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ABSTRACT

The development and study of hybrid nanoparticle systems for environmenta
and biological applications stimulate scientific interest and are the subject of study of
this doctoral thesis. Specifically, supported metal nanoparticles attached to substrates
and unsupported metal nanoparticles were tested for catalytic and an@bacte
applications. The hybrid materials with Au nanoparticles were tested in CO oxidation
and hybrid materials with Ag and Cu nanopatrticles were examined in antibacterial
efficiency.

The hybrid materials with Au nanoparticles growth based on the excellent
physicochemical and thermophysical properties of ionic liquids, which are presented
under confinement into the porous structure of substrates. It is noted, significant
progress in understanding the effect of these properties to the gas separation and
catdytic process by means of developed supported ionic liquid phase (supported ionic
liquid phase, SILP) and solid catalysts in ionic liquids layers (solid catalysts with
ionic liquid layers, SCILL).The Solid Catalysts with lonic Liquids LayerSCILL)
prodwced by dispersion of gold nanoparticles (Au nanoparticles, AUNPS) on the layers
of the ionic liquid.The presence of the IL layer in the developed SCILL assisted the
formation of ultrasmall (zB nm) andwvell-stabilized AUNPs. The lomemperature CO
oxidation efficiency was 22%. The catalytic experiments showed an additional
functionality of -gihteu ItLr, apaoc tti magt aas)h satnr afcitrs
from the reaction site and improves yield.

The hybrid materialmultilayered ceramic membrane beariag zirconia
separation layer having a nominal pore diameter of 3 nm was modified by chemically
grafting a silylated ionic liquid (IL) on the porous zirconia surface. The SILM
(Supported lonic Liquid Membrane) became catalytically active for CO oxidation by
effectively growing ultrasmall gold nanoparticles (AuNPs) which served as the active
phase supported on the-ihcorporating porous membrane walls. The encompassed
IL, which has the property to physically adsorb &fas strongly and selectively, was
immobilized with the purpose to remove produced,dm the reaction zone

thereby enhancing conversion of CO. The nonselective membrane essentially served

Xii



as a convenient means of supporting Au nanoparticles inside the zirconia porous
network.

Nowadays, thaliscovery of graphenstimulatedthe scientific community.
Intense esearch efforts havgrownhybrid materials, used graphene as support due to
its high surface area. Thereforedeveloped graphene, consisting eb Zraphene
layers and prepared in orstep without any chemical modification is an ideal
substrate. The composition of the material was simple and performed by technique
CVD, which is ideal for largscale production.

Innovative hybrid nanomaterials wergrown for biological applications
conssted of graphene {2 layers) with supported silver and copper nanopatrticles.
Graphene has acted as a substrate of monometallic (graphene with Ag or Cu
nanoparticles nanoparticles) and bimetallic (graphene with Ag and Cu nanoparticles)
hybrid nanostruct@s. The antibacterial activity of the hybrid nanomaterials
investigated againsEscherichia colicells, and their performance was evaluated
through a series of customized experiments involving the concentration effect of
monc (Ag, Cu) and bi(Ag/Cu) metdic nanoparticles supported to graphene and
nonsupported Ag nanoparticles. Thesupported silver nanoparticles were developed
into selfassembly structures of amphiphilic triblock copolymers in selected solvents
in order to enhance the stabilitfowever the bimetallic Ag/CuNRyraphene hybrids
exhibit superior performance compared to all other materials tested, i.e. both the
monometallic graphene structures as well as the colloidal NPs, achieving complete
bacterial inhibition in all metal concentratiotessted. This striking performance is
attributed to the synergistic action of the combination of the two different metals that

coexist on the surface as well as the enhancing role of the graphene support.
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containing | ethane ethylene
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|
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Liquid-liquid contactor with two Liquid-liquid contactor with two miscible liquids
immiscible liquids: to remove {membrane distillation): to remove pure water
dissolved VOCs from water (23) from a salt solution (31-33)
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Dissolved Organic aq:zlct:us Cool
VOCs in VOC solution aqueous
water absorbent solution
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(a) Membrane as a contactor

Juice ——=| —= Juice
. 3 n O
pectin %OD D%D%% DO%G,D degraded
c0BoPo oo pectin

(

Pectinase enzymes
Pectin— galacturonic acid

(b) Membrane as a separating barrier

Moble metal
a'f catalyst

L = hutadiene

&

O P~
oé:‘:’ ’?:?OU?‘"’% 2%
0500960 o9
Sy s S e S "__-"‘-\.\_\_‘x
[ ¥ -— Hydrogen-permeable,
hydrocarbon-impermeable
Jr membrang

n-outane —a|

Hydrogen _
n-butane == butadiene + hydrogen

(c) Membrane as a contacting and separating barrier

~ Enzyme-activated membrane
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Vycor 175 4.3 0.24
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SBA-15 711 5.6 0.93

z Cz -41-3.3 1117 3.3 1.54

MCM-41-2.9 1068 2.9 1.18

MCM-41-2.3 1543 2.3 0.86
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CcPGU 147 0.71

cpPGe( 96 0.61

SBA-15-U 359 0.65

SBA-15¢U 14 0.05

z Cz -41-3.3U 0.84

MCM-41-2.9-U 0.42

z Cz -41-2.9¢U 0.33

z Cz -41-2.3U 0.08
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