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The fabrication of Ag-NP/TiO, composite nanostructured
thin films, enhancement of its electrical conductivity, and
their potential applications due to the visible-light-driven
plasmon, where by large amounts nano-scale Ag particles
up to 80 mol% can be incorporated in titania matrix using a
chemical processes, are the main subjects studied in this
thesis. Titanium dioxide (titania or TiO,) as a semiconduc-
tor displays photo-responsive behavior under ultraviolet
(UV) light irradiation, thereby severely limiting its practical
applications. It is highly desirable to develop a new visible-
light-driven TiO, based thin film that can use visible light
under sunlight irradiation. In another scientific field, it is
well understood that the excitation of localized plasmon on
the surface of silver-nanoparticles (Ag-NP) causes a tre-
mendous shifting of plasmon resonance peak at well-de-
fined wavelengths near UV and in the visible region. More-
over, incorporating more amount of nano-scaled size Ag
particle is necessary for decreasing of the electrical resis-
tance of TiO, from 102 Q.

Ag-NP, as a guest has been introduced into (or onto) TiO,
using various methods. Many of these different methods
are used to synthesize nanoparticles directly on semicon-
ductor supports. Physical vapor deposition (PVD) and
chemical vapor deposition (CVD) are the two most common
types of thin film formation methods. Ag-NP/TiO, films
from PVD methods such as sputtering or vapor deposition
require sophisticated equipment. CVD methods can be em-

ployed to synthesize nanoparticles of controlled size and
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shape in solutions and on supports. The most widely ap-
plied chemical technique for the preparation of Ag-NP/TiO,
composite materials is the sol-gel process, which has been
applied to the fabrication of the most Ag-NP/TiO, system.
The prepared solution for fabricating the Ag-NP/TiO, com-
posite thin films available in literatures and obtained by
mixing a sol-gel solution of titania for thin film fabrication
with a silver solution having a concentration of up to only
18 mol% due to Ag particles coalesce with each other into
huge particles during sintering.

Recently, the molecular precursor method (MPM) has
been demonstrated to offer excellent miscibility of the solu-
tions, which has also been observed in several precursor
solutions during the fabrication of ceramic films by the
method developed by our laboratory. Based on the study in
our laboratory an excellent perovskite-type SrTiO, thin
film was fabricated using a mixed precursor solution from a
titania precursor solution containing a Ti complex of ethyl-
enediamine-N,N,N,N -tetraacetic acid (EDTA) and a SrO
precursor solution containing a Sr complex of EDTA pre-
pared using MPM. It was found that mixed precursor solu-
tion containing exactly equal amounts of Ti and Sr can be
easily prepared due to the excellent miscibility of the solu-
tions. The stability, homogeneity, miscibility, and other
characteristics of the precursor solutions, which are ade-
quate to various coating methods, are practical advantages,
as compared with the conventional sol-gel method. This
thesis is therefore, intended to develop systematic method
where by more amounts nano-scaled size Ag particle up to
80 mol% can be incorporated in titania matrix using MPM.
We expected that the more amount of Ag-NP introduced
into (or onto) TiO, matrix would be greatly boosted electri-
cal conductivity and simultaneously may enhance visible-
light-driven plasmonic property of Ag-NP/TiO,hetero-
structure if it gets assisted by the enhanced near-field
amplitudes of localized surface plasmon associated with
metallic silver.

I therefore, herein, try to fabricate Ag nanoparticles/tita-
nia (Ag-NP/TiO,) composite thin films consist of large
quantity of Ag nanoparticles (Ag-NP) and evaluating their
conductivity, plasmonic and photoresponse properties using
the new method, MPM. A coating molecular precursor so-
lution can be prepared by a reaction of Ti(O'Pr), with EDTA
under the presence of dibutylamine and hydrogen peroxide.

Consecutively, the Ag acetate ethanol solution was devel-

oped in this thesis, simply dissolving the silver salt in etha-
nol. The two precursor solutions can be then mixed at dif-
ferent molar concentration to form composite solution. On
the basis of these considerations, Ag-NP/TiO, composite
thin films can be fabricated by employing various Ag molar
concentrations (10-80mol%). Specifically, the following
topics have been investigated in details in the present the-
Sis.

Chapter 1 introduces the importance and some basic
knowledge of nanomaterials, fabrication processes, and
plasmonic properties of Ag-NP/TiO,. The specific proper-
ties of molecular precursor method have been presented
thereafter. The understanding of the background of light
harvesting phenomena will make one appreciate the prog-
ress of light harvesting technology, therefore the prepara-
tion methods for various Ag-NP/TiO, heterostructures and
the modern applications of Ag-NP/TiO, based nanomateri-
als have been extensively reviewed in Chapter 2.

Chapter 3 outlines general experimental procedure and
the designation for the preparing Ag-NP/TiO, composite
thin films using molecular precursor method. The princi-
ples of each characterization method (XRD, TEM, FE-
SEM, XPS, four probe techniques, photocurrent measure-
ment etc.) are briefly discussed and the experimental
conditions usually used are also given.

