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Preface

The decision to hold the 3rd symposium 'NFA - Nanomaterials: Fundamentals and
Application’in October 2017 was made because the previous two (2015 and 2012) had proved
that there was a real need for giving scientists and engineers a combined forum to discuss the
nanomaterials preparation and analysis of materials and associated problems from their various
points of view. Another reason was that there have been many advances in chemical and
physical analytical technology, vital to the discovery, production and characterization of
materials. A discussion forum could be of great importance to this region of Slovakia.

As with the past two symposia in the series the Slovak Chemical Society again agreed
that the symposium could be held under its aegis. This organization has always supported the
principle of free communication among bona fide scientists, but for the time in many years,
nearly every country in the world allowed their scientists to travel to Slovakia.

The enthusiastic discussions, the constructive arguments and suggestions and the
establishment of friendship ties between delegates from all corners of the globe, were proof
indeed of the success of the meetings and the symposium generally.

This volume of the keynote speakers” papers will serve to remind the delegates of a sound
and much enjoyed symposium. It should also bring to those who could not attend, an indication
of how important the chemical analysis and characterization of nanomaterials has become in
virtually all spheres of life, especially those related to the production and improvement of
materials. The papers provide an excellent overview of the fields of importance in the ever
changing, ever emerging analytical techniques and the areas of application. Now we know how
to do research “on top tip” and use interfacial reaction in nanostructure matter. Scientist
prepared novel graphene electroactive nanofluids as liquid electrodes applied in flow cells.
Very interesting to me creation patterned surfaces (superhydrophobic — superhydrophillic) that
can be used as adhesive patterns for cells..... Anyway, book of abstracts contains next very
interesting presentation: formation of nanointerface with layer by layer assemblies, how to use
nonocomposite film as an antimicrobial surface, how to prepare flexible solar cells; and self-
assembly of emitting bone —shaped colloidal nanocrystals. But | was much more fascinated that
exist chiral plasmonic helicene nanoassemblies.

The organizers are most grateful, not only to SCHS for its unfailing support over the
years, but also to those people, authorities, and organizations that made it possible to hold this
symposium.

I wish all participants pleasant stay in High Tatra and Slovakia, enjoy this meeting to
collect new information form nanoscience!

The symposium was opened and the technical and scientific discussions followed.

Andrej Orinak
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PLENARY LECTURES Plenary lecture |

Research on top of the tip:
Interfaces and reactions in nanostructured matter

Guido Schmitz*, Riiya Duran, Sebastian Eich and Patrick Stender

Institute of Materials Science, University of Stuttgart, Germany
*guido.schmitz@imw.uni-stuttgart.de

Nanostructured materials naturally comprise interfaces in high density, which motivates to investigate
their chemical structure in detail. For the microscopic chemical analysis of interfaces, state-of-the-art atom probe
tomography is performed. This technique delivers chemical maps of single-atom-sensitivity and outstanding
spatial resolution. Due to its direct 3D information, it is especially suited to the investigation of complex
morphologies distinguished by curved and rough interfaces. By recent extension with laser-assisted evaporation
modes, also the investigation of semiconductors, ceramics, and even polymers became possible.

First, the talk introduces the experimental technique of atom probe tomography including its extension
by laser-assisted evaporation modes. The physical principle, example measurements, and their quantitative
interpretation will be discussed. In the second part, recent physical studies focussed on nanoscale mechanisms that
control stability, transport and reaction at interfaces in metal and semiconductor thin film structures will be
presented. What is the natural thickness of interphase boundaries, how does nucleation at reactive interfaces take
place, what are the dominating paths of atomic transport in nanocrystalline matter?

Based on local chemical analysis with single atom sensitivity, it can be shown that (i) the thickness of
interphase boundaries is clearly temperature dependent, that (ii) segregation and transport rate along triple lines in
the grain boundary structure exceeds that of other short circuit paths, that (iii) the nucleation of intermetallic
compounds or silicides is controlled by the concentration gradient at the initial reactive interface.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8
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PLENARY LECTURES Plenary lecture 11

What could be better than graphene for energy storage?

P. Gomez-Romero

Institut Catala de Nanociencia | Nanotecnologia, ICN2 (CSIC-BIST) Campus UAB. 08193
Bellaterra(Barcelona) Spain

* pedro.gomez@icn2.cat

Graphene will be the advanced material of choice for many applications in years to come. Its unique
combination of mechanical, electrical, optical and chemical properties add to its chemical simplicity to spur
potential applications in a wide variety of fields from flexible electronics to biomedicine to energy.

In the field of energy, and in particular for energy storage, graphene is no exception and it has already been
claimed as a champion material for supercapacitors providing large active area for capacitive double-layer storage.
What then could be better than graphene for energy storage?

Hybrid materials offer the opportunity of building synergies thus leading to improved performance over
their individual components.[1] In that way, hybrids based on graphene and a variety of molecular species[2.3] or
extended phases[4] have been used to design materials with enhanced activity. A wise choice of electroactive
species can for instance improve the energy density of graphene-based supercapacitors through hybridization.
Furthermore, in our group we have gone beyond the conventional solid state electrode format and have developed
graphene electroactive nanofluids as liquid electrodes for flow cells. This novel electrode format is also prone to
the development of hybrid materials. In this conference this general hybrid approach, with some emphasis on our
own group results will be presented in relation to graphene-based materials for energy storage and illustrative
examples discussed.
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Figure 1. Reduced graphene oxide modified with polyoxometalates (left) lead to hybrid (faradaic +
capacitive) energy storage as shown on the Cyclic Voltammogram on the right
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Designing Biofunctional Interfaces with Special Wettabilities

Pavel A. Levkin*

Institute of Toxicology and Genetics, Institute of Organic Chemistry,
Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

levkin@Kkit.edu; www.levkingroup.com

Patterns of different surface properties are ubiquitous in nature and serve various important purposes.
Desert beetles exploit superhydrophilic spots on their superhydrophobic back to collect water from the morning
mist in the desert. Hydrophilic spots on a superhydrophobic surface of lichen plants allow them to uptake water,
but also prevent the formation of water layers on the surface that could interfere with the discharge of lichen spores
into the air. Superhydrophobic and omniphobic surfaces possess various unique properties including self-cleaning,
liquid repellent and cell repellent properties. A special type of an omniphobic surface, slippery lubricant-infused
porous surface (SLIPS), shows robust antibiofouling, anti-icing, self-healing and cell repellent properties. On the
other hand, superhydrophilic and oleophilic surfaces usually show strong adhesive properties towards liquids, cells
and particles.

We are interested in creating precise two-dimensional micropatterns of apparently incompatible and
opposite properties such as superhydrophobicity and superhydrophilicity or slippery and adhesive properties. To
create such patterns we develop novel surface coatings with special wettabilities and novel photochemical surface
functionalization strategies. Combining seemingly opposite properties in micropatterns leads to completely new
advanced functionalities non-existent on the original homogeneous interfaces. Thus, we showed that
superhydrophobic-superhydrophilic patterned surfaces could be used to create patterns of cells, arrays of
microdroplets suitable for ultra high-throughput cell screenings, formation of arrays of hydrogel micropads or free-
standing hydrogel particles with defined shapes for 3D cell culture. Defect-free hydrophilic-hydrophobic patterns
can form arrays of microdroplets of low-surface tension organic solvents, arrays of polymer microlenses or patterns
of hydrophobic nanoparticles. Patterned SLIPS could be used to form cell microarrays and arrays of isolated
biofilm colonies for biofilm screenings. We anticipate that micropatterns of superhydrophobic, omniphobic or
other surface properties can lead to novel advanced functional interfaces and can find important applications in
biotechnology, microfabrication, cell biology, sensing and diagnostics.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso
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Current Trends in Nanostructured Materials

Antonios Kelarakis
University of Central Lancashire, School of Physical Sciences and Computing, Preston PR12HE, U.K
akelarakis@uclan.ac.uk

As the early excess of enthusiasm on the promise of nanotechnology gives its place to a mature
understanding about its realistic potential, important applications of nanomaterials are becoming parts of our every
day live. In this presentation we will describe concepts and engineering principles that are central for the
development of functional nanostructured materials.

Well-dispersed polymer nanocomposites, are typically synthesized in the presence of favorable particle-
matrix interactions that greatly depend upon the chemical nature of the nanoparticle surface. The polymer chains
in the vicinity of the nanofiller interphase exhibit restricted mobility that is considered to be associated with a
number of nanoscale effects such as mechanical reinforcement, enhanced barrier properties, ionic conductivity,
fire retardancy, etc. In certain systems, nanoparticles are known to preferentially stabilize one crystaline phase at
the expense of another. For example, incorporation of clay layers, CNT, graphene, etc tend to promote the
evolution of the piezoelectric vita phase of poly(vinylidene fluoride) instead of the common, albeit inert, alpha
phase (1). At the same time the dielectric permittivity of the hybrid systems is substantial higher over a wide
temperature range, while they exhibit significant mechanical enhancements compared to the neat copolymer.

Layer by layer assemblies rely on the successive deposition of opposing charged nanoparticles where strong
electrostatic and hydrophobic interactions allow the build-up of stable coatings that resist detachment even under
harsh conditions. Systematic investigations focus on the incorporation of nanoparticles to ultrathin formulations
to afford mechanical, scratch and crack resistance, protection against corrosion and photodegradation,
antimicrobial and biocatalytic properties, stimuli responsive wetting behavior, improved color retention, self-
cleaning, fire retardancy, antireflection and antifogging performance. For example, deposition of positively
charged silica nanoparticles to negatively charged plasma treated polypropylene reduces the water contact angle
from 71° to virtually zero (2) .

Mesoporous naonocomposite aerogels prepared by ice-templating possess high surface area coupled with

additional functionalities such as catalytic activity, ionic or electronic conductivity and are ideal candidates for
catalysis, energy and biomedical applications (3).

Referrences

1. Kelarakis, A.; Hayrapetyan, S.; Ansari, S.; Fang, J.; Estevez, L.; Giannelis, E.P. Polymer
2010,51,469

2. Fang, J. ; Kelarakis, A.; Estevez, L.; Wang, Y.; Rodriguez, R. ; Giannelis, E. P. Journal of
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3. Estevez, L.; Kelarakis, A.; Gong, Q.; Da’as, E.H.; Giannelis, E.P., Journal of the American
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Conduction band engineering in semiconducting oxides: Fundamentals and applications

L. Kavan*

J. Heyrovsky Institute of Physical Chemistry, v.v.i., Academy of Sciences of the Czech Republic, Dolejskova 3,
CZ-18223 Prague 8, Czech Republic

*kavan@jh-inst.cas.cz

Conduction band position: properties and applications

The electronic band structure of semiconducting oxides, like TiO2 or SnO; is of fundamental implication
for variety of applications in electrochemistry, photoelectrochemistry and photocatalysis [1]. The position of
conduction band (CB) edge controls the reductive photocatalytic reactions (e.g. hydrogen evolution from water or
CO; reduction) [1,2], Li-insertion electrochemistry [1], potential of dye-sensitized solar cell (DSC) [3] and
recombination blocking in perovskite solar cells [4]. However, there is a considerable controversy about the
position of CB in TiO, (anatase, rutile, including the crystals with distinguished facets) [1]. Long-time debate
concerns the fact that the CB edge of rutile (in contrast to anatase) is not sufficiently upshifted compared to the
energy equivalent to the H*/H; reduction potential [5,6]. Though the photoelectrochemical electrolysis of water
was discovered in 1967 (i.e. exactly 50 years ago) many basic questions still remain to be addressed.

Conduction band and flatband potential

A standard electrochemical tool for monitoring of the CB edge position is the flatband potential. It provides
the information about CB position, though accurate measurement and correct interrelation of both quantities is a
complex issue. Flatband potential is usually obtained from Mott-Schottky plots by electrochemical impedance
spectroscopy. Other techniques are: onset of anodic photocurrent of water oxidation or dark H* reduction, cyclic
voltammetric mapping of DOS including the electron trap states and spectroelectrochemical determination of
optical absorbance of CB electrons. The staggered alignment in mixed phases, such as in anatase/rutile, is assumed
to enhance photocatalytic activity of titania, but it is widely disputed whether the conduction band edge of rutile
or that of anatase is higher. Photoelectron spectroscopy (PES) and most DFT simulations support the former, but
the flatband potential measurements provide just opposite results. The controversy can be explained by taking into
account the adsorption of OH~and H* ions from the electrolyte solution on the electrode surface [5,6]. Furthermore,
PES indicates that the CB edge of (001)-anatase is upshifted by 0.1 eV referenced to (101)-anatase in agreement
with the DFT calculation [5,6] and with the electrochemical flatband potentials (upshift of CB by 60 meV) but
there are again some conflicting works claiming the opposite (see Ref. [1] for discussion).

Photoelectrochemical reactions on nanocrystalline anatase

Nanocrystalline anatase terminated by various facets, such as {110}, {101} and {001} exhibits different
activity for photoelectrochemical water splitting [2]. Although the anodic half-reaction of water splitting and
oxygen evolution dominates the overall photo-electrochemical behavior of the photoexcited anatase, simultaneous
reduction under photoelectrochemical conditions is also observed on some anatase faces. The activity of individual
facets in anodic half-reaction of water splitting (oxygen evolution) increases in the order {101} < {110} < {001}.
The increasing oxidation activity tracks the tendency of the surface to generate the OH- radical producing
intermediates (H.O2, ozone) on the trapped hole states. The activity in reduction processes increases in the reverse
order. The reduction activity of the {101} oriented anatase can be attributed to pronounced hydrogen evolution by
a charge transfer of photo-generated electrons. The observed trends agree with DFT based models which confirm
the possibility of a rational design of the photocatalysts. Theoretically constructed volcano plot of the hydrogen
evolution activity pinpoints the {101} face of anatase as the primary site for water reduction, and in-situ
differential electrochemical mass spectroscopy confirms selective formation of H; at this face [2]. In turn,
the water oxidation to O, and H2O is favored on the {110} and {001)} faces, as confirmed by the analysis using
rotating ring/disc electrode (Pt-ring/photoexcited-TiO,-disc) [2].

Copyright © NFA 2017 ISBN: 978-80-8152-530-8
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Electron-specific layers in perovskite photovoltaics

The electron collecting electrodes in perovskite solar cells, with both planar and mesoscopic architectures,
require the development of nanometer-thin blocking layers. They selectively transport electrons from the
photabsorber to the back contact, but at the same time prevent recombination of these electrons with hole
conductor. The latter is either a molecular conductor like spiro-OMeTAD or the perovskite itself. The low-
temperature ALD-grown TiO; and SnO, layers are of particular interest for electron selective contacts in these
solar cells [4]. Amorphous SnO; films are pinhole-free for thicknesses down to 2 nm. Their excellent blocking
behavior allows photoelectrode designs with even thinner electron selective layers; thus minimizing resistance
losses. The compact nature and blocking function of thin SnO- films is not perturbed by annealing at 450 °C, which
is a significant benefit compared to TiO, and other amorphous ALD oxides [4]. Amorphous and crystalline ALD
Sn0; films substantially differ in their flatband (and conduction band) positions. This needs to be taken into
account when considering band alignment engineering in solar devices using these high-quality blocking layers.
The low-temperature ALD-grown SnO- layers are specifically suited for solar cells using mixed-perovskite, such
as (CH3NH3PbBr3)0,15(NHzCH:NHsz|3)o,85 [4]

Metal-like titania thin films

Oxide materials, like TiO; and SnO are traditionally regarded semiconductors. Doping of SnO. by fluorine
provides the well-known quasi-metallic (degenerate semiconductor) material, but little is known about similar
doping-induced metal-like behavior of TiO,. We have recently succeeded in demonstration of this kind of material
[7]. Metal-like electrochemical properties were found for certain Ta-doped, optically transparent thin films of TiO»
(anatase) made by pulsed-laser deposiiton [7]. The quasi-metallic TiO films surprisingly show significant UV-
photocurrent of water oxidation, and rectifying function for redox couples with highly positive electrochemical
potentials [4]. Highly conducting, optically transparent Ta-doped TiO, (anatase) thin films were deposited on
ordinary soda-lime glass substrate. They exhibited quasi-reversible electrochemistry (cyclic voltammograms of
Fe(CN)g** and dimethylviologen redox couples), mimicking the electrochemical activity of F-doped SnO, (FTO).
However, these films are idle for the Ru(bpy)s?* oxidation, which is attributed to a space-charge barrier. Depending
on the applied potential, the films show both the metal-like double-layer charging and the semiconductor-like
chemical capacitance in pure supporting electrolyte solutions. The flatband potentials are ca. 0.2 V positive
compared to values for undoped reference films and/or pristine anatase single-crystal electrode.
Photoelectrochemical activity occurs upon irradiation with UV light at potentials positive to flatband, and scales
inversely with the Ta-content. The Li-insertion ability analogously decreases with the increasing Ta-content which
is attributed to the competition between Ta®" and Li* ions in the anatase lattice. Consistent with the quasi-metallic
nature of these films, the Li-extraction peak in cyclic voltammograms shows no cut at larger potentials.

Acknowledgement
This work was by the Czech National Science Foundation (contract No. 13-07724S).
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The Role of X- and Q-band EPR Spectroscopy in the Characterization of Titania
Nanocrystalline Systems

V. Brezova*, Z. Barbierikova, D. Dvoranova, M. Mazlr

Institute of Physical Chemistry and Chemical Physics, Faculty of Chemical and Food Technology, Slovak
University of Technology in Bratislava, Radlinského 9, SK-812 37 Bratislava, Slovak Republic

*vlasta.brezova@stuba.sk

The investigation of photoinduced reactions on the semiconductor surfaces, i.e. photoelectrochemical,
photocatalytic reactions, demonstrated extraordinary progress over the last decades [1]. Upon the irradiation of
a semiconductor crystal by ultra-band-gap radiation, i.e. with the energy sufficient to excite the semiconductor
valence electrons, the positive charge centers (holes) in the valence band and the negative charge centers
(electrons) in the conduction band are generated, both with the facility to enter the consecutive redox reactions
with compounds present in the system [2]. The important criteria for the choice of a suitable semiconductor
represent the energy band gap (Eng), which corresponds to the semiconductor excitation wavelength, and its
stability upon irradiation [3]. Among the previously-studied prospective photocatalysts, titanium dioxide meets
the criteria for wider industrial applications. Stability, low cost, relatively low toxicity and high photocatalytic
activity predispose TiO; allotropes to the applications in various areas (gas sensors, photocatalysts, solar cells,
etc.) [3]. However TiO; reveal several limitations as a photocatalyst; the recombination of photogenerated holes
and electrons in a nanosecond scale inhibits the desired consecutive reactions of the charge carriers. In addition,
the anatase Eng~ 3.2 eV corresponds to UVA light which rules out the visible light photoexcitation [3]. The
attempts to overcome these limits are concentrated mainly on the preparation of new types of TiO nanostructures,
including titania modified with metal or non-metal elements. The UV- and visible-light activity of metal-modified
TiO, material is significantly dependent on the synthetic route and reflects the character, concentration and
distribution of the dopant, its energy levels within TiO, lattice, as well as the absorption properties of the
photocatalysts [4]. The metal ions embedded in the TiO; lattice generate new energy levels resulting in the visible-
light activity and improved trapping of electrons inhibiting the electron-hole recombination. On the other side
incorporation of metal ions in TiO2 leads to the formation of defects and vacancies acting as detrimental
recombination centers [5]. As shown in the recent studies the modification of titania nanostructures using anionic
doping is a promising method to shift the photoactivity to the visible region [6].

The photoinduced processes on a semiconductor surface are significantly influenced by its crystal structure,
particle size, morphology and porosity. The information on the paramagnetic centers present in the structure of
a nanocrystaline TiO photocatalyst may bring remarkable insight into the issues of the origin of the photocatalytic
activity in the specific structures and may offer an explanation for their increased or decreased activity.

Our contribution illustrates the power of EPR spectroscopy in the characterization of paramagnetic species
existing in TiO, matrix before exposure, as well as those generated upon in situ photoexcitation of pristine or
modified TiO, nanopowders. In order to obtain more detailed information on the paramagnetic centers found in
the studied photocatalysts, EPR experiments in Q-band were also conducted, as the application of higher frequency
(~ 34 GHz), provides enhancement of the sensitivity and resolution of the EPR signals compared to the standard
EPR in X-band (~ 9.5 GHz). The applications of EPR spin trapping technique to detect radical intermediates upon
in situ photoactivation of TiO in water and in different organic solvents will be also discussed [7-10].
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Nanomechanical Testing of Hard Materials
J.Dusza®*
& Institute of Materials Research, Slovak Academy of Sciences, Watsonova 47, Kosice, Slovak Republic
*jdusza@imr.saske.sk

The nano-mechanical characteristics and deformation and damage characteristics of differently oriented
WC grains/crystals in WC — Co, Si3N4 grains/crystals in reaction bonded Si3N4 system and ZrB2 grains/crystals
in ZrB2 polycrystal were investigated. Depth-sensing nano-indentation and scratch tests of grains and micro-
compression tests of micropillars prepared by focused ion beam from oriented facets of grains were studied.
Electron backscatter diffraction (EBSD), atomic force microscopy (AFM) and scanning electron microscopy
(SEM) investigations were performed to determine the grain orientation and to study the surface morphology and
the resulting deformation and damage mechanisms around the indents and in micropillars.

The hardness and scratch resistance of the differently orientated grains showed significant angle
dependence from the basal towards the prismatic directions, Fig. 1 and 3. A strong influence of the grains
orientation on compressive yield stress and rupture stress values was found during the micropillar test, too, Fig. 2.
The active slip systems for individual ceramics have been recognized. The different properties of the basal and

prismatic planes was found to be connected with the different deformation mechanisms — slip and dislocation
activities.

The elastic and deformation characteristics were modeled using different methods.
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Fig. 1 Slip lines in ZrB, grains —a and hardness anisotropy in WC grains — b.
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One of the basic challenges in polymer physics is to unveil how the dynamical features of a polymeric
material are related to its geometry. Originating from the seminal works of Rouse and Zimm, who focused on the
investigation of dilute solutions of linear polymers, the issue of relating the structure of a polymer to its dynamics
is becoming of increased importance due to the continuous advances in polymers synthesis. The fast development
of modern technologies demands very versatile polymeric materials with continuously changing requirements of
the industry. Using modern strategies, such as controlled radical polymerizations, supramolecular polymerizations
or stepwise synthesis, new macromolecules or supramolecules with very complex architectures and tunable
properties have been synthesized.

The present work extends the theoretical studies on relaxation dynamics of polymers with complex
architectures by considering a new multihierarchical polymer network which is built through the replication of the
dual Sierpinski gasket in the form of a regular dendrimer. The choice of dendrimer and of dual Sierpinski gasket
as constituents of the new multihierarchical polymer network is based on the fact that both are already synthesized
experimentally. So that, for a possible future chemical synthesis of the multihierarchical structure the ingredients
exist. Another reason is that we wish to link a structure with loops with a loopless structure in order to see if the
loops of one component may affect the whole dynamical behavior of the multihierarchical structure, especially
when the hydrodynamics interactions are taken into account.

The relaxation dynamics of the multihierarchical structure is investigated in the framework of generalized
Gaussian structure model which represents the extensions of the Rouse and Zimm models, developed for linear
polymer chains, to polymer systems with arbitrary topologies and which highlight both the connectivity of the
molecules under investigation, as well as the influence of hydrodynamic interactions.

In the Rouse model, taking the advantage that the main relaxation patterns depend only on the eigenvalues,
we have developed a method whereby the whole eigenvalue spectrum of the connectivity matrix of the
multihierarchical structure can be determined iteratively. Based on the eigenvalues obtained in the interative
manner we are able to investigate the dynamics of the multihierarchical structure at very large generations,
impossible to attain through numerical diagonalizations.

In the Rouse type-approach, where the interactions are considered only between nearest neighbors
monomers, the general picture that emerges is that the multihierarchical structure preserves the individual
behaviors of its constituents. The intermediate time/frequency domain of the dynamical quantities divides into two
regions, each region showing the typical behavior of a component of the multihierarchical structure.

Remarkably, the multihierarchical structure still holds the original individual relaxation behaviors of its
components even with the hydrodynamic interactions taken into account. Although the dual Sierpinski gasket was
replicated in shape of a dendrimer and in the Zimm type-approach one allows to each monomer to interact with
any other, not only with nearest neighbors, the intermediate domain of the dynamical quantities still splits into two
independent regions, each highlighting the individual dynamics of a constituent component of the multihierarchical
structure. The loops in the multihierarchical structure affects the dynamics in a similar way like they do on the
original dual Sierpinski gasket. Their presence leads to lost of scaling of the dual Sierpinski gasket component in
the Zimm maodel, but they do not affect in such a way to interfere with the dendrimer component and to result a
mixture-like behavior.

Our theoretical findings with respect to the splitting of the intermediate domain of the relaxation quantities
are well supported by experiments performed on associative polymer networks, micelles networks, physical
polymer gels, and supramolecular dendritic polymer networks. The present work is part of a very recent publication

[1].
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Introduction

Endohedral metallofullerenes have attracted much attention due to their unique properties that originate
from the interactions between the fullerene cage and the encapsulated metal atom [1]. Particularly, endohedral
yttrium-fullerenes have been obtained by several research groups [2, 3]. In 1995, Takata and co-workers performed
synchrotron X-ray studies on a powder of Y@Cs to confirm the endohedral nature of EMFs for the first time [3].
However, it is still not clear whether the sample contained a pure Y@Csg, isomer or if it was a mixture of two or
more regioisomers. The major Y@Cs; is confirmed to have Cpy symmetry and X-ray results of its carbene
derivative firmly confirmed the cage connectivity and the metal location [4,5]. Potential applications of endodedral
fullerenes were also predicted on the basis of their peculiar electronic, physical and chemical properties, including
superconductors [5], metallo-fullerene lasers [5] ferroelectric materials [6, 7], nanomemory devices [5] quantum
computers, etc [8].

