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ABSTRACT

In this study, the influence of two types of metallic (bimetallic) nanoparticles
(NPs) including the pure silver (Ag) and titania (TiO2) on the feasibility of improving
the self-cleaning properties of some silicate zinc tellurite glasses were determined. To
achieve this goal, the best from 3 series of glasses with the composition of (79.93-z)
TeO2 + 20Zn0O + 0.06 SiO2 + 0.01TiO2 + z Ag, where (0.01 <z < 0.05 mol%) were
prepared via the standard melt-quenching method. As-quenched samples were
characterized using diverse analytical measurements. The role of the varying Ag NPs
and TiO2 NPs (fixed content) on the hydrophobic and hydrophilic properties of the
proposed glasses was evaluated. Highly transparent samples were obtained. The
physical properties of the glasses such as the density, molar volume, theoretical
crystalline volume, ionic and oxygen packing density of the best sample (S13)
corresponded to 6.632 gcm3, 21.716 cm® mol ™, 12.729 cm® mol™, 0.586 and 82.946
molL?, respectively. The surface plasmon resonance (SPR) absorption bands of these
NPs were probed using the UV-Vis-NIR absorption spectroscopy. The X-ray
diffraction (XRD) patterns verified the amorphous nature of the as-quenched samples.
The energy dispersive X-ray (EDX) spectral analyses revealed the presence of the right
elements in the composition. The scanning tunneling microscopy (STM) images and
selected area electron diffraction (SAED) patterns confirmed the existence of the Ag
and TiO2 NPs inside the glass matrix. The measured thermal parameters (the glass
transition, crystallization, and melting temperatures) of the samples obtained using the
differential thermal analyzer (DTA) exhibited their good thermal stability over a wide
glass formation region. The recorded Fourier transform infrared (FTIR) spectra of the
glasses were complemented via the Raman analysis. The mechanical properties of the
studied glasses including the Vickers hardness, fracture toughness, and brittleness
were calculated which showed optimum values of 3268.08 MPa, 4.794 MPa mm*?,
and 681.76 MPa mmY?, respectively for the S13 sample. The surface structure, texture,
and morphology of the samples were evaluated using the field-emission scanning
electron microscopy (FESEM), atomic force microscopy (AFM) and water contact
angle (WCA) measurements. The experimental results on the self-cleaning traits
(WCA and surface tension) of the glasses were compared with the theoretical
calculation using the Young, Young-Dupre, Wenzel and Cassie-Baxter models. The
sample S3 disclosed hydrophobic nature (with Young WCA of 112.39°) and the
sample S6 displayed hydrophilic nature (with Young WCA of 86.27°) when included
with TiO2 NPs. It is affirmed that by manipulating the Ag NPs and TeO2 concentrations
in the proposed glasses, an improved self—cleaning properties can be achieved. The
S13 sample showed the optimum hydrophobic traits with normalized roughness of
0.733 Nm; WCA of Young 97.47°, Wenzel 95.47°, Cassie-Baxter 130.13°. The
optimal surface tension for the Young, Wenzel and surface energy of Young-Dupre
for the S13 sample corresponded to 0.1727 Nm™, 0.1761 Nm™ and 0.0626 Nm™,
respectively. The results were analyzed, interpreted, compared and discussed. The
mechanism behind the nanoparticles inclusion in assisting the improvement of the self-
cleaning characteristics was understood.



ABSTRAK

Dalam kajian ini, pengaruh dua jenis nanozarah logam (dwilogam) termasuk
perak tulen (Ag) dan titania (TiO2) ke atas kemungkinan untuk memperbaiki sifat
pembersihan-diri bagi beberapa kaca silika zink tellurit telah ditentukan. Untuk
mencapai matlamat ini, sampel terbaik dari tiga siri kaca dengan komposisi (79.93-z)
TeO2 + 20Zn0 + 0.06 SiO2 + 0.01TiO + z Ag, dimana (0.01 <z < 0.05 mol%) telah
disediakan dengan menggunakan kaedah lindap-kejut leburan. Sampel yang dilindap-
kejut telah dicirikan menggunakan pelbagai pengukuran analitik. Peranan perubahan
nanozarah Ag dan TiO. (kandungan tetap) pada sifat hidrofobik dan hidrofilik kaca
yang diusulkan telah dinilai. Sampel yang tersangat lutsinar telah diperolehi. Sifat
fizikal kaca seperti ketumpatan, isipadu molar, isipadu teori hablur, ketumpatan
pemadatan ion dan oksigen bagi sampel terbaik (S13) berpadanan dengan to 6.632
gem3, 21.716 cm® mol™?, 12.729 cm® mol™, 0.586 dan 82.946 molL* masing-masing.
Jalur penyerapan resonans permukaan plasma bagi nanozarah ini disiasat
menggunakan spektroskopi UV-Vis-NIR. Corak pembelauan sinar-X (XRD)
mengesahkan keadaan amorfus sampel kaca terlindap-kejut. Analisis spektrum
serakan tenaga sinar-X (EDX) mendedahkan kehadiran unsur yang betul dalam
komposisi. Imej mikroskopi pengimbasan penerowongan (STM) dan corak
pembelauan elektron kawasan terpilih mengesahkan kehadiran nanozarah perak dan
titania di dalam matrik kaca. Parameter terma (suhu transisi kaca, suhu penghabluran
dan suhu peleburan) bagi sampel yang diukur telah diperolen menggunakan
penganalisa terma pembeza (DTA) mempamerkan kestabilan terma yang baik bagi
julat pembentukan kaca yang luas. Spektrum inframerah transformasi Fourier (FTIR)
kaca yang direkodkan telah dilengkapkan oleh analisis Raman. Sifat-sifat mekanikal
kaca yang dikaji termasuk kekerasan Vickers, keliatan patah and kerapuhan telah
dikira yang mana menunjukkan nilai optimum masing-masing 3268.08 MPa, 4.794
MPa mmY?2, dan 681.76 MPa mm*?, bagi sampel S13. Struktur permukaan, tekstur dan
morfologi sampel telah dinilai menggunakan mikroskopi elektron pengimbasan-
medan (FESEM), mikroskopi daya atomik (AFM) dan pengukuran sudut sentuh air
(WCA). Keputusan eksperimen bagi ciri-ciri pembersihan-diri (WCA dan ketegangan
permukaan) kaca dibandingkan dengan pengiraan teori dengan menggunakan model-
model Young, Young-Dupre, Wenzel dan Cassie-Baxter. Sampel S3 mendedahkan
sifat hidrofobik (dengan Young WCA 112.39°) dan sampel S6 mempamerkan sifat
hidrofilik (dengan Young WCA 86.27°) apabila ditambah dengan nanozarah TiOx.
Adalah disahkan bahawa dengan memanipulasikan kandungan nanozarah Ag dan
TeO2 dalam kaca yang diusulkan, peningkatan ciri-ciri pembersiha- diri dapat dicapai.
Sampel S13 menunjukkan ciri-ciri hidrofobik optimum dengan kekasaran normal
0.733 Nm, Young WCA 97.47°, Wenzel WCA 95.47°, Cassie-Baxter WCA 130.13°.
Ketegangan permukaan optimal bagi Young, Wenzel dan tenaga permukaan Young-
Dupre bagi sampel S13 sepadan masing-masing dengan 0.1727 Nm*, 0.1761 Nm™
and 0.0626 Nm™. Semua keputusan telah dianalisa, ditafsir, dibanding dan
dibincangkan. Mekanisma di sebalik penyertaan nanozarah dalam membantu
peningkatan ciri-ciri pembersihan-diri telah difahami.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter presents the background, problem statement, objectives, scope,

significance of this research and thesis outline.