Using the two precursor solutions of titania and silver
prepared using MPM, the resultant composite solution with
a 1 : 1 mixed molar ratio was used to fabricate Ag-NP/TiO,
composite thin films heat treated at different temperature
(250-800C) have been achieved (Chapter 4). All the fabri-
cation processes are accompanied by investigating the
nanostructure behavior of the produced thin films, with the
aim to find the optimal heat-treatment temperature for con-
structing Ag nanoparticles/titania composite nano-level
structure in air. X-ray diffraction (XRD), field emission
scanning electron microscope (FE-SEM), and X-ray photo-
electron spectroscopy (XPS) evaluation of the effect of the
morphology and the nanostructures of the Ag nanoparticles
in the composite thin films revealed that heat treatment
temperature of 600C is suitable for the fabrication of titania
(mixture of rutile and anatase) composites doped with me-
tallic Ag-NP nanostructure.

In Chapter 5, metallic Ag-nanoparticles/titania (Ag-NP/
TiO,) composite thin films with different Ag molar concen-

trations (10<Ag mol% <80) were prepared on a quartz
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glass substrate at 600C, in order to find the percolation
threshold for the electrical resistivity of Ag-NP/TiO, com-
posite thin films. The composite sample is non-conductive,
until the volume fraction of the conducting phase reaches
the so-called percolation threshold. The percolation thresh-
old for the Ag-NP/TiO, composite thin film was identified
at an Ag fraction ¢,, value of 0.30. The lowest electrical re-
sistivity of 10 ° Q- cm was recorded, at ¢ag 0f 0.55. XRD, FE-
SEM and transmission electron microscopic (TEM) evalua-
tion of the effects of the morphologies and nanostructures
of the Ag nanoparticles in the composite thin films on the
electrical resistivity of the film revealed that the films con-
sist of metallic Ag nanoparticles homogeneously distributed
in the titania matrix.

In Chapter 6, the titania, a semiconductor was replaced
by zirconia, an insulator and the electrical resistivity of Ag-
NP/ZrO, composite thin film was also investigated using
the identical procedures as those reported in chapter 5. The
shortening of the distances between the metallic Ag parti-
cles and the agglomeration of metallic Ag particles lead to
the formation of the conducting paths. So, the electrical re-
sistance of Ag-NP/ZrO, film deceases greatly once metallic
Ag is incorporated. The lowest electrical resistivity of 10
Q-cm was recorded, at ¢, of 0.44.

In Chapter 7, the plasmonic properties of Ag-NP/TiO,
composite thin film were investigated. These composite
thin films of ca. 100 nm thickness were fabricated by the
MPM at 600C in air. Usually, a problem is that Ag-NP,
which are chemically very reactive, would be oxidized at di-
rect contact with TiO,. To prevent this oxidation, Ag core
have to be coated with a passive material, such as SiO,
shells and Al,O; nanomasking to separate them from TiO,.
In this thesis, we employed UV-Vis spetroscopic tech-
nigues, whereby the diffuse reflectance spectra (DRS) de-
rived from Kubelka-Munk equation were investigated. It
was found that the Ag-NP/TiO, composite thin films exhibit
size- and shape-dependent plasmon resonances that ob-
tained without masking nor shelling the Ag core. XPS spec-
tra of the resultant composite thin films, demostrated that
MPM is capable to fabricate the metallic Ag-NP in titania
instead of AgO,, a neccesity for exhibition of plasmon reso-
nance bands under UV-Vis absorption spectra.

With the main emphasis on lower electrical resistivity
and plasmonic properties associated with Ag-NP/Ti0O, com-

posite thin films reported in chapters 5 and 7 respectively.

It is necessary to consider that there are different technolo-
gies of solar energy conversion and this energy is used in
different forms for different production, public, and house-
hold purposes. As a result, either solar energy in some
forms (electricity, heat, or cold) or different energy products
or energy services (hot gas, air, water, dried products, spe-
cial ceramic materials) can be generated as the final product
supplied to the consumer. Therefore, Chapters 8 and 9 in-
vestigated the photoelectrochemical and photocatalytic
properties of the fabricated composite thin films respective-
ly; a route toward the industrial applications. The composite
thin films show a very intense localized surface plasmon
resonance (LSPR) absorption band in the Vis-light region.
This is associated with a considerable enhancement of the
electric near-field in the vicinity of the Ag-NP. We there-
fore, hypothesized that this enhancement in the visible-
light region could boost the excitation of electron-hole pairs
in TiO,, hence, increase the efficiency of the photoresponse.

The enhancement effects are believed to be based on
LSPR of Ag-NP on the basis of both the photo-excited
electron transfer from Ag-NP to the conduction band of
TiO,, and the lower electrical conductivity of the COMP-
Agn. Here I show that this is true indeed. Moreover, we
have obtained for the first time using a chemical process,
novel kind nano-sized Ag-NP/TiO, composite thin films
with a unique property: the conversion of the originally an-
odic photocurrent Ag-nano particle-titania thin film to the
cathodic one was clearly observed by means of photocur-
rent.

Finally, Chapter 10 makes a brief conclusion on the ma-
jor results on the present studies related to Ag-NP/TiO,
composite thin films. Moreover, some suggestions for fu-
ture works in this area such as photovoltaic and antibacteri-

al studies are also provided.
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