Methods

The structural and electronic properties of endohedral yttrium-fullerenes were investigated using software
package OpenMX (Open source package for Material eXplorer), designed for nano-scale material simulations
based on density functional theories (DFT) norm-conserving pseudopotentials, and pseudo-atomic localized basis
functions. Simulations of single complex of Y@Csz, structure, consisting of two complexes of Y @Csz, and crystal
of Y@Cs2 (face centered cubic cell with a=11.457_A) [9] were performed. Potential barriers of yttrium transitions
were then calculated using NEB method. To search a minimum energy path (MEP) in geometrical phase space
connecting two stable structures, a nudged elastic band (NEB) method based on is supported in OpenMX. The
Monkhorst-Pack [10] k-point Brillouin sampling was used. The k-point grid contained 1 _ 1 _ 1 points along a, b
and c directions, respectively.

Results and discussion

The first part of this investigation is to find the possible positions of yttrium atom inside the Cs; fullerene
cavity (Cay isomer). So far as this isomer is sufficiently close to the spherical shape, it is not entirely clear that
there can be several positions. From the data on the crystal structure of Y@Cs2 (Fig. 1) [4], it can be seen that
yttrium atom can occupy at least two positions in the Cg, fullerene cavity, namely (top_hex) above the center of
the hexagon and (bond_hex_penta) over the bond between the hexagon and the pentagon.

Figure 1 - Crystal structure of Y@Cs, (Coy isomer). For convenience, there are shown two full fullerene
molecules and two toluene molecules obtained by translation of the unit cell.
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In addition, from our previous work on endohedral complexes Y@Csg, [11] it is known that the yttrium
atom positions inside the fullerene depend on the surroundings of such a molecule and may not coincide with the
crystal structure, dimers and single molecules. Due to this fact, several other possible positions of yttrium atom in
a single Cg2 molecule were modeled, besides those found in the crystal structure. Among them it can be noted the
yttrium atom (bond_hex_hex) is located above the connection between two hexagons (Figure 2); the yttrium atom
(top_c_hex_penta) is located above the carbon atom belonging to both the hexagon and the pentagon, this position
is close to (bond_hex_penta); the yttrium atom (top_c_hex_penta) is located above the carbon atom belonging to
two hexagons, this position is close to (bond_hex_hex). Table 1 shows the geometries and their energies in the
initial stages of optimization and after optimization. From the binding energies calculated by the formula 1 it is
clearly seen that there are two the most energetically favorable positions of yttrium atom, namely bond_hex_hex
and top_hex, only the second of which was found in the crystal structure.

Ebond=Ecomiex - Eful -Ev, (1)

Table 1 - The binding energies for various positions of yttrium inside the Csg, fullerene cavity (C,yisomer)

Name of initial Name of final Binding energy, eV
position Y position Y

bond_hex_penta top_hex -6.368
bond_hex_hex bond_hex_hex -5.796
top_c_hex penta bond_hex_hex -5.170
top_c_hex_hex bond_hex_hex -5.524
top_hex top_hex -6.368
top_penta top_hex -6.361

Figure 2 gives detailed illustrations of the data for the arrangement of the yttrium atom inside the Cs
fullerene molecule. 18

Figure 2 - Positions of the Y atom inside the Cg, cavity (Cyy isomer) : A - bond_hex_hex top view, B -
bond_hex_hex side view, C - top_hex top view, D - top_hex side view. For convenience, there are shown only
the lower parts of fullerenes for A and C, only the rear walls of fullerenes for B and D, respectively.
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Introduction

At present the following factors condition large scale use of polymer compositions in various fields of vital
activity [1]:

e lack of natural materials as a result of dynamic increase of population;

e natural materials don’t meet the required indices;

e possibility of controlling of the structures and properties of polymer compositions due to the
requirements;

e necessity of compensation of human’s increasing demands from quantity and quality points of view.

Analyses and synthesis

Various directions components are added to the content of polymer compositions to control their properties
due to the requirements of treatment and exploitation condition. These components are classified according to the
application direction: stabilizing compositions, antioxidants, plastisizors, blowing agents, fillers, cross-links-
consolidators and vulcanizers, dyes, fire retardants, antistatic agents, anti-microbe agents, biological breakdown
agents and etc[1,2].

The components being added to polymer parent mass and increasing durability to a number of influences
of various exploitation conditions have been studied widely and are applied.

Polymer composition materials obtained from the expedient use of these components serve for
compensating demands of the various fields of human activity in a large scale. But there are also some
disadvantages of the application of these components. Incomplete homogenization of these components in polymer
parent mass, their extraction out of the composition content, and harmful influences on the environment, reduce
of the composition durability to the influences as a result, extraction and etc. are shown as an example.

The abovementioned can cause sharp weakening of polymer compositions indices, sometimes increase of
risks for human activity. For example, in 2016 polymer compositions materials used as coating for some buildings
caused self-ingnition because of sharp decrease of durability to sun beams, heat, increase of risks for humans and
loss of life. It is true, such tragedic events can take place very seldom. But possibility of risks in this field isn’t
excluded, there is probability of material loss, harmful influences for human health and etc. It should be noted that
influences of a number of factors must be considered. For example, use of the items not according to their direct
application and negative influence which can take place are not excluded.

Currently, development of Nanochemistry and Nanothechology, synthesis of nanocomposites the use of
which is expedient as polymer composition component, have opened wide perspectives in front the researchers of
the corresponding field for successful study of the above mentioned. Possibilities to increase the durability of
exploitation condition of polymers to various harmful influences have been created because of the less addition of
high activity nanocomposites to the content. Analyses of the researches carried out in this direction testify
obtaining of polymer compositions with high exploitation indices.

Conclusion and Discussion

While controlling content and properties of new polymer compositions, the component having expedient
use of nanosize compositions as corresponding application can bring to the increase of exploitation indices of
polymer — based nanomaterials and providing of human activity safety. The researches carried out in this direction
can be evaluated from ecological and economic points of view. Researches carried out in the secondary treatment
of LDPE based items which are once in the direction of modification with nanosize biologically active compounds
has scientific — practical significance[3] .
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A new trend in agricultural products preservation consists in the use of active coatings in order to enlarge
the safety margin and reassure high quality products and the incorporation of antimicrobial agents in films. Films
and coatings with antimicrobial properties have innovated the concept of active coatings (packaging), being
developed to reduce, inhibit or stop the growth of microorganisms on agricultural products.

In order to obtain antimicrobial films, starch-PVA and starch/PVA/CNC based films with silver
nanoparticles (AgNPs) have been developed and characterized as to their physical and antimicrobial properties.
The AgNO; salt was incorporated in different stage of the blend formation and in order to obtain the Ag
nanoparticle, the obtained solutions were thermally or UV treated. The cast films obtained were evaluated using
FTIR spectroscopy, SPM - Scanning Force Microscopy and WAXD — Wide Angle X-Ray Diffraction.

The antimicrobial activity of the films was tested at Staphylococcus aureus, Bacillus cereus, Bacillus
subtilis, Escherichia coli, Candida albicans, and Klebsiella. These were compared with the activity of the reference
drugs (chloramphenicol, tetracycline, ofloxacin and nystatin). It has been established that all compounds tested
were very active against both Gram-positive and Gram-negative bacteria and the antimicrobial activity remain
almost the same after 1 year.
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Introduction

Graphene is a two-dimensional graphite, where the carbon atoms condense in a hexagonal (honeycomb)
lattice due to their sp? hybridization creating a non-Bravais lattice. The electrons in graphene behave as relativistic
massless 2D fermions therefore their motion is described by a 2D Dirac-like equation. Thus, the graphene has a
Dirac-like band structure, where the density of states of conduction electrons is proportional to the absolute value
of energy [1]. Many interesting transport properties can be observed in mesoscopic systems [2]. Such a system can
be realized from a quantum dot connected to two metallic electrodes, or graphene contacts. The transport properties
of quantum dots attached to metallic contacts have been studied both theoretically [3, 4, 5] and experimentally [6].
High thermoelectrical efficiency of a single quantum dot connected to graphene electrodes at low temperatures
was theoretically investigated [1]. In quantum dot systems described by Anderson model Kondo effect appears
due to the interactions between a localized spin and the free electrons in a continuum of states [7]. Theoretically,
the Kondo effect in magnetic adatoms on graphene was investigated in Ref. [8]. Experimental measurements for
graphene with defects show high values for the Kondo temperature which provides many applications in the future
[9].

In this work we theoretically study the electrical transport properties of an interacting quantum dot connected
to two graphene contacts. The considered system is described by the standard Anderson Hamiltonian [1, 8, 10, 11]
and the equation of motion method [11] is used for the determination of the dot Green’s function.

Model Hamiltonian and Green’s function
The total Hamiltonian for the system can be written as:

+ke +ke
H = Z J. dk & C;ska CaSkO' +ng0'd;d0' +UnTnl +V Z j dk\/M(C;SkU dO’ + d;Caska)
8,0 -k, c as,0 -k,

M

The first term represents the graphene contacts, where Cqsks™ (Casks) 1S the creation (annihilation) operator
for the Dirac-like electrons with valley index s, momentum k, spin ¢ =1,| and energy ek in the graphene lead o (o
=L(left), R (right)). The energy dispersion of electrons in graphene is linear (A=1): sk= ve-k, where Ve is the
graphene Fermi velocity, k. is the cutoff momentum with the cutoff energy D = ve'k: (D ~ 6 eV). The chemical
potential p.(T) = p, in the lead o is assumed to be constant. The second and third terms describe the quantum dot,
where g4, is the energy level of dot and d,* (d,) denotes the creation (annihilation) operator of electrons in the dot.
U represents the strength of the Coulomb interaction and n,= d,*d, is the particle number operator for the dot. The
last term models the coupling of the quantum dot to the graphene electrodes, where V is the hybridization strength
which characterizes the interaction between free and localized electrons and it is set to be symmetrical (V =Vr=V).
Here, we introduce a dimensionless coupling parameter as n=2(V/ve)?.

We use the equation-of-motion method (EOM) to determine the Green’s function for the dot Gag(w) which
in the case of a general Anderson model leads to an infinite number of higher order correlation functions. In order
to obtain an analytical formula for the Green’s function, the Lacroix approximation [11] is applied to truncate these
correlation functions by decoupling them. The remaining average values of operators are treated non-self-
consistently [4]. These approximations can be used for T > Tk [11], where Tk is the Kondo temperature. Also we
consider the limit of strong Coulomb interaction (U—w0) and expect the non-magnetic solution (q¢; = £q}), i.. <ny>
= <n;> = 1/2. We thus obtain an analytical expression of the Green’s function for the dot:

1-(n.)

Gea () = o—&,, —2,(0) - (o)

@

Copyright © NFA 2017 ISBN: 978-80-8152-530-8

23



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

where the self-energies Xo(w) and X(w) are determined analytically in Ref. [12]. The imaginary part of
Green’s function gives the density of states (DOS): p,(w) = —Im Gyg(w)/n. The DOS is connected to the current
which flows from the leads to the quantum dot.

Results and Discussions

In Fig. 1. a and b, we plotted the density of states both for equilibrium and for nonequilibrium, for different
values of dot energy (€4), temperature and coupling constant (1). At equilibrium (red line) there is one Kondo
peak in the density of states at the chemical potential (u.=pgr). The amplitude of Kondo peak decreases with
increasing temperature and at high temperatures disappears totally. Out of equilibrium (blue line), the two graphene
leads have different chemical potentials which causes that the Kondo peak splits into two suppressed peaks. These
peaks are located at the chemical potentials. Similar phenomena take place in the case of metallic contacts [3, 5].
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Fig. 1. DOS as a function of energy at different temperatures. The used parameters: (a) €4, = -0.35 D, n =
0.25. At equilibrium p =pr = 0.1 D and out of equilibrium p = 0.1 D, ug = 0.05 D. (b) €4, =-0.075 D, n=0.015.

At equilibrium p =pgr =-0.02 D and out of equilibrium p = -0.02 D, pr = -0.03 D. In both figures the red lines 24
indicate the equilibrium cases and the blue lines refer to the nonequilibrium cases.

In Fig. 2. a, we plotted the linear-response conductance as a function of chemical potential at different
temperatures for equilibrium. We can observe that the amplitude of conductance peak increases with decreasing
temperature and its maximum is shifted to the higher values of chemical potential. At low temperatures the shape
of conductance is broadened. Such a conductance peak corresponds to transport through a single level quantum
dot. In experiments, usually, the conductance is measured as a function of gate voltage (Vg) at different
temperatures. In theoretical models, the gate voltage is related to dot energy via V4 ~ —e4, + const. [13]. Fig. 2. b
shows the results obtained for the linear-response conductance as a function of gate voltage at different
temperatures for equilibrium. The conductance has a minimum which can be due to the Lacroix approximation.
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Fig. 2. (a) Conductance as a function of chemical potential at different temperatures for equilibrium. The
dot energy is €4, = -0.075 D and 1 = 0.015. (b) Conductance as a function of energy level of dot at different
temperatures for equilibrium. The chemical potentials are u =pg=0 D and n = 0.015.
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Also, we have calculated the current and the differential conductance as a function of applied bias at finite
temperatures for nonequilibrium. In this case we have chosen an asymmetric bias voltage (eV = p_— pr), which is
also preferred experimentally. Furthermore, we have investigated the current and the differential conductance as a
function of gate voltage at different temperatures out of equilibrium.
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Enerize novel materials and technology is a breakthrough based on the patent pending nanostructured
transparent polymer (NSTP), which is flexible, durable, has high level of adhesion for various materials, provides
high level of hermetic sealing (waterproof) and UV protection, and contains nanostructured clusters with sizes
from 20 to 100 nanometers, and micro-domains from 15 to 120 microns. Such composition of nanostructured
clusters and micro-domains, located in a certain order in the volume of the polymer, results in micro lensing which
increases the concentration of light reaching the semiconductor layer. This novel nanostructured transparent
polymer dramatically improves the performance of PV modules encapsulated with one layer of Enerize
nanostructured transparent polymer as compared with PV modules laminated with glass or encapsulated with
multilayer structure of other polymers.

New design for thin film flexible photovoltaic modules using single layer nanostructured high level
transparency polymer for encapsulation, and protective coating of different type of thin film flexible solar cell,
such CIGS, organic and DSSC modules. This results in increase efficiency, reduce the weight and manufacturing
cost of PV modules. Initial liquid composition of the transparent nanopolymer is applied directly to the PV module
surface, where process of polymerization is proceed. Single layer nanopolymer enable to replace the glass and
other multilayers polymer barrier structures, which are used for encapsulation solar cells.

The crinkle coat surface morphology covering the surface of the solar cell module with the optically
transparent polymer layer ( Figl). Incident light 1; absorbed light 2; reflected light 3 is incident at another point
along the surface of the polymer.(Fig.2)

Fig.1 Nanostructure of the volume Enerize
transparent polymer has a mosaic structure with nanoscale domane

! st Fig. 2 Images of PV modules safes coated with
Enerize transparent polymer

Enerize single film nanostructured transparent polymer materials are coated directly on the surface of solar
cells or modules, and do not need any additional lamination with glass or polymer layers to deliver durable
encapsulation. This allows simplify the process of PV modules production and reduce their cost.

Non- active materials of PV modules account for 15% to 48% of module manufacturing costs. Demand for
new nanostructured transparent polymer technology has average anticipated growth rate of 48% per year.
Significant advancement includes Increasing efficiency by 10% -20%; reducing production costs and weight by
30% compared with traditional methods, and increasing durability of thin film PV modules.
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Key Elements of Enerize Nanostructured Transparent Polymer

+ Enerize’s encapsulating polymer layers contain in the structure the nanostructured clusters and micro-
domains, which play the role of micro lenses, which results in the concentration of light. As a result,
efficiency of PV modules increases.

«+ Initial liquid composition of the transparent polymer material is applied directly to the PV module surface;
Process of polymerization proceed at low temperatures (80*C)

¢ High transparency (including UV area),
¢ Flexibility, which is important for thin film flexible solar cells

« High level of adhesion for various materials, which eliminates the need for the adhesives required with
glass and some other polymers.

< Waterproof, and UV protection.
+ Elimination the multi-layer structure including the reflective surfaces present with glass.

% The transparent polymer can be formed as a flat smooth surface or as a “crinkle coat”, which provides
additional positive effect for increasing the PV modules efficiency

Example of flexible solar cell encapsulated with Enerize nanopolymer, and flexible solid state Li-ion cell for
hybrid system

Fig. 3 Solid state Li-ion cells with LiMn204 Fig. 4 Flexible solar cell
cathode.

The key component of the PV modules is a single layer nanostructure optical polymer enabling solar
modules of all types to be cheaper, lighter and deliver higher efficiency via encapsulation vs. glass or multilayer
polymer coating.

The key components of solid state Li-ion battery: leading-edge cathode, anode based on the composition
of graphite and silicon, and solid high ionic conductive electrolyte
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Tests Enerize PV modules under artificial hurricane conditions: Florida International University

AR
'.'IJID\ l

3) (4)

Fig. 5 PV modules which have been tested.

Independent center for testing PV modules at Florida International University tested Enerize PV modules
based on mono c-Si encapsulated with NSTP. During tests artificial hurricane conditions were modeled using a

special test bench.
During presentation the following results of the testing will be presented
» Short Circuit Current
»  Open Circuit Voltage
» PV Efficiency
» Physical Properties — see below and next slide

-Effect of high temperatures (+75°C).
Duration of test: 1200 hours.
Test results: no variations in solar cell parameters.

- Effect of low temperatures (-40°C)
Duration of test: 1200 hours.
Test results: no variations in solar cell parameters.

- Effect of thermal cycling (from -40°C to +75°C).
Duration of each cycle: 3 hours. Number of cycles: 350.
Test results: no variations in solar cell parameters.

Also the following parameters have been tested:

- Single impact testing (number of impacts: 100).
- Repeated impact testing (in a shipping container).
- Electrical strength of the insulation.
- Effect of relative humidity (85+3)%.
- Effect of ultraviolet radiation.
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Next steps:

Encapsulate with transparent polymer the solar cells based on CIGS, DSSC and organic solar cells. Test

thin film flexible solar cells, encapsulated with transparent nanopolymer. Optimize technology of encapsulation.
Provide samples to potential customers and strategic partners for independent test and evaluation.

Major advantages of PV modules encapsulated with Enerize nanostructured transparent polymer
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Increase efficiency by 10% -20% thus allowing higher electrical output under the same illumination.
Reduce production costs by 30%

Reduce weight by 30% compared with traditional methods

Longer durability of thin film PV modules with Enerize coating

Works with different types of solar cells: monocrystalline, multicrystalline, amorphous silicon
photovoltaics and solar cells based on non-silicon systems such as CIGS.

Effective utilization of shorter wavelength range of the spectrum, including UV, due to the high
transparency of the polymeric coating.

More resistant to degradation by UV and ionizing radiation (so-called photon degradation).

Stability when exposed to high and low temperatures and thermal-cycling, mechanical impact, and high
relative humidity
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Screen-printed electrodes are a suitable alternative to traditional electrodes and show a number of
advantages, in particular with respect to their low price, small size, reproducibility, selectivity, accuracy, and
sensitivity. In this work, we focused on screen-printed carbon electrodes modified silver nanoparticles [1].

The combination of electrochemically deposited metal nanoparticles and screen-printed electrodes allows
the mass production of electrochemical sensors, which have various catalytic effects.

Silver nanoparticles have unique physical, chemical and biological properties compared to their macro-
dimensional bulk electrodes. Exceptional properties of silver nanoparticles including high electrical and thermal
conductivity, surface-enhanced Raman scattering, chemical stability, catalytic activity, and nonlinear optic
behavior enable to these materials potential utilization in microelectronics and biomedical imaging. In addition,
silver nanoparticles show antibacterial activity. Significant optical, electrical and thermal properties of Ag
nanoparticles predict their use as chemical sensors and biosensors or photovoltaic application [2].

We explored various conditions for the preparation of silver nanoparticles from several working
electrolytes. The electrocatalytic activity of modified screen-printed electrodes towards hydrogen evolution
reaction was evaluated by linear sweep voltammetry, chronoamperometry, and electrochemical impedance
spectroscopy. The surface of screen-printed carbon electrodes modified with Ag nanoparticles was characterized
by scanning electron microscopy and the active area of these electrodes was determined by cyclic voltammetry.

In this work, we investigated the most suitable conditions for the preparation of electrode modified with
silver nanoparticles usable for determination of cholesterol, glucose and Raman scattering. The highest
electrocatalytic activity, electrochemical determination of cholesterol and Raman scattering was observed for the
sample where were the silver nanoparticles deposited by potentiostatically method at a constant potential -0,15 V
with a deposition time of 10 min. (Fig.1b). On the other hand, the best results for the determination of glucose
were obtained on the sample modified by silver nanoparticles electrodeposited by two-step method (Fig 1c).

a)
Reference
electrode Counter
electrode
Working
electrode P Substrate

Leads

ST 100Ky X500

UMV SAV

Fig. 1. a) Scheme of unmodified carbon screen-printed electrode [3] b) SEM image of potentiostatically
electrodeposited Ag nanoparticles on screen-printed electrode c) SEM image of Ag nanoparticles
electrodeposited by two-step method on screen-printed electrode
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In our research were prepared metallic nanocavities films (single and hybrid) by colloid lithography
followed by electrochemical deposition of Ni and subsequently Ag layers. Initial Ni nanocavities films is easy to
produce with high homogeneity and as a substrate for deposition of plasmonic layer which consist of Ag
nanoparticles with ~100 nm in diameter. The plasmonic properties were tested depending on polystyrene spheres
diameter (100, 300, 500, 700 and 900 nm), different thickness of Ni layer and depending on the time of Ag
deposition. Maximum SERS signal enhancement was observed with use 500 nm colloidal mask, for other sizes of
colloidal mask was lower enhancement because of to use excitation laser wavelength (532 nm). Similar trend was
observed for testing of dependence for different normalised thickness of Ni layer (0.1 - 0.8) using 500 nm colloidal
mask. The highest enhancement was reached for normalised thickness ~0.5. At lower and higher normalised
thickness were observed weakness interactions with interaction laser. This results were confirmed by FDTD
simulations with similar results for enhancement of electric field near the nanocavities surface. The optimal
condition for electrochemical deposition of Ag was set to 200 s with constant current density at 1.10-3 A.cm.
With this time of deposition, the coverage of Ni nanocavities film by Ag nanoparticles is homogenous with optimal
density of coverage. Finally, at the best surface (500 nm colloidal mask, normalised thickness of Ni ~0.5 and 200
s of Ag deposition) was measured the concentration dependence with Rhodamine 6G with concentration from
1.10° mol.dm-3 to 1.10"*2 mol.dm-3 with R?=0.95 for 770 cm™ and with standard deviation less than 18 %.
Moreover, the time stability was tested with Rhodamine 6G for 13 weeks, where the decrease of Raman signal
was observed after first week to ~50% and then stabilized at approximately constant value during 13 weeks. The
analytical enhancement factor was calculated to 1.078 x 10% [1].

: b )

Fig.1 Ni nanocavities films prepared from colloidal mask with different diameter of PS spheres a)100 nm
b)300 nm ¢)500 nm d)700 nm d)900 nm
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Fig.2 SERS spectra of 1x10¢ Rhodamine 6G on Ni/Ag nanocavities films prepared colloidal mask with
different diameter of PS spheres corresponding to the Fig.1

Acknowledgements

This research has been financially supported by grant VEGA1/0074/17 of the Slovak Scientific Grant Agency,
APVV-16-0029 of the Slovak Research and Development Agency.

References
[1]7 O. Petrus et.al, Applied Surface Science 423 (2017) 322-330

Copyright © NFA 2017 ISBN: 978-80-8152-530-8

32



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

SESSION | Nanomaterials, nanocomposites and nanostructured surfaces

Silver substrates prepared by pulsed deposition for SERS applications in diagnostics

Zuzana Orsagova Kralova®, Andrej Orinak?, Renata Orinakova?®, Ondrej Petrus?, Jozef
Radonak®, Lucia Lakyovéb, Zuzana JuraSekova®

8University of P. J.Safarik in Kosice, Department of physical chemistry, Moyzesova 2, 04001 Kosice, Slovakia
bSurgical Clinic, Faculty of Medicine, P.J. Safarik University and L. Pausteur Faculty Hospital, Trieda
SNP1,Kosice, Slovakia
SUniversity of P. J.Safarik in KoSice Department of biophysics, Jesennd 5, 04001 Kosice, Slovakia

orsagova.kralova@gmail.com

Existing screening techniques such as fecal immunochemical test and colonoscopy are invasive, time
consuming methods. Our work is presenting initial experiments for developing a new diagnostic test for early
detection of colon cancer by SERS analysis of human blood plasma. Our electrochemically prepared silver surfaces
are easily-made, low-cost and rapidly deposited SERS substrates, which can be used for direct diagnostic test in
clinical practice. Silver layers were electrochemically deposited onto ITO glass (>7Q) from solution containing
0.01M AgNO:s. For optimization of the most appropriate morphology of SERS substrate we prepared 16 samples
by pulsed double potentiostatic method (E; = -0,4 V, E>=-0,1 V). We modified number of pulses from 10 to 70
and duration time of pulse E, from 0,5 s to 2 s. Experiments showed that pulsed deposited silver surface with 70
pulses with E;= -0,1V for 0,5s had the highest enhanced factor (2.1x10°) for molecule of Rhodamine 6G. Using
this surface, we were able to detect all main components of human blood plasma. Our aim is to collect significant
amount of samples of plasma from healthy volunteers and patients with colon cancer. Based on the measured
SERS spectra we will be able to find differences between these two observed groups and by principal component
analysis (PCA) we will develop reliable diagnostic test for an early detection of colon cancer.

