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Abstract

Silver nanoparticles and clusters are a promising material for catalysis. It is
known that, compared with macro-dimensions, the properties of nanoscale silver
(reactivity, magnetic, optical, catalytic) change. Under normal conditions,
nanoscale clusters with a small number of atoms are extremely unstable. The high
activity of silver clusters and various properties are due to the presence of unpaired
electrons, which in the reaction of obtaining nanohybrid silver plays the role of a
catalyst.

Synthesis of MaMvOx nanohybrids to provide surface functionalization of
electrochemically synthesized free standing core/shell metal nanoparticelsby direct
chemical interaction of shell molecules with metal oxide precursor. The strategy
was implemented for synthesis of binary AgMnO: nanohybrid particles displayed
catalytic activity toward oxidation of exhausted gases (CO, NOx, CmHn).

The stable sols of silver NPs in a hexane are synthesized by electrochemical
method in a reactor consisting of sacrificial silver anode (99.9% purity), and
aluminum (99.9%) cathode, which upon rotation crosses immiscible layers of
aqueous (0.05 M AgNOs, doubled distilled water) and organic (hexane, 0. 25% and
0. 75% OA) solvents The technique provides an instrumental approach to
multiparametric control over the rates of size determining processes such as
nucleation, growth, stabilization and dispersion of metal clusters. The ability to
tune the particle size by variation in the residence time, during which metal
cluster formed at a cathode in an aqueous electrolyte is allowed to adsorb
amphiphile molecules of surfactant dissolved in an organic solvent is
demonstrated. Knowledge of the metal nanoparticle-ligand interaction mechanism
is crucial for design strategy of multifunctional hybrid nanocomposites.

Size distribution was analyzed by dynamic laser scattering and transmission
electron microscopic methods. Silver nanoparticle size range was 10nm-17nm.
Intense absorption peak exhibited by silver nanoparticles in the range (410.0 -
411.0nm) owing to surface plasmon excitation. Absorption peak at 410nm
corresponds to the surface plasmon excitation of the spherical silver nanoparticles.
X-ray diffraction analysis revealed the crystalline phase of silver nanoparticles, the
degree of crystallinity of which was 66%.

We study is focused on characterization of metal core-ligand shell
interactions as well as on ligands molecules interaction in primary and secondary
layers of the shell. The mechanism of unsaturated fatty acid ligands interaction
with metals and metal oxide cores have been conducted by means of TEM, FT-IR,
TGA, DTA methods. From the data of TEM and TGA methods, the number of
oleic acid molecules (1385) on the surface of nanoparticles of silver is 45% of the
total surface area.

In the present study, silver-oleic acid capped nanoparticles are used as a
model for mono- and bi-layer ligand chemisorption. FTIR spectroscopy, TGA and
DTA data testify bidentate bonding carboxylic oxygen atoms to Ag nanoparticles
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and formation of secondary layer chemisorbed at the primary one at excess content
of oleic acid (OA). The activation energy of desorption was calculated using
Friedman, Ozawa-Flynn-Walls and Kissinger-Akahira-Sunose isoconversion
methods. The pattern of activation energy (Ea) versus mass loss surface coverage of
OA is used as fingerprint to determine the mechanism of chemisorption. The
activation energy of desorption increases in the range of mass loss 2%s< m <5%,
then decreases and becomes stable in the mass loss interval 10%< m <20%.
Contrary to widely accepted Langmuir adsorption model, which predicts constant
value of activation energy. The values calculated from experimental data varies
significantly with a fraction of thermally desorbed material testifying increase in
adsorption energy with surface coverage. Complex variation of Ea with mass loss
in presence of OA excess reflects contribution of several factors: increase in Ea as
OA molecules desorbed from sites with higher adsorption energy and simultaneous
variation in chemical bond strength in a secondary layer.

In the spectra obtained by the electron paramagnetic resonance method,
both in the case of a monolayer and in the case of a bilayer, signals of conduction
electrons and bivalent silver appear. In the case of a bilayer, an additional
ferromagnetic signal appears which refers to cubic cells in silver.

Used a consistent approach to the synthesis of hybrid nanocomposite
Ag@MnO:. Synthesis is a two-step process. At the first stage, silver nanoparticles
stabilized with oleic acid are electrochemically produced. At the second stage, the
oxidation of oleic acid with potassium permanganate occurs and the resulting
manganese dioxide replaces the layer of oleic acid on the surface of silver. The
TEM and DLS methods established the shape and size distribution (12nm-18nm) of
hybrid nanoparticles. Using the method of UV spectroscopy received the value of
the peak (407nm) absorption of nanohybrid, which means the presence of nano-
size.

By the FTIR method, the frequencies 1633cm™ and 1263cm™ obtained
indicates the rearrangement of stretching modes of a carboxylate owing to
interaction with both silver and manganese oxide components of the composite. A
absorption peak appeared at 522cm™ and 514cm™ is assumed to be associated with
MnO bending vibrations of [MnO6] octahedral in MnOa.

To study the morphology of the surface of nanohybrid used the SEM
method. According to the data obtained during the oxidation of free OA with
potassium permanganate, we obtain an amorphous product, and the hybrid
nanocomposite has a crystal structure.

On sciagraph of hybrid nanocomposites, a crystal structure is fixed.
Diffraction maxima (37 °, 32.5°, 29°) correspond to the characteristic 6-MnO: peak
and the degree of crystallinity is 52.8%. During the first 3 minutes of the oxidation
reaction of nano-silver with potassium permanganate, the concentration of MnO:
remains almost unchanged, which is caused by the formation of an intermediate
product. Further increase in the rate of the oxidation reaction, caused by the

catalytic activity of the silver nucleus, which is not observed during the oxidation
of free OA.
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Quantum-chemical calculations using the HyperChem8.01 program explain
the increase in oxidation rate with permanganate: the covalent bond of oleic acid
with silver atoms leads to a decrease in the effective oxygen charges of the
carboxyl group q(O1) = -0.255e, q (O2) =-0.272e (charges of free oleic acid q (O1) =
- 0.303e, q (O2) = -0.407e), which leads to an increase in the charge density on the
silver surface (Ag = -0.514e) and a negative electrostatic potential arises on the
carboxyl group (U = -1.173e / A). As a result, the value of the effective charges on
the C = C bond in oleic acid decreases, which leads to a weakening of the double
bond and an increase in the rate of the oxidation reaction with permanganate.
using the photocolorimetric method, the oxidation rate constants of OA and
Nanosilver with permanganate were established: Koa = 0.11, Kag= 0.2. Using the
Arrhenius equation, the activation energies of OA and nanosilver were calculated.
Based on thermogravimetric analysis, thermostability was established in the
temperature range of 500-800 ° C, which is important for obtaining an exhaust gas
conversion catalyst.

Synthesized Ag @ MnO: was tested to convert vehicle exhaust gases (CO,
CHx) to safe products (CO2 and H20). It is effectiveness was appreciated in
laboratory and real conditions on a gasoline engine. The nanohybrid catalyst
showed high catalytic activity: 70% hydrocarbon conversion and 100% conversion
in the case of carbon monoxide.
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