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One-step preparation of amylose and -carotene nanoparticle
inclusion microbeads using amylosucrase from Deinococcus
geothermalis

Carlos Andres Letona,* Min-Cheol Lim, and Young-Rok Kim
Institute of Life Sciences and Resources & Department of Food Science and Biotechnology, College of Life
Sciences, Kyung Hee University, Yongin, Republic of Korea

Abstract: The purpose of this study was to create an
one-step inclusion complex of B-carotene nanoparticle
(B-cNP) using amylose as a host molecule based on
enzymatic polymerization using amylosucrase from
Deinococcus geothermalis (DgAS). B-cNPs were
prepared by rotary evaporation methods using
tetrahydrofuran (THF, miscible in water) to dissolve
the B-carotene and lecithin as emulsifier. After
complete evaporation of THF, well dispersed
nanoparticles of B-carotene (B-cNP) with size of 50
nm in water were obtatined. Our previous study
demonstrated the possible capicatiy of DgAS to
produce amylose nanocomposite microbeads which
containing hydrophobic guest molecule such as
carbon nanotube (Min-Cheol et al.; 2011). In this
study we used the B-carotene as a candidate guest
molecule, a hydrophobic chemical which is
susceptible to photodegradation, chemical oxidation
and thermal degradiation, those properties make it
difficult to use as an ingredient in functional products
and thus reduce its bioavailability
(C. Boon et al.; 2010). However, to overcome this
issue, we added B-cNPs into the DgAS enzyme
reaction solution to entrap this guest molecule into the
amylose microbeads during the synthesis of amylose
chains. Because the p-carotene was present as
nanoparticle we could increase the dissolution rate in
aqueous phase and provide a more stable interaction
with synthezised amylose chains. The morphology of
produced amylose microbeads and amylose-B-cNP
inclusion microbeads were analyzed by FE-SEM,
DSC, XRD and Raman spectroscopy were performed
to confirm the inclusion complex of B-CNP into the
amylose microbeads. The encapsulation yield test
shows a 94% p-carotene were encapsulated in the
amylose microbeads. We expect this study helps to en-
hance the properties of B-carotene and further uses in
functional foods or as a food delivery system.

Keywords: Amylose, B-carotene, nano particles, in-
clusion complex, food delivery.
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Figure 1: (A) Schematic drawings show the
enzymat-ic synthesis of amylose microbead and
amylose and [B-cNP inclusion microbead. (B)
FE-SEM images of amylose beads without f-cNP and
amylose beads with B-cNP (Scale bar is 3 um). (C)
XRD analysis showing the lost of amylose
crystallinity by the complexation with B-CNP.
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Encapsulation of water molecules in cyclic peptide nanotube
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Abstract: Cyclic peptide nanotubes, form by the
self-assembly process of the cyclic peptides, have
attracted interest from many areas of science. The
manipulation of the functional side chains and the
number of amino acids on the cyclic peptides will
change the ease of synthesis and ability to control the
properties of inner and outer surfaces (Scanlon et al.;
2008). Cyclic peptide nanotubes can be used as arti-
ficial transmembrane channels for transporting ion,
bio molecules and waters into cells. In this research,
we study the interaction of a water molecule in a cy-
clo[(-D-Ala-L-Ala)s-] peptide nanotube by using the
Lennard-Jones potential and a continuum approach.
Mathematical modelling and elementary mechanic
are utilized to determine an exact formula of the in-
teraction energy between the water molecule and the
peptide nanotube. We assume that there are a sphere
of two hydrogen atoms uniformly distributed over the
surface of water moleclue and a single oxygen atom
located at its centre, and each cyclic peptide subunit
has an inner and an outer cylindrical surfaces. The
result shows that the water molecule can be encapsu-
lated into the cyclic peptide nanotube, and the ac-
ceptance behaviour does not depend on the number
of cyclic peptide subunits. Moreover, we study the
offset behaviour of the water molecule when it is
inside the nanotube as shown in Fig.1. The water
molecule prefers to be off-axis and closer to the inner
surface of the cyclic peptide nanotube. We also con-
sider the interaction between two water molecules
inside the nanotube. Our study supports the arrange-
ment of water molecule in 1-2-1-2 file (Song et al.;
2013, Liu et al.; 2010, Engels et al.; 1995) inside the
cyclic peptide nanotube. This research is a theoretical
study to understand the water molecules behaviour
inside the cyclic peptide nanotube.

Keywords: cyclic peptide nanotube, water molecules,
artificial transmembrane channels, interaction energy,
offset positions, Lennard-Jones potential.
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Figure 1. Schematic model for the interaction be-
tween an offset water molecule and a cyclic peptide
nanotube comprising two cyclic peptide subunits.
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PDMS Surface Property Study and Sol-gel Modification Methods for
the Immobilization of Unstable Enzyme
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Abstract: Microfluidic devices have shown great
promises in biomedical and diagnostic applications,
tissue engineering, environmental monitoring, food
safety, and so on.! PDMS based microfluidic devices
have been widely used in bioanalytical studies. One
of the major applications of the microfluidic chips is
to work as an enzymatic reactor for in-vitro metabo-
lism studies. We report here the activity maintenance
of unstable enzymes immobilized in PDMS microflu-
idic channels with different strategies, including the
sol-gel encapsulation of enzymes, physisorptive ad-
sorption of enzymes to the inner surface of PDMS
channels with and without xerogel deposition. From
fluorescence characterization, the adsorption of pro-
teins to the unmodified PDMS microchannel showed
the largest amount of immobilized proteins in 1 hour,
but few proteins could still be maintained on the sur-
face after overnight incubation of the protein solution
in such a channel. The sol-gel encapsulation and ad-
sorption on xerogel filled microchannel methods
could also form protein modified PDMS microchan-
nel. Ascorbate oxidase, an unstable enzyme, was im-
mobilized by the three protocols in PDMS micro-
chips to form enzymatic reactors. Their activities
were evaluated based on their catalysis ability to the
oxidation of ascorbic acid. It was found that the en-
zymatic reactor formed by adsorption of enzyme on
the xerogel coated PDMS microchannel showed the
strongest enzymatic activity, although the protein
adsorption amount should be lower in the case com-
paring with those of the other two protocols. This
protocol holds advantages of i) highly maintaining
the enzyme activity because of the short time for en-
zyme immobilization, and ii) taking advantage of
xerogel filled microchannel in reducing diffusional
effects of enzymatic reaction in microchannel. This
study can provide an easy method to build a PDMS
microfluidic channel based bio-device for unstable
enzyme catalyzed drug reaction.