Fig. 1: SEM images of silver dendrites electrodeposited on ITO glass by pulsed double potentiostatic method.
Density of the surface coverage density is increasing with number of pulses and time of electrodeposition.
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Fig. 2: SERS spectra of Rhodamine 6G of concentration from 1.10-® mol.dm=3 to
1.10"*2 mol.dm3,
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Introduction

Noteworthy mechanical, thermal and electrical properties of carbon nanotubes open a way to a new
generation of high performance nanotube-reinforced polymer coatings and/or bulk composites. Knowledge of the
stiffness of carbon nanotubes represents an important step towards the prospective use of such coatings/composites
in various applications.

Experimental determination of the elastic modulus relies primarily on measurements of the flexural rigidity
of nanotubes. Principles of corresponding procedures more or less resemble those of macroscopic static bending
tests and dynamic resonant method. But as the nano-sized samples are used, experiments are based mainly on the
techniques of high resolution transmission electron microscopy and atomic force microscopy. To process the data,
carbon nanotubes are idealized as continuous elastic tubes.

An interesting result is a trend for higher moduli with smaller tube diameters observed in some experiments
[1,2,3].

A true material modulus of elasticity does not depend on the specimen geometry or the method of testing,
whereas effective flexural moduli of carbon nanotubes do (e.g. [2,3]).

The dependence of effective flexural modulus on cross sectional dimensions is quite usual for an
inhomogeneous tube. But the carbon nanotubes are apparently homogeneous ones.

Here, a model is proposed that combines the properties of both homogeneous and heterogeneous rods in
one sample. Namely, a homogeneous continuous tube made of a material with different moduli in tension and
compression is considered. When such a tube is bent, it behaves like a “composite beam” consisting of two
different materials: one represented by a stretched part of the tube, the other by its compressed part. As a
consequence, the dependence of the effective flexural modulus on the inner radius-to-outer radius ratio appears
for a homogeneous tube.

Theoretical background and results

Mechanical behaviour of rods made of material with different modulus in tension, E;, and modulus in
compression, Ec. was theoretically studied in papers [4,5,6]. Knowledge of flexural rigidity from [5] is utilized
here.

Flexural rigidity, B, is an important integral quantity that characterizes the resistance of the rod against
bending. The value of B is obtained experimentally. The ratio B/I, where | is the area moment of inertia of the
cross section, is usually called the “effective flexural modulus”, Eer. This modulus is determined by means of
bending-based experiments. For homogeneous samples the effective flexural modulus is the same as the Young’s
modulus of the sample material [7,8].

For the tube considered here, flexural rigidity was determined theoretically by the method presented in [6].
Once the flexural rigidity is known, the effective flexural modulus is evaluated as E.«=B/l. The area moment of
inertia of the cross section can be calculated as n(Ro*~Ri*)/4. R, and R; are outer and inner tube radii, respectively.

Theoretical results reveal that the dependence of the effective flexural modulus on the cross-sectional
dimensions reduces to the dependence of modulus on the inner radius-to-outer radius ratio, and that the effective
flexural modulus decreases with increasing Ri/R, ratio for tubes with E; different from E.. Figure 1 presents the
effective flexural modulus as a function of Ri/R, ratio, calculated for various E; and E..
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Discussion and conclusions

Size-dependent effective flexural modulus is quite usual for heterogeneous samples, but unexpected for
uniform homogeneous ones. Assuming this, the rods that in some sense combine the properties of homogeneous
and heterogeneous samples were investigated, namely the uniform homogeneous rods made of material with
different moduli in tension and compression. Such samples are homogeneous with respect to their composition,
but when they are bent they behave like composite beams consisting of two different materials-compressed and
extended parts of the rod.

The principal findings are:

i) The effective flexural modulus can depend on the cross-sectional dimensions when the homogeneous
rod/tube material possesses different tensile and compressive moduli.

ii) For tube-shaped samples, the effective flexural modulus is a decreasing function of Ri/R, ratio.

The results presented in this contribution indicate a possible source of the dependence of effective flexural
modulus of carbon nanotubes on their diameters — different tensile and compressive properties of nanotubes. But
this hypothesis requires further verification.
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Figure 1. Effective flexural modulus of a tube with different tensile and compressive stiffness. Figure
presents modulus of tubes with different Ei/E. as a function of inner radius / outer radius ratio (from top to
bottom, EJ/E. is 2:1, 4:1, 6:1, 8:1, 10:1).
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Organic field-effect transistors (OFETS) are widely used as logic devices in organic electronics applications
because of their low-cost fabrication, energy-efficient production and reliable performance [1]. However, in sharp
contrast to an enormous attention being paid to OFETs employing organic semiconductors, organic-inorganic
hybrid nanomaterials such as metal nanoparticles functionalized with organic ligands have been less studied in
this regard. Moreover, no particular interest was so far given to the OFET device prepared using chiral -electron
containing structures.

Here, we present novel chiral hybrid nanomaterials based on colloidal gold nanoparticles (Au NPs) and
colloidal silica nanoparticles with a gold nanoshell (Silica Au NPs) and covalently functionalized with a helicene-
like ligand 1 (Scheme 1) with defined chirality. These assemblies were structurally characterized by microscopic
and spectroscopic techniques. Preliminary data indicate induction of plasmonic optical activity (Fig. 1) by chiral
functionalization of gold nanomaterials. The comparable effect was observed for ligand-coated NPs in solution as
well as for NPs deposited on quartz substrates and functionalized afterward.

Scheme 1: Structure of a helicene-like ligand (M,R,R)-1 (>99% d.e.) with SH binding group.
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Figure 1: Electronic circular dichroism spectra of Hel-coated NP layers.
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Nanostructured ceramics have unique properties and performance characteristics. However, monolithic
nanoceramics are inferior to nanoceramic composite materials, reinforced by continuous or discontinuous ceramic
fibers, according to some physical-mechanical parameters, for example, in crack resistance (fracture toughness).
The use of discontinuous fibers for reinforcing ceramics has a number of significant advantages, such as precise
control of the fiber amount, fabrication cost reduction, and simpler production of irragular shapes. However, a
disadvantage of composites reinforced with discontinuous fibers is that they have lower fracture toughness, as
compared to composites reinforced with continuous fibers. To improve this parameter, the most uniform mixing
of the chopped fibers with the matrix is required.

Another possible method to avoids the problem of homogeneous dispersion of fibers within the matrix is
self-reinforcement of the composite [1].

We obtained nanoceramic composites (Fig. 1) from powders of nano-SiC, micro-SiC and a binder based
on organomagnesiumoxanealumoxanes [2] (precursors of aluminum-magnesium spinel) first synthesized in the
State Research Institute for Chemistry and Technology of Organoelement Compounds, and reinforcing
discontinuous spinel fibers of MgAl,O4 composition. Spinel fibers were obtained by forming polymer fibers from
fiber-forming organomagnesiumoxanealumoxanes [2, 3], followed by their pyrolysis (Fig. 2). It is known that due
to the high melting point (2135 °C), hardness, chemical resistance and strength, which remain at high temperatures,
aluminum-magnesium spinel is an effective material for high-temperature technology.

1 - M

‘ CK 0659 | 1161
s | . 0K 2831 [31.75
MgK [ 0532 [0464
. . AKX 3466 | 2701

| SiK 2492 [1879

30.0kV x625 20um

Fig. 2 — SEM and X-ray elemental microanalysis of spinel fiber in a ceramic composite
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Moreover, the formation of nanofibers composed of SisN4 was observed. That is, self-reinforcement of the

nanoceramic composite occurred (Fig. 3), which positively effected its physical and mechanical properties
(density, strength, fracture toughness).

Fig. 2 — SEM of self-reinforced nanoceramic composite

Thus, organomagnesiumoxanealumoxanes can be effectively used as precursors of components (binders,
fibers, powders) for high-strength and high-temperature nanoceramic composites.
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In this study, epoxy/phthalocyanine nanocomposite (H2Pc/Epoxy) is employed to protect carbon steel
corrosion in 3.5% NaCl solution. The performance of the new nanocomposite coatings was evaluated by using
electrochemical impedance spectroscopy (EIS), Open circuit potential (OCP), scanning electron microscopy
(SEM) measurements. The mechanical property of new nanocomposite coating was investigated using
nanoindentation technique. The incorporation of H,Pc pigments into epoxy resin coating significantly enhances
the corrosion resistance as well as the hardness of epoxy coatings. HoPc pigment is able to cure the defect in epoxy
resin and prevent the diffusion of corrosive electrolyte to carbon steel substrate.
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In this work, TiO2 nanotubes were grown by anodic oxidation on Ti6AIl4V substrates in organic solution
containing ethylene glycol and Ammonium fluoride at several applied potentials varied between 20 and 70V
followed by thermal annealing at 450°C for 2h. Different nanotubes diameters and lengths were obtained as
revealed by scanning electron microscope. X-ray diffraction exhibits amorphous structure for all as-anodized
nanotubes, it transforms to anatase after the annealing. Corrosion behavior was evaluated in artificial saliva at 37
°C with neutral pH of 7.4 by using open circuit potential, cyclic polarization and electrochemical impedance
spectroscopy techniques.
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fig.1: Cyclic polarization curves recorded for all studied samples
References

[1] J. Kapusta-Kotodziej, K. Syrek, A. Pawlik, M. Jarosz, O. Tynkevych, G. D.Sulka, Appl. Surf. Sci.,
396, 1119 (2016).

[2] J. Grotberg, A. Hamlekhan, A. Butt, S. Patel, D. Royhman, T. Shokuhfar, C. Sukotjob, C.
Takoudis, M.T. Mathew, Mater. Sci. Eng., C, 59, 677 (2016).

Copyright © NFA 2017 ISBN: 978-80-8152-530-8

41



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

SESSION | Nanomaterials, nanocomposites and nanostructured surfaces

Synthesis, Structural, and Transport Properties Of Chemically Deposited
Nanostructured CdMnS Thin Films

Jaiprakash S Dargad
Dayanand Science College, Latur-413 531, M.S, India
*jsdargad@rediffmail.com

Cd1xMn,S thin films with x value ranging between 0 to 0.5 were deposited onto the glass substrates using
a chemical deposition process. The compaosition of the as- grown samples was determined by an EDS technique.
The polycrystalline growth resulted over the whole range studied and both CdS and Cd;xMn,S films exhibited
hexagonal wurtzite structure with growth orientation along (101) direction. Typically, the lattice parameter ‘a’
decreased from 4.131A° to 4.110A° for the change of x from 0 to 0.1 and thereafter it returned to its original value.
Similar changes in ¢ with x were also observed (6.710 A° to 6.688 A°). Average crystallite size increased with
increase in x from 0 to 0.1 and then decreased for further increase in x. The electrical conductivity is found to be
enhanced with x upto 0.01 and then decreased with further increase in x. The activation energies were calculated
in both the conduction regions. The transport characteristics such as thermoelectric power, carrier concentration
(n), mobility (n), and barrier height (®p) were studied as a function of the working temperature and materials
composition and attempted to correlate with the observed changes in structural characteristics.

Keywords: DMS, Chemical growth process, Mn?* magnetic ions, spin-spin exchange, lattice parameters.
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Diabetes mellitus (DM) is a heterogeneous metabolic disease characterized by chronic hyperglycemia [1].
Often, the symptoms are not sufficiently observable at early stages and so hyperglycemia causes that pathological
and functional changes take place in advance, before the diagnosis of the disease [2]. Therefore, the development
of sensors that are time saving, accurate, instrumentally undemanding are currently unavoidable.

This work deals with electrochemical determination of insulin on gold and carbon screen printed electrodes
using cyclic voltammetry method. Mentioned electrodes have significantly smaller size compared to classic
electrodes, achieving miniaturization of the system. The aim of the work was to find optimal conditions for insulin
determination, while impact of pH and scan rate was observed. Based on the execution of measurements,
correlation coeficient was determined, increase of which was obtained by modifying the electrodes with
nanoparticles. In case of carbon screen printed electrode correlation coeficient was increased form -0,18
(unmodified electrode) to 0,87 (carbon electrode modified with CNTs and NiNPs). The active areas of the
electrodes was also determined by the method of cyclic voltammetry. Modification with nanoparticles achieved a
rapid increase of the active surfaces compared to the unmodified electrodes. In case of modification of gold screen
printed electrode with the combination of CNTs and AuNPs, an increase of active area of the electrode was
achieved by up to 183%.
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Figure 1 Gold screen printed electrode (left) and carbon screen printed electrode (right)
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Introduction

The main goal of this paper is to show the manufacturing of nanowires deposition of cobalt oxide by help
of anodic aluminium oxide membrane. The possible use in lithium batteries of these nanostructures is discussed.
Higher and higher hunger for batteries, with will be lighter, more powerful and with high cycling number increase
the pressure on research and development of new concepts and materials. In present time are new concepts like
sodium batteries or lithium sulphur researched. Few of the main disadvantages of current most used batteries,
lithium ion batteries, used in most of consumer electronics are high price, safety and the relative rarity of lithium
in the earth’s crust.

New more powerful devices required batteries with big capacity while maintaining present dimensions or
smaller and thinner. One of the possible ways to achieve this is to use material with higher theoretical capacity.
Possible change may be switching carbon negative electrode with theoretical capacity 372 mAh-g™ by cobalt oxide
Co304 with theoretical capacity of 890 mAh-g1. For using of this material we need to change form current used
intercalation principle to conversion principle.

Theoretical analysis

Nanostructured cobalt lure much attention thanks its properties in past. Its potential of use is wide spread
in many areas or technology. Cobalt and its oxides can be used as catalyst in fuel cells, no corroding protection
layer, in memory media, chemical sensor or batteries. The electro deposition of cobalt was research in different
solution like sulphur or chlorine based solvents and others. The base for deposition carbon, cupper of silicon were
used[1-3]. The conversion principle, with is needed for using of cobalt oxide in lithium ion batteries was already
published for some oxides and sulphides with different degree of reversion like in high temperature cells[4,5]. In
present time a few obstacles needed to be solved before of commercial use. To the main obstacles belongs large
structural movement with caused the chemical reactions and volume change can cause the decomposition of the
material and disallow large number of cycles. Large losses of energy density during charging and discharging.
Large hysteresis between charging voltage plate and discharging plate. The last big obstacle is large columbic
losses in performing the first cycle[6-8].

Experimental

For creation of nanostructures in form of nanowires was used deposition through membrane. As form for
nanowires growth was the filtering membrane Whatman Anodisc 25 used. The diameter of the disc was 25 mm
with porous diameter 0.2 pm. It was an anodic aluminium membrane (AAM). The solution form deposition was
0.01M Co0SO4 - 7 H20 and 0,1M CH3COONH,4 (ammonium acetate) dissolved in water. The pH 7 was set by help
of ammonium hydroxide dropped into the solution. The deposition took 1 hour at ambient temperature and voltage
1.2 V/SCE. The solution was mixed by help of magnetic stirrer at speed 300 rpm. After deposition the membrane
was dissolved in 1M NaOH solution. The result and its EDS spectrum is on figure 1.
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Figure 1. A) deposed nanostructure at 20k magnification, B) sample EDS spectrum

Conclusion

On figure 1A is visible the wires structure, the length of the wire is 4.5 um and diameter of 200 nm. The
wires collapsed because of insufficient stability of the base. From the EDS spectrum (figure 1B) is obvious that
the material is pure cobalt oxide. Traces of Au, Cu and C are from the background and manipulation support
materials. By help of Raman spectroscopy, we determined that the wires are made from Co3O, spinel structure.

Forded investigation of this material is necessary mainly in field of using it as negative electrode materials in
lithium ion batteries.
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Introduction

Nanocrystals (NCs) with anisotropic shapes offer versatile functionalities when compared to spherical
quantum dots. For instance, polarized light emission arises from the anisotropy of a rod-like shell in CdSe/CdS
core/shell dot-in-rods[1], while iron oxide nanocubes show superior heating performances in hyperthermia
treatments compared to their spherical homologues[2]. In the field of self-assembled superlattices, anisotropic
shapes allow the formation of a variety of unique configurations. This is due to the geometrical restrictions on the
NC packing and the preferential interaction between their different facets[3-5]. In the last decade we have
witnessed a surge of new synthetic protocols for the fabrication of colloidal NCs with complex shapes[6, 7]. Yet,
the seeded growth technique stands as a versatile tool for the synthesis of highly anisotropic NCs, such as rods[8,
9] dumbbells[10], concave cubes[11], tetrapods,[12] and octapods[13]. In such liquid phase processing, pre-
synthesized NCs are used (after purification) as seeds to grow further the particles. This strategy has key
advantages, as i) it limits the formation of defects, since the seeds serves as heterogeneous nucleation sites for the
shell growth[7, 14]; and ii) the seeds and the shell can have different chemical composition, thus creating core/shell
nanostructures with unique properties[9, 10]. Importantly, the seed-geometry plays an essential role in regulating
the shape of the resulting NCs, thus it can be seen as an interesting route to master highly complex NC
morphologies. This is the case, for instance, of branched colloidal NCs (so called octapods) developed by our
group[13, 15, 16]. This protocol exploits the {111} facets of Cu..xSe octahedral or cuboctahedral seeds with cubic
lattice to grow eight elongated CdS pods (with hexagonal lattice, h-CdS). In this work we explore the impact of a
different shape of the pre-synthesized seeds on the NCs obtained following the octapod’s protocol. We used as
seeds particles with a platelet shape made of CdSe (with cubic lattice, c-CdSe). We found that the particles obtained
preserve the elongated shape of the platelets and exhibit eight CdS pods at their corners, giving an overall bone
shape. The pod length can be easily modified varying the amount of seeds employed in the synthesis: the more the
seeds the shorter the pods. Interestingly, the platelets undergo anion exchange in the reaction and form cubic CdS
(c-CdS). This completely modifies the photoluminescence (PL) spectrum of the resulting nanobones, whose peak
shifts from 516 nm (platelets) to 660 nm. Finally, we explore the assembly behaviour of the nanobones in planar
superlattices by using an air-liquid interface assembly strategy[17]. Preliminary results show that the nanobones
tend to form domains with different translational order, such as shifted side-by-side contact or herringbone friezes.
With this, we show the potential of this strategy to create highly anisotropic NCs not observed before with
interesting self-assembled superlattices.

Results and discussion

In the present work we followed a protocol already reported by our group for the synthesis of octapods
with a pod length of 15 nm to 30 nm[18], and we employed CdSe nanoplatelets with a length of 30 nm and a width
of 5.5 nm [19] as seeds (see Figure 1a). Briefly, we injected an aliquot of nanoplatelets together with a mixture of
trioctylphosphine (TOP) and sulphur in a reaction flask containing CdO, CdCl,, trioctyphospine oxide (TOPO),
hexylphosphonic acid (HPA) and octadecylphosphonic acid (ODPA) at 350°C in inert atmosphere. The reaction
was stopped by a fast cooling after 10 min and the solutions were purified via several solvent-antisolvent
precipitation steps. We performed the synthesis using three different concentration of nanoplates (2 nmol, to 1.2
nmol to 0.4 nmol) to evidence possible changes in the shape of the synthesized NCs. Figure 1b shows a collection
of transmission electron microscopy (TEM) images of the resulting NCs. As it can be seen the resulting particles
present an elongated body that preserve the length of the starting platelets but with double of their width, giving
an approximate area of 30 x 10 nm?. They also present eight pods protruding one from each corner of the body.
We observed that the pod length changes, from ca. 4 nm to 20 nm, by reducing the amount of injected seeds. From
the observation of the final particles morphology, different overgrowth mechanisms seem to take place along the
two main directions of the platelets: along their width ([010]c-case direction[20]) the growth simply extends the
size of the particle, while along the length ([100]c-case [20]) the growth is somehow impeded resulting in pods
developing outside the (001) plane that contains the main surface of the platelet. X-ray diffraction from the samples
(Figure 1c) shows that the particles are formed only by CdS and both cubic and hexagonal polymorphs are present.
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The h-CdS peaks intensity increases with pod length, suggesting that the nano-bones are formed by a flat c-CdS
body and h-CdS pods. Inductively coupled plasma analysis on digested samples supports the elimination of Se
from the final product. The Se lack from the nanobones and the presence of a flat c-CdS body suggest that the
starting c-CdSe platelets undergo anion exchange during the reaction.
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Figure 1: a.b, TEM images of the CdSe platelets employed as seeds in the syntheses (a) and of the
resulting nanobones synthesized with different amounts of nanoplatelets (b). Scale bars: (a) 50 nm, (b) 200 nm
(left) and 20 nm (right). c. Collected XRD patterns of the synthesized NCs. The patterns for h-CdS and c-CdS

are used as a reference (solid lines).

This radical structural transformation of the particles is reflected in their optical properties. Under UV
irradiation all the nanobones show a saturated red luminescence (Figure 2a) with a peak at 660 nm and a full width
at half maximum (FWHM) of ca. 40 nm. Their CIE coordinates are around (0.70; 0.28), as evaluated from the
nanobones with shorter pods (Figure 2b). This marks a considerable blueshift and peak broadening compared to
the seeds employed, that showed a PL maximum at 516 nm, FWHM of 10 nm and (0.16; 0.72) CIE coordinates.
The broadening of the PL peak, in particular, suggests that the exciton in the nanobones is not confined anymore.
Absorption measurements (Figure 2a) show that the excitonic features, present at the absorption edge of CdSe
seeds, disappear in the nanobones, leaving the bulk CdS absorption around 500 nm. This suggests that the c-CdS
body grew not only along the [010] direction, but also along the [001] one. Finally, the remarkable Stokes shift
between the absorption edge and the PL maximum (ca. 0.5 eV) is an indication that absorption and emission are
spatially separated: the first probably takes place in the h-CdS pods, while the from the c-CdS body.

As demonstrated by our group with octapods[18, 21-23], the strong anisotropy of nanobones makes them
appealing for the production of self-assembled, ordered structures. Preliminary results on their behaviour at the
liquid-air interface[17, 18] show a tendency to form stripes of particles organized side by side or forming a
herringbone pattern (Figure 2c). Obtaining an extended ordered film might show interesting properties of polarized
emission, as demonstrated by CdSe/CdS dot-in-rods[24], which, coupled to their saturated red emission and
remarkable Stokes shift, could be appealing in light emitting diodes for RGB technology.
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Figure 2: a. Collected absorption (solid lines) and emission (dashed lines) spectra of nanobones reported
in Figure 1 and of the platelets employed as seeds in their synthesis. b. CIE coordinates of the nanobones and
nanoplatelets. c. Collection of high resolution SEM images of the self-assembled membranes formed by
nanobones at liquid-air interface. Green lines highlight the particles aligned side-by-side and white lines those
disposed as a herringbone. Scale bars 100 nm.

Conclusion

We show that, changing the morphology of the seeds from cuboctahedra to platelets in an established
protocol for the growth of eight h-CdS pods, we were able to produce highly anisotropic CdS NCs. This was
obtained through a controllable “one-pot” synthesis in which an anion exchange takes place. The nanoparticles
own a shape that resembles a bone, with a flat and elongated c-CdS central body and one h-CdS pod in each corner.
The length of the pods depends on the amount of seeds employed and it varies between 4 nm and 20 nm, while the
body sizes are constant at 30 x 10 nm?. The nanobones, independently from the pod length, exhibit a red emission
centred at 660 nm, while the absorption edge is situated at 500 nm. Preliminary results on their 2D self-assembly
show a promising ability of the particles to form ordered domains with different geometries, like shifted, side-by-
side arrangement and herringbone-like friezes. Their shape with multiple concavity, moreover, makes them
appealing for further studies on host-guest binary assemblies with shape complementary particles.
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Graphene quantum dots (GQDs) are often considered as promising candidates for biological applications
like long term imaging of cells [1], cancer diagnostics [2] and therapeutic tumor targeting [3] as they are non toxic,
chemically stable and inexpensive to prepare. GQDs consist of single or few layer graphene sheets with less than
30 nm diameter and emit a stable photoluminescence due to quantum confinement and edge effects. Nevertheless
the reliable preparation is still a challenge and the interaction of GQDs with primary human cells has been scarcely
studied.

