 
bulk structure. These are of interest in this work as one aim is the deployment of these IL mixtures as solvents 
for catalysis. 

The presentation will discuss the structure and properties of the various mixtures, determined using the 
range of techniques indicated above, as a function of both the chemical nature of the components and their 
chain lengths, with an emphasis on both surface and bulk organisation. In addition, the role of electrostatic 
charge in the (im)miscibility of hydrocarbon/fluorocarbon mixtures will be explored. 
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Since the identification of liquid crystalline (LC) materials in 1888, the optical 
properties of LC materials have attracted much interest. These fascinating 
materials are capable of reconciling the mechanical properties of flowing liquids 
with the optical properties of some solid crystals, being optically anisotropic. 
Interest in LC materials increased dramatically following their successful 
application in information displays in the 1960s. As a consequence of this 
increased interest on the part of industry, there was a large increase in research into 
LC materials intended for electro-optical applications, which allowed the 
development and exponential growth of much of the technology currently 
available. 
 
This fundamental and applied research has focused not only on the application of 
liquid crystals in information displays, but also on other types of applications, 
based on the optical properties of liquid crystals and their ability to respond to 
external stimuli. In recent decades, liquid crystals have emerged as an important 
new class of materials capable of being used as chemical, electrical, mechanical 
and optical actuators and sensors, used to produce a wide variety of displays and 
other applications such as privacy windows and sensors due to anisotropic nature 
and adaptability [1]. 
 

 
Figure 1. Working principle of a liquid crystal based E.coli bacteria sensor. 
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Thiourea represents an interesting scaffold used to create new compounds with a 
wide range of applications, including biology, catalysis, nanotechnology, materials 
science. While N-H groups can be exploited in designing various H-bonding 
receptors, the C=S thione group is instrumental in coordination chemistry as it can 
bind to various metals. When supported by the C=O carbonyl group of an adjacent 
acyl fragment, the coordination abilities of the N-acylthioureas are enormous, 
leading to very stable metal complexes. But, despite the exceptional coordination 
capacities, thiourea-based ligands are not commonly used to create liquid crystals 
(LCs) or metal complexes with liquid crystalline behavior (metallomesogens). This 
is due to the limitations imposed by the molecular structure of the resulting 
complexes. This work will present an investigation of the effect of using ligands 
containing sulfur (benzoylthiourea-type derivatives—BTU) on the mesomorphic 
behavior of palladium(II), platinum(II), and copper(I) complexes. The organic 
ligands may be either simple or functionalized with different types and numbers of 
mesogenic groups. These products exhibit a combination of liquid crystalline 
properties and metal-dependant highly intriguing emissive properties. While the 
BTU organic derivatives can produce physical LC gels with E7, some 
palladium(II) complexes can display both gel and lyotropic phases in alcohol 
solvents. Various structural parameters can be adjusted to produce lamellar liquid 
crystal phases or columnar phases, which are assigned according to commonly 
used techniques: differential scanning calorimetry (DSC), polarized optical 
microscopy (POM), and X-ray diffraction (XRD). 
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Nowadays efforts are made to develop more efficient techniques for enhancing 
energy conversion and improving operation of such systems. In this context, a 
special attention is directed towards the use of nanofluids in all possible type of 
applications – solar collectors to convert solar radiation into thermal energy, 
refrigeration, heat pumps, air conditioning systems, etc. A base fluid is used in 
which a certain volume fraction of nanoparticles are mixed in order to improve 
thermal properties and thus the final desired result. 

 
The proposed paper provides a simple mathematical modelling,, as well as 
numerical and graphical results for several days operation of a flat plate collector 
in which a nanofluid is used. Sensitivity studies with respect to volume fraction 
of different nanoparticles are included. 
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Si1−xGex nanocrystals (NCs) in oxide matrices have been extensively studied 

due to their promising and attractive properties resulting from bandgap tuning by 
varying SiGe stoichiometry, NC size and by strain engineering. These properties 
are very promising for different device applications as optical sensors, light 
emitting diodes, solar cells and nonvolatile memories (NVMs). For enhancing the 
device performances, commonly used structures are multilayers (MLs) consisting 
in a stack of pairs of SiGe/oxide layers. It is shown that MLs enhance the optical 
properties by NCs surface passivation, and by controlling NCs size and interface 
with oxide matrix, these being beneficial for optical sensors. In MLs NVMs 
multiple tunneling processes taking place in ML floating gate (FG) ensure a better 
control of variable programing and retention behavior device. 

In this paper are presented ML structures (preparation & characterization) of 
SiO2 cap /[SiGe with d thickness/SiO2]N  where  N is repetitions number [1]. They 
were studied by focusing on both VIS-SWIR sensitivity for optical sensors 
applications, and on charge storage properties for NVMs. 

For using as photosensors, SiGe layer thickness (d) and repetitions number 
(N) were varied by keeping the same value for total thickness of all SiGe layers. As 
resulted, by increasing N, the spectral photocurrent intensity grows due to 
increasing tensile strain. By increasing Ge concentration and reducing NC size, a 
red-shift in peak position by quantum confinement in SiGe NCs, was observed. 

ML NVM is a MOS capacitor as top contact / HfO2 -gate oxide / (SiGe NCs 

or SiGe NCs in HfO2 as FG / HfO2 -tunel)n / p-Si -substrate /bottom contact, where n 

=1,2..5 is the number of floating gates FG-SiGe NCs and the number of pairs FG 
NC SiGe / HfO2 -tunel, respectively. ML NVMs with highest performances are of 
type 5 FG NC SiGe having memory window of ΔVfb = 6.68 V, 11% capacity 
decrease after first 104 s in the retention curve C-t and 15.3% after 10 years.  
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 Coloured Building Integrated Photovoltaic (BIPV) Systems represent a technically 
and economically highly efficient technology for use of coloured solar cells within 
building envelopes to harvest solar energy and produce electrical energy. There are 
two novelties of this invited lecture. 
 The first novelty consisted in the discussion of two identified advanced types of solar 
cells, namely: (1) DSSC (dye sensitized solar cells), and (2) STHSC (Si-based tandem 
heterojunction metal-oxide solar cells) selected for coloured BIPV systems. The 
correlation between the energetic and aesthetic aspects of these two types of solar 
cells was discussed based on numerical modeling [1].  
The second novelty was represented by a complex approach on reliability analyze that 
would investigate the studied coloured BIPV systems using their degradation 
parameters and long-term stability improvement through the encapsulation method.  
The conclusions of this invited article would highlight the architectural integration of 
coloured BIPV systems based on two advanced SCs, namely STHSCs (see Figure 1) 
and DSSCs that can be considered as an innovative solution.  
  

  
Figure 1. The BIPV systems based on STHSC with reflective layers and a 4 step- 

laser scribing for several colors   
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This paper has the goal to present our research on some of the main types of thin-
film solar cells. Due to their very promising properties and performance, we 
designed and simulated nine different structures of perovskite solar cells (seven of 
them having as active layer only perovskite, whereas the eighth contained both 
perovskite and silicon, and the ninth a combination of perovskite with CIGS). For 
comparison purposes, we also analyzed two structures of organic solar cells and 
three other solar cell types (one a-Si, one CIGS and one GaInP/InGaAs/Ge) 
structures. We compared the best performance of the different types of cells that 
we simulated, together with the results for other recent structures that were 
proposed in literature. 
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This contribution makes an overview of our works concerning characterisation of 
oxide nanopowders which are nowaday materials widely used in industrial 
applicaions and in fundamental research as well.  
 