Keywords: sol-gel encapsulation, PDMS microfluidic
chip, ascorbic acid; kinetics; utilization factor, bio-
sensor
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Figure 1: Confocal fluorescence microscopic images
of proteins under different deposition methods on
PDMS microfluidic channels by (a) sol-gel encapsu-
lation; (b) absorption on xerogel deposited channel; 1
hour (c) and overnight (d) loading on untreated chan-
nel. (f) and (g) are the microscopic picture of channel
with and without deposition of xerogel. (h) Pictures
of synthesized sol-gel suspension compared with
aqueous solution. (i) Scheme of microfluidic channel
for activity investigation of enzymes by UV/vis ab-
sorbance change of substrate. (j) Representative
UV/vis absorbance change when controlling the drug
substrate through microfluidic channel at different
rate. Inlet of (j) is the semi-logarithm plot of the cor-
responding concentration change of ascorbic acid as
a function of the reaction time between them.
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New Methods for Creating Nanocomposites Based on Carbon
Nanotubes and Graphene Nanoplatelets

E.A. Burakova, A.V. Gerasimova, A.V. Melezhyk, A.G. Tkachev
Department “Technology and Methods of Nanoproducts Manufacturing”, Tambov State Technical University,
Tambov, Russian Federation

Abstract: Carbon nanoparticles (nanotubes, gra-
phene) are widely used as units for building various
nanocomposite materials. Commonly, these nano-
composites contain nanotubes and/or graphene and
some functional components - for example, na-
nosized particles (metals, metal oxides, metal sul-
fides, sulfur), layers (polyaniline, polypyrrole), bio-
logical molecules, etc. The common problems in the
synthesis of such materials are as follows:

1) obtaining solutions of well-dispersed nanoparticles
or their precursors with sufficient concentration;

2) bringing the components into contact to assemble
the desired structure;

3) separating the product from solution with saving
the designed structure.

Different experimental procedures have been devel-
oped to perform those tasks. One of the most flexible
approaches used for the synthesis of graphene-based
nanocomposites implies the using of water-soluble
graphene oxide as graphene precursor and its combi-
nation with different functional components; the gra-
phene oxide is then reduced to graphene layers,
which trap the particles of a functional component. If
desired, the latter can be chemically attached to the
graphene layers. Depending on synthesis conditions,
the final product can be obtained in the form of a gel
or coagulated precipitate. Such an approach is very
flexible, but it is confined to using graphene oxide
because of specific properties of this compound (high
solubility in water, easy reducibility to graphene). It
is interesting to develop a similar method of obtain-
ing nanocomposites applicable for different carbon
nanoparticles. It should be noted that the solubility of
carbon nanotubes (CNTSs) and graphene nanoplatelets
(GNPs) in aqueous solutions of common surfactants
is very low (order of 0.001-0.05 g/L) which impedes
the mass synthesis of nanocomposites. To overcome
this problem, we have developed a new method based
on the modification of CNTs and GNPs with phenol-
formaldehyde resin (PFR). It was revealed that the
water-soluble PFR reacts with the CNTs or GNPs
containing surface oxygen groups. Presumably, the
PFR is attached to the surface of the oxidized CNTs
and GNPs via reactive methylol groups. The solubili-
ty of the so modified carbon nanomaterials in water is
very high and reaches 10 g/L and more (Figure 1).
The solutions are stable and do not precipitate during
centrifuging. The presence of oxygen groups on the
surface of the CNTs or GNP is essential. The non-
oxidized CNTs or GNPs are only slightly solubilized
by the PFR. The second issue, valuable for creating

nanocomposites, is that these solutions are stable
only at alkaline pH (9-11). Presumably, the ioniza-
tion of phenol groups in alkaline media prevents ag-
gregation of carbon nanoparticles due to electrostatic
repulsion. When the pH is lowered to neutral or acid-
ic, coagulation occurs. Depending on synthesis con-
ditions, the coagulation results in the formation of a
precipitate or gel. Some analogy with a classical sol-
gel transition in inorganic systems can be drawn.
When some nanosized functional component were
introduced into the original alkaline solution of PFR-
modified carbon nanoparticles, this component ap-
peared to be trapped in the coagulated product. Be-
sides simple trapping of the nanoparticles, different
chemical reactions can take place due to high reactiv-
ity of methylol groups. These may be the reactions
with excess phenolformaldehyde resin, or with pre-
cursors of different inorganic nanosized particles.
Moreover, complex nanocomposites like
CNT/GNP/(functional component) can be easily ob-
tained. Using the approach herein described, we have
prepared the following nanocomposites:

a) CNT/PFR, b) GNP/PFR, c) CNT/TiO,, d)
GNP/TiO,, e) CNT/GNP, f) CNT/epoxy, @)
GNP/epoxy, and h) GNP/porous carbon.

The work was performed within the framework of the
Federal Target Program "Research and Development
in Priority Areas of the Scientific and Technological
Complex of Russia for 2014-2020" (State Contract of
July 22, 2014 No. 14.577.21.0091; Unique ldentifier
for Applied Scientific Researches:
RFMEF157714X0091).

Keywords: carbon nanotubes, graphene nanoplate-
lets, phenolformaldehyde resin, nanocomposites, sol-

gel.
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Figure 1: Solubility of the CNTs Taunit-M (external
diameter 8-15 nm), modified with phenolformalde-
hyde resin, in water. The dash line corresponds (the-
oretically) to the complete dissolution of the original
CNTs.



Preparation of Polybutadiene-Silica Nanoparticles via
Differential Microemulsion Polymerization and
their Hydrogenated Nanoparticles by Diimide Reduction
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Abstract: Nanocomposite materials (polymer/silica)
have increasing potential for future applications due
to the advantageous properties of the polymer species
such as elasticity, processibility with silica particles
providing high thermal stability and reinforcement
(Kongsinlark et al.; 2012, Tancharernrat et al.;
2014). Polybutadiene (PB)-silica nanoparticles with
core-shell morphology were successfully synthesized
via differential microemulsion polymerization using
potassium persulfate (KPS) as an initiator and sodi-
um dodecyl sulfate (SDS) as a surfactant. The effects
of silica loading and surfactant concentration on
monomer conversion, particle size, grafting efficien-
cy and silica encapsulation efficiency were investi-
gated. A high monomer conversion (81.5%), grafting
efficiency (78.5%) and small particle size (27 nm)
with narrow size distribution was obtained at opti-
mum reaction conditions with low surfactant concen-
tration, 5 wt.% based on monomer. However, the
C=C of PB are sensitive to oxygen, ozone and heat
resulting in rubber degradation and the reduction of
mechanical and thermal properties (Kongsinlark et
al.; 2013, Piya-areetham et al.; 2013). Thus, the PB-
silica latex could be hydrogenated by diimide reduc-
tion in the presence of hydrazine and hydrogen per-
oxide providing the hydrogenated polybutadiene
(HPB)-silica. The HPB-silica was characterized by
'H nuclear magnetic resonance spectroscopy. The
highest hydrogenation degree of 98.6% was achieved
at a ratio of hydrazine to hydrogen peroxide of
0.75:1. A proposed formation mechanism for the
formation of PB-silica and HPB-silica core-shell
nanoparticles is illustrated in Scheme 1. A new nano-
composite of PB-silica and HPB-silica could be used
as a nanofiller in natural rubber (NR). Especially,
NR/HPB-silica composites had improved mechanical
and thermal properties, and exhibited good resistance
toward ozone exposure.