In the present work primary human leukocytes and hematopoietic stem cells obtained from samples of
leukapheresis products of three healthy donors stimulated by granulocyte colony stimulating factor (G-CSF) were
exposed to GQDs prepared by the reproducible preparation process of Wu et al. [4]. A time- and concentration
dependent uptake was observed with a significantly greater uptake into monocytes and granulocytes in comparison
to lymphocytes, suggesting a better incorporation ability of cells with phagocytotic properties. The uptake rates
also correlate with the cell membrane area. Looking at the different lymphoid subsets a greater uptake was found
into CD19* B-, CD56" natural killer cells and CD34* hematopoietic stem cells in comparison to CD4* T- and
CD8" T cells. Independent of the cell type studied, the observed uptake dynamics is consistent with a diffusion-
driven process, which allows the determination of cell-specific membrane permeabilities for the graphene quantum
dots. The toxicity of the quantum dots is relatively low resulting in a 90% viability of the entire leukocyte
population after 36 hours of exposure to GQDs at a concentration of 500 pug ml™.
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Silver nanoparticles (AgNPs) have been widely used as antimicrobial, immunomodulating and pro-
regenerative agents. It is well known that the properties of NPs strictly depends on size, shape and surface
modification as well as the method of synthesis. Tannins (polyphenols and flavonoids, which are components of
plant extracts) that exhibit reducing properties can be used in nanoparticles synthesis, they are produced by plant
to protect them from being infected by pathogens. Chemically, tannins are phenolic derivatives. Due to their
structure and reactivity they are divided into two groups: hydrolysable and condensed.

The synthesis of AgNPs with plant extracts are known as green synthesis of NPs for many years. The
synthesis is based on the reduction of silver ions to AgNPs by compounds present in extract and its further
stabilization. However, the use of plant extracts in NPs synthesis leads to particles inhomogeneity in size and
shape. This work presents the method of synthesis of monodisperse spherical AgNPs using two plant extracts: i)
grape seed (Vitis vinifera) and ii) cacao beans (Theobroma cacao) along with the additional reducing agent -
sodium citrate. The colloids were characterized by UV-Vis spectroscopy and dynamic light scattering technique,
while the shape and size of the AgNPs core were determined using scanning transmission electron microscopy.
Final conjugated materials containing AgNPs and tannins can be used as potential skin healing aids.
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Biodegradable implants received increased attention due to their use in various fields of medicine. Iron
based materials coated with polyethylene glycol (PEG) were prepared as a potential biodegradable bone implants.
Degradation behaviour was studied by anodic polarisation method and immersion test. The degradation rate of
open cell materials with polyethylene glycol coating layer was faster compared to uncoated Fe sample. Also the
mass losses were higher for samples with PEG coating. The polymer coating brought about the desired increase in
degradation rate of porous iron material.
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Figure 2 Micrograph of polymer coating layer on the surface of Fe-PEG3 sample (white arrow).
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The Joint Institute for Nuclear Research (JINR) is a unique international scientific center hosting a diversity
of nuclear physics facilities, which generate ionizing radiations with different physical characteristics. For many
years, it has attracted specialists from many countries to conduct fundamental research not only in physics, but
also in biology. Accelerated charged particles are an efficient tool for solving a lot of urgent problems of modern
radiobiology and biophysics.

In Laboratory of radiation biology (LRB) of JINR the investigations were focused on the regularities and
mechanisms of molecular disorders in genetic structures of mammalian and human cells, formation of mutations
of different types in lower and higher eukaryotes, and radiation damage to eye structures and central nervous
system caused by ionizing radiations of different quality. In the course of radiation genetics research, studied in
detail were regularities in the formation and repair kinetics of DNA double-strand breaks (DSBs) induced by
accelerated heavy ions [1]. It has been shown that in human cell nuclei there are sharp differences in the spatial
distribution of damage induced by gamma rays and accelerated heavy ions. After gamma exposure, lesions in cells
are distributed randomly; after heavy ion exposure, they are localized along the ion tracks, thus forming "tracks"
of clustered DNA DSBs.

In view of the above, the solution of the mentioned fundamental and practical problems, especially in space
radiobiology [2], urgently requires. To take into account the high biological effectiveness of high-energy heavy
charged particles in radiation risk evaluation for manned interplanetary flights, the concept of "the successful
completion of the mission" was introduced by radiobiologist in LRB [3]. Unlike the currently used radiation risk
concept, which brings into the foreground the risk of cancer development — the long-term effects of the exposure,
the new paradigm is concerned, first of all, with the risk of disorders of higher integrative functions of the crew
members' central nervous system. These disorders can impair cosmonauts' operator functions already during the
flight and endanger the successful completion of the mission. In many model experiments conducted in LRB
biological effects were observed in the central nervous system (CNS) of experimental animals under the influence
of heavy carbon ions '2C, y-rays and protons. It was shown that irradiation of the rodents by charged particles
determines the functional, morphological and genetical disorders in CNS structures. The dynamics of formation
of changes in the CNS indicates the presence of more pronounced radiation effects in the neurons when irradiated
with these particles.
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Four different types of nanomaterials will be presented including gold nanoparticles, graphene oxide,
MXene (2D nanomaterial) and human serum albumin (HSA, as a biocompatible scaffold) for construction of
electrochemical sensors, biosensors and bioanodes of biofuel cells.

Gold nanoparticles (AuNPs) were applied for modification of gold electrodes patterned by self-assembled
monolayer. Such electrodes were utilised for affinity biosensing using electrochemical impedance spectroscopy
(EIS) as a detection platform. AuNPs-modified biosensors (3D configuration) offered much lower limit of
detection compared to the biosensor configuration without using AuNPs (2D configuration) [1, 2].

Graphene oxide (GO) was successfully applied for modification of electrodes for construction of affinity-
based biosensors and for preparation of a bioanode. EIS-based affinity biosensors with immobilised lectins
(carbohydrate binding proteins) were successfully utilised for detection of glycoproteins down to aM level (1028
M) [3, 4]. Protocol of immobilisation of bilirubin oxidase (BOD) on GO affected current density for oxygen
reduction significantly from 2.6 uA cm to 280 pA cm? [5]. GO flakes with a tuned density of a negative charge
significantly influenced density and orientation of BOD immobilised by a passive physisorption with the highest
current density of 597 uA cm [6].

Besides GO we applied in our studies another 2D nanomaterial — Mxene. Using this nanomaterial we were
able to detect H202 down to 0.7 nM with one of the highest sensitivity of H202 detection observed so far i.e. 596
mA cm? mM [7].

The last type of nanomaterial HSA was applied in our studies as a scaffold for immobilisation of small
glycan antigen. The glycan biosensor was then applied for detection of an antibody, what is an approach applicable
for analysis of glycan autoantibodies, which are considered as biomarkers of various types of cancer [8].
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Introduction

Gel polymer electrolytes have an important role in the transfer of electrones and lithium ions during
charging and discharging processes. It is also one of the key factors which influence the effectiveness and
efficiency of the battery. The current development of gel polymer electrolytes mainly focuses on increasing of ion
conductivity, expanding the potencial window and impoving the chemical and electrochemical stability of the
polymer and solvent from the viewpoint of long-term properties. Compared to liquid gel electrolytes have many
advantages. Gel electrolytes are more resistant to vibration, mechanical stress and damage, high pressures or
temperatures; characterized by great resistance to volume changes and a good adhesion of gel to the surface the
electrode. Also eliminate the risk of electrolyte leakage. The research is focused on improving electrical,
electrochemical and mechanical properties of gel polymer electrolytes exposure with the addition of nanoparticles
[1,4,6,7].

Nanoparticles are characterized by a size from about 1 nm to about 100 nm in at least one direction (107 to
10%), and in certain spatial arrangement may create form nanowires, nanotubes, nanocomposites, ceramic or other
thin films or layers. Nanoparticles have many useful properties than those given by their chemical composition.
These properties may fundamentally differ from the anticipated chemical or physical behavior. And there is a
continual discovery of new properties [6,7].

Chemical composition and preparation

The gel electrolyte consists of a conductivity component and a polymer component. In this case the
conductivity component was formed by lithium salt LiPFs and combination of solvents EC/DEC in a weight ratio
1:1. Polymer component was formed by monomer methyl methacrylate, the crosslinking agent — ethylene glycol
dimethacrylate and initiator of UV polymerization — benzoin ethyl ether. The molar ratio of monomer to the
conductivity component was chosen in ratio of 20 mol% (salt concentration 0,5 mol/l in solvent). The molar
proportion of polymerization initiator and crosslinking agent to the monomer was chosen for the initiator 1,0 mol%
and for the crosslinking agent 3,5 mol% [2,3,4,5]. Nanoparticiples were added to improve electrical,
electrochemical and mechanical properties of gel polymer electrolytes. In this work were selected the following
nanoparticles:

e Al,O3 — aluminium oxide
WO; — tungsten(VI) oxide
ZrO; — zirconium dioxide
La,03 — lanthanum oxide

Gel sample is the circular gel with diameter of 16 mm and thickness of 0,9 mm. Preparation of all gel
samples and manipulation with them took place in gloverbox with an argon atmosphere. The polymerization
process was carried out in a UV chamber for 60 minutes. For all samples electrical and electrochemical properties
were investigated.

Experimental part

In the experimental part samples of gel polymer electrolytes with the addition of selected nanoparticles
were measured. Quantity, resp. weight of these nanoparticles were added in percentage to the base gel at 0,5% to
15%. The base gel was taken as 100% by weight, which was attributed to the weight percentage of individual
nanoparticles [7].

For measuring electrical conductivity was used impedance spectroscopy method. The impedance measuring
range was selected from 1 MHz to 0,1 Hz. Measurement results are shown in Table 1 and Picture 1.

Measurement of samples of gel polymer electrolytes modified nanoparticles was performed using TGA and
DTA methods, which are call the thermal analyzes. The aim of these analyzes was to determine the influence of
nanoparticles on thermal stability and properties of samples. For TGA and DTA were selected gel polymer
electrolytes, which contained Al,O; - 7,5%, WO3 — 5%, ZrO; — 1% and La,O3 — 1%. Of all samples were cut into
small rectangles, which were placed in the device TG-DTA-EGA, which is compose of the TG-DTA part from
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TA Instruments Q600 and the THERMO NICOLET 1S100 infrared analyzer. This device was used to determine
chemical, phase and mass changes during hearting of the prepared sample. For the determination and subsequent
comparison of the prepared gel samples, the same parameters were set for all measurements: initial temperature
30°C, end temperature 600°C and hearting rate 5° C/min. Results of thermal analyzes are illustrate in Picture 2
and Picture 3.

Tab. 1: Electrical conductivity of gel polymer electrolytes with nanoparticles [7]
Al:03
Vn [%] 0,5 1 2,5 5 7,5 10 12,5 15 17,5

v [mS/cm] 2,69 2,28 4,88 2,27 7,76 4,34 1,65 1,44 3,06
WO;

Vi [%] 05 25 5 75 10 125 15

v [mS/cm] 2,60 2,36 3,23 2,27 2,92 2,29 2,21

ZI’Oz

Vi [%] 05 1 25 5 10 125 15

v [mS/cm] 2,16 5,64 2,31 1,78 3,96 2,44 2,60

La,O3

Vn [%] 0,5 1 2,5 5 7,5 10 12,5 15

y [mS/cm] 2,38 3,64 1,63 3,35 1,78 2,53 1,64 1,18
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Pic. 1: Graf of electrical conductivity depending on the volume of added nanoparticles
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Pic. 2: Comparison weight loss of all prepared samples in percentage [7]
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Pic. 3: Differential form of weight loss [7]
Conclusion

The measured and evaluated results show that adding a certain amount of nanoparticles impove the ionic
conductivity of gel electrolyte and its electrochemical stability. Graf of electrical conductivity show that the highest
values attain samples with the addition of nanoparticles in the range 1-10% weight percentage. The ionic
conductivity of most samples ranges between 2-3 mS/cm. The highest value of ionic conductivity 7,76 mS/cm
achieved a gel polymer electrolyte with Al,O3 percentage volume 7,5%. Regarding thermal analyzes the lowest
total weight loss was recorded in the gel sample with nanoparticle Al,O; — 89,17%. The temperature of lowest
weight loss was 159° C. Further research will focus on implementation of thermal analysis on air and comparison
results. Other reseach will focus on the using new type of nanoparticles and measuring their electrical,
electrochemical and mechanical properties.
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Energy storage will play a significant role in future energy systems. Lithium-ion batteries keep many
devices and mechanisms in operation. They have a significant impact on information technologies, personal
electronic devices and electric vehicles. Today's lithium-ion batteries do not meet the growing requirements for
capability and operating life. Therefore, further work on their development is needed. Lithium has small
dimensions, the smallest weight of known metals and provides the highest energy density to mass and volume.
One of the possible types of the post lithium-ion batteries is lithium-sulfur battery. Lithium-sulfur batteries are
being developed for better capability. In theory, Li-S battery has higher energy density and longer life cycle than
Li-ion batteries. On the other hand, there are many problems, which are not yet resolved, like the insolation
character of sulfur or different density and size of oxidation and reduction products.

In this work, different types of sulfur electrodes were provided. Cells consisted of lithium metal foil as a
negative electrode, DME:DOL (2:1) with LiTFSi and LiNOgz as electrolyte, glassy fiber separator and a sulfur
positive electrode (80% (sulfur+PPy+MWCNTS) and (sulfur+LFP+MWCNTS) + 10% Super P + 10% PVDF). All
cells were fabricated in an argon-filled glove box. We used different electrochemical methods for sample
characterization as electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV) and galvanostatic
charge/discharge. The morphology of positive and negative electrodes was investigated by scanning electron
microscopy (SEM). Also, we have observed the corrosion processes of lithium anode on our samples after cycling.
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Figure 3 Electrochemical impedance spectra of lithium-sulfur cell before and after cycling
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The EIS was measured at open-circuit potential, before charging for the charge state and after charging for
the discharge state. Figure 1 shows typical Nyquist plots for our samples. The typical EIS of lithium cell consisted
of two partially overlapped semicircles. The intersection of the first semicircle was related to the interfacial of the
Li electrode. The interfacial resistance exhibits a continuous decrease trough the cycles. It is probably caused by
atomic rearrangement of the exposed surface to the electrolyte to form a stable solid electrolyte interface (SEI)
layer. This process is accompanied by the persistent change of SEI layer and/or decomposition of electrolyte.
Maybe, in the early stage of cycling the construction of SEI layers takes place to make the ionic diffusion more
efficient. The formation of a stable SEI film is not only important for increasing the cell performance but also for
reduction of the electrolyte decomposition. [1]

Cyclic voltammograms of sulfur electrodes were measured in an El-cell with lithium as reference electrode
at room temperature. Oxidative peaks (corresponding to the charging process) in the cyclic voltammograms are
due to oxidation of the polysulfides. It is found that some intermediates (probably they are Li.>Sgs and Li,Sg) are
stable enough to be detected at around 2.7 V upon cycling [2]. Reductive peaks (corresponding to the discharging
process) are due to reduction of the polysulfides and they are detected at around 1.5V - 2.5 V.
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Figure 4 Cyclic voltammetry of Li-S batteries with electrolyte DME:DOL (2:1)

Capability of our cells was dramatically decreased with the number of cycles. Electrochemical impedance
spectroscopy of our lithium-sulfur batteries shows, that impedance of Li* ions before cycling is higher than
impedance after cycling. It is due to formation of the stable solid electrolyte interface layer at the beginning of
measurement. Cyclic voltammetry confirmed, that the positive electrodes of lithium-sulfur cells are
electrochemically active at around 2.7 V as oxidation (charging) and at around 1.5 V — 2.5 V as reduction
(discharge). In cyclic voltammograms, current peaks decrease with cycle number.
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Pollution prevention is not just the responsibility of businesses and government agencies. Citizens can help
solve environmental problems by reducing pollution at the source, before it is created. We can all apply pollution
prevention in our daily lives. Whether in the home and garden, at the supermarket or on the road, we can make
pollution prevention choices every day in order to protect the environment, save money and conserve natural
resources [1]. The clean power plants goals are based in part on the proven potential for a production of renewable
energy with fewer carbon emissions when reducing the utilization of existing sources of carbon pollution.
Nowadays it is necessary to ensure sustainable development and fundamental change in the energy system [2].
One of the most perspective sources of energy is hydrogen. Hydrogen is the simplest, plentiful element in the
universe with high caloric value, whereas the engine burning pure hydrogen produces almost no pollution. The
electrolysis of water is the most promising technology for the hydrogen production. However, the hydrogen
production from the electrolysis of water is still at least three times more expensive than steam reforming. The
hydrogen evolution reaction (HER) acquired by the electrocatalytic reduction of water may provide a sustainable
energy supply for the future, but this technique is currently limited due to a high price and resource scarcity of the
used noble metals such as Pt. Therefore, a lot of efforts were aimed at a development and fabrication of efficient,
stable and economically viable non-noble metal electrocatalysts for HER.

The hybride materials composed of carbon and different types of nanopowders exhibit an excellent catalytic
activity for HER that is comparable with Pt-based electrodes. Moreover, the carbon in the form of nanotubes of
fibers exhibit high specific surface area to volume with hierarchically porous structure, flexibility electric and
thermal conductivity and excellent chemical resistance. It was found [3] that the fibers with incorporating metal
or metal phosphide nanoparticles facilitates the HER process.

The effective hydrogen evolution reaction was found only in the case of the six different transition metals
creating phosphides: Fe, Co, Ni, Cu, Mo and W. In this work, three of them: Co, Ni, Cu were prepared in the form
of phosphide nanoparticles embedded in the carbon fibers as an electrocatalysts for HER. The crystallinity of
incorporated nanoparticles in the final calcined carbon fibers in comparison with amorphous character of pure
carbon fibers was studied. The thermal treatment procedure of precursor polymeric PAN/metal chloride fibers
were suggested according the previous work, where was described the stabilization, carbonization and subsequent
reduction of fibers in hydrogen atmosphere in detail [3]. Due to the author’s previous knowledge about influence
of used atmosphere on fibril morphology, the hydrogen reduction atmosphere was again applied after
carbonization in Ar for individual fibers. The BET analysis was employed to determination of external surface
area and volume of microspores. The results were correlated with electrocatalytic activity of individual fibrous
sample for HER. The composition and structural changes of individual fibers samples were described according
EDX, XRD and TEM analysis. The electrocatalytic activity for hydrogen evolution was determined by linear
sweep voltammetry and electrochemical impedance spectroscopy measurements. The new perspective electrode
show excellent durability with unchanged structure even after 500 CV scans in the acidic environment.
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Lithium rechargeable secondary cells are currently being used as energy source in electronic devices, small
portable devices and other electronics. Among the high-energy density storage systems, lithium-sulfur batteries,
with energy density of 2600 Wh/kg, holds the potential to serve as next generation of high energy battery. Li-S
batteries are cheap, environmentally benign and very safe in comparison with Li-ion batteries. Sulfur-carbon (S-
C) composites and sulfur-LiFePO4 (S-LFP) composites were prepared with MWCNTSs additive by evaporation and
solid state reaction. S-LFP cathode with MWCNTSs shows improvement of not only discharge capacity but also
cycling stability. It exhibits an initial discharge capacity of 1167 mAh/g sulfur, or 70% of theoretical capacity. The
capacity of S-LFP-MWCNTSs composite after 20 cycles was 80% of the initial value and remained stable.

Fig. 1 shows the first two cyclic voltammograms (CV) of the S-C composite cell. The two separated reduction
peaks at 2.4 and 2.0 V correspond to the conversion of high-order lithium polysulfides (Li>Sg) to low-order lithium
polysulfides (Li2Sx, 8 > X > 4) and lithium polysulfides to solid-state Li,S,/Li,S. However, only one oxidation peak is
observed, implying the transformation of all the polysulfides into the intermediate, which is believed to be Sg?~ with the
most facile oxidation kinetics [1].

00025 _I T T T T ]
- Charge 7
0.0015 [ I ]
z
= 0001 4
3 0.0005 - : ; ]
Li,S LibS, ...
0f : 3
00005 |- Discharge
1I 175 EI’ 2l.5 é
Potential (V)

Fig. 1 First two cyclic voltammograms (CV) of the S-C composite at a scan rate of 0.1 mV/Js.

Acknowledgement

This research was sponsored by the NATO Science for Peace and Security Programme under grant 985148 and by
the project VEGA 1/0074/17.

References
[1] X.Jiand L. F. Nazar, J. Mater. Chem. 20 (2010) 9821.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8

61



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

SESSION 111 Nanomaterials for energy applications

Surface protective layers for the Li-S cathodes
Kazda T?*, Sedlatikova M?, Vondrak J2, Cech O?, Cudek P?

@ Brno University of Technology, Faculty of Electrical Engineering and communication, Department of
Electrical and Electronic Technology, Technicka 10, 616 00 Brno, Czech Republic

* e-mail: kazda@feec.vutbr.cz

Lithium-ion batteries occupy every year more and more dominant position on
the market with batteries. But for further expansion to new fields of use it will be
necessary to increase gravimetric and volumetric energy density of current batteries.
One of the possibilities is to replace current intercalation cathode materials by
conversion materials for example by sulphur. Disadvantage of this new technology is
high instability of electrode during cycling due to high volumetric expansion of
sulphur during cycling. This paper deals with the influence of used active coating
layers to prevent polysulphide shuttle effect.

Introduction

Electromobility undergoes a rapid development in the world nowadays. The problem of current electric
vehicles (EV) is the lack of battery capacity which limits their potential range. The solution of this problem could
be Li-S batteries with their theoretical capacity of 1675 mAh/g and specific energy of ~ 3200 Wh/kg which greatly
exceeds the possibilities of current commercial batteries. [1] [2] Before releasing these batteries into practice, it is
necessary to solve a number of problems, such as a very complicated conversion of sulphur to Li»S and back again
without settling soluble polysulfides at the anode during cycling, which leads to a decrease of capacity. Another
problem is the expansion of sulphur during cycling, when, during the conversion of sulphur to Li,S, the volume
expansion of about 80 % occurs. This expansion leads to a big stress to the cathode and decreases its capacity. [3]
[4] [5] A possible solution of both these problems is the correct choice of carbon which encapsulates sulphur and
a binder which can respond to the volume changes without the loss of contact between particles of the electrode.
[6] [7] [8] Another possibility is separator coating by active material which prevents migration of polysulphides
from cathode side to anode side. Carbons as rGO or Ti4O can be used as active materials. [9] [10] [11]

Experimental

In the first step, a mixture of sulphur, was Sigma Aldrich Sulphur 99.5 % turned into a mixture consisting
of NMP (N-methyl-2-pyrrolidone), binder PVDF (Polyvinylidene fluoride) and Super P carbon. Mixtures were
prepared to match the final ratio: 80 % Sulphur, 15 % Super P + 5 % binder. The resulting mixture was applied
onto an Al foil using a special coating bar to produce 150 micron layers, which was later dried and pressed using
pressure of 3200 kg/cm?. Other electrod was then covered by disperson of GO (graphene oxide) in ethylalcohol
by 12 um coating bar and again pressed using pressure of 3200 kg/cm?. A discs of 18mm diameter was punched
from the both coated aluminum foils and inserted into the EI-Cell © ECC-STD electrochemical cell assembled in
an argon atmosphere inside a glove box, pure lithium was used as the anode and electrolyte was a mixture of DME
(1,2-Dimethoxyethane):DOL (1,3-Dioxolane) 2:1 (v:v) with 0.7 M LiTFSI + 0.25 M LiNO3 impregnated in a glass
fiber separator. Cyclic voltammetry (CV) used to compare properties of the electrodes. Potential window of CV
was set at 1.8 to 3.0 V versus lithium and scan rate to 0.1 mV/s.
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Fig. 1: Comparison of CV for the standard sulphur electrode and Sulphur electrode+GO layer

Conclusion

CV results for the standard sulphur electrode and Sulphur electrode+GO layer are shown in Fig. 1. We can
see that GO coating have highly influence to shape and size of the anodic and cathodic peaks. In the case of Sulphur
electrode+GO layer we can see two separate anodic peeks the first on the position 2.336 V and second on 2.470 V
the second peak is on the same position like peak of the standard sulphur electrode however first peak is shifted to
higher potential 2.391 V and is much smaller than in the case of the Sulphur electrode+GO. Cathodic peak at 2.360
V is in the case of Sulphur electrode+GO layer divided to two peaks. Capacity calculated in the last cycle of CV
was for the standard sulphur electrode 544 mAh/g and 645 mAh/g for Sulphur electrode+GO layer.
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In this paper, graphene oxide (GO) was firstly synthesized by modification of Hummers method from the
literature. Secondly, reduced graphene oxide (rGO)/Titanium oxide (TiO,) nanocomposites were synthesized with
different wt/wt % of GO/TiO; (1:1; 1:2; 1:5 and 1:10) by microwave- assisted method. By treating GO and
GOITiO2 nanocomposites in a microwave oven, reduced graphene oxide (rGO) and rGO/TiO, materials could be
obtained within power of 180 W in 10 min. The weight ratio of rGO and TiO, was used to obtain the optimum
conditions for nanocomposite materials. The rGO/TiO2 nanocomposite active materials were characterized by
cyclic voltammetry (CV), Fourier-transfrom infrared — Attenuated total reflectance (FTIR-ATR), scanning
electron microscopy-energy dispersion X-ray (SEM-EDX), thermogravimetry (TGA), differential thermal
analyzer (DTA) and electrochemical impedance spectroscopy (EIS) analysis. Thirdly, supercapacitors were
fabricated as a symmetric device with two electrode configuration. The device performances were tested by CV,
galvanostatic constant current (CC), and EIS measurements. TGA analysis indicated that the thermal stability of
the nanocomposites improved from rGO (40% at 892.8 °C) to nanocomposite as the initial feed ratio of
[GO]o/[TiO,]o=1/10 as 94% at 949.3 °C) increased.

Supercapacitors, also named electrochemical capacitors or ultracapacitors, have attracted more attention
over the last years because of their higher energy and power density and longer cycle life than secondary batteries
[1-3] . Generally, supercapacitors are divided into two catagories: double layer capacitor electrode and
pseudocapacitive electrode materials [4] [43]. In our paper, we used double layer capacitor electrode which is used
reduced graphene oxide.