We have accordingly studied aerosils, molecular sieves, tin oxide, mixed oxides, 
some of them having semiconductor properties. These materials were used as 
pristine substances or as composites when have been  mixed with different 
organics (such as liquid crystals). In the latter case we can speak about 
confinement in one, two or three dimensions, confinement which introduce special 
interactions.  
Investigatioms by dielectric spectroscopy of molecules into a constrained geometry 
as function of frequency and of temperature have shown a relaxation process 
which is slower than those belonging to the bulk molecules. In addition, it was 
observed that the temperature dependence of the relaxation time does not change at 
the phase transition temperatures corresponding to the bulk material See for  
example one of the latest papers [1].  
On the other hand it is known that the interaction of IR radiation has been widely 
investigated for inorganic and organic materials. Thus the specific molecular 
vibrations of the sample constituents can be observed, providing qualitative and 
quantitative information. In this work Fourier-transform infrared methods are 
employed to measure spectra in the condensed phase: we refer mostly to the mid 
infrared region (4000–400 cm−1). This region of the spectrum is particularly 
sensitive to the detailed structural and environmental properties of complex 
hydrogen-bonded species as it was found in our case. 
So, we have employed novel complementary measurements and theoretical 
techniques to explore the low frequency intramolecular dynamics of model 
molecules with constrained structures.  
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Nowadays electrochemical methods present a viable alternative, offering a more 
accessible and flexible approach to design and fabricate semiconductor 
nanostructures. This work will cover the development of semiconductor porous 
structures through electrochemical etching of semiconductor substrates [1]. It will 
highlight how the combination of the photolithography and electrochemical 
etching, using photoresist masks and subsequent anodization, enables the 
possibilities to control the pore growth direction [2,3]. This approach facilitates the 
creation of porous domains with different shapes, offering enhanced control over 
material properties and broader application possibilities. 
It will be discussed the transition from porous structures to networks of 
semiconductor nanowires obtained through electrochemical etching, possessing 
higher quality compared to those grown by other techniques [4]. Moreover, the 
shape as well as the growth direction of the nanowires can be controlled by 
selecting the crystallographic orientation of the semiconductor substrate used in the 
anodization process [5]. This control over structural formation enhances the 
potential for developing hybrid metal-semiconductor structures with tailored 
properties. 
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The synthesis and characterization of acrylic polymers obtain by bulk 
polymerization, without the addition of solvents, aim to minimize environmental 
pollution. These polymers are developed under UV radiation using three types of 
acrylic monomers: one with a soft segment, another with a hard segment, and the 
third with a functional segment. 
 
The characterization of the synthesized polymers is conducted using advanced 
techniques. Fourier-transform infrared spectroscopy (FTIR) is used to confirm the 
chemical structure. The FTIR spectrum confirms the successful polymerization of 
the acrylate monomers by the disappearance of the characteristic C=C double 
bond. 
 
Thermogravimetric analysis (TGA) was performed to identify the degradation 
temperature of polymers and the different steps in this process. 
Finally, the contact angle of our polymers was measured by varying their 
compositions to determine their surface wettability[1]. 
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Figure 1 : Thermogravimetric analysis of polymers. 
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Polymer hydrogels as temporary depot for a wide variety of active therapeutic 
compounds have received growing attention during last decade in investigating 
them as drug-delivery and drug-release systems. This study deals with three 
different polymer hydrogels loaded with a broad-spectrum antibiotic (Doxycycline 
Hyclate), namely Pluronic F127 (a symmetric triblock copolymer: poly(ethylene 
oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide)), PVA (poly(vinyl 
alcohol)) – based hydrogels (both of them physically crosslinked) and calcium 
alginate – based hydrogels (ionically crosslinked). Closely related to their 
viscoelastic characteristics revealed by oscillatory rheometry, Doxycycline release 
from these hydrogels into an aqueous PBS (phosphate-buffered saline) solution 
(pH 7.4) at 370C (mimicking both pH and ionic strength of extracellular fluids of 
mammalian and human body under physiological conditions) was assessed and 
rationally analyzed in terms of Peppas-type relationship (power law). 
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O.3. Blue InGaN lasers under generation of picosecond 
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We report in this paper the numerical results of theoretical investigations of gene-
ration of picosecond pulses by blue InGaN with saturable absorber (SA). Using the 
single mode rate equations, we study the influence of different geometrical and 
material parameters on the characteristics of output pulses. We discuss also the 
applications of pulses. Figure 1 shows an analytical model of investigated setup. 
The system consists of an InGaN active section and a SA added in longitudinal 
direction. The active layer is composed by three QWs, and the emitting wavelength 
is 405 nm. Two adimensional injected currents J1 and J2 are applied respectively to 
active section and to SA.   

                  Fig.1.                                                             Fig. 2  
To simulate the generation of pulses in setup shown in Fig. 1 we use the single 
mode model [1], which is given by the following rate equations for photon number 
S and injected carrier number n1 in active region and n2 in the SA  
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The mechanism resulting in pulse generation is Q-switching. Thus, the injected 
current J1 is increased from 0 to 0.25 A (black line in Fig. 2a). At 3 ns the current 
is switched „off”. The rectangular shape of pulse current J2 into SA is given by red 
line in Fig 2a). A typical temporal behaviour of optical output power at the front 
facet of device is shown in Fig. 2b). We consider lasers emitting at different 
wavelengths between 350 and 450 nm. The results presented in this paper show the 
following features: we found that an increase of wavelength lead to decrease in 
pulse energy and maximum of the pulse. The length of the SA influences 
drastically features of output pulses, by decreasing its energy and peak, when SA 
length increases. We also found that for a very small front facet reflectivity the 
pulses are not generated. An increase of front facet reflectivity lead to a peak in the 
dependences of energy, and maximum of output pulse.   
 

[1] V.Z. Tronciu et al Optics Communications 235 (2004) 409–414 
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This study focuses on the modeling and simulation of road infrastructure, 
examining the associated types of degradation and their interdependencies. It 
further investigates how various degradation types impact the road structure. 
To develop effective road maintenance strategies, we employed a suite of 
mathematical prediction models, utilizing experimental data collected with the 
advanced Laser Crack Measurement System (LCMS) equipment. By 
integrating this data into predictive models grounded in mathematical 
distributions, we generated a series of forecasts that underscore the 
maintenance, and rehabilitation needs across different scenarios. 

 

 
Figure 1. Advanced LCMS System. Identification of the road surface distress   
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In this study, we aimed to synthesize biocompatible magnetite nanoparticles 
(MNPs) by tailored chemical co-precipitation method [1], followed by their 
stabilization in aqueous suspension with glucose and gold coating [2]. We analyzed 
and characterized the nanocomposites microstructurally and magnetically by 
different techniques: electron transmission microscopy (TEM), X-ray 
diffractometry (XRD) and vibrating sample magnetometry (VSM).  
 