Keywords: emulsion polymerization, diimide hy-
drogenation, nano-structures, particle-reinforcement,
mechanical properties, thermal properties.
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Scheme 1: Schematic of a proposed formation
mechanism for the formation of PB-silica and HPB-
silica core-shell nanoparticles.
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Construction Copper-Based (1) Superstructures via Recrystalliza-
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Abstract:

Assembling inorganic NPs into 3D superstructures
with defined morphologies is of particular interest
(Wang et al., 2012). It may form the basis of a new
engineering strategy instead of mechanical assembly
of individual parts by using simple and elegant manu-
facturing methods (Kowalczyk et al., 2012; Auyeung,
E. et al., 2014). We explore a novel strategy for the
construction of 3D Cu,O superstructures with defined
morphologies employing Cu,O mesoporous spheres
(Shang et al., 2012) with the diameter of ~ 300 nm as
the building blocks. The concept of “recrystalliza-
tion-induced self-assembly” (RISA) is successfully
achieved in this work (Shang et al., 2014). The key
of this unique strategy is governed by a balance be-
tween the hydrolysis and recrystallization rate of in-
organic CuCl intermediates through precisely adjust-
ing the experimental parameters. The geometry of the
products can be tuned as cubes or tetrahedrons,
which is proved to be dependent on the growth be-
havior of CuCl (Figure 1a). The overall strategy in
this work could extend the application of recrystalli-
zation in guiding the construction of assemblies (Fig-
ure 1b, c), such as (CuBr, Cul), and offers a unique
clue for assembling larger particles into complicated
3D superstructures.
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Figure 1: (a) Correlation between the geometry of
the Cu,O superstructures and their self-assembly
kinetics; (b) SEM image of CuBr superstructure; (c)
SEM image of Cul superstructure.
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Bio-reduction of Graphene Oxide by Natural Products
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Abstract: In recent years, graphene which is one of
the carbon nanomaterials has generated a great deal
of interest especially in material science owing to its
unique properties such as high surface area, excellent
thermal conductivity, high optical transparency and
exceptional mechanical strength (Edwards et al.,
2013). Graphene has a hexagonal arranged structure
of bonded sp? carbon atoms, promises a wide range
of areas from electronics to biomedical applications
(Agharkar et al., 2014).

Graphene has been produced by different methods
like micromechanical cleavage, electrochemical exfo-
liation, epitaxial growth on silicon carbide, chemical
vapor decomposition and chemical reduction of gra-
phene oxide (Edwards et al., 2013; Whitener et al.,
2014). Chemical reduction of graphene oxide is the
most common method which includes exfoliation of
graphite to graphene oxide and reduction of graphene
oxide to graphene by reducing agents like hydrazine
and its derivatives. Although this method provides
cost effective and bulk production, the toxic nature of
reducing agents restricting its applications in bio-
related sciences. To overcome this disadvantage,
scientists have turned their faces to green chemistry.
Based on the studies in which the biomolecules, mi-
croorganisms and plant extracts were used as reduc-
ing agents for the synthesis of metal particles, the
possibility of usage natural-based molecules for the
reduction of graphene oxide has been investigated
(Agharkar et al., 2014; Thakur et al., 2014; Iravani,
2011). Besides the non-toxic structure of these natu-
ral compounds, utilization of them as reducing
agents, provide cheaper synthesis reactions due to
cheap raw material and low-cost isolation processes.
In the present study, to exploit the superior features
of the reactions which are performed by green chemi-
cals and to increase the usage chance of graphene
derivatives in bio-related applications, the graphene
oxide was synthesized by Hummer’s method. Then,
the ageous extracts of plants (rose hip, melissa, sal-
via, lavandula, laurel and yarrow) were used for re-
duction process. The reduction performance of plant
extracts were examined and characterized by using
Ultraviolet-Visible Spectroscopy, Fourier Transform-
Infrared Spectroscopy, Scanning Electron Micro-
scope and Thermogravimetric Analysis. After charac-
terization process, the optimum samples were deter-
mined. Thus, the potential uses of the optimum sam-
ples to generate biologically safe and biocompatible
composites are aimed for the further studies.

Keywords: graphene oxide, bio-reduction, green re-
duction, natural product, characterization
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Simple Synthesis of Magnetic Nanoparticles for same shape and
size without Size separation

H.Y.NOH!, Y. J. EOM!, Mohamed Abbas!? and C.G. KIM!*
' Daegu Gyungbuk Institute of Science and Technology, Department of Emerging Material Science, Daegu, South Korea
National Research Centre, Ceramics Department, 123 11Cairo, Egypt

Abstract : Much progress for synthesis of nanoparticle pro-
cess for shape and size control has been made over the
twenty years. Among many material for nanoparticle, mag-
netic nanoparticles based on iron have been studied by many
researcher because it is particularly applicable to bio and
medical fields for tracking target cells (Panklhurst. Q. A, . J.
Phys. D: Appl. Phys. 2003, 36, R167-R181). Studies for
magnetic property in accordance with shape and size of na-
noparticle is necessary for using bio-medical application
( Colombo. M et al, Chem. Soc. Rev 2012, 41, 4306-4334).
Therefore, we study easy synthesis of magnetic nanoparticle
for shape control and analysis the magnetic properties de-
pend on same shape of particles and different component
materials on similar size. We study to compare two mag-
netic nanoparticles (Fe3O4, CoFe204 ) using thermal decom-
position method (Park. J et al., Angew. Chem. Int. Ed. 2007,
46, 4630-4660). For this study, we control experimental
conditions which are just one surfactant concentrations and
experimental time for making easy synthesis. And we obtain
same shape (cube, hexagon) and same size (50~60 nm) of
Fe;04 and CoFe20O4 nanoparticles respectively. Like this
way to make nanoparticle, We measured X-ray diffraction
(XRD) and Electron Diffraction Pattern (EDP) for identify-
ing crystalline planes of making nanoparticles. By measur-
ing Electron Diffraction Spectroscopy (EDS) we acscertain
existence of each materials. And we get high resolution im-
ages of each nanoparticles using Field Emission Transmis-
sion Electron Microscope (FE-TEM) (Figure 1). Finally,
for measuring magnetic property, We use Superconducting
Quantum Interface Device (SQUID). In the result, We ob-
serve making same shape of nanpaticle about different ma-
terials by same condition and changing each nanoparticle
shape by temperature and surfactant concentrations. And we
obtained saturation magnetization value at 4 K exhibited
that FesOs is 120 emu/g and CoFe204 is 53 emu/g. This
study will discuss more simple synthesis process for
controlling shape and size using thermal decomposi-
tion and suggest more effective shape and size of mag-
netic nanoparticle on bio-medical applications.
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Figure 1 : High resolution FE-TEM and EDP images (a)
Hexagon shape of Fe3O4 magnetic nanoparticle and its crys-
talline plane (b) High resolution image of hexagon shape of
Fe304 magnetic nanoparticle.