The result show that the as-prepared symmetrical rGO/TiO2 nanocomposite on the two-electrode system
displays very high specific capacitance of 524.02 F/g at 2 mV/s for [GO]o/[TiO2]o= 1/5 with a high energy density
of E=50.07 Wh/kg at 2 mV/s for [GO]./[TiO2]o= 1/1 and high power density of P=58.6 kW/kg at a the scan rate
1000 mV/s for [GO]o/[TiO2]o= 1/1. Additionally, the symmetric electrode shows good cycling stability with a
retention value of 6.6% for [GO]./[TiO2]o= 1/1 after 1000 cycles. These good results suggest us that rGO/TiO;
nanocomposite which is obtained by microwave-assisted method has a great potential as an electrode material for
supercapacitor applications.

The equivalent circuit model of Rs(Cai(RcW)) was used to explain parameters of solution resistance, double

layer capacitence (Ca), charge transfer resistance (Rc), Warburg impedance (W). Theoretical and experimental
values support with each other.

Keywords: Supercapacitor, reduced graphene oxide, microwave -assisted, capacitance, TiO2, energy density,
power density.
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Improvement in charge storage has been obtained by exfoliation of reduced graphene oxide sheets via
intercalation of Ag nanoparticle and polypyrrole. The synthesis procedure of composite is simple, inexpensive and
ecofriendly. The formation of composite has been shown by the analysis of Fourier transform infrared-Attenuated

transmission reflectance (FTIR-ATR), scanning electron microscopy-Energy dispersion X-ray analysis (SEM-
EDX).
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Figure 1. Galvanostatic charge-discharge (GCD) curves of an a) rGO, and rGO/PPy nanocomposites with
different feed ratios, b) [rGO]o/]Py]o= 1/1, c) [FGO]o/]Pylo= Y%, d) [rGO]o/]Py]o= 1/5, €) [rGO]o/]Py]o= 1/10.
Electrode active materials were taken at a constant current density of 0.1 mA/g in two-electrode configuration.

Polypyrrole (PPy) is one of the most important active material amongst to conducting polymers due to

high charge density, easy preparation, low cost, its relatively high conductivity, good stability within ambient air
exposure and environment friendship [1-3].

The ternary reduced graphene oxide (rGO) / Ag nanoparticle / polypyrrole (PPy) (rGO/Ag/PPy)
nanocomposites has been developed as the electrode materials for supercapacitors. Under the optimized
preparation conditions in different initial feed ratios ([rGO]o/[Pylo= 1/1, ', 1/5 and 1/10) were possessed a
relatively high Coulombic efficiencies. The highest specific capacitance of was obtained as Cs,= 1085.22 F/g at a
scan rate of 4 mV/s tested by CV method in 1 M H,SO4 aqueous electrolyte with a corresponding specific energy
density of E= 36.92 Wh/kg, as well as a retention of 65.30% of its original capacitance after 1000 cycles for
[rGO])/[Py]o= 1/5. Noticeable improvements in other electrochemical properties give permission its possible
application as electrode active material for supercapacitors.

Keywords: Ag nanoparticle, symmetric supercapacitor, energy density, reduced graphene oxide, polypyrrole,
power density.
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In this study, graphene oxide (GO) was chemically reacted with sodium borohydride (NaBH4) to form
reduced graphene oxide (rGO). rGO, and rGO/nanoclay/PVCz nanocomposite were synthesized by chemical
reactions. These nanocomposite active materials were characterized by Fourier-transform infrared spectroscopy-
Attenuated transmission reflectance (FTIR-ATR), scanning electron microscopy (SEM), and energy-dispersive X-
ray analysis (EDX).
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Figure 1. Specific capacitance of rGO/nanoclay/PVCz nanocomposite with scan rates, as determined by
CV measurements.

rGO-based nanocomposites have been used for supercapacitor electrochemical performances [1,2]. In
literature, many carbon based materials, such as activated carbon electrodes from biomass [3-4], carbon nanotubes
[5], graphene [6] and graphite-like carbon nitrite [7], etc.

Supercapacitor device performances were taken by cyclic voltammetry (CV), galvanostatic charge-
discharge (CC), and electrochemical impedance spectroscopy (EIS) as two electrode configuration. The
rGO/nanoclay/PVCz nanocomposite shows significantly improved capacitance (Csp= 44.27 Fg') compared to that
of rGO (Cs= 20.78 Fg?) at the scan rate of 10 mVs* by CV method. The enhanced capacitance results in high
power (P= 483.75 Wkg?) and energy-storage (E= 0.3 Whkg?) capabilities of the rGO/nanoclay/PVCz
nanocomposite material. Ragone plots were drawn to observe energy and power density of supercapacitor devices.
Stability tests were examined by CV method for 1000 cycle.

Keywords: Polyvinylcarbazole, nanoclay, reduced graphene oxide, energy storage, charge/discharge.
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Zeolites and zeolite-like materials with different pore opening have been widely studied for applications in
various petrochemical and refinery processes [1]. Molecular sieve materials possess large pore volume, high
adsorption capacity, and ability to reversibly adsorb molecules showing molecular transfer property. Like zeolites,
molecular sieve materials SAPO — m are considered as promising ones for using as catalysts and adsorbents in
petrochemical processes such as hydroisomerization and methanol-to-olefin conversion [2]. However, large crystal
size and microporosity of these materials cause severe diffusion limitations for reactants and products that often
lead to pore blocking and fast catalyst deactivation by coke formation [3]. One of the approaches to solving this
problem relies on the shortening of the diffusion way by decreasing the crystal size [3].

We have been studying the effects of different conditions and the strategy of synthesis on the crystal size
and morphology of zeolite-like material SAPO — 11. We varied the temperature and time of crystallization, and
used two types of pseudoboehmite, as well as aluminum isopropoxide (AIP) as Al source and different solvents as
crystallization media.

In the case of zeolites it is known that decreasing the temperature of hydrothermal crystallization results in
efficient reducing the size of growing particle [3,4]. But in the case of SAPO — 11 this strategy is not efficient —
the desired phase does not formed in a reasonable time. It may be explained by a more rapid drop in nucleation
rate at low temperature due to the higher activation energy of nucleation than in case of zeolites. In this connection,
we have been using two - stage crystallization method, which implies a separation of nucleation and crystal growth
stages. At the first stage, the formation of nuclei proceeded within 3 hours at 200 °C. After that, the temperature
was lowered to provide slow growth of crystals. We have carried out a series of experiments with different
growth’s time of crystals (2-24 h) at low temperature (120 °C) and produced samples hereinafter referred to as
SAPO-(3+n), where n is time of crystal growth in hours. The particle morphology of some of these samples is
presented in Figure 1.

Figure 1. SEM images of materials from a series 1, synthesized by two-stage method with 3 h-nucleation
at 200 °C and different time of crystal growth at 120 °C: a) 2 h,b) 6 h,c) 12 h,d) 24 h
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Figure 2 demonstrates powder X-ray diffraction patterns of SAPO-11 samples synthesized by two-stage
method. The identification of AEL-phase was performed by comparison with the corresponding JCPDS card
Ne 42-0428.
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Figure 2. XRD patterns of materials from a series 1, synthesized by two-stage method with 3 h-nucleation
at 200 °C and specified time of crystal growth at 120 °C

Particle morphology of the X-ray amorphous sample which grew up during 2 hours (Figure 1a) was bulk
and shapeless, but it can be seen that some nuclei are already formed after 3 hours at 200°C: one part of the particle
looks like a raw substance of unconverted precursors and another one looks like an aggregate which consists of
primary crystallites. These primary particles were also observed in the sample SAPO-(3+6) (Figurelb), besides,
cylinder-like particles, which consist of nanoplate crystals, can be seen. In accordance with XRD pattern of SAPO-
(3+6) (Figure 2, green line) there are amorphous species too. In the mass the sample SAPO-(3+6) represents large
(~10um) and formless particles. The most crystallized samples: SAPO-(3+12) and SAPO-(3+24) represent the mix
of particles with different morphology: the shapeless types and the pseudo-spherical crystals, which are aggregated
and giant ( >10um).

Besides, we have been investigating the influence of reaction media on the crystal size and morphology.
The samples from above-mentioned series 1 were synthesized in water media, excluding a small amount of iso-
propanol which was produced from hydrolyzed AIP, the samples from a series 2 (denoted as Et-SAPO-(5+n),
where n is time of crystal growth in hours) were obtained in ethanol media, with AIP as aluminum source by the
two-stage crystallization method as well. The sample Et-SAPO-(5+160) (Figure 3a) was obtained with additional
ultrasonic (US) pretreatment of precursor suspension before hydrothermal two-stage synthesis. As seen on Figure
3a the crystals have surprising screw-like morphology and evidently were crystallized by another mechanism
compared with SAPO-(3+n). The US pretreatment was used to obtain homogeneous mixture of precursors with
smaller AIPO, particles, because we suppose that initial state of aluminium phosphate in mixture plays an
important role in AEL phase formation.
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Figure 3. a) SEM image of a sample Et-SAPO-(5+160) from the series 2, synthesized by two-stage
method using ethanol as a solvent, b) XRD pattern of the same sample
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In summary, we have been developing the synthesis method which allows efficient controlling the crystals
size of SAPO — 11 via separation of nucleation and crystal growth stages. Interestingly, morphology of crystals
are markedly dependent from the type of a solvent during crystallization. We will investigate and present the
results on the role of ethanol on the crystal size, mechanisms of SAPO — 11 formation and influence of Al source,
including effect of phase and particle size of AIPO4 on the early stages of the material formation.
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Summary

The paper deals whit the analysis of thermal field in core of supercapacitor. EDLC (Electrochemical double
layer capacitor) of macrostructures of supercapacitor we can conclude that its bulk properties represent an
anisotropic environment for heat transfer. The structure is geometrically and physically different in axial and radial
direction of the body of the thread of EDLC capacitor. The heat transfer this structure is therefore different in axial
direction opposite radial direction.

Proposed thermal model of EDLC elaborates the course of the axial and radial components of thermal
coefficient of heat transfer by conduction depending on the sequence of the core’s turns.

In second part of paper proposal the graphical results of simulation thermal model of EDLC are shown.

Description of EDLC core and derivation of physical properties
Cylinder interpretation of EDLC consists of 4 layers with different material properties, assembled in
sandwich structure in this order:

e Carbon,

Car o Extruded aluminum
e Carbon,
e Separator.

Label ,,n“ as total number of turns in four-layer

je(ln .
structure and set J < > as order of sandwich turn.
The diameter of turn is being changed in dependency
on order of turn according to next formula:

r(j)=r+(i-1)w

where:

Sepa 1)

Extruded

r(j) — is internal diameter of turn in ,,j - th
Fia. 1. Cross—section of EDLC structure order,
r0 — is diameter of first four-layer structure,
w — is width of one turn:

W =Wy + 2W, + W, @)

where:
ws — is width of separator layer,
wc — is width of carbon layer,
wal — is width of extruded aluminum.
The area of bottom turn’s side with ,,j-th* order is:

S(j)=7z(r(j+1)2—r(j)2) je(Ln)

@)
Axial part of turn’s thermal resistance with ,,j-th* order was computed using next formula:
i L
Ra(J):—k NS(i (K/W)
(1)8() | @

where:
L —is height of turn coil (m), k. — thermal conductivity in axial direction (W/m.K)
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resistances in one turn one turn

Axial thermal resistance of one turn in four-layer sandwich structure consists of four thermal resistances,
which are shown on fig.2, whereby:

C_L . . .
R~ - axial thermal resistance of carbon layer on left side,
RC-R . . . .
a - axial thermal resistance of carbon layer on right side,
Al
Ra" - axial thermal resistance of extruded aluminum layer,
RS

a - axial thermal resistance of separator layer.
For several thermal resistances in axial direction of thermal model shown on fig.2 is valid:

i L
Ras (J): 2 2
ks ((r(3)+w. ) =(r(3)))
. L
Re-(i)=
ke ((r(j)+ws W, )2 —(r(j)+w) )
. L
R (1)= :
7Ky ((r(j)+wS +We + W,y ) —(r(§)+w, +w, )2)
. L
Re-(i)= !
() 7k, ((r(j)+wS + 2w, +WA|)2 —(r(j)+w, +w, +WA|)2) ©)
Ks thermal conductivity of separator,
Ks . thermal conductivity of carbon,
Kur thermal conductivity of aluminum.
Equivalent axial thermal conductivity of one turn of EDLC shown on fig.2 is given by next equation:
S S S S
R,(1) R:()) RE(D) RI() REF(D) ©

From equations (4,5,6) we can obtain dependency of thermal coeficient for heat transfer by conduction in
one turn of EDLC with ,,j-th* order in next formula:

N
ka(J)_Ra(j).S(j). (7)

Waveform of axial part of thermal coeficient in the scale of 100 turns is shown on fig. 4. Total thermal
resistance of one turn for ,,j-th“ order in radial direction could be obtained from fig.3 as:

R (1)=Re (1) +RE-H(1)+ R (1) +RE-" (1) ®

- is radial thermal resistance of carbon layer on left side,

c_L
C_R . ) . .
v - is radial thermal resistance of carbon layer on right side,
Al
r - radial thermal resistivity of extruded aluminum layer,

S

Rr

R R

R

R’ _ radial thermal resistance of separator layer.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

After adding several radial resistances we can obtain dependency of equivalent radial thermal
conductivity in one turn with ,,j-th* order as follows:

InL
k() = 5
T 2xLR (1) o)

Waveform of radial conductivity (9) in scale of 100 turns is shown on fig.5.
Simulation results of thermal distribution

Graphical interpretation of surrounding’s thermal distribution computation at the surface of EDLC is
shown on fig.6 (left). At the ambient temperature Ta=25° C the maximum temperature on the surface of EDLC is
Tmax=35,02° C and minimal temperature Tmin = 34,15° C. Graphical interpretation of internal temperature of
EDLC in the direction of y-z axes is shown on fig. 6 (right). At ambient temperature Ta=25° C the maximum
temperature inside of EDLC is Tmax=35,14° C and minimal Tmin = 34,16° C.

From attached pictures it can be seen that thermal distribution is influenced by various value of thermal

conductivities in axial and radial direction. The gradient of Temperature of heat transfer is different in mentioned
direction in the rate of 1/20.

32,75 0,8290
= A g \
- iy x
E 32,7 £ o,8280 1
= = \
= AY = \
El 32,65 \ S 0,8270
L
2 — S N
2 3286 £ 0.8260 X
2 =
£ 32,55 = 08250
= ' =
= 151
E] 3
2 325 - £ 0,8240
o o
= =
g 32,45 20'823000000006000
= ©S2 8898388288 S8 < SRS SBE8RSESE
H H H Sequence of turns in supercapacitor (first
_Flg' 4 W Erenmtgs@s'frsnabﬁes ei?ragzljgsmms turn has smallest diameter)
in dependendy o order St

Fig. 5. Waveform of radial conduction
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Fig. 6. Temperature distribution of EDLC on the surface (left) and within the core (right)
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The steadily and rapidly growing miniaturization of electronic technology devices dictates that large-scale
production of autonomous miniature power sources is needed. In batteries of this kind the electrodes can be
fabricated by electrochemical synthesis that is attractive due to its technical simplicity, ecological safety, high
productivity, and low cost. Thin-layer metal-sulfide (MSy) films of transition metals (M=Fe, Co, Ni, Mo) have
been produced from sulfate solutions (MxSO,) in the presence of S;03> [1-6] for lithium autonomous miniature
power sources used in micro cards, sensors, micro robots, medical implants, and other devices. M-sulfide deposit
films produced by electrolysis present micrometer agglomerates composed of nanometer particles which are
perspective for the realization of lithium accumulators. Depending on the synthesis conditions, a humber of
stoichiometric sulfides with deficiency (MSi_x) or excess (MS14y) of sulfur can be obtained.

However, it has been impossible to quantitatively produce FeS,, as the most energy-rich among iron
sulfides, by electrolysis from solutions containing FeSO4 and NazS20s. In the present study it was performed an
electrochemical synthesis in order to produce FeS; on stainless steel from a solution containing Mohr’s salt and
NazS,03, (mole. I'Y): FeSO4 (NH4)2S04-6H20 (1x1072-1x1073), NazS;03-5H20 (1x102-1x107%), pH 4.7-5.2.

The electrolysis was performed in a 200-cm?® glass vessel at 295-298 K. A technical-grade VT titanium
plate served as the counter electrode; Scathode : Sanode = 1 : 10. Cyclic voltammograms (CV) were obtained in the
working deposition solutions and in solutions of its separate components at potentials in the range from (-1.1 to
0) V relative to the Ag/AgCI reference electrode in order to determine the positions of the redox peaks in the
systems under study. The synthesis products were quantitatively deposited potentiostatically at the potentials of
CV current peaks, with the phase composition of the deposits determined using a DRON-2 diffract meter with
CoK, radiation. The surface morphology of the deposits was determined with an MBI-6 optical microscope.

The aspects of synthesis of iron sulfides were studied. Based on the obtained results, we assume that
separate reactions of the cathode process may correspond to the formation of FeS, H.S (aq), FeS,, S%, Fe, Hy, S.
The key role in the formation of sulfide compounds is played by the reaction (1).We believe that formed sulfide
ions enter with Fe* ions from the near-cathode layer into a chemical reaction and Fe-sulfides form (2):

$:03% +2e »SOz% + 7. 1)
Fe?* + xS* — FeS, )

The main stage transitions successively occur in deposition of iron sulfides at potentials of —0.86, —0.95 V
vs. Ag/AgCl-electrode corresponding separate phase formation. The FeS sulfide was identified in the finely
crystalline deposit synthesized at a potential of —0.86 V (JCPDS ID 23-1121). The products of synthesis at a
potential of —0.95 V are the nanometer FeS,-crystallites with a marcasite structure (JCPDS ID 37-0475).

The size of FeS; crystallites was determined using the Debye—Scherrer formula to be 35.5-38.0 nm.

The optical microscopic images of the surface of synthesized FeS; films show thread-like formations.
Separate particles are indistinguishable in these formations, which are significantly smaller in size than iron sulfide
compounds deposited from the electrolyte containing FeSO4-6H,0-Na,S,03-5H,0 [2]. The latter includes
spheroidal agglomerates with sizes of 3-5 um, composed of nanometer-size particles (200-400 nm).

The electrochemical characteristics of the sulfide compounds in the redox reaction with lithium were
studied in an isolated three-electrode cell with a lithium counter electrode and Li/Li* reference electrode and also
in a prototype coin lithium battery of 2325 configuration with an electrolyte composed of ethylene carbonate (EC,
Merck), dimethyl carbonate (DMC, Merck), and 1 mole I* LiCIO, (lodobrom) on a testing stand with a software
package. The cyclic CV was recorded with a use VoltaLab PGZ 301 analytical radiometer.

The FeS; (marcasite) owns the best discharge characteristics in the series of obtained products. Discharge
capacity of Li accumulator on the base of FeS; (marcasite) achieves of theoretical specific capacity 890 mA h g
in the first cycle, reversible capacity — 620-800 mA h-g* (Fig.1).
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Synthesized electrochemically FeS, with marcasite structure have also the ability for the reversible
electrochemical performation in the negative electrodes of Li-ion systems with LiMn,Q4 positive electrode (Fig.
2) ensuring 390-450 mA h g FeS,. The capacity exceeds theoretical capacity of graphite (372 mA h g2) that uses
as the material of the negative electrodes in commercial Li-ion batteries.

30

Fig. 1. Discharge curves of the electrochemically obtained FeS; in a lithium battery in the first (1) and
third (3) cycles. igischarge= 0.05 MA cm2; FeS, mass is 0.96 mg cm. (E) - potential and (Q) - capacity; the
same is for Fig. 2.

[ =]

0 40 80 120
Ql

Fig.2. Discharge-charge curves of LiMn,04/ EC, DMC, 1 mole I'* LiClO4/ FeS, (2-6cycles). Mass,
mg'cm'zi a) LianO4— 440, 6) F852 — 096 idischarge: icharge: 005 (mA'Cm_z). (Q, mg'g'l Lan204)

Conclusion

In the work the technology of the electrochemical execution of FeS; on stainless steel was elaborated.
Synthesized FeS; with structure of marcasite capable ensure the capacity in thin-layer electrodes of lithium
prototype accumulator that equates with high capacity of natural pyrite FeS,. Obtained electrochemically FeS,-
marcasite may be recommended for 1.5 V- scale lithium miniature accumulators. Suggested 2.0 V Li-ion micro-
batteries with FeS,-marcasite anode and LiMn,04 or LiCoO; cathodes present itself attractive by increased safety.
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Problem: Li-ion batteries based on traditional electrode materials (LiCoO», etc., graphite) and liquid electrolytes:

1. Safety problems

2. Expensive.

3. Limited energy.

4. Limited operating range of temperatures.

5. Consist of toxic materials
Enerize solution: breakthrough electrode and electrolyte materials, technologies and equipment for
production,non-destructive testing during production:

1. Anode based on binder free nano-structured Si-graphite composition.

2. Solid inorganic electrolytes

3. Equipment for high rate thin films depositions which possible for roll-to-roll operation

4. Non-destructive non-contact testing in-line initial materials, semi and final product during

batteries production

Key advantages of Li-ion cells based on developed technologies:

1. Energy higher by two times.

2. Price is lower by two times.

3. Increased safety and operating range of temperature up to 250 °C.

4. Possibility to be used in the existing manufactures of lithium batteries
Current presentation is connected with following solution:

1. Anode based on binder free nano-structured Si-graphite composition.
2. Equipment for high rate thin films depositions which possible for the roll-to-roll operation

Enerize proposes a silicon — graphite composite anode that fabricated via a proprietary method of gas
detonation deposition. Results of test reveal >1100mAh/g capacity during cycles, and further improvement are
possible.

3500
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Figure 9. Dynamics of change in discharge capacity of graphite-silicon composite anode prepared by
Enerize’s gas detonation method. Electrolyte is EC/DMC/LiClOg.

A further benefit is as following: Si - graphite composite electrode that produced using the method of gas
detonation deposition do not require a polymer binder. This is because: a) electrodes have high level of the
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adhesion between current collector and the composition of Si - graphite; b). particle of Si and graphite have high
level of cohesion. These unique properties provide improved stability of the structure of electrodes and as result
stability of the energy parameters of the battery during cycling.

Photo and ESM pictures of anode based on the nanostructured Si — graphite composition.

20.00kV__ x30.0k

20.00kV _ x5.00k

Figure. 2

Summary the benefit of equipment and technology that developed for production electrodes based on the
composition of Si and graphite are as following:

High level of cohesion between particles of the compositions;

Adhesion of Si composition to substrate of the current collector;

Strong mechanical strength during cycling without using expensive additives;
High stable energy of batteries with Si-graphite anode during operation

Important note: the costs in volume production of the Si-graphite composite using the innovative method
of gas detonation deposition are calculated to be much lower than alternative approaches such as Si nanowires, Si-
graphene composites, etc

During presentation will be presented and described:
e Method and equipment for deposition electrode based on the composition Si and graphite
¢ Kinetic of electrochemical process on electrode based on Si — graphite composition
e  Method of roll-to-roll production Li-ion cells with Si-graphite anode and solid inorganic electrolyte
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Introduction

Oxidation stress induced by metallic and other nanoparticles (NPs) is considered to be the main reason of
their toxicity. Photoactivated nanoparticles can transfer their energy to proximal molecular oxygen under the
formation of singlet oxygen and, consequently, various reactive oxygen species (ROS). Due to the ROS
production, NPs stimulated by UV light are considered as materials able to induce structural damage to DNA.
Conventional analytical and bioanalytical methods based on the detection of products of the oxidative damage to
DNA are often used in studies of toxicity of the nanomaterials [1]. At the same time, DNA-based biosensors have
been numerously reported as effective devices for tests of DNA affinity interactions and structural changes [2-4].

The aim of this study was (i) to characterize the ability of gold and silver NPs as well as CdTe and CdS
quantum dots (QDs) to generate ROS and (ii) to propose procedures based on the DNA biosensor and biosensing
for the assessment of a potential risk of the UV irradiation towards the structure of isolated salmon sperm, calf
thymus, and plasmid dsDNA preparatives.

Experimental

Gold NPs (size of app. 10 nm and 30 nm), silver NPs (of app. 12 nm and 65 nm), CdTe (of app. 3.1 nm and
6.2 nm) and CdS QDs (of app. 4.0 to 10.5 nm) have been obtained from the Mendel University in Brno. UV lamp
OSRAM PURITEC HNS S 9 W with the working wavelength 253.7 nm and UV-C-radiation power of 2.5 W was
used. A time dependent formation of ROS in the presence of individual nanoparticles under the 253.6 nm
wavelength (UV-C) treatment was evaluated spectrophotometrically using UV/Vis spectrophotometer Evolution
201 (Thermo Scientific, USA).

Calf thymus double-stranded DNA (ct dsDNA) and low molecular weight salmon sperm dsDNA were
obtained from Calbiochem USA/Canada and Sigma-Aldrich, Germany, resp. Electrochemical DNA-based
biosensors (NPs/DNA/GCE) were constructed by a surface modification of conventional glassy carbon electrode
by the layer of calf thymus, plasmid or salmon sperm dsDNA and the layer of corresponding nanoparticles.