 
Figure 1. Plasmonic images of two layer magnetic plasmonic nanoparticles 

 
Also, the properties given by the localized surface plasmon resonance phenomenon 
were revealed by UV-VIS spectrophotometry and dark-field optical microscopy   
(Figure 1). The nanotoxicity study demonstrated the influence of biocompatible 
magnetite nanocomposites on young watermelon seedlings. 
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Hyperspectral images HSI contain in each pixel spectral information (400-600nm) 
linked with the chemical composition of the investigated samples and are used as 
input data to our developed digital tool which count the incorporation percentage 
of nanoparticles NPs in cultured cells (breast cancer cells of human origin (BT474) 
and human dermal fibroblasts (BJ). Our NPs as codelivery system were obtained 
by functionalization of MCM-41 mesoporous silica carrier through an amidation 
reaction. Then, the carrier was loaded with resveratrol from an ethanolic solution, 
followed by their impregnation with doxorubicin aqueous solution. 
HSI of investigated cells incubated with codelivery nanoparticles were recorded 
(Fig. 1, 2) and spectral fingerprint of NPs were saved in spectral library as spectral 
vectors with 468 values following a standard procedure in ENVI software. To find 
which pixel corresponds with the same spectral fingerprint, we compare the angles 
between spectral vectors and the ones under a threshold angle are colored in red. 
Our developed tool segments each cell and counts the red pixels inside its contour 
and its area (Fig. 1 c, d). 
 

    
a)                  b)     c)   d) 

Figure 1.  
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This study examines the swelling behavior of a hybrid material made from 
isobornyl acrylate and various metal-organic frameworks (MOFs), which were 
synthesized via photopolymerization. The incorporation of MOFs aims to 
enhance material properties and expand applications in separation and adsorption 
[1-2]. We evaluated the swelling kinetics and equilibrium swelling ratios, 
highlighting the influence of MOF type and loading, as illustrated in Figure 1. 
Results indicate that swelling behavior is significantly affected by solvent type, 
with toluene generally inducing greater swelling than methanol due to its lower 
polarity and higher solubility parameter. Furthermore, different MOFs alter the 
polymer's affinity for each solvent, demonstrating the importance of MOF 
structural characteristics and surface properties. These findings enhance the 
understanding of interactions between hybrid materials and solvents, facilitating 
the design of responsive materials for specific applications. 

 

 

 

 

 

 

 

Figure 1. Swelling Ratios of Hybrid Materials in Toluene and Methanol 
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Abstract:  

Nickel-based catalysts derived from the HT hydrotalcite structure (or layered double 
hydroxides: LDH) were labeled takovite NiAl-LDH and its derivative Mg@NiAl-LDH 
(Mg@takovite) where Ni was partially substituted by Mg. The solids were prepared by the 
co-precipitation method under alkaline conditions at pH = 11 [1, 2].  

Calcined and non-calcined samples were characterized by various techniques such as 
X-ray diffraction (XRD), Fourier transform infrared (FTIR), Raman spectroscopy, Brunauer-
Emmett-Teller (BET), Atomic Absorption Spectroscopy (AAS), Scanning Electron 
Microscopy (SEM), Transmission Electron Microscopy (TEM), thermogravimetry 
(TGA/DTAS) and programmed temperature reduction (TPR-H2). As part of an industrial 
initiative, the catalysts were tested in the dry reforming reaction of methane at atmospheric 
pressure, using two cycles at different temperatures (cycle 1: 500°C to 700°C, cycle 2: 700°C 
to 500°C).  The aim of this comparative study is to examine the reactivity of the catalysts in 
two different cycles, in particular for the second where catalytic activity was tested at low 
temperature, i.e. 500°C, the temperature required for industrial, economic and energy interest. 

 
 
 
 
 
 
 
 
 
 
 

 Figure 1: Methane dry reforming cycle in the presence of NiAl-LDH and Mg@NiAl-LDH 
 
Under the same conditions, the Mg@NiAl-LDH catalyst showed high activity and 

stability with minimal carbon deposition, particularly for the second cycle 2 and at a low 
temperature of 500°C. 
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This study explores a new series of dinuclear copper(I) complexes that use 
S-donor N-acyl thioureas alongside triphenylphosphine ligands. While traditional 
research has focused on expensive precious metals, copper has emerged as a 
promising alternative for luminescent materials due to its affordability, availability, 
and low toxicity. The luminescent properties of copper(I) complexes, particularly 
those exhibiting phosphorescence and thermally activated delayed fluorescence 
(TADF), suggest their potential for applications in organic light-emitting diodes 
(OLEDs). 

 
In this research, a series of heteroleptic copper complexes were synthesized, 

resulting in light yellow to orange microcrystalline powders. Characterization 
techniques, including NMR spectroscopy, revealed that the N-acyl thiourea ligands 
bind to copper through sulfur, demonstrating strong interactions with the metal. X-
ray diffraction analysis of one complex showed a distorted tetrahedral structure 
around the copper atom, with bond lengths and angles comparable to those 
reported in prior studies.[1] 

 
Photophysical analysis indicated absorption patterns in the UV-Vis range 

that align with ligand-centered transitions, and the solid-state emission spectra 
revealed a range of emission wavelengths from 574 to 588 nm. Cyclic voltammetry 
tests showed distinct redox behavior among the complexes. Overall, this research 
not only enhances the understanding of copper(I) complexes using thiourea ligands 
but also supports their potential as efficient luminescent materials in next-
generation electronic devices. 

This work is a continuation of research started a few years ago and 
incorporates a greater diversity in the nature of the ligands, as well as the structure 
of the compounds themselves: from mononuclear in previous work to dinuclear 
complexes in the present study [1]. 
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Introduction: Liquid crystals are generally referred to as substances that integrates the structure and 
properties of solid and liquid states, this intriguing combination gives liquid crystals the ability to induce 
certain properties that have gained useful applications in the displays of devices as well as in sensors, 
smart windows, optical switches, etc. [1]. There are liquid crystalline materials based on copper(I) 
complexes prepared with various ligands including ionic complexes with different counter ions [2] 
however in this ongoing study, we have made attempts to prepare liquid crystals of ionic complexes with 
Benzoyl thiourea (BTU) ligands having a tetrahedral core varying BF4 and PF6 as the counterions.  
   
Synthetic strategy: All the compounds in this ongoing research were prepared based on the reaction 
scheme provided in figure 1. The ligands were synthesized by slight modification in methodology 
previously employed in our laboratory [3]. Each BTU ligand prepared was reacted with the Cu(I) 
precursors Cu[(CH3CN)4]BF4 and Cu[(CH3CN)4]PF4 in a 4:1 ratio in Toluene by stirring for 2 hours at 
room temperature and products were precipitated out by treating the concentrated solution with heptane. 
The structure of the prepared compounds was characterized by NMR (1H, 13C and 31P) while the liquid 
crystalline properties were investigated via a combination study of use of a polarizing optical microscope 
(POM) and Differential scanning calorimetry (DSC).   

 
Figure 1: Reaction scheme for the prepared compounds and one example of PM picture showing the SmA 
texture. 
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Triple compounds, also known as Max-phases, are of particular scientific and 
practical interest due to their distinctive combination of properties that are 
characteristic of both metals and ceramics. Among the numerous Max-phases that 
have been synthesized to date, those based on titanium (Ti2AlC, Ti2AlN, Ti3AlC2, 
Ti3SiC) are of particular interest with regard to the degree of their properties. 
The metallurgical methods employed to obtain these materials are associated with 
the use of sophisticated technological equipment and high energy costs. In the 
present study, the synthesis of ternary compounds was conducted on components 
that were subjected to intensive wear, employing the electrospark alloying (ESA) 
method as the synthesis technique. This method is founded upon the phenomenon 
of polar transfer of material from the processing electrode (anode) to the part 
(cathode), which occurs when electric pulses are discharged between them. The 
ESA technology is straightforward, and the requisite equipment is modest in size, 
dependable, and transportable. The use of compact electrodes and powders of the 
materials that constitute ternary compounds: Ti, Al, graphite as a source of carbon 
and silicon carbide (SiC) were employed to obtain MAC-phase layers on metal 
surfaces. The powder mixtures were introduced into the plasma channel of the 
pulse discharge via a hollow titanium electrode or into the treatment zone on its 
side. The energy parameters of the ESA process were optimized, specifically the 
energy value of the electric pulses and the average operating current. The energy 
value at which quality coatings were obtained was found to be in the range of 0.9 
to 3.0 J, while the average current was found to be in the range of (1.2-2.0) A. 
 