1.2 Background of Research

Currently, the tellurite—based glasses have gained attention from other
researchers due to its interesting optical, electrical and magnetic properties (Rafaella
et al., 2001; El-Mallawany et al., 2002; EI-Mallawany et al.,2004; Aoxiang et al.,
2009; El-Mallawany et al.,2010; Bahadur et al., 2010; Chillcce et al., 2011; Goncalo
et al., 2013; Asmahani et al., 2013; Asmahani et al., 2014; Asmahani et al., 2015;
Yusoff et al., 2015; Ismail et al., 2016; Yusof et al., 2017; Nurhafizah et al., 2017;
Azmi et al., 2017; Al-Hadeethi et al., 2020; Al-Buriahi et al., 2020; Sayyed et al.,
2020). Tellurite—based glasses are very noticeable because of their exclusive properties
such as excellent transmission in visible as well as IR wavelength regions, good in
mechanical strength and chemical durability also high in electrical conductivity (Jaba
et al., 2000; Mohamad et al., 2006; Sidek et al., 2013). Moreover, these glasses also
possess excellent physical properties such as higher refractive index (in the range 2.0—

2.5), low cut—off phonon energy (~700 cm™) and low melting temperature (733 °C)
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where these properties contribute to high possibility of stable glass—forming using the

conventional melt—quenching method.

The presence of zinc oxide (ZnO) as a network modifier in the tellurite glass
develops the opacity of the glass. The ZnO inlusion causes a decrease in the melting
point and low rates of crystallization, chemical durability and the nonlinear refractive
index of a medium. A binary zinc-tellurite system have a significant solubility of
transition oxide elements and a wide range of glass—forming, as it is considered as one
of great interest to glass technologies and applications (Al-Buriahi et al., 2020;
Halimah et al., 2020). Previous researches revealed that the existence of zinc in
tellurite glasses was stable and have established interest from different researchers
widely (Burger et al., 1992; Rafaella et al., 2001; Dousti et al., 2013; Halimah et al.,
2020; Oliveira et al., 2020; Sayyed et al., 2020; Al-Buriahi et al., 2020; Al-Hadeethi
etal., 2020). Previously, Tafida et al. (2020) studied the physical, morphology, thermal
and structural properties of the different compositions of tellurite as a glass network
former and zinc as the network modifier. It was reported that the ZnO encouraged the
decrease in the melting point and also increased the ability of the glass formed during

the glass production process (Rafaella et al., 2001; Tafida et al., 2020).

At excitation and lasing wavelength, the silicate glasses are chemically durable,
thermally stable and optically transparent. Such high viscosity glasses can be formed,
cooled and annealed without crystallization.. Silicate glasses are the most widely used
glasses for consumer. The ease of manufacture and excellent transparency of visible
light, which makes them particularly useful in optical telecommunications, micro and
optoelectronics, and in near—IR windows due to their low optical attenuation and good
optical dispersion (Rafaella et al., 2001; Dousti et al., 2013; Luciana et al., 2011). It
has been reported that the existence of the silica plays crucial factors which enhanced
the hydrophobic self-cleaning properties. The hydrophobic properties of silica
displayed a water—resistant properties because of its nanostructure and chemical
properties. When silica is applied to a surface of a material, the silica particles adhere

to the host material and preventing the liquids from permeating the rough texture.



Silica was used to treat other surfaces to become more hydrophobic, due to the
morphology of the silica particles once they adhered to the host of the material.

The silica particles alters the surface of its host material, as a result in possesses
a hydrophobic surface (Parvatty et al., 2007; Bouzid et al., 2008; Satish et al., 2010;
Pradip et al., 2011; Wael et al., 2017; Azmi et al., 2017). Azmi et al. (2017) reported
that glasses with a nominal composition of (80-x)TeO2—xSi0,-20Zn0 revealed the
hydrophobic self-cleaning properties where x is in between 0 to 0.2 mol%. A thermally
stable glass improved the surface roughness (SR) and water contact angle (WCA) as
the SiO> content increased. The enhancement was attributed to the reduction of active
groups on the glass surface, where the SiO: assisted the surface chemistry with low
interfacial free energy favoured the formation of hydrogen—bonds in contact with the
water. However, at higher SiO2 concentration (more than 0.10 mol%), a rapid
reduction in the SR and WCA was due to the surface saturation effects (Azmi et al.,
2017).

The fascinating properties of self-cleaning is inspired by a natural phenomenon
such as the water striders, butterfly wings, mosquito eyes, and the most popular
Nelumbo or known as the lotus leaf. The capability of the self—cleaning is significant
for nature to defends itself from the dirt, and contaminants or pollutants. The
wettability property and surface roughness are the crucial reasons for micro dirt
particles to be picking up by the water droplets, reducing the droplet's adhesion to the
surface. The hydrophobicity and self—cleaning properties are also presented in other
plants, such as Tropaeolum (nasturtium), Opuntia (prickly pear), Alchemilla, cane and
some insect wings (Minggian et al., 2016). Interestingly, the rough surface discovered
on the lotus leaf was the mastoid structure with the waxiness that holds up the droplets

and slides easily while taking up all the dirt.

Inspired by the nature of the self—cleaning, the self—cleaning technologies had
been particularly interested among researchers in late 1980s. The self—cleaning

properties were achieved by controlling the surface wettability. It is evaluated with the

3



value of WCA between water and the surface (Ganbavle et al., 2011; Lindaetal., 2011;
Mridul et al., 2014; Mohamed et al., 2015; Yusof etal., 2017). This hierarchical surface
structure induced the durable water repellency and inspired the advancement of the
self—cleaning technologies and applications, including the self-cleaning skyscraper
windows as well as commercial products such as the tiles, textiles, paint for traffic
marking and buildings. Thus, the customization of the surface wettability by
controlling the WCA, surface roughness (SR), interfacial tension (IFT) and surface
energy (SE) are fundamentals to determine the self-cleaning mechanisms known as
the hydrophilic (wettable with low WCA) and hydrophobic (less wettable with high
WCA) actions (Ismail et al., 2016; Nurhafizah et al., 2017; Yusof et al., 2017; Azmi
etal., 2017).