UV lamp OSRAM PURITEC HNS S 9 W with working wavelength 253.6 nm and UV-C-radiation power
of 2.5 W was used for the UV radiation. UV/Vis spectrophotometer Evolution 201 (Thermo Scientific, USA) was
applied. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in the presence of
hexacyanoferrate(I11/11), as well as square-wave voltammetry (SWV) of the guanine moiety were performed by
AUTOLAB PGSTAT-100 obtained from Metrohm Autolab company (Netherlands) with data treatment using the
software NOVA 1.10.23

Results and discussion
Detection of the ROS generation

Under irradiation of the solution of the spectrophotometric indicator 4-chloro-7-nitrobenzo-2-oxa-1,3-
diazole (NBD-CI) and NPs the appearance of new absorption wave of at 470 nm which confirms the presence of
superoxide. Similarly, the irradiation of a-diphenyl-p-picrylhydrazyl (DPPH) solution with NPs leads to a decrease
in the absorption waves of at 350 nm and 550 nm indicating the degradation of the DPPH radical (Fig. 1). On the
other side, trapping of generated O? by radical scavengers such as quercetin and dsDNA in solution was detected
by lower absorbance value of NBD-CI at 470 nm depending on the scavenger concentration. The generation of
ROS becomes limited also under the formation of protein corona at an incubation of metallic nanoparticles with
fetal bovine serum.

Detection of damage to DNA using biosensor and biosensing

The NPs/DNA/GCE biosensors were exposed to UV-C radiation by free scattering from 15 cm light source
distance for a given time. Then, DNA damage has been evaluated under performance of CV and EIS experiments
in 1 mM solution of the [Fe(CN)s]* "+ redox indicator. Similarly, the biosensing procedure has been performed
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which consisted of an UV-C treatment of the DNA solution in the presence of individual types of NPs followed
by an immobilization of damaged DNA onto the bare GCE and electrochemical measurements. Typical records
obtained are depicted in Fig. 2.

QD70—1
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Fig. 1. Spectrometric detection of OH" and O using diphenyl-1-picrylhydrazyl (DPPH) - left and 4-
chloro-7-nitrobenzo-2-oxa-1,3-diazole (NBD-CI) - right, resp.
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Fig. 2. Electrochemical detection of damage to DNA using DNA-based biosensor: a) CV records and b)
Nyquist plots of EIS for 1 mM [Fe(CN)s]*7*", ¢) SWV response of the guanine and adenine moieties after the
UV-C irradiation of the biosensor surface for given time [5].

An example of the evaluation of the DNA signals at CV and SWV is shown in Fig. 3. It presents gradual
deep structural changes of original DNA which lead to leaching of the DNA rests from the biosensor surface or a
formation of poorly covered electrode surface at biosensing [5,6].
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Fig. 3. Evaluation of the DNA signals at CV and SWV measurements using the biosensor and biosensing
with salmon sperm DNA. Green emitting CdTe (gQDs) and red emitting CdTe (rQDs) at the biosensor (1% three
columns) and in solution - biosensing (2" three columns) [6].

Conclusion

The degradation of dsDNA by UV-C radiation in the presence of metallic NPs as well as CdTe and CdS
quantum dots depends on their fluorescence ability. This study presents the DNA-based biosensor as an effective
analytical tool for evaluation of the UV-C degradation of dsDNA structure, i.e. an evaluation of potential risk
effect of the nanoparticles towards surface attached DNA.
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TPU consists of hard and soft segments. Hard segment consists of highly polarized group which is hardened
by crosslinking [1] and soft segment consists of polyester phase. Hard segments disperse as micro-domains in the
structure and phases are held together by the hydrogen bonds [2]. TPU is a good candidate for broad industrial
application area including footswear, automotive, sporting goods, tubes, hoses, wires, cables and medical devices
in the form of sheets, films, or profiles [3] due to its easy processibility and fully recyclable nature.

Carbon nanotubes (CNT) have wide application area such as biosensors, solar cells, fuel cells, capacitors,
and electromagnetic shielding because of its high aspect ratio, proper electronic and mechanical properties.
Agglomeration of CNT inside the polymer matrix is a common problem for the production of suitable
CNT/polymer composites. This problem can be overcome by application of different techniques like surface
modification of CNT with proper surface groups which are compatible with polymer matrix, melt mixing, solution
mixing or addition of compatibilizers.

In this study, thermoplastic polyurethane (TPU) composites containing CNT with the loading ratios of 0.5,
1.0, 1.5 and 2.0 wt% were prepared using melt-compounding process. Surfaces of the CNT particles were treated
with sulfuric acid/nitric acid to purify CNT and to achieve compatible surface characteristics between TPU matrix
and CNT. Mechanical, thermal, flame retardant, melt flow and morphological properties of TPU/CNT composites
were investigated. Carbon nanotube addition to TPU matrix results with prominent increase in tensile strength,
percent elongation and modulus of TPU. The mechanical properties are enhanced for lower modified CNT
loadings. Carbon nanotube inclusions also improve thermal stability of pristine TPU. Addition of CNT into TPU
matrix causes increase in melting and decomposition temperatures of TPU and decrease in glass transition
temperature. The UL- 94 rating and LOI of TPU are also shifts to higher values after CNT loadings to matrix.
Modified CNT additions at higher concentrations exhibit better fire performance. Additions of m-CNT and pristine
CNT show different trends in the case of MFI values. Modified CNTs disperse more homogeneously relative to
pristine ones into TPU matrix which is due to improvement in interfacial interactions between carbon nanotube
and TPU.
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Non-destructive non-contact methods of testing / quality control (NDT) of starting materials, semi- product
during the manufacturing process, and the final manufactured product before delivery to customer are ensuring
quality, reliability, safety, and reducing cost of product. These issues are very important for number of critical
conditions from the space industry to the batteries production; the list of critical examples could be increased.

With growing the nanotechnologies and developing new nanosructured materials the role and benefit of
non-contact non-destructive methods of evaluation the properties and defects dramaticaly increases. Non-
destructive non-contact methods allow provide quality control of new materials, including nanomaterials and thin-
layered materials, which can be sensitive to mechanical contact.

During presentation will be presented non-destructive methods and equipment which developed by Enerize
that successfuly used in the area of the Li batteries, solar cell production, and chemical industry.

The safety and reliability of Li battery are determined mainly by its basic design and chemistry. However,
without adequate quality control during manufacture, defects in even the best designs can lead to inconsistent
performance and early failure. Deployment of automated quality assurance technology at every stage of the
manufacturing and assembly process will increase the reliability and safety of batteries while lowering overall
manufacturing costs by reducing wastage and preventing defective components from being incorporated into the
finished product.

Some examples of innovative equipment for non-destructive testing that are used during Li batteries
development and production, are presented below.

Fig 1 and 2. Determination of physical chemical properties, for example conductivity and composition of
powdered materials including electrode materials, graphite, and different products in chemical industry

Fig.3. Device for non-destructive non-contact detection of hidden faults of welding in batteries and
ultracapacitors

Fig. 1 Fig. 2 Fig. 3

Fig. 4 Holographic interferometry system and optical schematic for detecting hidden defects in electrode
structure and batteries. As load the heat as small as 1-2 Celsius degree is used. The sensitivity of the method
allows detection of defects even as little as 0.03 microns. Elements of this device include: 1. Laser beam, 2. Optical
wedge, 3, 4, and 5. Lenses, 6,7. Mirrors, 8. Recording cell, 9. Test article, and 10. Vibration free table.
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Fig.4

According to Dr. Robert Crawford, Maxwell Technologies Director of Operations
(http://www.maxwell.com/) : "Enerize has developed a non-destructive eddy current measurement system for
Maxwell that can detect quality problems with our laser welds. This is a proof of concept system that will be used
to optimize our laser welding process and ultimately improve our system equivalent series resistance (ESR) as we
optimize weld quality. Eventually we would invest in an automated system that will test 100% of our welds”.

According to Dr. Dayal T. Meshri, President/CEO of Advance Research Chemicals:
(http://www.fluoridearc.com/) "The new method takes advantage of electromagnetic properties of a substance and
determines the composition of the powdered materials. It is a novel approach in the chemical industry for
monitoring a variety of processes including synthesis, filtration, and drying, etc. especially at high temperatures
and pressures and under corrosive conditions. This unique approach improves yields and uncovers hidden
problems in manufacturing. It also enables reliable production of quality material to a variety of clients who have
different specifications for the same material. In addition it is a very fast and inexpensive method for a quality
control. We intend to explore more applications jointly with Enerize Corporation to provide additional benefits to
the chemical industry.*

Developed equipment based on the following methods

- Electromagnetic eddy-current,

- Electromagnetic capacitance,

- Combined electromagnetic eddy-current & capacitance;

- Holographic Interferometry;

- Gas Discharge Visualization — High Voltage Electric Field method
- Ultrasonic with dry contact

The goals are to conducting the non-destructive non-contact testing & evaluation the following
properties (is not limited to):

- Conductivity, composition and purity of the powder materials, liquids, polymer & slurry compositions;
- Interface resistance between current collector and active electrode mass

- Thickness measurement & quality assurance during the electrode coating.

- Hidden defect in electrodes, solid electrolytes and other components.

- Hidden defects in multiple layer structure, for examples, Jelly Roll in battery & ultracapacitor

- Weld quality hidden faults in batteries and ultracapacitors

In the light of the framework of NATO, Science for Peace and Security Programme Project SPS 985148
“Development of New Cathodes for Stable and Safer Lithium-Sulfur Batteries” in which Enerize is industrial
partner, and USUCT is participant from Ukraine, we will be presenting among other examples the following: how
the non-contact testing the conductivity of powdered materials allow optimize the composition of electrode mass.
We will also illustrate Other important example will illustrate the test of interface resistance between modified Al
current collector and electrode mass based on the sulphur. The value of contact resistance between metallic current
lead and electrode mass composite coating is one of the key parameters for determination of performance of energy
storage devices, such as batteries, supercapacitors, etc.
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Enerize NDT methods are based on the interaction of different vector and scalar fields with the test
article

Wave acoustic fields of different polarization.
Potential electrical and magnetic fields.
Vector eddy magnetic fields.

Gradient heat fields (infra-red spectrum).
Electron emission fields.

Glow fields of high voltage pulse discharges.

ASANENENENRN

Non-destructive methods and equipment are innovative tools for successful coordination of R&D, manufacturing,
and applications of Li batteries

Major advantages of the Enerize non-destructive non-contact testing methods include the following:

Reliability due to non-contact mode of operation.

Efficient, fast, simple, and inexpensive to implement.

Easy to automate. Results are obtained in real-time.

Do not require any special protection for operators and equipment. Safe and less expensive than X-ray

methods.

Precise determination of specific parameters and defects.

Provide 100% nondestructive control of the technological operations and the quality of the end

product.

v Provide quality control of material and products for which contact methods, in principle, cannot
provide reliable information due to extraneous processes at the sensor/test article interface surface.

v Provide quality control of new materials, including nanomaterials and thin-layered materials,

which can be sensitive to mechanical contact.

ANANENRN

NN

Enerize Non-Destructive Technology Background from Space Systems to Batteries and other
industries

History: NDT technologies ensured safety and reliability of Space Systems.
Recent applications: NDT processes have been adapted to new energy storage production.
Hardware: New NDT equipment and new transducers have been designed and delivering to customers.

Areas of applications: Batteries, supercapacitors, solar cells, chemical, construction, petrochemistry
industries, etc

Intellectual Property: 15 US patents, 1 UK patent, and 8 US pending patent applications during the last
8 years
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Two-dimensional infrared (2DIR) spectroscopy was introduced by Isao Noda in 1989 and it is an analytical
technique based on time-resolved detection of IR signals [1]. In 2D IR, a spectrum is obtained as a function of two
independent wavenumbers. By this method it is possible: the simplification of complex spectra consisting of many
overlapped peaks; enhancement of spectral resolution by spreading peaks over the second dimension; and
identification of various inter- and intramolecular interactions through selective correlation of IR bands [1]. This
method was successfully used by our group for study the interaction in polymeric blends [2], crystallization process
[3], and identification of different systems [4] and also was applied to different techniques like MID-IR or NIR
spectroscopy.

This method together with principal component analysis (PCA) was used for identification of specific
interaction between polyvinyl alcohol/ starch/ cellulose nano-crystals. For this study 90PVA/10/S, 75PVA/25S
and 50PVA/50S were used as a polymeric matrix and 5, 10 and 15 % CNC were added as a reinforcing agent. The
IR spectra of the pure components and blends with different compositions were investigated in detail. To evaluate
the interaction between the blend components, the experimental spectra were compared with the calculated
“blends” spectra, constructed using the additivity low from pure components spectra.

After the processing of spectra, the PCA and 2D correlation spectra for experimental and calculated data
were constructed and the results were compared.

Thus, PC scores for the two types of spectra established some distinct patterns which clearly expressed their
differences. Also, in the 2D correlation spectra different patterns indicate interaction of the components in the
blend with the formation of new H-bonds.
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The use of biodegradable polymers in different areas of application increased in the last period because
producers and consumers value the materials’ ability to protect the environment. By replacing fossil fuel-based
synthetic plastics (such as polyethylene or polypropylene), with biodegradable polymers reduces consumption of
petroleum and natural gas and diminishes the accumulation of persistent waste.

Nanocomposite films were successfully developed using cellulose nano crystals (CNC), as the reinforcing
phase, and poly vinyl alcohol (PVA), as the matrix, by solution casting technique. For blend preparation 5, 10, 15
wt % CNC suspensions were incorporated in PVA solution. Structural evaluation was done by Fourier transform
infrared spectrometry, 2D IR correlation spectroscopy and X-ray diffraction. IR spectroscopy and 2D correlation
spectroscopy evidenced the presence of H-bond interaction between the PVA and CNC and also variation in the
conformational rearrangement, while the X-ray diffraction showed that the crystallite size and the degree of
crystallinity were strongly affected by the incorporation of CNC in the nanocomposite films. In order to evaluate
the interaction of the studied systems with water, contact angle measurement, water vapour sorption and NIR
spectroscopy were used. The increase of CNC content induced a reduction in water sorption of the nanocomposite
films [1].
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At present, it can be confidently asserted that the development of technologies for the accumulation of CO;
and their transformation into various valuable chemicals can effectively contribute both to reducing emissions into
the atmosphere and creating new areas of the chemical industry, in related areas. Hydrogenation is one of the
effective ways of converting carbon dioxide to important chemical products, for example, methane, methanol or
formic acid. Hydrogenation of CO is carried out using both homogeneous and heterogeneous catalysts [1]. Note
that the known homogeneous catalysts that are required to convert CO; to methanol are destroyed at high
temperatures required for the reactions. The search for effective heterogeneous catalytic systems for the
hydrogenation of CO. into methanol continues to this day. Researches to date are focused on finding mainly
selective nanostructured catalysts that can activate carbon dioxide under the mild reaction conditions with high
selectivity towards methanol [2].

In the presented report results of research of oxide systems on the basis of silica- alumina with the trade
name "SIRAL" of company Sasol, modified by salts of zirconium and palladium, as catalysts of hydrogenation of
CO- into methanol are given. The influence of the reducing temperature of the samples before catalysis onto the
phase composition of the samples, form and distribution of the Pd nanoparticles, obtained after high temperature
treatment of the samples with deposited Pd-, Zr-salts in H; current is considered. The palladium content in the
samples varied in the range 0.1-5.0% by weight, and the zirconium content remained unchanged (10% by mass in
terms of ZrO,). The distribution of the (Pd, Zr) elements of the active component on a carrier was determined
using a X-ray fluorescent microscope XGT-7000, Horiba, by scanning a 10-um beam spot at five randomly chosen
points on the sample surface. The phase composition and average size of the crystallites (coherent scattering
regions) were estimated using an XRD TD 3500 X-ray diffractometer, China. The JES-PE-3, Jeol radio
spectrometer with a working frequency of 9.3 GHz was used to identify the magnetic centers, particles in the
catalyst samples before and after the hydrogenation reaction. In the thermal desorption mode, chromatographic
analysis of gas phase products was used to study samples of catalysts with adsorbed at room temperature with
methanol.

Catalytic tests of the samples, in the hydrogenation of CO; at a molar ratio of CO, / H; of 1: 3, were carried
out in a flow-through unit, at atmospheric pressure and at a temperature of 300-500 ° C with chromatographic
analysis of gas phase reaction products on-line. Before catalytic measurements, the catalyst samples were subjected
to reduction in a stream of hydrogen at a temperature of 350, 450, 550, 650 °C for 1 hour. The effect of preliminary
high-temperature reduction of samples with different palladium content on the phase composition of samples, their
magnetism, distributions of palladium in the samples, and catalytic properties is discussed.
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One-dimensional nanotubes of titanium dioxide (TNTs) doped of vanadium (V) were synthesized via
hydrothermal method. Two-step hydrothermal method was developed to prepare V-doped TiO2 nanotubes
(VTNTSs). These nanoparticles were characterized by X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), Raman spectroscopy, transmission electron microscopy (TEM) and scanning electron
microscopy (SEM). BET specific surface areas were determined with N adsorption-desorption isotherms at liquid
nitrogen temperature. XRD and FT-IR results showed as-prepared nanotubes were complete anatase phase. The
aim of the present VTNTSs study was to develop a material that can be investigated the cytotoxic effects of VTNTSs
on human breast cancer cells.

Figure. TEM image of TNT (a), FESEM images of vanadium-doped TNT (b), and TiO- (c).
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The ceramic-forming organoelement poly(oligo)mers are a new class of promising precursors for obtaining
high-temperature and oxidation-resistant components (ceramic fibers, matrixes, combined protective and barrier
coatings, powders) of nanostructured ceramic composites. They allow to apply radically different “polymer
technology” for ceramics production through pyrolysis of the ceramic-forming organoelement poly(oligo)mers
[1].

On the basis of unstable chemically active organoaluminum compounds we have developed a method for
the synthesis of hydrolytically stable in air ceramic-forming organoalumoxane oligomers - chelated
alkoxyalumoxanes [2].

It is found that the thermochemical treatment of ceramic-forming organoalumoxanes results in corrundum
ceramics a-Al2Os [2].

Based on such ceramic-forming organoalumoxanes, a process for the preparation of a high-purity
nanostructured, silica free organoalumoxane binder of corundum composition a-A1,03 was developed [3].

The ceramic-forming organoalumoxanes were found to readily interact with metal alkoxides and
acetylacetonates and they may comprise a wide range of elements and metals in various combinations and ratios
with homogeneous distribution in oligomer matrix on a molecular level. This provides a perfect nanostructure,
enhanced physical-mechanical and operational properties of ceramic composites obtained on the basis of ceramic-
forming organoelementoxanes. The organometallic synthesis ensures high purity of the starting oligomers. This
allows obtaining high-purity oxides of elements of a given composition and producing materials on their base at
much lower temperatures as compared with technical-grade oxides use [1].

The  hydrolytically  stable in air, soluble in organic solvents  ceramic-forming
organoyttriumoxanealumoxanes having fiber-forming properties were synthesized by the co-condensation of
chelated organoalumoxane oligomers and yttrium acetylacetonate [4,5].

Thermochemical transformation (pyrolysis) of ceramic-forming organoyttriumoxanealumoxanes at 1500
°C results in aluminum-yttrium ceramics.

It is found that the pyrolysis of organoyttriumoxanealumoxanes with Al:Y~1.5-1.7 leads to the formation
of an aluminum-yttrium garnet, the samples are a ceramic matrix consisting of globular formations with
nanostructured elements whose characteristic dimensions do not exceed 10 nm.

Polymeric organoaluminum-yttrium fibers based on organoyttriumoxanealumoxanes in the pyrolysis
process are transformed into ceramic refractory oxide fibers based on alumina, modified with yttrium oxides,
including fibers of aluminum-yttrium garnet AlsY 301, composition [5].

The  hydrolytically stable in air, soluble in organic solvents ceramic-forming
organomagnesiumoxanealumoxanes having fiber-forming properties were synthesized by the chelated
alkoxyalumoxane interaction with magnesium acetylacetonate [6].

We found that organomagnesiumoxanealumoxanes pyrolysis with molar ratio of Al:Mg = 2:1 even at 900
°C results in magnesium-aluminate MgAI,Os.

Based on ceramic-forming organoelementoxanes (organoalumoxanes, organoyttriumoxanealumoxanes,
organomagnesiumoxanealumoxanes) the researchers of SSC RF GNIIChTEOS developed effective method for
obtaining components of heat - resistant ceramics and ceramic composites of oxide composition (Al;Os, Y203—
Al;03, MgO-Al,03): binders, impregnation compositions, ceramic nanopowders [1,3,6,7].
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The scope of this study is to review the synthesis, compaction and sintering of nanocrystalline ZrB;
powders. ZrB, powders were prepared using simple gel method. The characterization of synthesized powders was
carried out mainly by X-ray diffraction (XRD), Transmission Electron Microscopy (TEM) and Scanning Electron
Microscopy (SEM) and surface area measurement (BET). Samples were densified by pressureless sintering and
spark plasma sintering. The XRD results showed that the powders was transformed zirconium diboride phase upon
increasing temperature from 1000 to 1500 °C. The surface area of the powders heat treated at 1500 °C was found
to be 1.6 m?/g. the morphology of the powders at 1500 °C were hexagonal rod-like with 60 nm of crystallite size.

ZrB; powder with Fe and Ni as a sintering aids was compacted and then pressureless sintered at 1750 °C
for 5 h. The sintered ZrB;, + Ni ceramics had a hardness of 15.8 GPa and density of 94.8%, while those was found
to be 14.9 GPa and 99.9% for Fe addition. In the SPS processing, ZrB; with nickel addition ceramic were densified
at 1600 and 1900 °C in atmosphere under a pressure of 65 MPa. ZrB, sample was sintered to 88 % of relative
density at 1300 °C, while density of sample sintered at 1600 °C was found to be 93 %. The hardness values of the
samples were changed from 11 to 13.7 GPa as SPS temperature increase from 1300 to 1600 °C. The SPS processing
result in homogenous and fine microstructure when compared with conventional one.
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The production of advanced ceramics from preceramic polymers offers advantages in terms of simple
processing methodology, low processing cost, other properties arising from the composition of the final ceramics.
In this study, Silicon oxycarbide (SiOC) powders were prepared by the sol-gel methods using
Tetraethylortosilicate/Polydimethylsiloxan (TEOS/PDMS) as organic-inorganic precursors. The gels were
pyrolized at 1100 °C and were sintered at 1550 °C with both He and Ar atmosphere. The obtained powders were
characterized by X-Ray Diffractometer (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
(EDX), Differential Thermal Analyzer (DTA) and Fourier Transform Infrared (FTIR) respectively. The results are
compared with literature studies and they showed the SiOC powders were successfully synthesized. The study
delivers direction for the systematic design and fabrication of SIOC materials with potential application including
catalysis, sorption and membrane separations under extreme conditions, biomedical device and among others.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8

93



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

SESSION 1V Advanced preparation methods and characterization techniques of nhanomaterials

Isomerization of alpha-pinene over halloysite — the effect of temperature

P.Miadlicki®*, A. Wroblewska? , M. Malko?

2 Institute of Organic Chemical Technology, West Pomeranian University of Technology Szczecin,Pulaskiego 10,
70-322 Szczecin, Poland

* piotr.miadlicki@zut.edu.pl, agnieszka.wroblewska@zut.edu.pl

Introduction

During the process of weathering the rocks, also the process of "kaolinization" takes place, in which the
sodium feldspar is broken down into minerals of the kaolin group - kaolinite and halloysite. Both materials are
hydrated aluminosilicate minerals with the empirical formula of Al,Si,Os(OH)4. Halloysite naturally occurs as
small cylinders (nhanotubes) that have a wall thickness of 1015 atomic alumosilicate sheets, an outer diameter of
50-60 nm, an inner diameter of 12—-15 nm, and a length of 0.5-10 pm. Its outer surface is mostly composed of
SiO; and the inner surface is composed of Al,O3 - hence these surfaces are oppositely charged [1,2]. The main
purpose of this work was to investigate the effect of reaction temperature on the course of the a-pinene
isomerization process over natural halloysite.
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Figure 1. The structure of halloysite [3]

Experimental

In our studies, we used the halloysite obtained from the Dunino mine (Poland). Isomerization tests were
carried out in a glass reactor with the capacity of 25 cm?, equipped with a reflux condenser and magnetic stirrer
with heating function. For the isomerization test, 4 g of a-pinene (98%, Aldrich) and a suitable amount of catalyst
were put into the reactor which was then placed in an oil bath for 6 hours. The intensity of stirring was constant
and amounted to 400 rpm. The quantitative analyses were performed by the gas chromatography method.

Results

During the research the influence of temperature in the range of 80-180°C on the isomerization of a-pinene
in the presence of the halloysite was investigated. As the temperature increased, the conversion of alpha-pinene
increased to the maximum and amounted to 100 mol% (at the temperature of 140°C). At 140°C, where the
conversion of a-pinene reached 100 mol%, the selectivities of the appropriate products were as follows (in mol%):
camphene (40.88), limonene (27.76), a-terpinene (3.88), y-terpinene (2.75), terpinolene (10.54), p-cymene (2.75),
and a-phellandrene (0.39). Furthermore, with a total selectivity of 9.94 mol% - fenchene, tricyclene and polymeric
products are also formed. Moreover, in the temperature range of 160-180°C, formation of p-cymene is observed.