This work was supported by the National Agency for Research and Development, 
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Since many decades, the design of nanoparticles has aroused of lot of interest due 
to their nanoscale properties [1]. To this end, different synthetics routes like 
physical, chemical and green synthetic route has been developed. Among these 
technics, chemical route has gained a lot of interest since it allows more control 
over size, shape and stoichiometry. However, the design of the most protocols 
raises concerns about their effectiveness in producing high-quality nanomaterials 
considering financial and environmental impacts since they are using toxic and 
harmful solvents (TOPO, HDA, DDA…etc). Hence, the look toward non-toxic or 
an eco-friendly solvent constitutes the first step to greener synthesis via chemical 
route. In this piece of work, we reported olive oil capped nickel sulphide 
nanoparticles using hot injection route. The effect of treatment temperature and 
precursors sources were evaluated on crystallinity and optical properties of the as-
prepared nanoparticles. 
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Abstract:  

Acrylic polymers are renowned for their wide-ranging applications [1, 2]. A 
series of UV-curable copolymers was synthesized via radical polymerization 
under an inert atmosphere and is primarily composed of two monomers: 
isobornyl acrylate (IBOA) and 2-ethylhexyl acrylate (2-EHA). This association 
is a key focus to understand the chemical structure and mechanical performance, 
facilitating the design of tailored materials for specific applications. Thermal 
analysis by DSC shows a single glass transition temperature (Tg), while tensile 
testing provides insights into stiffness and elasticity. FTIR analysis confirms the 
successful formation of the copolymer backbone (Figure). These results 
demonstrate that the copolymerization approach and the strategic introduction of 
2-EHA allow for the fine-tuning of IBOA properties. 

 
Figure : FTIR analysis of evolution of the absorption band at 1635 cm-1 
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This study reports on the fabrication of a novel photocatalyst material 
characterized by ultra-porous structures formed from interconnected hollow 
microtetrapods of gallium nitride (GaN) or zinc oxide (ZnO). The specific surface 
area was estimated to be about 0.2 m2/gr and 4.7 m2/gr for ZnO and aero-GaN, 
respectively, according to BET measurements. The photocatalytic efficiency of 
these nanomaterials, enhanced with noble metal nanodots, was validated through 
the complete degradation of tetracycline under both UV and solar light exposure. 
Given its substantial surface area and improved chemical stability compared to 
traditional ZnO, the 3D aero-GaN/ZnO composite emerges as a promising 
candidate for photocatalytic applications and filtration systems. The schematic of 
the experiment and the photocatalytic performance of the aeromaterials are shown 
in figure 1. 

 
Figure 1. The schematic of the experiment (a); photocatalytic performance of the 

materials under visible (b) and UV irradiation (c)  
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In this study, the morphology of gold layers deposited by pulsed electrochemical 
deposition on GaAs substrates was investigated using Atomic Force Microscopy 
(AFM). By adjusting the pulse duration, it was demonstrated that pores can be 
introduced in deposited Au layers [1]. According to previous studies, the 
deposition process follows the hopping electrodeposition mechanism [2,3]. For 
comparison, the study was also conducted on thin Au layers deposited by 
sputtering. The surface roughness of the bulk GaAs substrate, sputtered Au layer 
on GaAs, and Au layer deposited by pulsed electrochemical deposition on GaAs 
was determined to be 4 nm, 34 nm, and 65 nm, respectively. By reducing the pulse 
duration from 300 µs to 100 µs, it was demonstrated that the surface roughness of 
the Au film could be controlled, decreasing from 65 nm to 30 nm. Furthermore, 
during the anodization process of the GaAs substrate thought the Au film deposited 
by pulse electrochemical deposition, detachment of the gold membrane at an 
optimized anodization voltage was demonstrated. The ability to control the 
roughness of the Au films is significant for optimization of the materials 
performance in electronic and optoelectronic devices.  

 
 
Figure 1. 3D AFM topology image of (a) bulk GaAs substrate; Au film deposited 

on bulk GaAs by sputtering (b) and (c) pulsed electrochemical deposition 
technique  
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In this work, an optimized remote temperature control and monitoring system is 
proposed and developed for thermal treatment process. Particularly, Zn foils were 
used in experiments in order to fabricate ZnO nanostructures. Zinc oxide is an 
important material with multiple applications that can be synthesized through 
various methods, including thermal treatment [1], electrochemical etching [2,3], 
etc. To perform the thermal treatment, a control circuit was developed based on the 
ESP32 microcontroller presented in Fig. 1a. This setup ensures galvanic isolation 
using an optotriac and optotransistor to control the 220V signal via the BT138 
triac. The software solutions are implemented with FreeRTOS, allowing the 
creation of a graph that tracks the temperature inside the reactor, the time elapsed 
since the target temperature was reached, and the option to set the desired duration 
(Fig. 1b). After the thermal treatment, the zinc foils were analyzed using SEM (Fig 
1c), EDX, and XRD techniques.  

       
(a)              (b)    (c) 

Figure 1. (a) Real photo of the elaborated device; (b) Web interface; (c) SEM 
image of the obtained ZnO nanostructures after annealing process of Zn foil. 
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The goal of this work is to develop a cost-effective, highly selective, and 

sensitive non-enzymatic glucose sensor utilizing zinc oxide (ZnO) nanowire arrays 
for biomedical applications. ZnO nanostructures have attracted significant attention 
due to their excellent chemical stability, biocompatibility, and unique 
electrochemical properties. This work explores the glucose sensing performance of 
ZnO nanowires grown on different substrates, such as Zn-based seed layer and 
gold-covered seed layer, with a detailed analysis of their electrochemical behavior 
via Electrochemical Impedance Spectroscopy (EIS). The investigation focuses on 
understanding how nanowire morphology, determined by substrate properties and 
growth conditions, impacts their electrochemical performance, building upon 
previous studies in related porous semiconductor compounds [1,2]. 

Distinct impedance shifts were observed with each 100 µM increment in 
glucose concentration, reaching a maximum tested concentration of 500 µM. The 
Nyquist and Bode plots demonstrated a relationship between glucose concentration 
and the sensor’s electrochemical response, indicating high sensitivity and 
repeatability of the ZnO nanowire-based sensor.  
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This study investigates the effects of thermal treatment (TT) in air [1] on the 
morphology and chemical composition of copper oxide (CuO) films using 
scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy 
(EDX) [2]. The results demonstrate that the temperature of TT significantly 
influences the formation of CuO structures. Nanowires were predominantly 
obtained at temperatures up to 500 °C. However, as the temperature increased, 
mixed structures of nanowires and CuO layers were formed. A drastic reduction in 
the number of CuO nanowires was observed at 800 °C. Chemical composition 
analysis confirmed the formation of CuO. Furthermore, the influence of a gold 
layer deposited on the copper film prior to thermal treatment was also investigated. 

 
Figure 1. (a) Photo of the copper film before and after thermal treatment indicating 

the formation of CuO. SEM images of Cu films after thermal treatment at 
temperature of 500 °C (b) and 800 °C (c). 