The water droplets appear flat on the hydrophilic surface. The water droplets
become spherical on the hydrophobic surface with high WCA which allows it rolling
off with dirt and impurities, thereby offer the cleaning (Toshiaki et al., 2004; Marco et
al., 2010; Mahmoud et al., 2014; Cohen et al., 2015; Xiao et al., 2018). Previous
research showed that the glasses containing photocatalytic titania (TiO>) either have
hydrophilic or hydrophobic surfaces. However, most of the TiO, materials showed the
hydrophilic property. Hence, the hydrophilic self-cleaning was achieved when water
at the glass surface formed a layer and utilized the sunlight to carry away the dust and
other impurities on the surfaces (Yusof et al., 2015; Yusof et al., 2017; Nurhafizah et
al., 2017).

Meanwhile, the hydrophobic surfaces were attained by controlling the surface
roughness or applying a low surface energy. The hydrophobic surface is self—cleaned
when water forms a spherical droplet and rolls off while carried away dust and dirt.
High water surface tension allows the droplets to take an almost spherical shape, as a
sphere has a limit surface area, and this shape requires a less solid—liquid surface

energy.



The adhesion forces resulting in complete or partial wetting is either depending
on the structure of the surface or the fluid tension of the water droplets. The
hydrophobic water—repellent surface structures enable the contact area and the
adhesion force between the surface and droplet to reduce significantly, which resulting
in a self—cleaning process. It is concluded that the wettability plays a significant role
in determining the self—cleaning properties, either hydrophobic or hydrophilic.

Generally, silicates are often referring as hydrophobic depending on whether
the adsorption of liquid is higher or lower into the surface. To the extent which silicates
act as a catalyst or dopant to achieve hydrophilic or hydrophobic. (Parvatty et al., 2007,
Bouzid et al., 2008; Satish et al., 2010; Pradip et al., 2011; Wael et al., 2017). Deepa
et al. (2016) reported that the degree of hydrophobicity to surface coating also reduced
a bacterial attachment leading to antimicrobial nanoparticles (Deepa et al., 2016).
Huang et al. (2020) reported the superhydrophobic coatings with satisfactory self-
cleaning capabilities, excellent thermal stabilities, and good mechanical properties
were successfully fabricated with a mixed of silica nanoparticles and polyacrylate
solutions (Huang et al., 2020). Liang et al. (2020) reported the superhydrophobic
surface with high transmittance and excellent weather resistance superhydrophobic for

the glass covers of solar cells are designed.

Past researches revealed, most of the existed hydrophobic self—cleaning SiO2—
based materials were in the form of thin films with or without coating. Although the
approaches to achieve the self—cleaning glass surfaces have seldom been reported
(Azmi et al., 2017), it is known that self—cleaning surface was created by producing
an extra roughness on the material or by modified roughening via the selection of
appropriate functional materials with low free surface energy (Huang et al., 2020). In
addition, it was reported that (Azmi et al., 2017) glass with nominal compositions of
(80—x)TeO2—xSi02,—20Zn0O revealed the hydrophobic self—cleaning property where x
is between 0.00 to 0.20 mol%. The highest optimum WCA reported was 101.02°, with
0.10 mol% of SiO». Therefore, a series of new zinc tellurite glass compositions with
SiO; between 0.00 to 0.10 mol% are prepared to obtain the improve hydrophobic

surfaces.



Bismarck et al. (2004) characterized the glass fibres obtained from silicate
waste, and various commercial glass fibres revealed the hydrophobic where the WCA
of the glass fibres against water and diiodomethane are closer to 90°. It stated that the
high—energy surface tends to absorb the moisture and other contaminants in a standard
atmosphere. It is also reported that the surface tension of the fibres was somewhat
similar to a polymer surfaces. Li et al. (2008) reported the cotton fabrics treated with
silica sol and hexadecyltrimethoxysilane (HDTMS) prepared by sol-gel method
showed an excellent hydrophobic properties. The surfaces were obtained by dip—
coating the silica hydrosols prepared via hydrolysis and condensation of water glass
onto cotton substrates. The surface of the silica coating was modified with a non—
fluoro compound HDTMS, gain a thin film through self-assembly,
superhydrophobicity with a WCA higher than 151.28° was achieved. Azmi et al.
(2017) reported the hydrophobic traits self—cleaning glass without coating consisted
variation of silica into the zinc tellurite host glasses. The addition of silica improved

surface roughness thus increased the value of WCA.

It is needless to say that the glass systems with the significant properties of
extreme durability, thermal stability, and transparency have gained particular attention
in the building and construction industries, especially in terms of self—cleaning
materials. The use of this self—cleaning glass is somewhat uncommon. However, it
would minimize both cleanliness maintenance time and cost, resulting in a more
economical and environmentally friendly material (Ampornphan et al., 2014; Dorel et
al., 2008). The self—cleaning glass systems were also seen as a revolutionary and the
practical material for pollutant removal and energy production. The advanced research
in self-cleaning discovery leads to many commercial applications including tiles,
textiles, traffic marking paint and paint for buildings with self—cleaning properties
(Haleh et al., 2016; Fei et al., 2017; Maryam et al., 2017). These coatings decrease the
use of detergents, solvents, and water. It also saves large volumes of traditional paints,

and more interestingly, the coatings protect the buildings from the UV degradation.

Extensive studies were performed to develop highly efficient and robust self—

cleaning surfaces via coating which also improved the optical performance (Kazuhito
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etal., 2005; Kazuya et al., 2012; Yelda et al., 2010). The optical qualities such as high
refractive index and excellent transmittance of incident light are essential for self—
cleaning applications, especially in the optoelectronic device, microfluidic devices,
biomedical science, ships, automotive, self-cleaning windows, buildings, self—
cleaning oven and solar panel. The transition metal (TM) doped oxide glasses have
wide applications in the field of compact lenses and switching devices, cathode
materials in batteries and optoelectronic devices. Among various transition metal
oxides, titania had been widely studied due to its unique properties such as large band
gap, transparent to visible light, high refractive index and excellent chemical stability.
The titanium ions participated in the glass network as Ti* and Ti**; hence the addition
of TiOz resulted in the modification of physical and structural properties (Adriana et
al., 2008; Kazuhito et al., 2005).

Various researchers showed that the glasses contained titania (TiO>) either had
photocatalytic and hydrophilic, (Kazuhito et al., 2005; Adriana et al., 2008; Dorel et
al., 2008; Yelda et al., 2010, Kazuya et al., 2012; Mridul et al., 2014; Kundu et al.,
2014; Berwal et al., 2015; Ismail et al., 2016) hydrophilic and oleophilic surfaces in
the same time, (Wang et al., 1997) also reported hydrophobic (Alfa et al., 2019;
Rosales et al., 2020). This changeability results concluded that the addition of TiO>
into the system might make the surfaces behaves and hydrophilic or hydrophobic
depends on the nature of the system itself. Furthermore, it was demonstrated that the
hydrophilicity being a self—cleaning featured flat glass surfaces mitigated the harm
caused by the dirt. The TiO- thin films coated glass surface were used for self—
cleaning, anti—fog, anti—bacterial and anti—pollution applications. Yusof et al. (2017)
reported that glass with the composition (69—x)TeO>-20ZnO-10Na20—-1Er,03—xTiOz,
where x = 0.0, 0.1, 0.2, 0.3 and 0.4 mol% revealed hydrophilic properties as the WCA

decreased from 68° to 43° with increasing TiO2 NPs concentration.