Keywords: Magnetic nanoparticle, Thermal decom-
posistion, Superconducting Quantum Interface De-
vice (SQUID), Shape control, Fe3O4, CoFe O, Sim-
ple synthesis, shape control
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Acid hydrolysis to improve the production of Bacterial Cellulose
Nanocrystals
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Abstract: A research area that has been receiving
much attention recently is the modification of cellu-
lose for the development of nanocrystals. Cellulose is
the most abundant natural polysaccharide, being the
major structural component of plants. Recently, bac-
terial cellulose (BC) has received attention and has
been used in many areas, thanks to its distinctive ad-
vantages. BC provides material with limited contam-
inants present and specifically without any hemicellu-
loses or various by-products which generally sur-
round cellulose molecules. With this advantage, it is
possible to hydrolyze BC with milder conditions and,
thus, avoid the use of strong acids.

This work aims at examining the various factors that
affect cellulose nanocrystals (BCNCs) extraction
from bacterial cellulose (BC). Specifically, the effect
of hydrolysis time, temperature and the kind of acid
on the properties of the obtained nanocrystals were
studied. In order to evaluate the effects of hydrolysis
on BC, morphology, rheology, phase separation and
particles size were investigated.

The morphology of BCNCs, examined by TEM,
showed a decrease in the nanocrystals’ length when
increasing hydrolysis time, as expected. What is
more, characteristic features of BCNCs were their
large aspect ratios and flat, ribbon like cross sections.
As far as the G’ and G” are concerned, they were
dependent on the hydrolysis time and the kind of the
acid used. The rheology profiles of all the samples
were shear thinning. The present nanoscale cellulose
fibrils open several challenging options for applica-
tions in many industries.

Keywords: Bacterial cellulose, nanocrystals, hydroly-
sis

Figure 1. Bacterial cellulose nanocrystals after 72
hour hydrolysis.
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Abstract: High Pressure Laminates (HPLSs) are con-
sidered the most versatile and ubiquitous decorative
materials used by the furnishing and building indus-
tries to produce furniture, countertops, flooring and
wall panelling surfaces. They exhibit high durability
and special surface properties including chemical,
heat, stain and wear resistance. HPLs consist of an
assembly of resin-saturated layers of kraft-paper,
topped by a single decorative paper layer and in
some cases a finishing protective overlay (Figure 1),
cured by heat and high-pressure treatments.

Overlay

= Decorative
Kraft

Figure 1. Scheme of a typical assembly of an HPL.

The development of hydrophobic surfaces is
achieved by reducing the surface free energy (e.g. by
incorporating/grafting a low surface energy material
such as a fluorinated compounds) and/or by increas-
ing the surface roughness for instance using com-
pounds such as Polyhedral Oligomeric Silsesquiox-
anes (POSS). Both strategies can be combined using
a fluorinated POSS such as Fluorohexyl-POSS (FH-
POSS).

FH-POSS (1H,1H,2H,2H-nonafluorohexyl)gSigO;s,,
was synthesized through the simple, single-step,
base-catalyzed condensation of 1H,1H,2H,2H-
nonafluorohexyltriethoxysilane in alcoholic media
(Tuteja et al., 2007; Mabry et al., 2008). The fine
white powder obtained was characterized by Differ-
ential Scanning Calorimetry (DSC), Scanning Elec-
tron Microscopy (SEM) and Powder X-Ray Diffrac-
tion (XRD).

FH-POSS particles were incorporated (0.25%,
0.50%, 0.75% and 1.0% w/w) into melamine-
formadehyde (MF) resin formulations. Decorative
and overlay papers were impregnated with the FH-
POSS-MF resin formulations in order to provide
multiple functionalities to the ensuing HPLs, namely
abrasion resistance (due to the robust polyhedric Si-
O cages of POSS) and dirt-repellence (particularly,
due to the rich fluor-based alkyl chain that lowers the
surface free energy of the ensuing HPLs’ surfaces).
The HPLs produced using the standard paper (STD)
and the FH-POSS-based decorative and overlay

papers were tested by proven industrial procedures
(EN 438-2:2005). Contact angle (CA) measurements
were carried out using three probe liquids (water,
formamide and diiodomethane) to assess wettability
of the FH-POSS-HPLs and to determine the optimal
amount of FH-POSS to use.

FH-POSS-HPLs presented higher CA comparing to
the STD-HPL hence higher hydrophobicity, especial-
ly when using at least 0.50% of FH-POSS in the MF
resin formulation. Higher loads (0.75% and 1.0% of
FH-POSS particles in the MF resin) provided better
results however the ensuing HPLs have an undesira-
ble wittish appearance. CA measurements made over
a two-month period showed that FH-POSS-HPLs
became more hydrophobic, suggesting an improve-
ment in dirt-repellence properties that occurs during
resin curing.

Additionally, an increase of the abrasion resistance
of FH-POSS-HPLs comparing with the STD-HPL
was observed, being proportional to the FH-POSS
content.

Keywords: high pressure laminates, fluorinated
POSS, contact angle, surface free energy, abrasion
resistance.
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Abstract: Nanotechnology emerges from the physi-
cal, chemical, biological and engineering sciences
where novel techniques are being developed to probe
and manipulate single atoms and molecules. Among
the noble metal nanoparticles, gold has enormous
potential applications in various fields (Daniel et al.,
2004). Currently, we are in the need to develop safe,
reliable, clean and eco-friendly methods for the prep-
aration of nanoparticles. The biosynthesis of metal
nanoparticles, as an emerging highlight of the inter-
section of nanotechnology has received increasing
attention due to a growing need to develop rapid,
clean, non-toxic, simple and environmentally friendly
synthetic technologies. The use of plants parts in sim-
ilar synthesis methodologies is a stimulating prospect
that is currently under enormous investigation, having
significant potential utilization (Mollick et. al.,
2014). In this present study, gold nanoparticles (Au
NPs) were synthesized by using aqueous chloroauric
acid as gold precursor and Peltophorum pterocarpum
(PP) flower extract both as reducing and capping
agent in water solvent.

Keywords: gold nanoparticles, green synthesis.

A 20 mL of PP flower extract was slowly dripped
into 1 mM of aqueous chloroauric acid to synthesize
the Au NPs at room temperature as well as elevated
temperature. After adding the flower extract a visible
colour changes were observed as the yellow color
solution turn to pale pink, it indicates the formation
of Au NPs. The colour changes in the precursor solu-
tion is a preliminary identification for formation of
metal nanoparticles.