Additionally, it was demonstrated that the obtained CuO films can be detached 
from the copper substrate through rapid cooling. In contrast, at slow cooling 
maintaining the sample in the oven until reaching 150 °C before removal, results in 
the formation of a CuO layer on the copper substrate. 
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We present theoretical evaluations of a metal-dielectric metasurface 

nanoantenna designed for operation within the 2-6 THz range. This innovative 

metasurface exhibits high sensitivity to external electromagnetic fields and offers a 

broad dynamic range for reflection and absorption. By utilizing input polarization, 

the metasurface can be selectively addressed, enabling a wide array of terahertz 

applications, including dichroic filters, tunable switches, and absorbers. 
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Metasurfaces are engineered materials designed to control electromagnetic 
waves, finding applications in areas like wireless communications, imaging, and 
sensing. Traditional simulation methods to compute the electromagnetic response of 
metasurfaces are computationally expensive, especially as metasurface patterns, such 
as PLG (Polygonal) geometries and PLR (Polygonal Ring) [1] patterns with 
concentric polygons, become more intricate. By developing predictive models, we 
aim to learn how the structural geometry of these patterns influences their spectral 
response, offering a faster and more efficient alternative to simulations. This 
approach facilitates rapid design and optimization of metasurfaces, enabling real-
time predictions and adjustments, which are crucial for advancing metasurface 
applications in cutting-edge technologies. 

In this work, we introduce a Convolutional Neural Network (CNN) [2] model, 
enhanced with residual connections and Fourier transformations, to predict the 
reflection spectra of metasurfaces. Our CNN architecture is designed to capture 
spatial features from complex metasurface patterns, while residual connections 
mitigate vanishing gradients, promoting stability and convergence across layers. 
We chose to train the model in the frequency domain, leveraging the Fourier 
transformation to preprocess the data. This approach allows the model to focus on 
frequency-dependent characteristics intrinsic to the electromagnetic response of 
metasurfaces, such as resonance patterns, which are challenging to interpret in the 
time domain. By working directly with frequency components, the model can more 
effectively capture the nuances of spectral behavior that define a metasurface’s 
interaction with electromagnetic waves. 
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For the past decade, perovskite solar cells have been one of the main research 
niches in the field of photovoltaic technology. Their simple and cost-effective 
fabrication technology, put together with their record-breaking power-conversion 
efficiencies, makes them an ideal candidate for wide-spread solar energy 
harvesting. However, several crucial drawbacks, such as chemical instability and 
high sensitivity to humidity, have hindered their mass-production and their 
introduction in the energy industry. Also, their performance as solar energy 
converters are dependent on their structural thickness. For thicker active layers, the 
power-conversion efficiency will increase, but the device will become brittle and 
more susceptible to damage. However, with thinner active layers, the device will 
be more flexible, but the power-conversion efficiency will decrease. Therefore, a 
balance must be struck to optimize both power-conversion efficiency and 
mechanical flexibility of the device.     
This work is a theoretical study of several perovskite solar cell architectures, with a 
focus on finding a direct relationship between their power conversion efficiency 
and the active layer thickness. The study also looks at the effect that the thickness 
has on the cell’s device parameters, such as short-circuit current, open-circuit 
voltage, series and shunt resistance.  
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This investigation presents a comprehensive study focused on understanding 
and optimizing the behavior of a photovoltaic (PV) generator. The study explores 
MPPT algorithm optimization of the PV generator, including a deep analysis of the 
shading effect for the illuminated area of the PV system, in order to assess its 
response to rapidly changing weather conditions, specifically variations in solar 
irradiance and temperature. The study presents various techniques for Maximum 
Power Point Tracking (MPPT) and analyzes their capabilities and performance 
metrics. The research methodology involves a combination of simulated and 
experimental data to understand how PV panels behave under different shading 
conditions. Furthermore, the study proposes an optimized configuration and 
advanced MPPT algorithms to enhance system performance in the presence of 
partial shading. The findings and strategies outlined in this study could be adapted 
and applied to various types of PV modules. 

 

 
Figure 1. Behavior of the PV generator under shading effect 
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Magnesium fluoride is a material with a high transparency in a large energy 
spectrum from UV to IR consequently has numerous applications (filters, mirrors 
lenses, light polarizers, etc.). The rutile-type structure of MgF2 bulk crystal doped 
with divalent nickel (3d8 electronic configuration) has new properties with 
different technological applications like quantum electronics, optical thermometry, 
bioimaging et al. Due to its technical significance, several authors have studied the 
mechanical, optical and spectral properties of Ni2+:MgF2 system. The aim of this 
paper is to present some new theoretical results regarding characterizations of 
structural and electronic properties of investigated system, stemming from density 
functional theory (DFT), using localized Gaussian-type basis sets [1]. We 
combined this method with multireference ab initio ones via the complete active 
space self-consistent field (CASSCF) and n-electron valence second order 
perturbation theory (NEVPT2) using Orca software [2]. The one-particle and many 
particle energy levels, d-d transitions and magnetic sublevels have been done. 
From the ab initio ligand field theory (AILFT) protocol [3], the B and C Racah 
parameters, the spin-orbit coupling constant and the ligand field parameters of the 
angular overlap model (AOM) were accurately extracted [4]. The spin Hamiltonian 
parameters (SHPs), which characterize the magnetic properties of the doped 
crystal, including gyromagnetic factors and axial zero-field splitting have been 
reported. Additionally, we have extended the AILFT protocol, incorporating the 2p 
shell electrons in our calculations, all with subsequent comparison with 
experimental data or existing theoretical results in the literature. The calculations 
proposed in this paper could be a predictive formalism for further characterizations 
of other optical materials.   
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With the discovering of graphene [1], interest in obtaining 2D materials 

based on various semiconductors has increased. The gained interest appears to 
various layered semiconductor materials such as SnSe, SnS, SnS2, SnSe2, GaS and 
GaSe. Among these materials, gallium selenide has the weakest Van der Waals 
bonds, which allows obtaining layers of nanoscale sizes. In addition, this material 
has pronounced nonlinear properties and can be used in terahertz region. In gallium 
selenide single crystals, 4 excitonic series and photoluminescence are observed [2]. 

The main objective of the work was to obtain nano-sheets of various sizes 
and study the effect of their sizes on the morphology and luminescent properties. 
Nano-sheets were obtained by exfoliation of a thin GaSe layer from the bulk 
material using adhesive tape. Then the tape was dissolved in acetone, and the 
resulting layers were broken up by ultrasound. Another method involved 
mechanical exfoliation followed by fracturing of the layer using ultrasound in 
water, thereby avoiding the influence of acetone and adhesive residue from the 
tape on the investigation. Size separation of the obtained GaSe nanostructures was 
achieved through centrifugation. Photoluminescence (PL) spectra of the resulting 
nanoparticle solutions were excited using lasers with wavelengths of 325 nm, 450 
nm, and 532 nm, and recorded by a high-aperture MDR-2 spectrometer. 

A solution of nanosheets of varying sizes in water and acetone was prepared. 
In the PL of a GaSe single crystal, a narrow line of about 2 eV is observed, 
associated with band-to-band transitions or possibly with free excitons. In the 
GaSe nanosheets, the same line is observed, but shifted toward higher energies. 
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Rare-earth doped fluorite crystals are recognized for their very good optical properties, 
making them integral to the development of solid-state lasers, amplifiers, and quantum 
memory devices. Among these materials, CaF2 crystals doped with TmF3 stand out due to 
their excellent spectroscopic characteristics. The distribution of dopants within these crystals 
plays a significant role in their luminescence properties, making the determination of the 
segregation coefficient for laser-active centers in the host material essential [1]. 