The inclusion of ZnO as a modifier improved the stability of the glass through
the thermal characteristics. Ismail et al. (2016) reported the influence TiO2 NPs on the
structural and self—cleaning properties of the glasses with a nominal composition of
(42—x)P205-8MgO-50Zn0O—xTiO, withx =0, 1, 2, 3 and 4 mol%. The WCA increased
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from 63.1° to 70.0° with increasing of TiO2 NPs. The presence of ZnO in the glass
system helps to stabilize the glass system by minimized the hygroscopic nature. The
relationship between TiO> NPs assisted spectral modification, and self—cleaning
ability was also reported. Nurhafizah et al. (2017) reported the effect of the embedment
of AgCI on the structural and self—cleaning properties of the glass with the nominal
composition of (68—x)TeO>—15Li2CO3—-15Nb205—1Er,03-1Nd>03—xAgCl with x =
1.0, 2.0 and 3.0 mol%. The glasses revealed an increased value of WCA from 25.5° to
47.4° with increasing concentration of Ag NPs. The interplay between Ag NPs and
TeO2 leads to hydrophilic self—cleaning properties with photocatalytic action. Silver at
the nanoscale is promising as an alternative water disinfectant because of its unique
physicochemical properties and excellent antimicrobial action (Nurhafizah et al.,
2017). In this previous research, glasses containing bimetallic NPs such as TiO, or Ag
showed photocatalytic action. In fact, the dust and other impurities on the surface of
the material are easily removed in the presence of sunlight, leading to hydrophilic self—
cleaning properties (Ismail et al., 2016; Yusof et al., 2017; Nurhafizah et al., 2017).

Only a few successful researches reported the hydrophilic self—cleaning (Ismail
etal., 2016; Yusof et al., 2017; Nurhafizah et al., 2017) and hydrophobic self—cleaning
(Azmi et al., 2017) glasses without coating. Most of the previous research reported
that hydrophobic self-cleaning was from thin films, glass fibres, biomaterials and
mostly achieved via surface coating (Bismarck et al., 2004; Parvatty et al., 2007;
Bouzid et al., 2008; Li et al., 2008; Satish et al., 2010; Pradip et al., 2011; Deepa et al.,
2016; Wael et al., 2017; Huang et al., 2020). Bouzid et al. (2008) reported that the
silica—derived biomaterials self-cleaning were achieved by selecting the appropriate
surface chemistry. The biocompatibility may depend on the proper balance of
hydrophilic and hydrophobic groups. Satish et al. (2010) also reported the transparent
superhydrophobic coating had excellent wetting behaviour properties with high optical
transmission, thermal stability and imperviousness against strong acids by controlling
the SR of resultant coatings. Deepa et al. (2016) reported by controlling the surface
morphology and properties of the silica nanoparticles, the superhydrophobic were

achieved for thin films of perylene diimide (PDI) via coating.



However, none of these reported the correlation between the wettability, SR
and IFT, including the theoretical calculation related to Young Dupree, Wenzel, and
Cassie—Baxter, especially for glass without coating. Consequently, this research
resolves to provide the correlation between the morphology, physical, thermal,
structural, mechanical and surface with the self—cleaning properties of wettability, SR
via AFM, including the theoretical calculation of IFT and WCA related to Young,

Young Dupree, Wenzel, and Cassie—Baxter models.

1.3 Problem Statement

Among the oxides glasses, high demand of tellurium oxide (TeO2) host glass
gained significant attention from several researchers due to its attractive properties for
many technologic purposes (Rafaella et al., 2001; Aoxiang et al., 2009; Bahadur et al.,
2010; Goncalo et al., 2013; ElI-Mallawany, 2002; EI-Mallawany et al., 2004; EI-
Mallawany et al., 2010; Al-Hadeethi et al., 2020; Al-Buriahi et al., 2020; Sayyed et
al. 2020). Glasses with primary network former of TeO; offer a continuous glass—
forming region, yielding attractive and stable. The glass can easily form by adding a
suitable modifier such as zinc oxide (ZnO).

The presence of ZnO as a network modifier in the tellurite glass develops the
solubility of transition oxide elements and a wide range of glass—forming, which it is
considered as one of great interest to glass technologies and applications. Earlier
reports in the literature showed that the studies on the self—cleaning traits of the glasses
had been deficient. A careful examination and basic understanding of the self—cleaning
properties of the glass can lead to many technological advances. Based on these facts,
this research intends to gain a deep insight into the self—cleaning properties of the zinc

tellurite glass systems.



The photocatalytic activity was induced on the glass surface through the
coating procedure promoted the self—cleaning action (Dorel et al., 2008; Kazuya et al.,
2012; Maryam et al., 2017). However, the leaching problem which associated with the
coating materials that purged from the glass surface makes it impotent to maintain the
elongated self—cleanliness of the glass system. Another successful self—cleaning glass
without coating was prepared to achieve the hydrophilic (Yusof et al., 2015; Yusof et
al., 2017; Nurhafizah et al., 2017) and hydrophobic properties (Azmi et al., 2017). It
is reported that the influence of TiO2 NPs inclusion into the glass system (Yusof et al.,
2017; Ismail et al., .2016) displayed an opposite trend where Yusof et al. (2017)
showed a decrease in the WCA values while Ismail et al. (2016) exhibited an increase

in the WCA value with the rise in the concentration of TiO2> NPs.

However, both types of research revealed that the glass is in hydrophilic self—
cleaning state as the WCA reported is less than 90. Yusof et al. (2017) reported 0.00
to 0.40 mol% and Ismail et al. (2016) reported 0 to 4 mol% of the TiO2 NPs to obtained
the hydrophilic self—cleaning glass. This present research uses mol% of SiO: in
between 0.00 to 0.10 mol%; therefore, the mol% of NPs cannot be more significant
than the SiO. Therefore, the TiO2 NPs are varying in between 0.00 to 0.05 mol%. The
combination material of hydrophobic (SiO2) and hydrophilic (TiO2 NPs) in this present
research, and it is expected that the smallest values of TiO2 NPs transit the glass state
from hydrophobic into hydrophilic based on previous research due to its stronger

photocatalytic properties.

