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1. Introduction

»concern for mankind and it's destiny — that shoatdnd in the center of attention of all
the technician effort.” (Albert Einstein)

Nanotechnology and the related inter- or multigiBoary sciences are undergoing
explosive growth, producing so many new resultweeks or months than earlier in decades.
Nanosciences are based on the results of colladhidtry, thus on the borderline between
physics and chemistry will lead the way to achiew® objectives. Today biology,
biotechnology and medicine is an important creaod user of research results. The
investigations are mainly for the production of oparticles, nanostructured materials, and
the usability of these materials for the purpose aofscientific or common problem
identification. We meet in our everydays more andrenachievement of nanoscience
(nanoelectronics, sensors, anti-bacterial effetbdatalysis, etc.).

Production of nanoparticles and nanostructured madgewith regulated size, shape and
high specific surface require mainly colloid chetm& methods, but their special electrical
and optical properties can be explained by thisatedge. Semiconductor nanoparticless
prominent importance. In the latter decades thevtjraf electronics was triggered by the
appearance and exponential developement of semictordndustry, with the main trend of
miniaturisation, and beyond it theres is many oidby the specific characters of
nanoparticle size range. It can be synthesizedcpestwith properties controlled by the size,
shape, refractive index, porosity, surface modiitca etc. and can be produced practical
tools (e.g. sensors, coatings) and materials (@grmaceuticals, composites) from them.
Thus we can say that after one and a half centuneging colloid chemistry and
nanosciences have revolutionized and enrich evagytbe results of physical-chemistry,
electronics and medicine.

One of the objectives of my work was to synthegine peroxide nanoparticles in aqueous
medium and to prepare porous hybrid thin films kgyér-by-Layer self-assembly method
from the particles and opposite surface chargedjhop materials” on the surface of solid
substrate. The build-up of the films were invedtgaby UV-visible absorption and/or
reflection techniques and quartz crystal microbaanthe structural and morphological
properties were studied by X-ray diffraction (XR&)d atomic force microscopy (AFM).

Other important aim of my studies were to develaggthmds to measure and characterize
the optical properties of the prepared thin layerainly the wavelength-dependent refractive

index and film thickness. The latter's importanes In the fact that in the presence of gases,
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vapors the spectrum of the films is shifting towtrd higher wavelength range because of the
increasing refractive index. My further goal wasreestigate the applicability of the original
and surface modified thin layers as sensors inlfadeeeloped flow system, in presence of

vapors with different polarity.

2. Experimental

Materials

Zinc oxide nanoparticles were synthesized in ageeedium by photolysis of zinc acetate
dihydrate. ZnO nanoparticles were obtained by patodn of the prepared zinc peroxide
particles, indirectly in thin films.

ZnO,/PSS and Zn@Na-hectorite hybrid thin films were built up usingG.01 %
poly(styrenesulfonate) solution and 0.1 % Na-hé®®uspension on the surface of Si and
glass substrate by Layer-by-Layer immersion metfde amount of organic and inorganic
binding materials was varied during the pre-expents, and after determining the optimal
concentrations Zn&xhin films were prepared, and ZnO thin layers waloeained by 400 °C
calcination.

During the surface modification experiments the tliims were treated by 0.01 M buthyl
trichlorosilane solution (in hexane) and octandtbaated nanogold 0.01 % sol (in hexane).

ZnOy/acrylamide and Zn@N-isopropyl acrylamide hybrid thin films were budp using
1 M acrylamide and N-isopropyl acrylamide solusam the surface of glass and gold coated
guartz substrate (QCM sensor) by Layer-by-Layer @rgion method combined with in-situ
photopolymerization. The layers were polymerizegrafreating with 0.05 M N,N-methyl-
bisacrylamide (as cross-linker) and Irgacure 65l1pfaotoinitiator), using UV radiation under
nitrogen atmosphere, thus zinc peroxide/poly(acnydi@) and zinc-peroxide/poly(N-
isopropyl-acrylamide) films were obtained.

All of the starting materials were analytical oragent grade without any further

purification.

Methods
The optical properties of nanoparticles and thipeta were determined by UV-Vis
spectrometry (absorption, transmission, reflectimeasurements.

The crystalline structure of different samples wagstigated by X-ray diffraction (XRD).



Thermogravimetric (TG, DTG) measurements were usgdal the thermal behaviour of
ZnO, samples.

Transmission and scanning electron microscopy (TEBEM) and atomic force
microscopy (AFM) were used to structural and molpgical studies.

The average diameter of the particles was detedrbgedynamic light scattering (DLS).

The interfacial electric properties of the particland the charge of polyelectrolyte
macromolecules and layer silicates were charaetrizy streaming potential and zeta
potential measurements.