This study investigates the distribution of Tm3+ and Tm2+ ions in TmF3-doped CaF2 
crystals and determines the segregation coefficient using optical absorption methods. 
 The crystals were grown in the Crystal Growth Laboratory using the vertical 
Bridgman method. crushed CaF2 optical UV-VIS windows (Crystran Ltd., UK) and supra-
pure grade TmF3 (Merck) were used as raw materials. Transparent, colorless crystals, 10 mm 
in diameter and 5-6 cm in length, were obtained in graphite crucibles under vacuum (~10⁻³ 
Torr) using a shaped graphite furnace [2]. These crystals exhibited no visible inclusions or 
cracks, and the segregation coefficient values indicated that they were of high quality, suitable 
for laser applications. 
 The segregation coefficients of Thulium ions (Tm3+ and Tm2+) were determined for 
crystals with different TmF3 concentrations. For Tm3+ ions, the characteristic segregation 
coefficients were close to unity, indicating a homogeneous distribution within the crystals. In 
contrast, for Tm2+ ions, the segregation coefficient for CaF2:1 mol% TmF3 crystals was 1.03, 
suggesting a slightly higher dopant concentration at the crystal’s start. However, for CaF2:5 
mol% TmF3 crystals, the segregation coefficient was less than one, showing that these 
impurities tended to accumulate towards the crystal’s end [3]. 
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The organometallic complexes have gained a significant interest due to their 
interesting photoluminescent properties, in terms of optical and sensing 
applications. For development of organic light emitting diodes (OLEDs), various 
systems based on Ir(III) or Pt(II) complexes were studied. An interesting 
alternative that can be taken into account is represented by cyclopalladated 
compounds that display remarkable photophysical properties due to the strong 
ligand field imposed by the cyclometalated organic ligands. Especially, hybrid 
materials based on luminescent liquid crystals were investigated, as they exhibit 
photoluminescence and anisotropy properties leading to linearly or circularly 
polarized emission. Therefore, our interest consisted in preparing luminescent 
mixtures containing a liquid crystal, a Pd(II) complex and a chiral dopant. First of 
all, the double cyclopalladated compounds based on Schiff base derivatives and N-
benzoylthiourea (BTU) ligands were obtained and characterized [1]. Then, the 
selected Pd(II) complexes were used to prepare different liquid crystals mixtures 
(the concentration of each component was varied until the best composition was 
reached). Regarding the desired properties, the most promising mixtures (E7 doped 
with Pd(II) complexes and chiral dopants) were incorporated into a polymeric 
matrix through the emulsification solvent diffusion method (ESD)[2]. These hybrid 
materials were investigated concerning their luminescence and polarized emission 
properties at room temperature (Figure 1).  

 
Figure 1. Picture of Pd(II) complex upon UV irradiation (a); Optical micrographs 
of the nematic schlieren textures of E7 with 4% Pd(II) complex in polarized and 

UV light (b,c). 
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Metallomesogens - liquid crystals incorporating metal ions - with luminescent 
properties present a great interest for their promising applications in the 
electrooptical devices. Emissive properties were reported for a series of 
metallomesogens based on palladium(II) complexes, having the metal ion in a 
cyclometallated surrounding. By judicious design, new palladium (II) complexes 
with high quantum yields and luminescence lifetimes can be obtained [1,2]. 
The design and development of new luminescent metallogels formed by 
cyclometalated palladium(II) complexes in protic solvents were investigated by a 
combination of differential scanning calorimetry (DSC), polarized optical 
microscopy (POM) and rheology. Cyclometalated palladium(II) complexes based 
on imine ligand and ancillary benzoylthiourea (BTU) ligand show red emission in 
solid and gel state. The formation of a lyotropic liquid crystal phase was observed 
for complex bearing shorter alkyl groups on BTU ligand. Dynamic rheology 
measurements (frequency sweep in the 5 - 90oC range) on the 1-decanol solution of 
palladium(II) complexes highlighted their ability of supramolecular self-
association to generate 3D networks and gel-formation as a final result. 
 

                                   
 
Figure 1. Structure and lyotropic liquid crystal phase of palladium compound (5% 

gel) in normal polarized light and by irradiation with UV light. 
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The synthesis of liquid crystals, which have unique properties because of their 
supramolecular responsive structure, has found use in a variety of technologies. 
The most well-known of these include light modulators, lasers, erasable optical 
disks, electronic slides, flat panel electronic displays, optical imaging and 
recording, and more [1]. An intriguing platform for creating sensors or 
thermoresponsive surfaces was discovered in the phase transition of liquid crystals. 
Although the synthesis and characterization techniques of liquid crystals are 
extensively documented in the literature [2], leather surface finishing is hardly ever 
applied. The objective of the presentation is to produce leather surfaces with 
thermochromic response for future applications in flexible and wearable sensors as 
well as for a variety of aesthetic impacts. 
The dispersion according to the invention is prepared by mixing 0.5 g of 
cholesteric liquid crystals with 0.05 g of NOA65 photopolymer dissolved in 5 mL 
of dichloromethane, when a homogeneous mixture is obtained that is dosed over 
20 mL of PVA 3% under magnetically stirring, at 400 RPM, and irradiated with 
UV light at a wavelength of 365 nm for 20 minutes, then add 20 ml of 3% PVA 
and increase the magnetic stirring speed to 1000 RPM, under UV light, when a 
homogeneous, thermochromic dispersion is obtained (Figure 1), which after 20 
minutes is deposited by scraping on various surfaces, which is then dried at room 
temperature, when a glossy, flexible, thermochromic film is formed.  

 
Figure 1.  

References:  
[1]. CHOUDHURY P. K., IBRAHIM A.-B. M.A, INTRODUCTORY CHAPTER: LIQUID 
CRYSTALS AND APPLICATIONS, 2022 
[2]. RABBI A. R., FAYSAL J.A.PREPARATION, CHARACTERIZATION AND 
APPLICATIONS OF LIQUID CRYSTALS: A REVIEW IOSR JOURNAL OF APPLIED 
CHEMISTRY, E-ISSN: 2278-5736., 2020, 13, 12 , PP 43-54 
 
*) Author for Correspondence:  



International Colloquium "Physics of Materials" – PM 8, November 14-15, Bucharest, Romania 
 

 
 
 
 
 
 

5. Materials science 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

P.19. Enhanced Spin Asymmetry in SrTiO3 (011) and 
SrTiO3 (001): Insights from Spin-Resolved Photoelectron 

Spectroscopy 
 

L.E. Borcan1,2,*, D.G. Popescu1, A.C. Iancu1,2, C.M. Teodorescu1, M.A. Husanu1,* 

 
1 National Institute of Materials Physics, Atomiștilor 405A, 077125 Măgurele, Ilfov, 

Romania 
2 University of Bucharest, Faculty of Physics, Atomiștilor 405, 077125 Măgurele, Ilfov, 

Romania 
*Email: larisa.borcan@infim.ro, ahusanu@infim.ro 

 
 
 
 