In this research, the Ag NPs are varying in between 0.00 to 0.05 mol% same
as TiO2 NPs. Despite all of these efforts, the correlation between the ST and WCA and
the further understanding based on the Young, Young-Dupre, Wenzel and Cassie—
Baxter theories of the self—cleaning glasses have been deficient. Hence, it is essential
to understand the basic mechanism of the self—cleaning (hydrophilic and hydrophobic)
and calculate the relevant parameters relates to the Young, Young—Dupre, Wenzel,

and Cassie—Baxter models for clarifying the self—cleaning attributes.
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Considering the immense fundamental and applied significance of the self-
cleaning glasses, it is believed that a proper understanding of the self—cleaning
mechanism in the glasses can improve the self-cleaning performance due to the co—
embedment of two types of NPs (bimetallic) which is essential for future applications.
The role of the bimetallic NPs activation on the hydrophobic (lotus leaf effect)
properties of zinc—silicate tellurite glass system remains unclear and less documented.
Moreover, the correlation between WCA, wettability and roughness for glasses are
lacking in documentation and knowledge. Furthermore, the basic mechanism behind
the self—cleaning, including theoretical calculation of Young, Young Dupre, Wenzel
and Cassie—Baxter is not yet to be discussed thoroughly. Therefore, the zinc—silicate
tellurite glasses with bimetallic TiO, and Ag NPs are prepared and characterize to
resolve the self-cleaning drawback abilities of the transition from hydrophilic to
hydrophobic. Previous research revealed that each metallic NPs showed high
compatibility between Ag and TiO2 which is crucial for this research (Ismail et al.,
2016; Fei et al., 2017; Nurhafizah et al., 2017; Wael et al., 2017), however, none of

the researches reported the embedment of bimetallic NPs in one glass system.

To this date, the zinc-silicate tellurite glass system embedded with titania and
silver nanoparticles has not been studied to determine their self—cleaning performance.
Thus, the careful synthesis and details characterizations of these glasses are necessary
to determine the improvement of the self—cleaning water repellent (hydrophobic) traits
due to the activation of two types of nanoparticles. Therefore, the primary aim of this
study is to investigate the impact of bimetallic titania (TiO2) and silver (Ag) NPs on
self—cleanliness properties on zinc-silicate tellurite glass. The combination of TiO>
and Ag NPs are expected to improve the hydrophobic self—cleanliness property of
Si0O,. These compositions are not yet reported in any research, thus making it the first
hydrophobic self-cleaning glasses without coating with the embedment of bimetallic
NPs. Additionally, the morphology, physical, thermal, structural, mechanical, and
surface were carried out to determine the correlation with self-cleaning properties of
the prepared samples. The physics behind the origin of self-cleaning property
(hydrophobic and hydrophilic) will be fully understood by comparing the experimental
data with the theoretical model of Young, Young Dupree, Wenzel, and Cassie—Baxter.
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1.5

Objectives of Research

To synthesis three series of bimetallic nanoparticles of titania and silver
activated hydrophobic zinc-silicate tellurite glass system via melt—
quenching technique with nominal composition of (80—x)TeO>-
20ZnO—-xSiO2, (79.94-y)Te02>-20Zn0O-0.06SiO>—yTiO2 and (79.93-
2)Te02-20Zn0-0.06Si0,—-0.01TiO—-zAg respectively with Series 1, 2
and 3.

To determine the influence of bimetallic nanoparticles activation on the
physical, thermal, structural, mechanical and surface properties of zinc
silicate tellurite glasses.

To evaluate the effects of silicon dioxide and metal nanoparticles
concentration on the improvement of hydrophobic activity of the glass
surface in terms of water contact angle and wettability.

To compare the experimental data with theoretical estimates from
Young, Young-Dupre, Wenzel, and Cassie—Baxter model calculation

for understanding the self—cleaning mechanism.

Scope of the Research

This research consists three series of zinc silicate tellurite glass embedded with

the bimetallic NPs, TiO. and Ag via melt—quenching technique. The first series of

glass highlights the effect of dopant SiO2 on host glasses with nominal composition
(80—x)Te02-20ZnO—xSiO2 (where x are varied as 0.00, 0.03, 0.06, 0.09, and 0.12

mol%) are prepared without any NPs embedment. By taking the optimum composition

from the first series, the second series of glass highlights the embedment of metallic
TiO2 NPs with nominal compositions (79.94-y)Te0>—20Zn0-0.06Si0>—yTiO2 NPs
(where y are varied as 0.00, 0.01, 0.02, 0.03, 0.04, and 0.05 mol%) are synthesize.
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By choosing the optimum sample from the second series, the third series
glasses with embedment of Ag NPs are prepare with nominal compositions (79.93—
7)Te02-20Zn0-0.06 SiO2—0.01TiO2—zAg NPs (where z is varied as 0.00, 0.01, 0.02,
0.03, 0.04, and 0.05 mol%). The optimum glass from each series is evaluated and

determine from the surface properties by WCA and AFM characterization.

The analysis consists of morphology physical, thermal, structural, mechanical
and surface properties towards self—cleaning performance. The morphology properties
are determined by X-ray Diffraction Analysis (XRD) and Energy Dispersive X-ray
Analysis (EDX). The physical properties observed are density, molar and theoretical
crystalline volume, the ionic and oxygen packing density of glass. The energy transfers
between bimetallic NPs are presented by Surface Plasmon Resonance (SPR). The
existence of TiO2 and Ag NPs are confirmed by Scanning Tunneling Microscopy
(STM), while the thermal properties, including glass stability, are determined by
Differential Thermal Analysis (DTA). The structural properties of the glass are studied
using Fourier Transform Infrared Spectroscopy (FTIR) and RAMAN Spectroscopy.
The glass mechanical properties are also determined by using the Vickers Hardness

with the theoretical calculation of fracture toughness and brittleness.

The self—cleaning properties are investigated by Atomic Force Microscopy
(AFM) and Water Contact Angle (WCA). The experimental approach was completed
with the theoretical calculations of WCA parameters, using Young, Young's Dupree,
Wenzel, and Cassie—Baxter models. All research experiments provided are highly

relevant for the applied technology for efficient self—cleaning glasses.
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1.6 Significance of the Research

This research aims to prepare the glass with hydrophobic abilities and
investigate its self—cleaning properties. The economically practicable, environmental
amiable and maintenance—free glass surfaces with improving hydrophobic activity are
exceedingly demanding for several industrial purposes. Pollutant and dirt depositions
on the glass surface which cause the visual obscurity and damages of the cultural
heritages need to be inhibited. This proposed that the glasses without coating can
minimize the leaching problem associate with the coating materials that purge from
the glass surface make it impotent to maintain the elongated self—cleanliness of the

glass system.

So far, none of the previous research reported the self-cleaning glass embedded
with bimetallic nanoparticles; therefore, this research prepares the first self—cleaning
tellurite zinc silicate glasses embedded with bimetallic Ag and TiO, NPs via melt—
quenching technique that able to tailor the self—cleaning properties of the glass. It is
established that by controlling the contents of Ag NPs and the existence of TiO2 NPs,
the hydrophobic and hydrophilic traits can be tailor, thereby enabling the proposed
glass compositions suitable for diverse self—cleaning applications. In this regard, the
basic understanding of the mechanism of hydrophobic interactions assisted self—
cleaning traits of glass is essential. Therefore, the proposed glass in this research gives
a significant contribution to improve the applications of self-cleaning glass in
optoelectronic devices, microfluidic devices, biomedical science, ships, automotive,

self—cleaning windows, buildings, self-cleaning oven and solar panel.

The fundamental understanding of Young Dupre, Wenzel and Cassie—Baxter
theories on the self—cleaning properties were proven by mathematical calculation
through WCA and IFT. In conclusion, this research is vital to increase the
understanding of self—cleaning mechanisms and enhance the country's fame through
the discovery in the field of self—cleaning glass.
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1.7 Thesis Outline

This thesis describes the preparation and characterization of zinc silicate
tellurite embedded with bimetallic TiO2 and Ag NPs glasses. This thesis is divided into
five chapters.