The build-up and the vapour adsorption of thin tayprepared by LbL method were
monitored by UV-Vis reflection spectrometry and gmacrystal microbalance (QCM) at
25+0.1.

Hydrophobicity and surface energy of thin films werharacterized by contact angle

measurements.



3. Summary of the novel scientific results

T1. Preparation of zinc peroxide nanoparticles by potolysis of zinc acetate dihydrate

1.1. Photolysis of zinc acetate dyhydrate in aqueousiumedeads to the formation of ZRO
nanoparticles with a diameter range of 15-60 nnth wicreasing size during the synthesis.
The bandgap energy determined from optical progentiaries between 4.46 and 3.76 eV
during the synthesis. During high temperature heatment (T > 200 °C) there is a structural
change of zinc peroxide and the result of thernegradation are ZnO particles.

1.2. The heat treatment (200-800 °C) results a systeahgtrimary size change from 15 nm

to 60 nm (calculated by Debye-Scherrer equation).

T2. Optimizing the concentration of binding materids by streaming potential

measurements

The binding materials of [zinc peroxide / PSS or -h¢atorite] films were
poly(styrenesulfonate) (as organic) and synthetazhictorite (Optigel ®) (as inorganic).
For the preparation 0.85 % Zp@ispersion, 0.1 % Na-hectorite suspension and @01
solution of PSS were used.

2.1. Choosing the concentration of components | useshisting potential measurements to
determine the specific surface charge, to optirtheerate of component’s amount during the

build-up. The results are the following:

Table 1. Charge ratios in case of Zn®SS and Zn@Na-hectorite thin films, at different
rate of amounts of binding materials

Zn0, PSS Na-hectorite
Concentration (%) 0.85 0.005 0.01 0.05 0.05 0.1 0.2
Rate of charge (ZnO, : X) - 1:10 15 1:1 1:10 15 1.25

2.2.1 observed that using 0.005% PSS solution and’9,8a-hectorite suspension (1:10 rate)
for preparation resulted a non-uniform build-upe(thbsorbance measured at the same
wavelength increased nonlinear with layer numbar)the system saturated before reaching
the wanted layer number, because the electrostfttiactiveness - required to alternating

build-up - was to low (from binder).



2.3 Using 0.05% PSS solution and 0.02% Na-hectouspeansion (1:1 and 1:1.25 ratio) also
resulted the saturation of electrostatic forcesnfwensating the surface charge of the zinc
peroxide particles), and/or due to the high quamtitbinder the layers became opaque with
high light scattering.

2.4.Using 0.01% solution of PSS or 0.1% Na-hectorite (chaeg® of 1:5) the layers were
well-ordered and absorbance increased linear,lsmwé determined, that the optimal charge
ratio is 1:5 (between zinc peroxide and binder conents), therefore in the course of my

work this ratio was used.

T3. Influencing the value of bandgap energy by thenaterial of binder in ZnO /PSS and
Zn0O,/Na-hectorite thin films

The bandgap energy in semiconductors also appeanarioparticles, thus also in thin
layers. In contrast to the bulk phase (ZnO: 3.268/3ZnQ: 3.7-3.8 eV) it is not a constant
value, but depends of the size parameters of thestictured material. So this value can be
influenced by varying the size, this is calkde quantization effect
3.1. 1 observed that in the case of zinc peroxide/Netdrée thin layers the energy of the
bandgap remained independent of the number ofdaitels a constant 3.98 eV, because the
particles intercalated between the silicate laneedlee in confined spac€his property is also
characteristic of ZnO/Na-hectorite films, but acting to the phase transition it changes to
the value of 3.2 eV.
3.2.In the case of the polymer films the bandgap gnergecreasing with layer number from
4.12 to 3.74 eVThis is possible because the polymer chains aeetaldbind to the surface of
the particles and size quantization effect can daiei at low layer numbers. But at higher
layer numbers the effect is weakening, so the bamamergy decreases to the value of bulk

phase.

T4. Method to determine the optical properties of hin hybrid films

Determining the refractive index and layer thiclsés one of the most important object
during characterization of thin films. | have deymdd a technique that calculates the
refractive index by fitting analytical (trigonomital) functions onto the measured curves (the
sensorial importance of that appears later at élaétime determination of refractive index
change, see T.7). For the calculation of the obpeaameters three cascading model was

applied:



4.1.The solid state model | used has three componarmsstid component with a wavelength-
dependent refractive index (particles), a solid ponent with constant refractive index
(binder) and pores with constant refractive indeltich value is set to air’s value.