 
This study investigates the spin asymmetry of atomically clean SrTiO3 (001) and 
SrTiO3(011) using low energy electron diffraction (LEED), core level X-ray 
photoelectron spectroscopy (XPS), and spin-resolved photoelectron spectroscopy. 
The SrTiO3(011) sample exhibit a significantly higher spin asymmetry—
approximately four times greater than that observed in SrTiO3 (001) - partial 
neutralization of O2 (4‒) or SrTiO(4+) end layers. Missing electrons from O 2p 
states in the case of O2 terminations (or additional electrons on Ti 3d states in the 
case of SrTiO terminations) enable robust atomic spins. The parallel analysis of 
core level shifts for surface atoms and amplitude of spin asymmetry suggests that 
50% of the oxygens from the surface SrO layer of SrTiO3(001) have a 2p5 
configuration with an unpaired electron (the rest are in 2p6 configuration), while in 
the case of O2 terminated SrTiO3(011) about 50% of surface oxygens have a 2p5 
configuration and 50% of surface oxygens are neutral (2p4), yielding a net charge 
per O2 surface unit cell of (–1) instead of (–4). The magnetization seems to be 
oriented along the rows formed by the (4 × 1) reconstruction, in the  in-plane 
direction.  
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This study investigates the reversible adsorption and desorption of carbon 
monoxide (CO) on BaO-terminated BaTiO3(001) surfaces using photoelectron 
spectroscopy. CO is adsorbed in non-dissociated form, with adsorption geometry 
varying according to temperature. Below room temperature, CO adsorbs atop 
surface barium atoms, while at room temperature, it adsorbs atop surface oxygen, 
and at high temperatures, CO forms a "hollow" site adsorption involving 
coordination with three oxygen atoms. The adsorption rate increases by 30% at 
lower temperatures, with approximately one CO molecule adsorbed per 10 surface 
unit cells. CO is completely desorbed when the substrate is heated above the Curie 
temperature, indicating the pivotal role of ferroelectric polarization in the 
adsorption process. The BaTiO3(001) surface remains stable through repeated CO 
adsorption and desorption cycles, suggesting its potential for applications in 
controlled CO removal. The study also suggests that the interaction of CO with 
BaTiO3 enhances surface polarization, as evidenced by an increase in surface band 
bending. Theoretical investigations are encouraged to further explore the 
adsorption mechanisms and potential applications for CO sequestration and other 
gases. 
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Introduction: Photocatalytic oxidation of organic matter conducted by sunlight is of 
great importance in several respects: (i) it involves low costs, (ii) it is able to clean 
water and air [1], and (iii) is an alternative route relative to selective synthesis of high 
value-added oxygenated products [2]. 
Materials and methods: Materials used: ethanol, TiO2 and Pt/TiO2 powders (obtained 
by sol-gel method). The reaction products of gas phase oxidation processes were 
analyzed by gas phase chromatography (GC-TCD and GC-FID). 
Results: Both support and noble metals play an important role in light absorption, 
charge separation and the formation of carbon dioxide which are analyzed for light-
induced oxidation of ethanol on the noble metal (Pt) loaded with TiO2. The presence of 
platinum nanoparticles on TiO2 can mainly trigger the red shift of light absorption edge 
and separation of the photo generated charges. 

 
Figure 1. Solar light-driven ethanol oxidative conversion 

Conclusions: This study reveals the light-initiated photooxidative pathways for an 
organic substrate over TiO2 charged with noble metal. The analysis of the complex 
phenomena associated with the photocatalytic reactions focuses on the formation of 
carbon dioxide, the separation of the light generated charges by platinum adition, as 
well as on the oxidative conversion reaction mechanism of ethanol. 
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The theme revolves around the study of the morphology and dynamics of the 
plasma plume resulting from the deposition of composite material with a nickel 
alloy metal matrix IN718 (INCONEL) and a dispersed phase in form of TiC 
(titanium carbide) particles in specific composition/mixing ratios, using the Laser 
Melting Deposition (LMD) technique. This research aims to examine the 
relationship between the irradiated area and the resulting plasma to early detect 
formations of particles cluster and to monitor the plasma's evolution in real-time 
for characterizing the homogeneity of composite materials fabricated using the 
LMD technique. Thus, through the direct monitoring described, using a high-speed 
imaging camera, there is potential to develop a real-time quality characterization 
method for the deposited materials, based on plasma plume variation image 
analysis. This approach would allow for identification of clusters of unmelted 
titanium carbide particles within the sample volume, which could lead to a 
decrease in mechanical strength, and facilitate the production of composite 
material parts with a homogeneously spread reinforcing phase [1].  
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The removal of dyes from wastewater through adsorption has gained significant 
research interest in recent years. This is due to the recognition of hydrogel-based 
adsorbents as promising tools for dye removal, as they are easy to use and cost-
effective [1].  
The objective of the present study was to design and develop a super adsorbent 
hydrogel based on acrylamide monomer for effectively removing dyes such as 
eosin (Y) from polluted water sources. Acrylamide was selected as the monomer 
due to its structural properties. As it contains both a polar amide group and a 
carbon-carbon double bond, acrylamide can strongly interact with polluting dyes 
through electrostatic and Van der Waals forces, facilitating adsorption.  
The acrylamide-based hydrogels were synthesized using a simple and scalable 
radical polymerization method. A photoinitiator was used to trigger polymer chain 
growth, while a crosslinker allowed a treelike, three-dimensional network structure 
to form within the hydrogel. This porous network structure is beneficial for 
adsorption, providing a large surface area for dye molecules to interact with [2]. 
Testing showed the super adsorbent hydrogels exhibited exceptionally high 
adsorption capacity for eosin (Y) with over 98% elimination efficiency. Adsorption 
isotherm models provide important insights into the adsorption process between 
adsorbents and adsorbates. By fitting experimental data to models like Langmuir, 
Freundlich and Temkin, parameters can be derived to characterize the maximum 
adsorption capacity and surface properties. This helps understand adsorption 
behavior and optimize adsorbent design for efficient pollutant removal from 
wastewater in various applications [3].  
In summary, this study developed a novel super adsorbent hydrogel for highly 
effective dye removal from wastewater. The acrylamide-based material 
demonstrated great potential through its low-cost synthesis and very high 
adsorption performance, showing promise for scaling up water purification 



 
 

applications. Further optimization has the potential to improve adsorption capacity 
and kinetics even more. 

 
Figure 1:  Variation in the concentration of eosin adsorbed as a function of time. 
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In this paper we consider a pulsatory liposome. An large unilamellar liposome 
(lipid vesicle) filled with aqueous solution of osmotic solute is introduced in an 
aqueous medium of large dimensions. Due to the osmosis process the liposome 
swells to a critical size, when a transbilayer pore suddenly appears. Through this 
pore a part of the internal solution leaks and the liposome relaxes and returns to its 
initial size. The swelling starts again and the liposome begins a new cycle and so 
on. The operation of the pulsatory liposome is a dynamic and cyclic process. It can 
be considered as a biophysical engine. For each cycle, the swelling of the liposome 
is described by a differential equation and its relaxing is described by three 
differential equations [1–5]. This system of differential equations can be integrated 
using numerical methods In this paper we deal with the mathematical modeling 
both by analytical and statistical regression methods for the swelling stage of the 
pulsatory liposome. The osmotic solvate can be a pharmacological substance. At 
each cycle, a quantity of pharmacological substance is released. So, the pulsatory 
liposome can release substances with a medical effect in a controlled manner to 
diseased sites.  
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Black carbon (BC), commonly known as soot, is a critical component of 
atmospheric pollution and significantly influences Earth’s climate system [1]. 
Formed through the incomplete combustion of fossil fuels and biomass, BC 
contributes to positive climate forcing [2] and poses considerable health risks [3]. 
This study utilizes the AE33 aethalometer, which employs an advanced multi-
wavelength absorption technique to measure BC concentrations. The aethalometer 
works by directing  light beams through a filter where aerosol particles accumulate, 
causing a decrease in transmitted light intensity. By measuring this attenuation at 
multiple wavelengths, the instrument can estimate the mass concentration of BC. A 
key feature of the AE33 is its dual spot technology, which enables simultaneous 
measurements of light absorption at two distinct points on the filter. In this 
research, the built-in source apportionment model developed in [4] is applied to 
separate BC emissions from traffic and biomass burning sources. Measurements 
were conducted at a peri-urban ACTRIS National Facility located in Măgurele, 
Romania (44.344°N, 26.012°E, 77 m a.s.l.). The dataset consists of approximately 
a decade of continuous monitoring, from 2014 to 2024. 