Chapter 1 introduced the purpose of this research, including a background of
research, problem statement, objectives of research, the scope of research, the

significance of the research and thesis outline.

Chapter 2 discusses the theories of the glass including the glass formation,
telluride dioxide as glass network former, zinc oxide as glass network modifier, silicon
dioxide as glass dopant, and titania and silver nanoparticles as bimetallic system. The
X-ray Diffraction of glasses, the physical properties of tellurite glass, the thermal
parameters of glasses, the structural properties, including the Fourier Transform
Infrared Spectroscopy (FTIR) and Raman Spectroscopy, Energy Dispersive X-ray
(EDX) spectroscopy of glasses are described in details. The mechanical properties of
Vickers hardness measurements, including theoretical of fracture toughness and
brittleness, are determined and calculated. The surface properties are done via Atomic
Force Microscope (AFM) and discussed in detail with the correlation with self-
cleaning properties. The self—cleaning properties, including Water Contact Angle
(WCA) and interfacial tension (IFT), are explained, including their correlation with

the theoretical calculation of Young, Young Dupree, Wenzel, and Cassie—Baxter.

Chapter 3 describes the details of melt—quenching technique for glass
preparation, which including sample preparation, materials. In this chapter, the
optimum glasses in each series are explained in the composition and the nominal
composition of the glass sample. The experimental procedures are explained; consist
of the X—ray Diffractometer (XRD), Energy Dispersive X-ray (EDX), Differential
Thermal Analyzer (DTA), Fourier Transform Infrared Spectrometer (FTIR), Raman
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Spectrometer, Vickers Hardness, Atomic Force Microscopy (AFM) and Water Contact
Angle (WCA) Measurement.

Chapter 4 presents and discusses the results of this present research. The glass
composition and formation for Series 1, 2 and 3 are discussed. The amorphous state of
glass is proven by the X-ray Diffraction Analysis. The physical properties debated the
correlation between the density, molar and theoretical crystalline volume, ionic and
oxygen packing density. The thermal properties displayed the typical DTA curve with
thermal parameters and the correlation with the physical properties. The analysis of
the Fourier Transform Infrared (FTIR) and Raman are complemented each other to
determine the structural properties. The elements of the material in this glass are
displayed in the energy dispersive X—ray (EDX) spectrum. The existence of bimetallic
NPs is evidenced by surface plasmon resonance. The mechanical properties discussed
including Vickers hardness, Fracture Toughness and Brittleness. The surface analysis,
including surface roughness and normalized surface roughness, are explained via
Atomic Force Microscopy (AFM). The relation between Young WCA and normalized
surface roughness are discussed. The theoretical calculation of interfacial tension (IFT)
and WCA from Young, Wenzel and Young Dupree model are discussed and

compared.

Chapter 5 concludes the thesis by discussing the objectives of this research.
This chapter consists of an introduction, conclusion and further outlook for further

research.

16



REFERENCES

Abdulbaset A.A., Halimah M.K., Chan K.T., Nurisya M.S., Alazoumi S.H., Umar
S.A., Muhammad N.A.A., (2017). Effect of Neodymium Nanoparticles on
Elastic Properties of Zinc-Tellurite Glass System. Advances in Materials
Science and Engineering Volume 2017: 1-7.

Adriana Z., (2008). Doped-TiO2: A Review. Recent Patents on Engineering 2:157—
164.

Al-Buriahi M.S., EI-Agawany F.I., Sriwunkum C., Hakan A., Halil A., Tonguc T.,
El-Mallawany R., Rammah Y.S., (2020). Influence of Bi.O3/PbO on Nuclear
Shielding Characteristics of Lead—Zinc—Tellurite Glasses. Physica B: Physics of
Condensed Matter 581: 1-11.

Alfa A.W., Nuryono N., Indriana K., (2019). Water—Repellent Glass Coated with
SiO2-TiO2—Methyltrimethoxysilane through Sol-Gel Coating. AIMS Materials
Science 6(1): 10-24.

Al-Hadeethi Y., Sayyed M.l., Agar O., (2020). lonizing Photons Attenuation
Characterization of Quaternary Tellurite—Zinc—Niobium—Gadolinium Glasses
Using Phy—X/PSD Software. Journal of Non—Crystalline Solids 538: 1-5.

Amjad R.J., Sahar M.R., Ghoshal S.K., Dousti M.R., Riaz S., Tahir B.A., (2012).
Enhanced Infrared to Visible Up—conversion Emission in Er** doped Phosphate
Glass: Role of Silver Nanoparticles. Journal of Luminescence 132: 2714-2718.

Ampornphan S., Toyoko 1., (2014). Anti—Fingerprint Properties of Non—Fluorinated
Organosiloxane Self-Assembled Monolayer—Coated Glass Surfaces. Chemical
Engineering Journal 246: 254-259.

Aoxiang L., Aidong Z., Jean T., (2009). Composition Optimization of Tellurite Glass
for Low-Loss and Fiber Fabrication. Chinese Academy of Sciences 2290:1-3.

Arshpreet K., Atul K., Carmen P., Fernando G., Vasant S., (2010). Preparation and
Characterization of Lead and Zinc Tellurite Glasses. Journal of Non—Crystalline
Solids 356: 864-872

Arun K.V., Revathy K.P., Prathibha V., Sunil T., Biju P.R., Unnikrishnan N.V.,
(2013). Structural and Luminescence Enhancement Properties of Eu®‘/Ag
Nanocrystallites Doped SiO.-TiO, Matrices. Journal of Rare Earths 31: 441-
449,

167



Asmahani A., Ghoshal S.K., Sahar M.R., Reza M.D., Raja J.A., Fakhra N., (2013).
Enhanced Spectroscopic Properties and Judd—Ofelt Parameters of Er Doped
Tellurite Glass: Effect of Gold Nanoparticles. Current Applied Physics 13:
1813-1818.

Asmahani A., (2014). Effect of Nanoparticles in the Structure and Optical Properties
of Erbium Doped Zinc Sodium Tellurite Glass. PhD Thesis UTM.

Asmahani A., Ghoshal S.K., Sahar M.R., Arifin. R. (2015). Gold Nanoparticles
Assisted Structural and Spectroscopic Modification in Er**—doped Zinc Sodium
Tellurite Glass. Optical Materials 42: 495-505.

Ashiha N.A., (2014). Structural and Optical Properties of Neodymium Doped
Magnesium Lithium Tellurite Glass Embedded with Silver Nanoparticles. MSc
Thesis UTM.

Azman K., (2010). Neodymium/Erbium co—doped Tellurite Glass System. PhD Thesis
UTM.

Azmi S., Arifin. R., Ghoshal S.K., (2017). Improved Hydrophobicity of Silicon
Dioxide Integrated Zinc—Tellurite Glass Surface. Solid State Phenomena 268:
87-91.