The obtained samples were characterized by using
various technique including UV-Visible Spectropho-
tometer (UV-Vis) and Transmission Electron Mi-
croscopy (TEM). Figure 1 shows the UV-Vis spec-
trum (350-800 nm) of Au NPs before and after mix-
ing the flower extrat. The spectra illustrate the reduc-
tion of gold ions and formation nanoparticles. After
adding the PP flower extract into gold precursor, the
intensity of UV-Vis absorbance increased with time
duration, it indicated the formation of Au NPs. The
spectrum shows sharp absorption maximum (Amax)
around =557 nm and confirmed the presence of Au
NPs. This peak appeared due to the excitation of
electrons in the conduction band of Au NPs induced
by the electromagnetic field (Mollick et. al., 2014).
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Figure. 1. UV-Vis. spectrum of gold nanoparticles

prepared at room temperature.

Figure 2 shows the TEM image of gold nanoparticles
prepared at room temperature. The image shows the
nanostructure and morphology of Au NPs with good
dispersion and the size of the NPs varied from

& e

Figure. 2. TEM image of gold nanoparticles prepared
at room temperature.
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Abstract. In this work presented the results
of researches on stabilization of metal nanoparticles
by crown compounds with amine and hydroxyl
groups in macrocyclic ring and studying their
properties.

Synthesis and studies of functional
substituted crown ethers is a matter of great scientific
and practical interest. These macroheterocyclic
compounds can reveal biological activity due to
unique structural peculiarities. Nitrogen containing
crown ethers are attractive research objects because
its possible application in boundary with organic
chemistry fields.

Introduction of amine and hydroxyl groups
in macrocyclic ring of crown ethers influences on
supramolecular properties of synthesized compounds.
The results of carried researches show that the
presence of two amine and one hydroxyl groups in
macrocyclic ring leads to self-assembling of crown
compounds in such a way that it becomes able to
include the metal and metal oxides nanoparticles in
its cavity. The synthesized crown ether was used as
stabilizer of FesO4 Fe®, Ag° nanopatrticles. It is
assumed that the presence of these functional groups
in macrocyclic ring allow crown ether molecule to
pass from two-dimensional structure (2D) to three-
dimensional structure. So, it is supposed to be the
existing multi-central  non-valence interactions
between crown ethers molecules and metal
nanoparticles that lead to formation of
supramolecular assembly.

Structure of prepared compounds have been
analysed by elemental analysis, IR, NMR and mass-
spectroscopy methods of analysis. Prepared
nanostructures crown@Fez0a, crown@Fe®,
crown@AgP have been studied by scanning electron
SEM, atomic force microscopy AFM, X-ray
diffraction methods of analysis. On the basis of
carried out analytical researches were found the size
of metal and metal oxides nanoparticles that
stabilised by macrocycle is in 6-17 nm interval. The
guantity of loading of nanoparticles was determined
on the basis of Lambert-Buger-Ber law as well as
atom absorption spectroscopy method of analysis. It
was found that the results of both analysis methods
are correlated very well.

Key words: crown-compounds, supramolecular
chemistry, diazacrown ethers, hydroxyl containing
crown ether, metal nanoparticles.
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Novel Fractal Metamaterial subwavelength structure for sensors
application
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Abstract:

The fractal metamaterial configurations , operating at
the millimeter-wave scale are studied , in terms of de-
sign, fabrication, and characterization.

We report our work conducted on the design, simula-
tion and -fabrication of microwave sensors based on a
fractal split-ring resonator (FSRR) structure operating
at 140 GHz. Furthermore, we attainted a wide and of
high transmittance left-handed band, as was estab-
lished by transmission measurements and correspond-
ing simulations.

We observed both numerically and experimentally at
around 140 GHz a tapered frequency band for which
the fractal SRR metamaterial was High resonant fre-
quency and had a negative permittivity and permeabil-
ity. The effect of different geometrical restrictions and
the order of the fractal curve on the performances are
investigated.

We analyzed the transmission band with respect to
fractal order of two configuration connected and dis-
connected metals form witch composed the considered
metamaterials slab at the normal incident propagation
direction.

Keywords :

metamaterial; sensing ; Thin-film sensor; Split Ring
resonators, Fractal SRR .
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Abstract: The vast potential of intermetallics appli-
cations in the modern technique, arising from their
known very attractive properties, became obvious
[1].Their elaboration is based on reaction synthesis
from components, e.g. in ExoMelt process [2]. How-
ever, even if, after casting in ingots, at elevated tem-
peratures they exhibit a certain ductility, allowing
processing by hot working. e.g. to obtain billets,
tubes, sheets and even forgings, their further machin-
ing into final products is nearly impossible due to the
high brightness and low fracture toughness at ambi-
ent temperature, drastically limiting their applica-
tions [1]. These are determined, as it is known, by
their low symmetry of crystal structure (e.g. with
only three slip systems in NiAl [1], which prohibits
the operation of at least five independent slip systems
required for plastic flow [3].

A promising way to overcome these drawbacks
of intermetallics is their obtaining in a nanocrysta-
lline state. The most facile way for this purpose
seems to be Mechanical Alloying applied to the reac-
tive component mixture (MA), continued after the
compound synthesis (the crossing point of curves a
and b in Fig. 1), with Mechanical Disordering
(MD)[4]. But this leads to their obtaining as fine
nanocrystalline powder. Several methods have been
proposed to obtain bulk nanocrystalline materials
from this powder (e.g. spark plasma sintering, double
sintering etc.), without of their consecration [5].

In this paper is proposed a new possible method
of bulk nanocrystalline intermetallics obtaining, in
two stages: i) controlled MA, applied to the stoichi-
ometric elemental powdered component mixture —
determining their strong cold working and energetic
state increasing - conducted only up to the
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Fig. 1.

particle crystal structure disordering and its trans-
formation into a nanocrystalline one, without to be
reached the ignition temperature, Tig, of compound
synthesis reaction (before a-b crossing point, Fig. 1);
ii) Compound reactive synthesis from the as obtained
nanocrystalline powder mixture, combined with its
consolidation. It is expected that, due to the high

enenergetic state of nanocrystalline powder and inti-
mate mixture of components, both synthesis and con-
solidation (e.g. under an appropriate pressure) are
possible in solid state, by diffusion [6], at a low
enough temperature to preserve the nanocrystalline
structure in the obtained bulk material.

The method has been successfully applied to the
obtaining of bulk nanocrystalline NiAl (Fig. 2).

10 nm

Its conducting conditions will be extensively pre-
sented in the proposed paper.

Fig. 2.

Keywords: Intermetllics, Mechanical Alloying, Re-
active synthesis, Bulk nanocrystalline NiAl.

Fig. 1. Variation of the Ignition Temperature of Syn-
thesis Reaction and of Particle one, vs. MA time.
Fig. 2. HRTEM image of the obtained bulk NiAl.
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Abstract: Mesoporous silica nanoparticles (MSNS)
have great potential as nanocarrier for biomolecules
because of its biocompatibility, low toxicity, large
surface area, high porosity, modifiable pore diameter,
and adjustable surface properties’. Chitosan (CS) is
non-toxic, user-friendly, abundant and widely-used
inexpensive polysaccharide. The amino and hydroxyl
groups of chitosan provide great potential as adsor-
bent of protein and heavy metal ion, as catalytic ma-
trix for enzyme immobilization and as carrier for
drug loading processes®. Chitosan has a highly hy-
drophilic and a swelling structure in aqueous media
which causes to lose its mechanical strength because
of its high water content?.