 
Figure 1. BC concentrations timeseries, monthly and hourly means 
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Nanostructured and biocompatible materials play a pivotal role in medical applications due 
to their unique properties such as large surface area, high surface energy, spatial 
confinement, and not harmful to the human body. When fabricated from conductive 
materials, these can stimulate cell proliferation, differentiation and tissue functionalities by 
promoting the transmission of natural bioelectric signals or electrical stimulation to cells 
and tissues that are electrically isolated. Considering these properties, one of the 
biomedical applications of conductive nanostructured materials address to neuronal cells, 
mainly due to the complexity of the nervous system and inefficiency of conventional repair 
methods. 
Our study tries to support this kind of applications through the development and fabrication 
of novel conductive and biocompatible nanostructures materials to be further used in 
application involving neuronal cells. Thus, several conductive solid and flexible surfaces 
were fabricated using different types of glass, an electrospun polymeric nanofibers-based 
mesh and magnetron sputtering method for gold deposition. Scanning electron microscopy 
and X ray diffraction techniques were employed for a selection of conductive 
nanostructured materials to be used in further studies on living cells. To increase the 
biocompatibility and cell adhesion of cells at the selected samples, their surfaces were 
modified with different high ordered structural biomolecules such as poly-Lysine, collagen 
or amyloid peptides. Using the fibroblast L929 and the neuroblastoma SH-SY5Y lines as 
cellular model, the MTS assay, fluorescence and scanning electron microscopy 
investigations it was demonstrated that the new developed nanostructured surfaces are 
favorite candidates to be integrated in complex devices for cellular electrostimulation. 
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Abstract 

A drug delivery system using folic acid-rutin-conjugated human serum albumin 
nanoparticles (HSA-FA-Ru NPs) were developed to target and destabilize HT-29 
adenocarcinoma cells through the delivery of rutin, a chemotherapeutic drug. 
Unconjugated human serum albumin nanoparticles (HSA NPs) and the L929 
fibroblast cell line were used as controls. The NPs were synthesized using an 
optimized desolvation method and characterized by Atomic Force (AFM) and 
Scanning Electron Microscopy (SEM). The analysis showed that the NPs were 
spherical, uniformly distributed, and had diameters below 100 nm. Time stability 
studies, using UV-Vis spectroscopy, revealed that the NPs maintained 68% 
stability for over 30 days. The effects of the NPs on the cell lines were assessed 
using an in vitro MTS viability assay. Results showed that, after 24 hours of 
incubation, the viability of HT-29 cells decreased significantly compared to L929 
cells. Fluorescence microscopy revealed that while the nucleus and cytoskeleton of 
both cell lines remained intact after 24 hours of exposure to HSA NPs and HSA-
FA-Ru NPs, a notable aggregation of NPs on the surface of HT-29 cells was 
observed, particularly in the presence of HSA-FA-Ru NPs. The selective reduction 
in HT-29 viability suggests that these NPs could serve as a promising alternative to 
conventional colorectal cancer treatments, improving targeting and minimizing 
damage to healthy cells. 
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Recently, there has been an increasing interest in biopolymers to substitute 
petroleum-based plastics in many applications. Among commercially available 
biopolymers, poly(lactic acid) (PLA) is the most promising. Besides being 
environmentally friendly material, PLA is easy-processable and offers good 
mechanical properties. However, PLA suffers from high brittleness, poor 
thermal resistance and slow crystallization kinetics which limit its widespread 
use. The purpose of this work is to improve the properties of PLA by thermal 
annealing and plasticization. PLA was plasticized with polyethylene glycol 
(PEG-400) at a content of 10 wt%. The plasticized and non-plasticized films 
were prepared by the solvent casting method and annealed at various 
temperatures ranging from 80 to 120 °C. The films were analyzed with 
differential scanning calorimetry (DSC) and dynamic mechanical analysis 
(DMA). The results showed that the crystallinity and heat resistance were 
improved by annealing for all samples, but the plasticized films showed higher 
crystallinity. The crystalline structure of PLA was also dependent on the 
annealing temperature and the plasticizer addition. 
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In the context of plastic pollution and human health risks, researches about 
biodegradable packaging have increased in order to eliminate environmental 
hazards. Biopolymers are widely used for this purpose for its interesting properties 
such as biocompatibility, antioxidants, antibacterial activity and thermal stability. 
However they present low characteristics compared to petroleum polymers. Hence 
additives such as essential oils, plants extracts and nanoparticles are added. 
In this work we intended to make biofilms using a polysaccharide as the main 
matrix and silver nanoparticles as antioxidants agents, and examine their 
properties. 
 
Thus silver nanoparticles are obtained using plant extract as a reducing and 
stabilizing agent, the particle size distribution analysis reveal a size of 
78nm,50nm,43nm and 37nm and a zeta potential of -12.8mv,-13.2mv,-14.1mv and 
-20mv respectively for the four samples. The UV-Vis confirms the presence of a 
plasmonic bound around 400nm-500nm. 
In the matter of the fabrication of the biofilms, certain amounts of nanosized 
particles are added to the biopolymer. The FTIR analysis verify the main 
characteristic functions OH, CH, CO, NH, NH2 and COC stretching’s of the films, 
the UV-Vis demonstrate a good UV properties and opacity for the nanocomposites 
compared to the plain polymer, the mechanical tests also reveal an enhanced 
properties. The study of antioxidant activity shows an upgrade for the 
bionanocomposites, these results are very promising for a safer food packaging and 
medicine.     

Keywords: nanoparticles, bionanocomposites, light barrier, antioxidant 
activity, packaging 
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Polymethyl methacrylate (PMMA) is widely used in applications requiring optical 
transparency ; however, its thermal and mechanical limitations restrict its use in 
demanding environments. To address these limitations, layered double hydroxides 
(LDH) can be introduced as reinforcing agents [1-3]. This study examines the 
effect of incorporating modified MgAl-LDH on the structural, optical, and thermal 
properties of PMMA. 

Two PMMA-based composites were prepared by dispersing 3 wt % and 5 wt % of 
modified MgAl layered double hydroxides (LDH) into PMMA matrix via a solvent 
blending technical. The resulting nanocomposites were characterized using various 
analytical techniques, including Fourier transform infrared spectroscopy (FTIR), 
X-ray diffraction (XRD), UV-Visible spectroscopy and thermogravimetric analysis 
(TGA). 

FTIR spectroscopy confirmed the formation of interactions between the PMMA 
and the modified LDH, while XRD analysis indicated the formation of an 
intercalated structure within the PMMA matrix. UV-Visible spectroscopy 
demonstrated that the polymer’s optical transparency was retained, and TGA result 
indicated a modest improvement in the thermal stability of the PMMA-LDH 
nanocomposites compared to neat PMMA. 
 
Key words: PMMA, Modified MgAl-LDH, Optical Transparency, Thermal 
Stability. 
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Abstract 
Polymer and liquid crystal mixtures have numerous applications in optical fields, including 
switchable glazing and display screens [1-3]. Most applications rely on specific electro-optical 
responses that depend on both phase behavior and thermodynamic properties, as well as the 
morphology and dimensions of the liquid crystals. A detailed study of these properties is 
necessary to better understand and enhance performance under practical conditions. 
This work aims to establish theoretical models that can explain experimental phase diagrams 
of mixtures composed of linear and isotropic polymethylphenylsiloxane (PMPS) with 
molecular weights of Mw = 9600 and 70900 g/mol, and a nematic liquid crystal (LC) E7. E7 
exhibits a broad nematic range, from a glass transition temperature (Tg) of 213 K to a nematic-
isotropic transition temperature (TNI) of 334.7 K, with no other transitions in between. A 
combination of the Flory-Huggins theory for isotropic mixing and the Maier-Saupe theory for 
nematic order [4,5] was used to establish these diagrams. Depending on the nature of the 
polymer, its molecular weight, and the nature of the liquid crystal, a variation in the isotropic 
phase region is observed.  
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Figure 1: Phase diagrams of the PMPS9600/E7 (a) and PMPS70900/E7 (b) systems obtained experimentally. 
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