Bachvarova A.N., lordanov R., Ganev S., Dimitriev Y., (2019). Glass Formation and
Structural Studies of Glasses in the TeO>—ZnO—Bi203—Nb20s System. Journal
of Non—Crystalline Solids 503-504: 224-231.

Bahadur A., Dwivedi Y., Rai S.B., (2010). Spectroscopic Study of Er:Sm Doped
Barium Fluorotellurite Glass. Journal of Molecular Biomolecular Spectroscopy
77:101-106.

Berwal N., Kundu R.S., Nanda K., Punia R., Kishore N., (2015). Physical, Structural
and Optical Characterizations of Borate Modified Bismuth-Silicate—Tellurite
Glasses. Journal of Molecular Structure 1097: 37-44.

Berwal N., Sunil D., Preeti S., Kundu R.S., Punia R., Kishore N., (2017). Physical,
Structural and Optical Characterization of Silicate Modified Bismuth-Silicate—
Borate—Tellurite Glasses. Journal of Molecular Structure 1127: 636-644.

Binnig G., Quate C.F., Gerber C., (1986). Atomic Force Microscopy. Physical Review
Letters 56(9): 930-935.

Bismarck A., (2004). Surface Characterization of Glass Fibers made from Silicate
Waste: Zeta—Potential and Contact Angle Measurements. Journal of Materials
Science 39: 401 412.

168



Borras A., Barranco A., Agusti'n R., Gonza'lez E., (2008). Reversible
Superhydrophobic to Superhydrophilic Conversion of Ag@TiO> Composite
Nanofiber Surfaces. American Chemical Society 24: 8021 8026.

Bouzid M., Mar H., Vicente R., Mayya L., Daryl K.E., (2008). Favourable Influence
of Hydrophobic Surfaces on Protein Structure in Porous Organically Modified
Silica Glasses. Biomaterials 29: 2710-2718.

Bowen W.R., Hilal N., (2009). Atomic Force Microscopy in Process Engineering.
Elsevier Ltd.

Burger H., Kneipp K., Hobert H., Vogel W., (1992). Glass Formation, Properties, and
Structural of Glass in TeO>-ZnO System. Journal of Non—Crystalline Solids
151: 134-142.

Chander S., Dhaka M.S., (2015). Optimization of Physical Properties of Vacuum
Evaporated CdTe Thin Films with the Application of Thermal Treatment for
Solar Cells. Materials Science in Semiconductor Processing 40: 708—712.

Chang Y.Y., Ming Y.W., Yi L.H., Shi Y.L., (2011). Accurate Surface Tension
Measurement of Glass Melts by the Pendant Drop Method. Review of Scientific
Instruments 82: 55107-55117.

Chee S.L., Khamirul A.M., Sidek H.A.A., Halimah M.K., Ismayadi I., Mohd H.M.Z.,
(2017). Influence of Zinc Oxide on the Physical, Structural and Optical Band
Gap of Zinc Silicate Glass System from Waste Rice Husk Ash. Optik 136: 129-
135.

Chen Y.X,, Fu L., Li D., Zhuanghao Z., Luo J., Ping F., (2019). Thermoelectric
Properties of Tin Telluride Quasi Crystal Grown by Vertical Bridgman Method.
Materials 12: 1-9.

Cristian P., Violeta P., Catalin I.S., Elvira A., Raluca S., Bogdan T., Sabina G. N.,
Denis M.P., Dan D., Maria L.J., (2017). The Influence of New Hydrophobic
Silica Nanoparticles on the Surface Properties of the Films Obtained from
Bilayer Hybrids. Nanomaterials 47: 1-10.

Chillcce E.F., Mazali 1.0., Alves O.L., Barbosa L.C., (2011). Optical and Physical
Properties of Er** Doped OxyFluoride Tellurite Glasses. Optical Materials 33:
389 — 396.

Cho H., Kim D., Lee C., Hwang W., (2013). A Simple Fabrication Method for
Mechanically Robust Superhydrophobic Surface by Hierarchical Aluminum
Hydroxide Structures. Current Applied Physics 13: 762-767.

169



Cohen N., Dotan A., Dodiuk H., Kenig S., (2015). Superhydrophobic Coatings, and
their Durability, Materials and Manufacturing. Processes 31: 1143-1155.
Denis R., Christophe C., David Q., (2002). Contact Time of a Bouncing Drop. Nature

Publishing Group.

Das 1., Manish K.M., Samar K.M., Goutam D., (2014). Durable Superhydrophobic
ZnO-SiO; Films: A New Approach to Enhance the Abrasion Resistant Property
of Trimethylsilyl Functionalized SiO. Nanoparticles on Glass. The Royal Society
of Chemistry: 54989-54997.

Deepa S., Ella L.R., Meenakshi A., Thirumalai V.V., Suresh V., (2016). Synthesis and
Characterization of Superhydrophobic, Self—cleaning NIR—Reflective Silica
Nanoparticles. Scientific Reports 6: 35993-36003.

Devaraja C., Jagadeesha G.V., Eraiah B., Keshavamurthy K., (2019). FTIR and Raman
Studies of Eu®* lons Doped Alkali Boro Tellurite Glasses. Solid State Physics
Symposium 2018: 30231-30236.

Dimitriev Y., Dimitrov V., Arnaudov M., (1983). IR Spectra and Structures of
Tellurite Glasses. Journal of Materials Science 18: 1353-1358.

Donald I.W., Metcalfe B.L., Gerrard L.A., Fong S.K., (2008). The Influence of Ta>Os
Additions on the Thermal Properties and Crystallization Kinetics of a Lithium
Zinc Silicate Glass. Journal of Non—Crystalline Solids 354: 301-310.

Dorel C., Nicolae D., Maria C., Malina R., Ana B., Mihai A., (2008). Crystallization
Study of Sol-Gel Un—doped and Pd—doped TiO, Materials. Journal of Physics
and Chemistry of Solids 69: 2548-2554.

Dousti M.R., Sahar M.R., Ghoshal S.K., Raja J.A., Arifin R., (2013). Plasmonic
Enhanced Luminescence in Er¥*: Ag co—doped Tellurite Glass. Journal of
Molecular Structure 1033: 79-83.

Dousti M.R., Sahar M.R., Ghoshal S.K., Amjad R.J., Samavati A.R., (2013). Effect of
AgCl on Spectroscopic Properties of Erbium Doped Zinc Tellurite Glass.
Journal of Molecular Structure 1035: 6-12.

Dousti M.R., Sahar M.R., Raja J.A, Ghoshal S.K., Asmahani A., (2013). Surface
Enhanced Raman Scattering and Up-Conversion Emission by Silver
Nanoparticles in Erbium Zinc Tellurite Glass. Journal of Luminescence 143:
368-373.

170



Dousti M.R., Payman G., Sahar M.R., Zahra A.M., (2014). Chemical Durability and
Thermal Stability of Er** Doped Zinc Tellurite Glass Containing Silver
Nanoparticles. Chalcogenide Letters 11: 111-119.

Dousti M.R., (2017). Enhanced Luminescence Properties of Nd* doped Boro-
Tellurite Glasses via Silver Additive. Optik 136: 553-557.