4.2. The effective medium approach, which has two camepbalso in the simplest case with
surface roughnesés a result, | received a constant layer thicknegh a homogeneous
refractive index.| chose the effective medium appnation called Bruggeman model
extended to three componenhis is one of the most common model, on the okizard, it
was easily built into the computer system evaluasioftware.

4.3. The wave propagation model determines the equatissed for describe the ray
propagation in the thin film. | used two-ray ineménce model which | summarized by
complex amplitude method. The other beams of ligtitease the intensity but do not change

the location of extrema on the curves

4.4.Using the three models above cascading at the samad received an equation between
the wavelength and reflected intensity:

(1)
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Using the resulted (1) equation in simulation saftev- based on the best match - | could

determine the effective index of refraction ancelathickness.

T5. Application of in-situ photopolimerization in thin film preparation

5.1. In addition to the traditional layer-by-layer (Lplimmersion technique | prepared
zinc peroxide/cross-linked polymer hybrid thin fdnby combining the LbL method with
photopolymerization.

5.2. By Fourier-transform infrared absorption spectopgcwas proved that Zngacrylamide
and ZnQ/N-isopropyl-acrylamide hybrid films became polyimed to ZnQ/poly(AAm) and
poly(NIPAAmM) thin layers after the adsorption obss-linking agent and irradiation with UV
light.



T6. Controlling the hydrophilic/nydrophobic properties by the material of binding
polymers in ZnO,/PAAM and ZnO,/PNIPAAmM thin films

Water and ethanol adsorption experiments were tlomevestigate the similar or different
properties of the cross-linked polymers in thim#l. | have found that the specific adsorbed
amount decreased in all cases as a result of palyatien. This is explained by the fact that
while many of the binding location of the monomarg available for water and ethanol
molecules in case of monomers, until many of thesappears during the polymerization.
Only in case of adsorbed ethanol amount was obdebemefit of the poly(acrylamide)
polymerized form. The partially hydrophilic/hydragtic hybrids (NIPAAm) adsorbed almost
equal amount of water and ethanol, significanthgéa quantities of water was adsorbed by
the hydrophilic thin layers based on acrylamide ARA. The results are in good accordance

with the data received at bulk phase.

T7. Detection and characterization of adsorption offapors by optical method

The technique described in T.4 is able to deterraptecal parameters of well ordered thin
films in dry atmosphere. However, if the thin lag@are in an environment that is rich in vapor
of water or organic liquid then the reflection dpacof the films shift toward the higher
wavelength because of the increased refractionximhlee to the adsorption. | developed a
sensor - utilizing this phenomenon — that is abledétect and characterize adsorption of
vapors.
7.1. 1 have determined that the reflection spectrahef prepared ZngPSS hybrids shifts
toward the higher wavelengths if they are in atrhesp that contains water or ethanol vapor.
Quotient of reflection spectrum measured at theadime and measured at t=0 resulted a
group of curves which minimum locations and amplés increased with the progress of
time. The latter gives that how many times highee teflected intensity is in case of
adsorption compared to the dry atmosphere.
7.2. Based on the phenomenon described in 7.1 | desdl@p4-channel flow system gas
sensor that consists of a light source, a samplérwith temperature determination, a gas
mixing unit (the vapor concentration can be vabgdchanging the rate of pure nitrogen and
gas containing vapor), a film holder and measucely and a spectrometer as detector.
7.3. The system is capable to record reflection spectravery second and converts the
wavelength shift to the change of the refractivdem



7.4. One of the cornerstones of the measurements isddlfe minimum intensity location in

the curves, because the noise level exceeds nrarg the value of the intensity difference at
two neighboring pixels, thus finding the right valgan be missed easily. To find the right

values | used nine degree polynomial fitting ofeetion curves and it resulted a high quality

smoothing in the monitoring of minimum wavelengthsasurement data.
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Fig. 1. Extrema of the original curves (left) and the fitmurves (right) as the function of time

T8. Controlling the selectivity and hydrophobicity by surface modification

Surface of Zn@PSS thin layers were modified by buthyl trichlalmse and gold
nanoparticles covered by octanethiol, thus the ipesensitivity and hydrophobicity were

controlled.

8.1. | found in the course of surface modifying by Butiychlorosilane that the surface
became hugely sensitive for the vapor of ethan@erAmodification the specific adsorbed
amount of ethanol was nine times higher than tigerad, while water amount only tripled, so

the quantity of adsorbed ethyl alcohol were foumes higher than water quantity. The

adsorption of the hexane has not changed signtficas a result of the surface treatment.

8.2. The treatment by gold nanoparticles covered byrmthiol caused that the surface
became completely hydrophobic, the adsorbed watporvamount decreased significantly,
while the amount of adsorbed hexane tripled, thigirdes higher refractive index change

was observed in the case of hexane adsorption t@s wapor.
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