Blending PAA and CS provides increased mechani-
cal strength and pH stability via eliminating the struc-
tural disadvantage of chitosan®. Linear polymers
(such poly(acrylic acid) (PAA) chain were grafted
onto the surface of MSNs) show pH-dependent
behaviour which can provide increased enzyme reuse
and also the usage as biosensor’.

In the present study, chitosan/poly(acrylic acid) shell
was coated on mesoporous silica nanoparticle cores
through polymerization. First, MSNs were success-
fully prepared via sol-gel methodl. Subsequently,
acrylic acid (AA) monomers were polymerized on
the MSNs. The effect of the ratio between the
amounts of CS and AA to the physicochemical prop-
erties of particles was investigated through necessary
characterization methods.

Keywords: Silica nanoparticle; chitosan; polymer;
poly(acrylic acid); coatings
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Abstract: Recent advances in targeting and applica-
tion of "intelligent" Magnetic Nanoparticles (MNPs),
which have led to widespread experimentation due to
their multi-modal capabilities, have been reviewed.
Particularly, application of MNPs is highly promising
for the treatment of fatal diseases such as Cancer.
Dual usage of MNPs to perform drug delivery and
optical imaging has been studied in vivo and in vitro.
Further, the role of MNPs in Positron Emission To-
mography (PET) and Magnetic Hyperthermia will be
discussed in detail. Therapeutic potential of ‘intelli-
gent” MNPs having a suitable recognition layer and a
therapeutic load, is high; but their development is
challenging. Polymer, Protein and Silane based
recognition layers are being examined to solve this
problem. Moreover, these core/shell structures of
MNPs have the advantages of good dispersion, high
stability against oxidation, favorable specificity and
appreciable amount of drug that can be loaded to the
shell after coating. Also, recent literature has shown
that reliance solely on the Enhanced Permeability and
Retention (EPR) effect is insufficient for nanoparti-
cles to penetrate the tumor intersitium, as a result, the
use of active and intelligent targeting agents has be-
come increasingly important. Here we also review
some of the drawbacks associated with the use of
MNPs for drug delivery.

Keywords: Positron Emission Tomography, Magnet-
ic Hyperthermia, Recognition Layers, shell coating,
Enhanced Permeability and Retention, targeting
agents, drug delivery, biomedical applications.
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Abstract: Nanowires based devices are among those
techniques and have drawn much attention in the last
few years for improving device performances.

In This abstract demonstrates for the merits of an
immediate InAlGaN capping layer over self-
assembled In,Gai.«N/GaN GaN quantum dots (QDs)
coaxially grown on the m-plane and r-plane of n-
GaN nanowires on Si (111) substrate using metal
organic chemical vapor deposition. For comparative
analysis, we prepared In,GaixN/GaN QD samples
both with and without quaternary capping. Figure 1
shows the UHR-SEM image of the proposed struc-
ture with InxGai«N QDs on a single n-GaN NW
when quaternary capping was applied over dots in
the active region. InAlGaN capping layer acted as a
strain-driven phase separation alloy. Inhomogeneous
surface strain over the dots helped this quaternary
alloy in forming an indium concentration gradient
over InxGa;xN QDs and thus, indium out-diffusion
from the dots was reduced. Quaternary alloy capped
samples exhibited vertically stacked, highly dense,
pyramidal InyGa:xN/GaN QDs of improved carrier
confinement grown as the active region on n-GaN
NWs. In contrast, the nonexistence of InAlGaN cap-
ping over InGaN/GaN QDs caused deformation of
the dots due to In-Ga inter-diffusion between the
dots and the GaN barrier layer. Figure 2 shows the
temperature dependent PL study was carried out for
the sample composed of quaternary alloy capped
InxGaixN QDs on n-GaN NWs. This coaxially fabri-
cated InsGa;xN/GaN QDs on defect free n-GaN
nanowires have various excellent characteristics and
can be widely applicable to new optoelectronics
semiconductor devices,

Key Words: InGaN quantum dots, GaN nanowire,
InAlGaN capping, inhomogeneous strain, metal or-
ganic chemical vapor deposition, blue light emitting
diodes

Figure 1: Ultra-high resolution SEM (UHR-SEM)
image of a single n-GaN NW composed of InAlGaN
capped two layered active InxGaixN QDs inside.
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Figure 2: Temperature dependent PL study was car-
ried out for the sample composed of quaternary alloy
capped InyGaixN QDs on n-GaN NWs.
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Abstract: Colloidally stable superparamagnetic iron
oxide nanoparticles (SPIONs) are well known to be
excellent contrast agents in MRI applications*?. Lar-
ger particles are preferable; however the effective-
ness of SPIONS as contrast agents is limited by their
size, as above a threshold of ~20 nm, ferromagnetic
properties emerge, causing irreversible aggregation
which can lead to the formation of blockages in the
vasculature of patients.

One potential alternative is the formation of con-
trolled aggregates of the SPIONs into polymer stabi-
lized assemblies (NPCs)®. These assemblies retain
the superparamagnetic properties of the individual
particles while increasing the effectiveness of the
system as a contrast medium. In this study the effect
of NP shape and size, polymer type and other assem-
bly conditions, on the formation of NPCs was inves-
tigated. NPC properties were analyzed by transmis-
sion electron microscopy (TEM), dynamic light scat-
tering (DLS), hyperthermia and field cycling nuclear
magnetic relaxation spectroscopy (FFC-NMR).
These analyses combined have allowed us to deter-
mine the effect of cluster size and morphology on the
magnetic properties of the NPCs generated.

On preparation of colloidally stable NPCs signal sur-
pression was observed in sample relaxivity, a shift in
the frequency at which maximum relaxivity was also
observed, consistent with the presence of larger parti-
cles. It should be noted that these observations were
more profound in the case of faceted nanoparticles.
The ratio of R,/R; at 60 MHz was also found to in-
crease dramatically on the formation of clusters indi-
cating that NPCs are potentially useful as T, weighted
MRI Contrast agents.

Keywords: Nanoparticles, Iron Oxide Nanoparticle
Assemblies, size-control, Nuclear Resonance Disper-
sion Relaxometry, superparamagnetism, MRI, con-
trast agents, biomedical applications.