Conclusion

The current studies have shown that halloysite is an excellent catalyst for alpha-pinene isomerization
process. Its use enables obtaining of almost 100 mol% conversion of a-pinene after the reaction time of 6 hours.
Compared to the industrially used TiO, reaction time can be shortened from 48 to 6 hours. This material, which is
of natural origin, is also extremely inexpensive and environmentally friendly.
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Introduction

Nowadays, carrying out chemical processes that use the waste as a raw material and reduction the emission
of pollutants is desirable. An example of this type of process is the isomerization of a-pinene on the Ti-MCM-41
catalyst. The main purpose of this work was to investigate the effect of reaction temperature on the course of the
a-pinene isomerization process, mainly taking into account the selectivities of the appropriate products and the
conversion of a-pinene. The main reaction products were: camphene, limonene, p-cymene and terpinenes. All
from these products are widely used in food, perfumery, and polymer industries and, moreover, in medicine [1].

camphene

Figure 1. Main products of the alpha-pinene isomerization
Experimental

In these studies we used the Ti-MCM-41 catalyst with high titanium content (molar ratio of Ti:Si in
crystallization gel equal to 1:10). Synthesis of this catalyst is described in our previous work [1]. Isomerization
tests were carried out in a glass reactor with the capacity of 25 cm?, equipped with a reflux condenser and magnetic
stirrer with heating function. For the isomerization test, 4 g of a-pinene (98%, Aldrich) and a suitable amount of
catalyst were put into the reactor which was then placed in an oil bath for 6 hours. The intensity of stirring was
constant and amounted to 400 rpm. The quantitative analyses were performed by the gas chromatography method.

Results

During the research the influence of temperature in the range of 80-180°C on the isomerization of a-pinene
in the presence of the Ti-MCM-41 catalyst was investigated. As the temperature increased, the conversion of
pinene increased to the maximum amounted to 100 mol% (at the temperature of 160°C). Within the temperature
range of 100-160°C, the selectivity of camphene and limonene was similar (about 35 mol%). At 160°C, where the
conversion of a-pinene reached 100 mol%, the selectivities of the appropriate products were as follows (in mol%):
camphene (33.6), limonene (29.9), a-terpinene (7.4), y-terpinene (4.4), terpinolene (10.8), p-cymene (3.7), and a-
phellandrene (1.2). Furthermore, with a total selectivity of 9.0 mol% - fenchene, tricyclene and polymeric products
are also formed. However, at the temperature of 180°C, formation of p-cymene is observed.

Conclusion

The current studies show that the Ti-MCM-41 catalyst is the active catalyst in the a-pinene isomerization
process. Its use allows to obtain the conversion of a-pinene amounted to 100 mol% after the reaction time of 6
hours. The products obtained in this process are used in many industries and the way of this process performing is
easy and environmentally friendly.
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The nano structures are characterized for their properties using several techniques such as SEM, TEM,
XRD, Raman, UV-VIS, XPS and PL etc. Being no-destructive and quite accurate, the XRF techniques is also one
of the very useful to determine the elemental composition of the material [1]. We have determined the relative
doping concentration of Ni in potassium titanate nano-fibres synthesized with hydrothermal method. The chemical
doping of Ni was done in potassium titanate sample with expected doping concentrations of 0 to 10 percents. The
22.2 keV photons from x-ray tube with Ag target are used to excite the fluorescence and the emitted x-rays from
the sample are detected by an Amptek SDD detector. The spectra of all elements present in the sample are recorded
using a multi-channel analyzer in a 90 geometry [2]. Though the absolute production cross-sections of the x-rays
can also be detrmined experimentally, but these require the knowledge of absolute incident flux, production cross-
sections, and the values of self absorption correction factor and geometry. Due to large uncertainities and errors
in these parameters [3,4] the results can not be reliable. Our interest in the experiment is to study the relative
change in concentration of nickle as dopant, therefore the simple measurement of relative intensities of nickle x-
ray intesities can serve the purpose. Since the measurement of relative concentrations do not require the absolute
X-ray intensity, production cross-sections, and the factors like self absorption and geometry are cancelled. As
reported earlier [2], we have determined the relative doping concentrations of nickle in potassium titanate
structures in a hassel free method by simply measuring the K, and Kp relative x-ray intensities of nickle. The
method of measurement and the results are discussed in this paper.

Keywords: x-ray fluorescence, elemental composition, characterization, relative concentration
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The current focus on naturally abundant nano-sized materials and their applicability in water treatment is
increasing due to their unique properties such as high surface area to volume ratio and versatility in the manufacture
of composites. This work evaluated the performance of a bio nano composite of cellulose nanofibers synthesized
from absorbent cotton and nano-clay to remove cadmium (Cd?*) from water. The composite was synthesized by
dissolution with alkali-urea and pressure binding with ethylene glycol under high temperature. The synthesized
composite was characterized for functional group analysis by Fourier transform infrared spectroscopy (FTIR) and
surface morphology using scanning electron microscope (SEM). From the analyses of functional groups and
porous surface, the bio composite showed potential for the removal of metals from water. Batch mode adsorption
experiments were conducted to study the effect of different experimental parameters. The results revealed a fast
adsorption kinetics and equilibrium was reached in 90 minutes with 90% removal efficiency using an adsorbent
dose of 1.0 g L't and 50 ppm initial cadmium concentration. The adsorption process was assessed with different
kinetic models viz. pseudo-first-order, pseudo-second-order and intraparticle diffusion and the results showed that
the pseudo-second-order kinetic model best described the adsorption kinetics. The adsorption isotherm fitted with
Langnuir model. The regeneration experiments showed that the nano composite material had 90% removal
efficiency after four cycles using 0.1 NaOH as an eluent. The results from this study shows the synthesized
cellulose nanofibers-clay composite is a potential as heavy metal adsorbent.

Keywords: Cellulose nanofibers; Nano clay; Composite; Cadmium; Adsorption; Kinetics
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R-(+)-limonene is found in citrus peels (sweet orange, tangerine, lemon and lime) and has the following
physical characteristics: boiling point 176°C (760 mmHg), melting point -74° C; density of 0.94 g/dm® and good
solubility in methyl alcohol and ethyl alcohol, and also in acetone and benzene. It is the main constituent of oils
extracted from citrus fruit waste (biomass). It can be obtained by natural and synthetic methods using, for example,
pyrolysis processes. Natural methods (simple distillation or steam distillation of citrus peels) allow to utilize of
citrus fruit waste from the food industry and at the same time to obtain pure limonene. Pyrolytic methods require
high temperatures and generate significant amounts of wastewater and are very harmful to the environment.

R-(+)-limonene has found mainly applications in cosmetics, in medicine - including natural medicine for
aromatherapy (sedative properties, harmonizing and stabilizing nervous system), in perfume industry, in food
industry (flavours for food). R-(+)-limonene is also present in carbonated beverages produced by large companies
(e.g. Coca Cola Company), in fruit juices, ice creams and candies, where it serves as food flavour and stabilizer
[1]. Limonene is used in the synthesis of many useful intermediates for organic industry as well as an alternative
solvent for organic synthesis because it is cheap, biodegradable and not toxic. Its disadvantage is that it is easy to
oxidize, so it can not be used as a solvent in oxidation reactions. This compound can also be used as a cleaning
agent for electronic equipment, due to its degreasing properties. Limonene has also found use as a fragrance
component in household chemicals (detergents and air fresheners). R-(+)-limonene is also used in massage and
cellulite fighting. In the polymer industry, it is a valuable monomer to produce "fragrant” and biodegradable
polymers [2].

Very important processes in which R - (+) - limonene is the raw material are processes of its oxidation. As

a result of the oxidation of R-(+)-limonene, we obtained compounds such as carvone, carveol, perillyl alcohol,
1,2-epoxylimonene and 1,2-diol of epoxylimonene.

The literature describes the methods of oxidation with hydrogen peroxide, tert-butyl hydroperoxide,
molecular oxygen [3] and ozone [4] in the presence of heterogeneous catalysts, where the catalysts are: titanium-
silicate catalysts, porphyrins [5], salts ruthenium [6] and molybdenum [7] and hydrotalcites (synthetic counterparts
of natural clayey soil) [8].

One of the most important methods of limonene oxidation is the method which use of titanium-silicate
catalysts [9]. In these methods, the advantage is the stability of the catalysts, the easiness f their regeneration, the
small number of harmful by-products (mainly water or alcohol). The new method of limonene oxidation is the use
of montmorillonite as catalyst in the presence of tert-butyl hydroperoxide for limonene oxidation process.
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Controlling the morphology of nanomaterials via synthesis process modification is an emerging field of
research. In particular, there is an emphasis on the development of various nanostructures to be employed in variety
of applications as, photo catalysts, sensors, photovoltaics, bio-ceramics, and batteries [1].

Advances in surface chemistry of the growth nuclei are a fundamental concept in development of controlled
shaped nanomaterials by promoting or poisoning of growth planes [1]. Sol-gel, hydrothermal, solvothermal, direct
oxidation, chemical vapour deposition, microwave, micelle and inverse micelle are the most common procedures
for synthesis of nano structures [2,3], among which sol-gel has revealed notabl advantages such as high purity,
shape uniformity, low temperature procedure controllable reaction conditions etc. [4]. Investigations on growth
mechanism and shape evolution of nano structure would promote both understanding the fundamental phenomena
and development of potential industrial scale applications.

Size and morphology of the nano structures are determined by crystal growth mechanism, kinetics, and
microstructure development which all let the researcher to control the expected characteristics [6]. Process
monitoring and mechanism evaluation has been widely studied by different spectrometric method such as XRD,
NMR and FTIR. Synthesis of TiO, nanostructures was performed via sol-gel method by adjusting the water to
precursor ratio and pH value the hydrolysis and condensation reaction of titanium alkoxide precursor. Mid-infrared
spectrometer (Nicolet, Madison, W1, USA) equipped with diffuse reflection sampling cell with a DTGS detector
and a Csl beam splitter was used to record spectra during the growth process. The spectral resolution was 8 cm
and 36scans were accumulated over the range from 400 to 4000 cm™ for each spectrum. Data acquisition was
performed every 10 min since the start of synthesis to till the sol preparation step. After sol preparation spectrum
recording time intervals was 60 min in the first day and 120 min during the next days.

At the start of reaction TTIP would react violently with water, to be hydrolyzed and from Ti (OR)s-n(OH);.
These species are polymerized to produce water and alcohol and network bonds of Ti-O-Ti. The amount of
available water for the hydrolysis process plays an important role in the mechanism. Reaction time is controlled
by the amount of water in the reaction. Due to the strong and fast reaction of TTIP with water, the reaction mixture
would be diluted by solvent, to reduce its speed. Another key mechanism is to stabilize the solution in the process
by settingappropriate pH. Thus, fabrication of TiO2 nanoparticles was performed in acidic conditions, when the
condensation of the half protonated Ti-O-R groups is important. In order to study the spectral variatious along the
synthesis process MCR—ALS analysis was performed on the IR absorbance data matrices.The obtained data set
from FTIR spectrometry , for different synthesis procces routes were rearranged into a data matrix D(rxc), where
the rows of D(r) contain the spectra measured for different samples at and each column “D” (c) provided the
wavenumbers monitored. Experimental data matrix (D) was decomposed according to the equation:

D=CST+E
where C (n, q) is the concentration profile describing the evolution of the chemical components (g) ST(q,p) is the
spectral data matrix describing the pure infrared spectra of detected components. E contains of residuals (not
explained by the model)considered as the experimental error. (ALS) tries to calculate the concentration C and
pure spectra ST using an iterative procedure. Principal component analysis (PCA) as a data compression technique
is usually considered as a useful tool to assess the number of effective components using singular value
decomposition(SVD).
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Homogeneous epoxy coating containing polymer nanocomposite (PNC) was successfully synthesized and
applied on carbon steel substrates by room temperature curing of fully mixed epoxy slurry. (PNC) containing both
ZNO nanoparticles and epoxy hyper branched polymer (EHBP), a new double layer thin film which comprises
ZNO-epoxy as a primer coat and ZNO-EHBP-epoxy as a top coat offers better corrosion protection compared to
the purely inorganic ZNO-epoxy coating and hybrid ZNO-EHBP-epoxy coating. Chemical structures of
synthesized compounds were confirmed by FTIR, H'NMR spectroscopy and GPC. The surface morphology and
phase structure of the produced Zno nanoparticles were characterized by scanning electron microscopy SEM,
transmission electron microscopy TEM and X-ray diffraction. Chemical resistance of theses coatings to NaOH
and HCI was investigated. The effect of incorporating polymer nanocomposite and new double layer coating on
corrosion resistance of epoxy coated steel was investigated by salt spray test.

Keywords: double layer coating, Epoxy coatings, Hyper branched polymers, polymer nanocomposites, ZNO
nanoparticles.
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Large-area polymer composite coatings are fabricated by horizontal dipping, with a horizontally drawn
solid substrate wetted by a meniscus of dissolved composite solution, formed between the substrate and a
cylindrical bar kept at constant height in the range of a few tens of micrometres[1]. As an extension of this coating
technique electric field is applied between the (conducting) substrate and the bar (gold covered) (Fig. 1). Although
it is effective only in the beginning part of film structure formation, it has a profound effect on final film
morphology. When the electric field is repeatedly switched on and off the spatial patterns of different morphologies
are formed, changing between semiconductor/insulator bilayers and lateral (quasi-2-dim) structures or between
lateral droplet-like morphologies dominated by continuous semiconductor or insulator phase.

Figure 1. Schematic presentation of the coating process, the polymer solution is placed between bar and the
substrate. An electric field can be applied during film formation to locally modify polymer layer structure.

The described method and equipment is patent pending (number P.418951, filing date 2016-10-01)
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A new generation of metallic biodegradable materials are used in the preparation of various medical
implants. To change the properties of such material is possible by a various additives. An addition of nano-
inorganic metal oxides as MgO and ZnO to pure iron material leads to control of corrosion resistance. These
specific nanoparticles cause also the reduction a bacterial contamination [1, 2]. Attention is focused on the
biodegradability and biocompatibility of materials.

The samples were prepared by a powder metallurgy from powdered carbonyl iron with amounts 0.5,
1.0 wt.% of nanoparticles MgO or 0.5, 1.0, 5.0 wt.% of nanoparticles ZnO. The powders were mixed in a turbula
mixer, compressed and sintered. Some samples were also modified by spark plasma sintering (SPS). Corrosion of
samples in the Hank's solution was investigated. Using the chronometrical potentiometry, the open-circuit
potential (OCP) was recorded. Immediately after the determination of OCP, potentiodynamic measurements were
performed. The samples were examined in more detail using a scanning electron microscope.

The corrosion potential of a freely corroding Fe sample (OCP) decreased with time, the OCP of Fe-ZnO
and Fe-MgO samples exhibit a relatively constant course. The nanoparticles are uniformly dispersed in the iron
particles, therefore corrosion is largely uniform. Addition of nanoparticles causes a negative shift in corrosion
potential. Samples modified by SPS have OCP values shifted more positively. During the sintering in the presence
of plasma, the partial homogenization of the nanoparticles in Fe was occurred. The materials have different
porosity and therefore are more resistant to corrosion electroless process.

From the polarisation measurements is evident, that the addition of MgO or ZnO shifts the corrosion
potential negatively, compared to the pure Fe sample. The negative shift indicates the increased tendency of these
samples to corrode. It is probably caused the samples disorder and less homogenous character of the porosity. The
corrosion rate is not affected by the overall porosity, rather the pore dimensions and their character, which can
significantly accelerate and promote pitting and crevice corrosion. In the case of samples treated by SPS, the
addition of nanoparticles causes an insignificant shift of corrosion potential. The corrosion rate of the mentioned
samples is lower. The material is more compact, the surface is more homogeneous.

In the further research, it is interesting to investigate degradation processes in the real environment of body
fluids and to observe the effect of the presence of different nanoparticles in iron samples on biocompatibility and
hemocompatibility.

100KV X3,000

| Fig.1 SE images showing the corrosion on the surface a) Fe+1.0 MgO, b) Fe+0.5 ZnO
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Al-TM alloys (TM = transition metal) with compositions close to 75 at. % Al constitute an important group
of complex metallic alloys (CMA). These materials are composed of structurally complex intermetallic phases
with large unit cells, inclusive of quasicrystals [1-4]. First quasicrystalline phases were described by Shechtman
et al. [5]. Their discovery was awarded by Nobel Prize in chemistry in 2011 [1]. Because of the specific crystal
structure, the structurally complex intermetallic phases are suitable for different applications. The Al-based CMAs
have been utilized as scratch—resistant coatings [6]. Furthermore, possible applications of these materials in
catalysis [7], hydrogen generation [8], metal-matrix and polymer—matrix composites have been reported [9].

In the present work, the phase constitution and corrosion behavior of as—solidified and as-annealed Al-Co
CMAs have been studied. Six Al-Co alloys (Al-24Co, Al-25Co, Al-26Co, Al-27Co, Al-28Co, Al-29Co,
composition given in atomic percents) were prepared by arc—-melting from high purity Al and Co granules. The
melting was performed in high purity Ar. After melting the alloys were solidified on a water-cooled Cu mold. Two
of the alloys, Al-26Co and Al-29Co, were further annealed at 1050 °C for 330 h to reach near-equilibrium
conditions. The microstructure of the as-solidified and as-annelaed alloys was studied by field emission gun
scanning electron microscope JEOL JSM-7600F coupled with an Oxford Instruments energy dispersive X—ray
spectrometer. Furthermore, the alloys phase constitution was investigated by X—ray Panalytical Empyrean P1XCel
3D diffractometer working with a CoKal,2 radiation beam. Each alloy was composed of different microstructure
constituents. The observed phase constitution was interpreted based on previously published Al-Co phase diagram
and non-equilibrium processes taking place during casting. The as—solidified and as-annelaed alloys were
subjected to corrosion testing at 21+2 °C in three different aqueous solutions: 0.6 M NaCl, 0.01 M HCI and 0.01
M NaOH. Open circuit potentials of the alloys were measured immediately after sample immersion in the
electrolyte. Furthermore, an electrochemical polarization of the alloys was performed in a standard 3—electrode
cell controlled by potentiostat (PGU 10V-1A-IMP-S, Jaissle Electronic Ltd., Germany). The alloys corrosion
potentials and corrosion current densities were determined by Tafel extrapolation of the experimental polarization
curves. A pitting corrosion in 0.6 M NaCl and 0.01 M HCI was found and some of the constituent phases were
preferentially attacked by this type of local corrosion. The electrochemical nobility of individual intermetallic
compounds is discussed. Finally, the conclusions towards the alloys corrosion resistance in acidic, saline and
alkaline environment are provided.
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The polyelectrolyte multilayer films formed by the layer-by-layer (LBL) technique are attractive materials
with large scale potential applications in the fields of surface modification, sensors, separation membrane for gases
as well as supporting layers in biomaterials [1]. The morphology and chemical properties of polyelectrolytes alter
significantly depending on such parameters as molecular weight, charge density, pH, temperature, and others [1,
2]. Despite the extensive research efforts for governing of the LBL formation and modification under any external
stimuli, certain aspects still remain unclear. In our study we focused on measuring the buffering capacity of pH-
sensitive poly(ethyleneimine) (PEI) — poly(sodium-4 styrenesulfonate) (PSS) assembly. Nanostructured TiO;
films were used as a light-sensitive substrate, producing a local change in the pH when UV-stimulated
photocatalytic reactions take place on the semiconductor surface [3]. In order to monitor local pH changes near
the surface, we applied scanning ion selective technique (SIET). This technique provides measuring the
concentration of specific ions (here, H* ions) at a nearly constant microdistance. SIET maps were recorded
sequentially in 0.05 M NaySO;, solution 100 um above the TiO; surface before, during and after UV irradiation.
In the dark, the pH is not changed appreciably over the bare titania surface and is about 5.8. After applying the
local UV illumination of the surface the pH decreases significantly over the light spot. Local acidification of
solution up to pH 3.8 occurs in the center of the irradiated zone. The pH decreases more rapidly after starting the
illumination, reaches a limiting value for the period of 3-4 min and then relaxes to the initial value during appr. 40
min, indicating that the UV-triggered acidification process is reversible. PEI-PSS layers were deposited on the
TiO; surface for studying the buffer activity of polyelectrolytes. During irradiation of polymer-covered titania
films, the pH decreased from initial 7.0 to final 4.5. In comparison with bare TiO,, the region of local pH change
is significant wider and spreads outside the irradiated zone, which can be related to protons accumulation and
spreading in the LBL layer owing to their binding to amine groups of PEI. Furthermore, the pH relaxation near the
LBL-coated TiO; surface slows down after light switching off.

In conclusion, we have demonstrated successful application of SIET technique for mapping of H* ions
activity over the bare and LBL-covered nanostructured TiO- films under the local UV irradiation. Generation of
protons during photocatalytic reactions on the TiO, surface leads to a local acidification in the irradiation zone.
Spreading of H* ions and slower pH relaxation near the TiO; surface modified by PEI-PSS layers in comparison
with the bare TiO; have proved the high buffer activity of polyelectrolyte layers.
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Silver nanowires (AgNWs) are widely investigated and used material in different fields of science and
industry such as optoelectronics, biomedicine and textronics. By controlling their length and chemical structure of
their surface (the presence of stabilizers, organic modifiers or oxide coatings), we can form the properties of the
resulting nanomaterial. Thus, the properly prepared and well characterized AgNWs can be used to obtain
multifunctional fabrics with relevant from the application point of view properties, such as antimicrobial activity
or conductivity [1-3].

Work presents the controlled synthesis of uniform in size and shape silver nanowires via the chemical
reduction method and their modification by covering their surface with metal oxide (e.g. tin oxide, titanium oxide),
obtaining so called core-shell structures. The prepared materials were characterized by UV-Vis, FT-IR and Raman
spectroscopy techniques and were depicted using transmission scanning electron microscopy (STEM). The
diameter of AgNWs was 46 &+ 2 nm and length 8 um, whereas the oxide shell thickness was about 15 nm, providing
high stability and protection against silver degradation. In the next step, nanowires were used to modify the cotton
fabrics and obtain multifunctional hybrid systems. For this purpose NWs were deposited on the fabrics by the
dipping technique and proper tests to investigate the properties of the final product were conducted. The results
showed the high conductivity of the material, even after many washing cycles, the high antimicrobial activity
against two model bacteria Staphylococcus aureus and Klebsiella pneumoniae, and the photocatalytic activity
confirmed by the nicotine decomposition experiment.

Silver nanowires show great potential in multifunctional fabrics preparation. Cotton modified with AgNWs 106

and metal oxide is highly conductive, antibacterial and photocatalytically active which allows us to consider it as
the promising material in terms of future applications [2,3].

NovaNanoSEM - Uy Lodz - KTiChM

STEM images of silver nanowires (left) and cotton fabric modified with AgNWs (right).
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Silver is the material with the highest conductivity among metals, hence with its use inks and paints for
conductive paths and electronic components are prepared. Combining this feature with the properties of the
material structure, silver nanowires (AgNWs) are extremely important material for electronic and optoelectronic
applications. Commonly used material in the manufacture of transparent electrodes, that are necessary for the
production of flat screens and photovoltaic modules, is still indium tin oxide, but due to its disadvantages intensive
research on its replacement is being conducted. AGNWs seem to be an excellent candidate in this case. But it is
important not only to produce the material itself but also to provide its protection against possible degradation that
can be achieved by the efficient modification of the silver surface [1-3].

The study included controlled synthesis of AgNWSs colloid by chemical reduction method, surface
modification of obtained nanowires with metal oxide (e.g. SnO2, TiO2) with the core-shell structure formation and
their spectroscopic and microscopic characteristics (UV-Vis, STEM, FT- IR, Raman). AgNWs with
a diameter of 46 = 2 nm and a length of approximately 8 um were obtained and the resulting metal oxide shell was
15 nm thick. Then deposition of the material on various substrates was carried out and the final systems were
characterized to determine their physicochemical properties, especially conductivity. The recorded surface
resistance of 20 Q confirmed that the prepared nanomaterial has a high application potential.

The results show the enormous potential of combining the properties of nanomaterials containing silver
with metal oxides for conductive materials preparation.

STEM image of silver nanowires modified with tin oxide.
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Nano-structured aluminum oxide based systems are used as catalysts for many chemical processes [1,2].
Since the intermediate chemical interactions of the reactants with the catalyst take place on the surface of the
catalyst, it is necessary to obtain the information about the active centers of the catalyst surface to understand the
role of the modifiers in these processes. The method of IR spectroscopy is widely used to determine the
concentration and strength of acid sites on the surface [3,4]. However, the concentration of such centers in many
cases may be small and the sensitivity of the IR spectroscopy method for many systems is insufficient. In such
cases, EPR spectroscopy of adsorbed spin probes is often used [5,6]. In the presented report the results of the study
of acid sites of catalysts based on Zr / Al oxide system for the conversion of C»-C, alcohols to hydrocarbons using
EPR spectroscopy of the nitroxide radicals (NR) are given. The structures of the used spin probes are shown below
and the values of EPR parameters of these radicals in a benzene solution are given in the Table.