)
A3 G0nm il 555005 0k <0.3mM X8Ik SE 125672014 1144

m  Spheres
m  Spheres clustered
30
L
28 o ii Eii
26 .ll. E
u,
" a &
24 4 [ ]
[] L] »
D [ ]
s 22 [] ]
£ '- L}
F"(n 20 n [ ]
~ L]
o 18 L. i
n"mman =
16 - e, u® u
u, -,
g - n
14 b Ll
EyEnggiEpianEgEEgnE® n
124
T T T T
0.01 0.1 1 10

Larmor Frequency (MHz)

Figure 1: Iron Oxide nanoparticles (top-left) and
Nanoparticle Clusters prepared by polymer mediated
assembly (top-right), (below) Nuclear Magnetic Re-
laxation Dispersion Curve demonstrating a shift in
magnetic response as a result of the clustering ex-
periment
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Polyurethane/GO Nanocomposites and VVapor Barrier properties
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Abstract:

Polyurethane(PU) has been used in various applica-
tions such as fibers, coatings, adhesives and biomi-
metic materials. Despite of good deformability, low
stiffness and tensile strength can limit its use in struc-
tural applications, especially for PU with low hard
block content. Water vapor and gas permeability can
be another drawback. The weak mechanical and gas
barrier properties can be reinforced by the elastomeric
matrix with rigid, impermeable nanofillers.

The graphene with two dimensional structure(2D) has a
unique elctron mobilty (> 20,00 cm2/Vs), very high thermal
conductivty (480-530 W/mkK) and excelnt mechanical prop-
erties (Young’s moduls ~1 TPa, Ultimate
strength :~130GPa). It has ben considerd as a promising
functional filler. Adding highly exfoliated carbon layers
can significantly change a mechanical and electrical
properties of polymers at extremely small loading.
Unlike carbon nanotubes that can provide similar me-
chanical and electrical benefits, these impermeable
two-dimensional sheets can reduce gas permeability
of host membranes
In this study, we focused on preparation, morphology,
and properties of PU/GO nanocomposites. Solvent
blending was also used to prepare GO and isocyanate
treated GO composites. We observed mechanical, and
water vapor barrier properties of PU by addition GO.

Keywords:  polyurethane, water vapor barrier,

PU/graphene nanocomposites, isocyanate treated GO .
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Abstract: In an attempt to develop novel natural
nanofibers with enhanced prebiotic and antimicrobial
activities, polymer composites and nanomaterials
play a vital role and exhibit superior properties.
Among the different types of nanomaterials, nano-
fibers have attracted a lot of attention in various
fields due to their large surface area per unit mass
and advanced mechanical performance. Nanofibers
are potential candidates to be used in many fields
such as drug delivery systems, nano-sensors, filtra-
tion media, and medical applications, etc
(Ramakrishna et al; 2006). Electrospinning technique
was used and the experimental parameters were op-
timized to fabricate uniform electrospun polysaccha-
ride composite nanofibers (CNFs) to be tested for
their prebiotic and antimicrobial activities. The aque-
ous solution of polysaccharides could not be directly
electrospun into nanofibers. Therefore, electrospin-
ning was aided by mixing polysaccharides with poly-
vinyl alcohol (PVA)(Wang et al; 2011).We report the
influence of different parameters (concentration, ap-
plied voltage and solution flow rate) on the compo-
site nanofibers fabrication. The most uniform nano-
fibers were obtained were tested for their prebiotic
activity with Lactobacillus sp. and antibacterial activ-
ity with E. coli and S. aureus bacteria. The fabricated
composite nanofibers showed enhanced prebiotic and
antibacterial activity compared to the original solu-
tions. These results open new avenues for fabricating
prebiotic and antibacterial products from natural ma-
terials with superior biomedical activities.

Keywords: electrospinning, nanofibers, prebiotic,
polysaccharides, natural materials.
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Figure 1. Figure |IIustrat|ng the study and represent-
ing the results: Fabrication of natural composite nan-
ofibers from using polysaccharides and investigating
their prebiotic and antibacterial activities.
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Plasmonic effect of green synthesized Silver Nanoparticles

S.Saravanan,** R.Kato,2 M.Balamurugan, S.Kaushik,® T.Soga?
ICentre for Photonics and Nanotechnology, Sona College of Technology, Salem — 636005, Tamilnadu, INDIA
2 Department of Frontier Materials, Nagoya Institute of Technology, Nagoya 466-8555, JAPAN
3The Indian Public School, Senapathipalayam, Erode- 638112, Tamilnadu, INDIA

Abstract: Eco-friendly green synthesis with plant
extracts plays a very important role in nanotechnolo-
gy, without any harmful chemicals. In this report, the
synthesis of uniform silver nanoparticles (Ag NPSs)
was developed by treating silver ions with Peltopho-
rum pterocarpum (PP) extract at room temperature
and elevated temperatures. The X-ray diffraction
analysis confirmed that the synthesized Ag NPs are
single crystallines. Ag NPs, with an approximate size
of 15-30 nm were observed in the transmission elec-
tron microscopy (TEM) image. A plasmonic effect of
silver nanoparticles (Ag NPs) in dye-sensitized solar
cells (DSSCs) is studied.

Introduction: Synthesis of NPs is presently an im-
portant area of research, searching for an eco-friendly
manner and green materials for current science. The
biological method has emerged as a green alternative,
for it is environment-friendly, cost-effective, and
easily scaled-up. In the last few years a concept of
surface plasmon resonance has been introduced to the
DSSC employing noble metals of Ag (Ishikawa et.al.,
2004) or Au.

Keywords: silver nanoparticles, green synthesis,
plasmonic effect, dye sensidized solar cell.

Synthesis of Silver Nanoparticles (Ag NPs): Fresh
3 grams of PP flowers were washed and immersed in
300 mL boiling distilled water for 30 minutes. The
cooled filtrate obtained was stored at 4°C for further
use. The 100 mL of 0.01 M AgNOs aqueous solution
was reacted with 20 mL drops of the obtained extract
solutions in a flask with stirring for 30 minutes and
then continued stirring for 1hour.

Characterization of Ag NPs: Phase formation of the
synthesized NPs was characterized by X-ray diffrac-
tion. Four main characteristic diffraction peaks for
Ag were observed at 260=38.1, 44.3, 64.7, 77.7, which
correspond to the (111), (200), (220), and (311). Fig-
ure 1 (a) and (b) depicts the TEM and SAED pictures
of Ag NPs respectively. As shown in the figure the
morphology of the AgNP was spherical with an aver-
age size of 15-30 nm.

DSSC preparation: The TiO, (P-25) layers with-
out/with Ag NPs (1, 2 and 3 wt%) have been im-
mersed in an ethanol solution of a Ruthenium com-
plex based dye for 18hrs. DSSCs were fabricated by
attaching a Pt glass counter electrode to photoanode,
by inserting polymer film (50 um) between two elec-
trodes, and injecting the iodide based electrolyte into
the space between two electrodes.

Figure 1. (a) TEM and (b) SAED npicture of green
synthesized silver Nanoparticles.

Results and Discussions: Short-circuit current densi-
ty (Jsc) and conversion efficiency are shown in Fig-
ure 2 for non doped and 1, 2 and 3 wt% of Ag NPs
doped DSSCs. As shown in the figure the efficiency
has decreased for 1 wt% and for 2 wt% of Ag doped
the efficencey increased from 2.83% to 3.62% (near-
ly 28% when compared to the non doped sample).
Also the Jsc has increased for 2, 3 wt% of Ag doped
sample. The FF is also increased nearly 7% for 2
wt% compared to the non doped sample.
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Figure 2. The short circuit curren density and power
conversion efficiency against the Ag doping.