H H - H H H NH, R H
H g H H
H
H N H H N H
o . H H
o
I 1T
R = CI, Br, CH,4
III, 1v, vV
Table. The values of the EPR parameters of nitroxide radicals in a benzene solution*.
Nitroxide +0,2mT
radicals
o 02 O3 g izo Aq Az Az Az
I 2,00223 | 2,00638 | 2,00995 | 2,00619 0,60 0,60 3,45 1,55
I 2,00216 | 2,00634 | 2,00964 | 2,00598 0,58 0,58 3,44 1,53
Il 2,00212 | 2,00635 | 2,00992 | 2,00613 0,56 0,56 3,40 1,51
v 2,00215 | 2,00638 | 2,00974 | 2,00609 0,54 0,54 3,40 1,49
\Y 2,00215 | 2,00638 | 2,00981 | 2,00611 0,54 0,54 3,42 1,50

*The given values are determined in comparision of experimental and calculated EPR spectra

It was shown the formation of stable at room and more higher temperature surface paramagnetic complexes
[As«NR] during the adsorbtion of these nitroxide radicals onto the Zr/Al oxide based catalysts. Based on the EPR
spectra of nitroxide radicals adsorbed from benzene solutions on the surface of catalysts, the number of acceptor
centers is determined and the nature of the complexes of adsorbed nitroxide radicals with the catalyst surface
depending on the composition of the catalysts is studied.
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Introduction

For many decades, the modern industry of applied optics and antireflective coatings has special demands
regarding the properties of the applied materials [1, 2]. Often, thin films of established compounds, like MgF, or
SiOy, respectively, exhibit a low reflectance but still suffer from environmental impacts like moisture or
abrasion [3-5]. Thus, exceptional materials, which provide a low refractive index and insolubility, are needed.

Along these issues, complex fluoroaluminates, MgAIFs, MgAIFs - 2H,0, and MgAl,Fg- 2H,0 seem to
comply with these challenges [6]. Already in existence as the mineral Leonardsenite (MgAIFs - 2H,0) [7] or
obtained by hydrothermal syntheses (MgAIlFs, MgAl;Fs- 2H,0) [8, 9], the chosen compounds provide low
refractive indexes and poor solubility.

Methods

Fluorolytic Sol-Gel Synthesis

The fluorolytic sol-gel synthesis is the method of choice to obtain colloidal dispersions of metal fluorides
[10]. Treating metal alkoxides with anhydrous HF in an alcoholic solvent (Fig. 1), the process allows producing
several liters of sol, which can be subsequently used for dip coating [11].

M@OR), + xHF —————3 xROH + MF,
{ MO(H)R }

Fig. 1: General reaction scheme of the fluorolytic sol-gel synthesis.

Superposition Model

Although many articles about M"AIFs structures have been published yet, there are no NMR data about
corresponding Mg containing analogues [12-15]. Thus, all experimental °F NMR data were compared with
simulations of the *°F superposition model by BUREAU et al. [16], in which all calculations were referred to pure
fluorides. Influences of protons in hydrate containing analogues MgAIFs - 2H,0 and MgAl;Fs- 2H,0 have been
neglected concerning missing availability of deshielding tensor S;. Moreover, the deshielding effects of the cations
in structures like A"B""X,a+35 depend on both the electronic overlap as well as the cation-cation interaction [17]
and, therefore, lead to variations in experimental and calculated chemical shifts. For a better graphical depiction,
calculated spectra were shifted in a range of 20-22 ppm.

Dip Coating and Layer Validation

All layers were fabricated on float glasses by dip coating. For this purpose, glass slides were put into the
sol and extracted consistently with defined extraction speed (40 cm  min™). After thermal treatment (T = 450°C,
t = 15 min) layers were investigated with transmission spectroscopy, longtime water bath test (14 days), and crock
meter test (steel wool, Fpressure = 4 N, 25 strokes).
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Results

In addition to the compounds known from the literature, fluorolytic sol-gel synthesis was extended and
applied with different molar ratios (1:1, 1:2, 2:1; Mg:Al, Fig. 2).

_ (x+y) HFyteon Lyxy=11
0.7x Mg(OEt), + 0.3x MgCl, + y Al(O'Pr), > Mg ALFo5,) | 2)x5y=1;2
MeOH 3)xy=2;1
- 0.7x EtOH
-y ‘PrOH
- 0.3x HCI

Fig. 2: Reaction scheme for different molar ratios.

It can be seen that a defined amount of metal chloride is needed to end up with a clear sol. This is caused
by the catalytic cycle of produced HCI, which was discussed in a previous paper [18]. Sols of all molar ratios were
obtained water clear, longtime stable, and with low viscosity. Static 1°F solid state NMR measurements show the
existence of pure fluorides AlF; [-170 ppm; -155 ppm], MgF2 [-198 ppm; -192 ppm], and fluorine sites surrounded
by both Mg and Al [-185 ppm; -172 ppm] (Fig. 3). A tiny signal of adsorbed HF molecules can additionally be
found at -186.4 ppm. Despite the appearance of those fluorine sites in strongly disordered environments, the
formation of MgAIFs within the sols can be denied concerning the comparability towards simulations. To get a
more precise insight of structural information, xerogels were obtained by evaporation of the solvent and were
subsequently thermally treated.

/ N
et 111 (Mg:Al)

-155 -160 -165 -170 -175 -180 -185 -190 =195 =200 =205

F2 F1 F3 Simulation

<155 -160 -165 170 175 -180 -185 -190 -195 -200 205
5 [ppm)

Fig. 3: Comparison of static *°F solid state NMR (sol, molar ratio 1:1, Mg:Al) and calculated spectra of
MgAIFs.

In line with the situation mentioned above, xerogels of molar ratios 1:1 and 1:2 (Mg:Al) are not comparable
to the calculated spectra of MgAIFsas well, but MgAIFs - 2H,0 and MgAl2Fs- 2H,0. The measured and calculated
spectra of xerogels with molar ratios 1:1 and 1:2 show good agreement with the different fluorine sites within the
structure (Fig. 4: a) MgAIFs - 2H,0, F2: light green, F1: dark green; b) MgAl:Fs- 2H,0, F3: light green,
F2: medium green, F1: dark green, [BF4]: purple). In addition, XRD data match with their corresponding powder
diffraction files. In contrast to this, data of the xerogel of molar ratio 2:1 (Mg:Al) indicate the formation of MgF
and MgAIFs - 2H,0.
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Fig. 4: @) *°F MAS NMR of Xerogel 1 (Mg:Al = 1:1) and simulated spectra of MgAIFs - 2H,0. b) *°F
MAS NMR of Xerogel 2 (Mg:Al = 1:2) , dmfit analysis, and simulated spectra of MgAlzFg- 2H0.

Heading back to our initial aim, to access antireflective layers with improved stability, sols of all molar
ratios were applied for coating of glass slides (Tab. 1). It can be seen, that all layers provide antireflective behavior
with a reflectance of almost less than 1%. In addition to this, stability towards mechanical abrasion and longtime
water bath test is extremely enhanced. Although glasses were exposed to water for 14 days, layers just show tiny
scratches after repeating crock meter test (Fig. 5a-c).

Tab. 1: Overview of layer properties. 112
Layer Ratio (Mg:Al) T[°C] t[min] dT [°C/min] dnm] R[%] T[%] N632,8nm
1 11 450 15 10 111.4 1.02 97.51 1.32
2 1:2 450 15 10 172.3 0.93 93.20 1.30
3 2:1 450 15 10 171.2 0.39 96.96 1.27

Fig. 5 a) freshly prepared Layer 3. b) Layer 3 after 14 days of water bath test. ¢) Layer 3 after 14 days of
water bath test and 25 strokes of steel wool.

Copyright © NFA 2017 ISBN: 978-80-8152-530-8



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

References
[1] N. Ozer, in, North-Holland, 1996.
[2] B.E. Yoldas, Appl. Opt., 19 (1980) 1425-1429.
[3] C. Ballif, J. Dicker, D. Borchert, T. Hofmann, Solar Energy Materials and Solar Cells, 82 (2004) 331-344.
[4] 1.M. Thomas, Appl. Opt., 27 (1988) 3356-3358.
[5] B.E. Yoldas, D.P. Partlow, Thin Solid Films, 129 (1985) 1-14.
[6] M.J. Weber, in, CRC Press, Boca Raton, USA, 2003.

[7] D. Mitolo, A. Garavelli, T. Bali¢-Zuni¢, P. Acquafredda, S.P. Jakobsson, The Canadian Mineralogist, 51
(2013) 377.

[8] M. Weil, F. Werner, Monatshefte fiir Chemie / Chemical Monthly, 132 (2001) 769-777.

[9]1 M. Weil, F. Werner, F. Kubel, Monatshefte fiir Chemie / Chemical Monthly, 133 (2002) 267-275.

[10] S. Riidiger, E. Kemnitz, Dalton Transactions, (2008) 1117-1127.

[11] H. Kriiger, E. Kemnitz, A. Hertwig, U. Beck, Thin Solid Films, 516 (2008) 4175-4177.

[12] M. Body, C. Legein, G. Silly, J.Y. Buzaré, Journal of Non-Crystalline Solids, 353 (2007) 2231-2236.

[13] T.J. Kiczenski, J.F. Stebbins, Journal of Non-Crystalline Solids, 306 (2002) 160-168.

[14] C. Martineau, C. Legein, J.-Y. Buzaré, F. Fayon, Physical Chemistry Chemical Physics, 11 (2009) 950-957.
[15] M. WEeil, E. Zobetz, F. Werner, F. Kubel, Solid State Sciences, 3 (2001) 441-453.

[16] B. Bureau, G. Silly, J.Y. Buzaré¢, J. Emery, Chemical Physics, 249 (1999) 89-104.

[17] M. Gerken, J.A. Boatz, A. Kornath, R. Haiges, S. Schneider, T. Schroer, K.O. Christe, Journal of Fluorine
Chemistry, 116 (2002) 49-58.

[18] T. Krahl, D. Brofike, K. Scheurell, B. Lintner, E. Kemnitz, J Mater Chem C, 4 (2016) 1454-1466.

113

Copyright © NFA 2017 ISBN: 978-80-8152-530-8



Nanomaterials: Fundamentals and Applications, October 09-11, 2017, Strbské Pleso

SESSION V New applications and new properties of nanomaterials
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Combined UV/Vis optical absorption and FT infrared spectral measurements were carried out for
synthesized barium borate glasses of the nominal composition (55%B,03. 45% BaO) and glasses of the similar
composition containing additional 0.3, 0.6, 1.0, 1.5% AgBr before and after subjecting for specific gamma ray
dose (8Mrad). The optical spectrum of the undoped barium borate reveals two strong charge transfer UV
absorption bands which are attributed to generate from unavoidable trace iron (Fe®* ions) impurities which are
contaminated within the chemicals used for the preparation of this glass. The silver-doped glasses show an
additional visible band with its position varying with the form in which silver ions are introduced. Gamma
irradiation produces variable changes in the optical spectra between the undoped and Ag-doped glasses. The
differences may be correlated with the assumption of shielding of heavy Ba?* ions with higher percent and the
possible contribution of silver ions.

UV/Vis optical absorption spectra shows the presence of surface plasmon resonance band (SPR) with
variable intensity at about 520 nm and supported by transmission electron micrscopic image (TEM). FT infrared
absorption spectra of the undoped and silver-doped glasses reveal extended and characteristic vibrational bands
due to the sharing of modes due to triangular and tetrahedral borate groups. Scanning electron microscopic studies
show few small microcrystals of silver scattered in the landscape of the micrograph. The origin of the formation
of such microcrystals is assumed to be due to the reduction of silver ions by traces of Fe?* ions present as impurities
and to the contribution of high temperature at melting.

Keywords:
Barium borate glass; Silver ions; FTIR; UV-Vis. spectra; Gamma irradiation; SEM.
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Novel reactor design for removal of heavy metals from industrial wastewater by biomass
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In this study, the efficiency of alginate-coated chitosan nanoparticles (Alg-CS-NPs) for removal of heavy
metals from industrial effluents was investigated. A reactor containing biomass was constructed using response
surface methodology (RSM) for process optimization. Reactor tests were carried out with both synthetic and
industrial effluents containing nickel. The optimum conditions to achieve maximum removal efficiency (RE) rates
for both synthetic and industrial effluents were specified for contact time (0-120 min), pH level (1-9), biomass
dose (0.1-0.9 gr), and initial metal ion concentration (10-90 mg/L). It was determined that 94.48% of the nickel
could be removed at pH = 3, 70 mg/L initial nickel concentration, a dose of 0.3 gr biomass, and 30 minutes contact
time. The kinetic data fit well to a pseudo second-order model and the equilibrium data of the metal ions could be
described well with Freundlich isotherm models.

Keywords: Chitosan nanoparticles; Alginate; Cu and Co-doped; Reactor design; Heavy metals
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Clay belongs to a wider group of minerals, however, in chemistry, all clay minerals may simply be
described as hydrous silicates. In terms of their natural locations, clay minerals can be divided into two classes:
residual clays and transported clays (or sedimentary clays). Residual clays are produced from the surface
weathering of rock or shale (a dark fine-grained sedimentary rock composed of layers of compressed clay, silt, or
mud) through various methods, and they are generally found in the place of origin. Residual clays could be
produced by the chemical decomposition of rocks, i.e., granite containing silica and alumina; by the solution of
rocks, i.e., limestone; and by the disintegration and solution of shale. The transported clay, the second type, is
removed from the original deposit through erosion and deposited to a distant place.

A common characteristic of clay minerals is their finegrained natural structure with sheetlike geometry.
The sheet-structured hydrous silicates are generally referred to as phyllosilicates. Individual natural clay particles
are smaller than 0.004 mm in diameter - they can ranged from 0.002 to 0.001 mm in diameter for quartz, mica,
feldspar, iron, and aluminum oxides. Colloidal clay particles are finer (<0.001 mm in diameter) and are found in
layered silicates.

Clay minerals may be divided into four major groups, mainly in terms of the variation in the layered
structure. These include the kaolinite group, the montmorillonite/smectite group, the illite group, and the chlorite
group. The kaolinite group has three members, including kaolinite, dickite, and nacrite, each with a formula of
Al;Si,05(0OH)4. The same formula indicates that the members of this group are polymorphs — it means that they
have the same formula but differing structures. Each member is composed of silicate sheets (Si2Os) bonded to
aluminum oxide/hydroxide layers (Al.(OH)a4); the two types of layers are tightly bonded. These clays are used as
fillers in ceramics, paint, rubber, paper, and plastics. In organic catalysis kaolinite was used as catalyst in
transformations of (-)-myrtenal epoxide to new optical active compounds [1].

Montmorillonite, talc, pyrophyllite, saponite, and nontronite are a few members of the larger smectite clay
group. The general formula for the chemical structure of this group is as follows: (Ca,Na,H)(Al,Mg,Fe,Zn),
(Si,Al)4010(OH)2*H20. The important difference among the members of this group is seen in the chemical
characteristics. The layer structure of these materials contains silicate layers oraz an aluminum oxide/hydroxide
layer Alx(OH)4). These materials are used as fillers in paints, rubbers, as plasticizer in molding sands, in drilling
muds, and as electrical, heat, and acid-resistant porcelain. One of the members, talc, is used in powders for face.
On the other hand, montmorillonite clays were used as good catalysts in isomerisation of a-pinene [2] or in
oxidation pinene [3] and limonene [4], and in production of camphene and limonene from pinene over acid di- and
trioctahedral smectite clays [5].

The illite group is represented by the mineral, illite, the only common clay type. The general formula of
this material is as follows: (K,H)Alz(Si,Al)s010(OH),*H,0. It is an importantrock-forming mineral and a main
component of shales. The structure of this group is similar to the montmorillonite. Mineral illite is used as filler in
some drilling mud, and it is a common constituent in shales. The chlorite group is relatively large and not
necessarily considered as clays; therefore, it is placed as a separate group in phyllosillicate. Amesite, chamosite
and daphnite are some members of this group; however, they are different in formulas and structures. These clays
do not possess a general formula.

Bentonite is an important source of montmorillonite in nature. It is a rock formed from highly colloidal and
plastic clays mainly composed of montmorillonite. Bentonite particles are indistinguishable from kaolin clay
minerals viewed under scanning electron microscope (SEM); however, the main difference indicated is thickness.
Sodium or potassium salts of bentonite exfoliate into thin plates that could be 1 nm in thickness, theoretically. In
addition to montmonillonite, bentonite may contain crystalline quartz, cristobalite, and feldspar. In general, the
clay minerals based on bentonite may exhibit the properties of thixotropic-gel formation with water, high water
absorption, and high cation-exchange capacity. These properties could be varied in clay minerals depending upon
the nature of interstitial water, and exchangeable cations in the interlayer space.

Montmorillonite was discovered in 1847 in Montmorillon in the Vienne prefecture of France.
Montmorillonite used for medicinal purposes may have occurred in over 200 cultures, including the ancient
Egyptians, pre-Aztec Amargosians, natives of Mexico, South Americans, and North Americans. An important
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behavior of clay mineral is the ionic substitution in the sheet structure, resulting in useful modifications. lons, i.e.,
Fe®* and AI%*, are small enough to enter the tetrahedral coordination with oxygen and substitute Si**. Similarly,
cations, i.e., Mg?* Fe?*, Fe®*, Li*, Ni?* and Cu?* can be substituted for AI®* in the octahedral sheet. Large sized
cations, i.e., K*, Na*, and Cs*, can be located between the layers and, therefore, are referred to as interlayer cations.
Anionic substitution is also possible, and the hydroxyl ion (OH") can be substituted by F ion. Chemical
composition, ionic substitution, layer structure, and particle size of natural clay minerals have important roles in
creating a variety of minerals with specific characteristics. However, sheet structure was used to classify the clay
minerals, and chemical composition was used for nomenclature.
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Montmorillonite is a material that rises in the composition of rocks called bentonites, also found in Poland.
It was found in the mid-19th century in Montmorillon, France. It is a mineral of volcanic origin with density
ranging between 1.9-2.7 g / cm? [1 - 3]. The general chemical formula of montmorillonite is written below [1-2]:

My (A|4-Xng) SigOzo (OH) 4
where: M - metal cation; X - amounts 0.5 -+ 1.3.

Montmorillonite is a layered aluminosilicate with a lamellar structure (lamellar is composed of three layers:
two outer tetrahedral, comprising between them octahedral layer). The thickness of the montmorillonite plate is
0.96 nm, the remaining dimensions are in the range of 200 to 1000 nm, while the number of packages per unit
crystallographic cell varies from several to several thousand. It depends on external factors, among which we
distinguish the type of layered mineral, the origin of its creation, the geological environment in which it was
formed, and the mechanical forces acting on its particles. Between the layers are located cations metal, mainly
sodium (Na*) or calcium (Ca?*) and water molecules. Because of interstitial cations that have "loose" character,
sodium montmorillonite (Na MMT) and calcium montmorillonite (Ca MMT) are distinguished. Montmorillonite
is a highly hydrophilic mineral, used as a nanopillifier (polymer matrix product in approx. 5 wt%). A small amount
of this aluminosilicate introduced into the polymerization improves gas permeability, thermal resistance and
flammability.

Due to the availability and low price, montmorillonite has been widely used in food, ceramic, rubber, paper,
pharmaceutical, chemical and metallurgical industries. It is used as a thickener in emulsions, for the clarification
of beverages, to produce mineral fertilizers, drilling rigs, and for the reclamation of areas contaminated with heavy
metals. Because of its high water and nutrient storage capacity, it also plays a very important role in agriculture.
Montmorillonites are used in various industries as catalysts or catalyst carriers. Raw bentonites can also serve as
adsorbents, such as decolourizers, filtering systems, ion exchangers, or they can be used as drilling fluids. In the
form of a granular filter, montmorillonite is used for the purification and decolorization of drinking water, mineral
and vegetable oils, as well as wines and other beverages. In addition, bentonites are used as geomembranes, serving
as seals under tanks that store substances harmful to the environment [3-7].

In our studies montmorillonite was used.

Montmorillonite clays were generally the most popular catalyst for pinenes isomerization process [8],
although kaolinitic clay was also successfully used for this purpose. Preliminary acid treatment of clays had a
considerable effect on the conversion of pinenes and the product ratio depends on the amount of acid used and on
its concentration and the temperature of acid treatment. The data about the dependence of the catalytic activity of
acidic clays and isomerization selectivity on the nature of acid centres, obtained in these works indicated that the
transformations of pinenes in to camphene occurred predominantly on the Bronsted acid centres. This material
was previously prepared by bentonite purification by the method of sedimentation. The catalyst in the form of
montmorillonite was characterized by the following instrumental methods: XRD, SEM, BET and EDX. Catalytic
tests were performed with limonene.
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Ultrasonic sprayed Cu2ZnSnSs (CZTS) were successfully deposited on microscopic glass substrates from
an aqueous solution of CuCl, 2H;0, ZnCly, SnCl, and thiourea. The deposited films at substrate temperature of
310 °C were heat treated up to 550 °C under N gas flows with sulfurization process (under sulfur vapor flow ).
The effect of annealing time from 30 to 90 min on optical, structural and morphological properties was investigated
using a combination of Raman spectroscopy, scanning electronic microscopy and Ultraviolet visible near infrared
absorbance spectroscopy. Raman studies confirm the formation of Kesterite type CZTS with CuS as a secondary
component. All the deposited films show an optical absorption coefficient higher than 104 cm* and an optical band
gap between 1.55 and 1.58 eV. By increasing sintering duration, the optical band gap was slightly influenced while
the grain size increased strongly up to 2 pm.

Keywords: CZTS, thin film solar cells, crystal growth, structural properties
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Gold is consider to be an eligible candidate for development of nonenzymatic glucose sensors, due to its
excellent electrocatalytical properties [1]. Moreover, gold nanoparticles show enhanced current response,
biocompatibility and ability to detect glucose in neutral and alkaline solution in comparison with another materials
[2]. Gold microelectrodes (with diameter 1 mm) were used because of its application as nonenzymatic sensors.
Miniaturisation of system could be achieved due to its small size. Mechanism of electrochemical oxidation of
glucose on gold surface was studied with an effort to create optimal condition. The results were compared with
literature. Effect of pH change was studied too and optimal condition was propounded. The electrode surface was
modified by gold nanoparticles to achieve more active sites and better sensor properties. Modified gold
microelectrodes were able to detect glucose in linear range 0.5 — 40 mM. It meets commercialised glucose sensors
requirements, where the linear range is 1 — 30 mM.

Fig. 1 Schematic illustration of gold electrode modified with gold nanoparticles.
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Clinoptilolite has been found very effective in ammonia adsorption from its solution by means of its
excellent ion exchange capacity since the 1970s of last century [1]. Zeolites possess a net negative structural charge
resulting from isomorphic substitution of cations in the crystal lattice. Minerals from the zeolite group differ from
one another in the content of Si and Al. Clinoptilolite is the most common and abundant high-siliceous zeolite.
The ratio of Si/Al in clinoptilolite is 5.7. Clinoptilolite belongs to the heulandite group. It has a two-dimensional
channel system that allows the mineral to act as a molecular sieve. Moreover, this kind of zeolite shows high
sorption and ion-exchange capacity, ion exchange selectivity, catalytic activity and structural temperature stability
up to 700-750°C [2]. Zeolite is a well-known material for its abilities to preferentially remove ammonium ions
from surrounding solution. Unlike systematic ion exchange resins, zeolite is known to possess a better selective
ion-exchange capability for ammonium ion than Ca?* and Mg?*. Natural zeolites are low cost ion-exchangers and
after ammonia enrichment can be used as slow-release fertilizers with possibility of slow ammonia release [3].
The pretreatment of natural zeolites by acids, bases, surfactants, etc., is an important method to improve their ion-
exchange capacity. Practically, the result of any pretreatment operation is the increase of the content in a single
cation, what is called homoionic form. Therefore, prior to any ion-exchange application, certain ions from the
structure of the material are removed by pretreatment and more easily removable ones are located [4]. Here we
present an easy and low cost way of slow-release fertilizer preparation using natural clinoptilolite, which is
common in nature. Mentioned kind of slow-release fertilizer has premised possibility of nutrient slow release. As
the source of ammonia can be used wastewater and sewages. Where decrease of ammonia concentration is
necessary. The presence of ammonium ion in water causes some problems, such as reducing the concentration of
dissolved oxygen in water, accelerating the growth of algae and finally coating the surface of water resources
which leads to decrease of water qualities [5].
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Aggressive urbanization, which started last century, caused even further decrease to area available to
agriculture. Aforementioned situation led to extensive use of fertilizers to keep yield up with the ever-increasing
demand for produce by ever increasing population, even as the total area decreased. Agriculture started looking
for innovative solutions how to keep up with ever increasing demand. On the other hand, Fertilizers with controlled
release became the most appealing option. This new kind of fertilizer is still based on Nitrogen, but in its case
Nitrogen part is stored within membrane. These membranes are made to withstand huge changes in temperatures
in just matter of hours which usually happen in buildings where they are stored during summer. Temperature
resistance is just additional feature, the key role of the membrane is to adjust the release of Nitrogen to the soil
according to the plant which is currently being grown there. Additionally, usage of controlled release fertilizer can
reduce the amount of cycles in which fertilizer is being added to the soil reducing the total fuel costs as well.
Membrane is made specifically from degradable materials not to cause further stress for the soil. The most used
substance to start dissociation through the membrane is water. Water passes into the membrane. Fertilizer then
passes out of the membrane dissolved in water. This process slowly causes the membrane to dissolve as well, but
at a much slower rate. Properties of fertilizer, especially their membrane, are affected by many factors, but mainly
by used materials and production process. Common differences in membranes are their porosity, thickness,
resistance to changes in temperature, resistance to acidic or basic soils and more. This work studies how different
production and different materials affect the controlled release fertilizer. Dissociation was measured with electrode
that was measuring electric resistance of studied solution. Only clean water with 18 MQ.cm™* was used to prevent
distortions that could be created by presence of different particles in regular tap water. With increase of particles
which dissociated from fertilizer electrical resistance rose. The speed of the dissociation was then obtained as
linear directive of function of electrical resistance of water at a time. Ways to accurately and effectively measure
dissociation of fertilizer were also explored and tested by this work.
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