Conclusions: In this study, we developed a simple,
green, and efficient route to synthesize Ag NPs by
treating silver ions with PP flower. DSSCs were fab-
ricated with different doping of green synthesized Ag
NPs in TiO,. The 2 wt% of Ag doping in TiO: in-
creased the efficiency around 28%.
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Obtention of Spirulina nanoparticles by mechanical milling

Neri-Torres, E.E.", Chanona-Pérez, J.J.}, Cardenas-Pérez, S.*, Marin-Bustamante, M.Q.", Césarez-Santiago,
R.G.%, Calderdn-Benavides, H.2, Chamorro-Cevallos, G.!, Suérez-Najera E.*
'Escuela Nacional de Ciencias Biolégicas-Instituto Politécnico Nacional, Prolongacién de Carpio y Plan de Aya-
la s/n, Col. Santo Tomas C.P. 11340 México, D.F.
“Escuela Superior de Fisica y Matematicas-Instituto Politécnico Nacional. Av. Instituto Politécnico Nacional
Edificio 9, Unidad Profesional Adolfo L6pez Mateos, Zacatenco, C.P. 07738, México, D. F.

Abstract: Nanotechnology has taken great importance in
the food industry for create different functional and
nutraceutical foodstuffs, since the nanoscale material con-
struction cause changes on the bioactive potential of bio-
logical due the material becomes thousand times more
small that the original. The target is to reach particles with
nanometer sizes for improve the functional and nutraceu-
tical potential of the proteins, amino acids, essential fatty
acids, minerals, sulfolipids, glycolipids and phyco-
biliprteins contained in Spirulina (Belay, 2008).

The raw material was aspersion-dried powder of Arthro-
spira maxima (Spirulina), which had an initial size of 65
pum. A Spex mill was used according to reported by Lu &
Lay (1998) in a kinetic experimental design which was
applied to obtain the nanoparticles. The work was per-
formed in four times (1, 2, 3 and 4 hours), due to the
Spirulina may be considered how a soft material. After
the milling, the powder was collected and stored in con-
trolled environment. Atomic force microscopy (AFM,
Multimode V, Bruker, USA) was used to measure the
particle size by image analysis (Figure 1A)take into ac-
count the 1SO 13322 (p=0.1 and geometric standard devi-
ation “GSC” of 1.15) . The results showed that two hours
of milling was the optimal condition for obtain a 75% of
Spirulina nanoparticles below of 100 nm and an average
size of 91+£3.5 nm. In the case of milling times of 3h and
4h the increase of particle size could be due to a heating
of samples caused by an agglomeration phenomena into
the powders. The characteristic mean size was also calcu-
lated with images obtained with scanning electron mi-
croscopy (SEM, JSM-7800F, Jeol, USA) and the number
mean size was calculated how is described in the standard
1ISO 13322 (p=0.05 and GSC of 1.15). To determine the
measurement was performed an image analysis with im-
ageJ (1.48v). The results obtained by means of SEM were
agreeing with the particle size distribution obtained by
AFM (Figure 1B). On the other hand, the transmission
electron microscopy (TEM, JEM-2100, Jeol, US) was
used to corroborate the size particle in the time of 2 hours
of milling reached the nanoscale. In the Figure 1C there
are some alignment patterns that could be due to a linear
arrangement of polymeric structure of the carbohydrates
contained in the Spirulina. An important parameter of the
powders material is the repose angle; the results showed
that the repose angle was increased in relation to decrease
of particle size. The values of repose angle at 1h and 2h
of milling were showed significant difference with the
reference and the milling samples at 3h and 4h also have
significant difference with the reference.

The smallest values of particle size have concordance
with the greatest values of repose angle due to that the

samples were very cohesive. In the case of crystallinity
index values, these decreased when the milling time was
increased.

Then with these findings we proceeded to carry out a
proof of X-rays spectroscopy (DRX, Rigaku miniflex
600, US). To obtain the crystallinity index was applied
the method of Segal. Those data also observed a tendency
to decrease of crystallinity index, however, it is not evi-
dent a large change because is possible that the material
into the mill present molecular rearrangement by the con-
taier's friction force.

In conclusion was possible to obtain nanoparticles with a
mean particle size of 91+3.5 with only two hours of mill-
ing. Thus the Spex mill is simple technology to obtain
nanoparticles due that it requires short times of milling
and low consume of energy. It was possible to observe
relationships between the particles size, crystallinity index
and repose angle.

Keywords: Spirulina, nanoparticles, electron microscopy

Figure 1. Evidence of each microscopy technique used for
the characterization of nanoparticles of Arthrospira max-
ima. A) AFM, B) SEM y C) TEM.
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oxidation of cycloalkenes using supported gold nano-
particles

Hamed Alshammari?, Peter J. Miedziak® and Graham J. Hutchingsb
%Chemistry Department, Faculty of Science, Ha'il University, P. Box 2440, 81451 Ha'il, Saudi Arabia
®Cardiff Catalysis Institute, Cardiff University, Park Place, Cardiff, UK CF10 3AT

Abstract: The oxidation of cyclic alkenes such
cyclohexene and cyclooctene has been carried
out under green solvent-free conditions using
ambient air as the oxidant gas with a carbon-
supported gold catalyst. We show that oxidation
of cyclic alkenes under solvent free conditions
can be oxidised in the absence of radical initia-
tors when the cyclic alkenes are free of stabilis-
ers. We show that radical initiators are only re-
quired for this reaction when the cyclic alkene
contains a stabilizer molecule, such as 6-bis(t-
butyl)-4-methylphenol (BHT) or 3-octadecyl-
(3,5-di-t-butyl-4-hydroxyphenyl)-propanoate
(irganox 1076). We show that either removing
the stabilizer chemically or sourcing the cyclo-
alkane without the stabilizer the oxidation, both
with and without radical initiator, is identical as
showing in figure 1 and 2. This indicates that
the only function of the radical initiator is to
counteract the stabilizer.

Keywords: oxidation of alkene, nanopartical,
initiator.
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Figure 1: Effect of reaction time for the conversion of cis-
cyclooctene containing stabilizer with TBHP (solid dia-
monds) and cis-cyclooctene after removal of stabilizer
without TBHP (open diamonds). Reaction conditions: 5
ml of cis-cyclooctene, 0.06g Au/G, glass reactor, TBHP
(0.032x10° mol), 80 °C and atmospheric pressure.
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Figure 2: Effect of reaction time for the conversion of cy-
clohexene containing stabilizer with TBHP (solid dia-
monds) and cyclohexene inhibitor-free without TBHP
(open diamonds). Reaction conditions: 5 ml of cyclohex-
ene, 0.06g Au/G, glass reactor, TBHP (0.032x107 mol),
60°C and atmospheric pressure.
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