Dutta D., Graca M.P.F., Valente M.A., Mendiratta S.K., (2013). Structural
Characteristics and Dielectric Response of some Zinc Tellurite Glasses and
Glass Ceramics. Solid State lonics 230: 6671

Elkhoshkhany N., Radik. A., EI-Mallawany R., Hum H., (2014). Thermal Properties
of Quaternary TeO,—ZnO-Nb,Os-Gd>03 Glasses. Ceramics International 40:
1985-11994.

Elkhoshkhany N., Radik. A., Gaafar M.S., El-Mallawany R., (2015). Elastic
Properties of Quaternary TeO>—ZnO-Nb,Os—Gd>03 Glasses. Ceramics
International 41: 9862—9866.

Elif C.C., Yildirim E.J., Orhan A., Tayfun A., (2011). Effect of Pattern Size and
Geometry on the use of Cassie-Baxter Equation for Superhydrophobic Surfaces.
Colloids and Surfaces A: Physicochem. Eng. Aspects 386: 116-124.

El-Mallawany R., (1992). The Optical Properties of Tellurite Glasses. Journal of
Applied Physics 72: 1774-1779.

El-Mallawany R., (2002). Tellurite Glasses Handbook: Physical Properties and Data.
CRC Press.

El-Mallawany R., Amitava P., Christopher S.F., Rakesh K., Paras N.P., (2004). Study
of Luminescence of Er¥* ions in New Tellurite Glasses. Optical Materials 26:
267-270.

El-Mallawany R., Abdalla M.D., Ahmed, I.A., (2008). Materials Chemistry and
Physics 109: 291-296.

El-Mallawany R., Abdel A.K., EI-Hawary M., EI-Khoshkhany N., (2010). Volume
and Thermal Studies for Tellurite Glasses. Journal Materials Science 45:871—
887.

Eraiah B., (2010). Optical Properties of Lead—-Tellurite Glasses doped with Samarium
Trioxide. Bulletin Material Science 33: 391-394.

Eugen N.C., Petru P., Marius P., Daniela R.T.G., Lidia P., loan V.S., (2015). Effects
of Eu:Ag Co—doping on Structural, Magnetic and Mechanical Properties of Lead

Tellurite Glass Ceramics. Journal of Non—Crystalline Solids 408: 18-25.
171



Fares H., Jlassi I., Elhouichet H., Férid M., (2014). Investigations of Thermal,
Structural and Optical Properties of Tellurite Glass with WOz Adding. Journal
of Non—Crystalline Solids 397: 1-7.

Feller S.A., Lower N., Affatigato M., (2001). Density as a Probe of Oxide Glass
Structure. Physical Chemistry Glasses 42: 240-247.

Fei X., Tao W., Hong Y.C., James B., Alvin M.M., Limin W., Shuxue Z., (2017).
Preparation of Photocatalytic TiO. based Self-Cleaning Coatings for Painted
Surface without Interlayer. Progress in Organic Coatings 113: 15-24.

Ganbavle V.V., Bangi U.K.H., Latthe S.S., Mahadik S.A., Rao A.V., (2011). Self-
Cleaning Silica Coatings on Glass by Single Step Sol-Gel Route. Surface &
Coatings Technology 205: 5338-5344.

Garrell R.L., (1989). Surface Enhanced Raman-Spectroscopy. Analysis Chemistry 61.:
401A-411A.

Gebavi H., Milanese D., Liao G., Chen Q., Ferraris M., Ivanda M., Gamulin O.,
Taccheo S., (2009). Spectroscopic Investigation and Optical Characterization of
Novel Highly Thulium Doped Tellurite Glasses. Journal of Non—Crystalline
Solids 355: 548-555.

Gene W., Edward B., Tamir S., (2007). The Rigorous Derivation of Young, Cassie—
Baxter and Wenzel Equations and the Analysis of the Contact Angle Hysteresis
Phenomenon. Chemical Physics Letters 450: 355-359.

Giehl J.M., Pontuschka W.M., Barbosa L.C., Chillcce E.F., Costa Z.M.D., Alves S.,
(2011). Thermal Precipitation of Silver Nanoparticles and Thermoluminescence
in Tellurite Glasses. Optical Materials 33: 1884-1891.

Girish K., Narayan P. K., (2007). Review of Non—Reactive and Reactive Wetting of
Liquids on Surfaces. Advances in Colloid and Interface Science 133: 61-89.

Goncalo M., Yigang L., Santos F., Almeida R.M., (2013). Optical and Spectroscopic
Properties of Rare Earth Tellurite Glasses. Journal of Luminescence 134: 284—
296.

Guanghua L., Jiangtao L., Liang W., (2013). Preparation and Optical Properties of Eu—
doped Y203-Al>03-SiO> glass. Materials Research Bulletin 48: 3934-3938.

Guo M.Y., Fangzhou L., Yu H.L., Alan M.C.N., Aleksandra B.D., Wai K.C., (2013).
TiO, Carbon Nanotube Composites for Visible Photocatalysts Influence of TiO>
Crystal Structure. Current Applied Physics 13: 1280-1287.

172



Guonian W., Junjie Z., Shixun D., Jianhu Y., Zhonghong J., (2005). Thermal Analyses,
Spectral Characterization and Structural Interpretation of Yb®*" Doped TeO,—
ZnO-ZnCl, Glasses. Physics Letters A 34: 285-290.

Haleh B., Sama M., (2016). Review of Nanocoatings for Building Application.
Procedia Engineering 145: 1541-1548.

Halimah M.K., Daud W.M., Sidek H.A.A., (2010). Effect of Agl Addition on Elastic
Properties of Quaternary Tellurite Glass Systems. Chalcogenide Letters 7: 613—
620.

Halimah M.K., Awshah A.A., Hamza A.M., Chan K.T., Umar S.A., Alazoumi S.H.,
(2020). Effect of Neodymium Nanoparticles on Optical Properties of Zinc
Tellurite Glass System. Journal of Materials Science: 1-10.

Hayashi S., Okamoto T., (2012). Plasmonic: Visit the Past to Know the Future. Journal
of Applied Physics 45: 433001-433015.

Henriques B., Soares D., Teixeira J.C., Silva F.S., (2014). Effect of Hot—Pressing
Variables on the Microstructure, Relative Density and Hardness of Sterling
Silver (Ag—Cu alloy) Powder Compacts. Materials Research 17(3): 664-671.

Huang Y., Chen B., Zaosheng L., Guo F., (2020). Facile Fabrication of Durable
Superhydrophobic  SiO»/Polyacrylate Composite Coatings with  Low
Nanoparticle Filling. Journal Coating Technology: 1-7.

Ibukun O., Hae K.J., (2020). Tailoring Titanium Dioxide by Silver Particles For
Photocatalysis. Current Applied Physics 20: 23-28.

Ismail S.F., Sahar M.R., Ghoshal S.K., (2016). Effects of Titanium Nanoparticles on
Self-Cleaning and Structural Features of Zinc—Magnesium—Phosphate Glass.
Materials Research Bulletin 74: 502-506.

Jaba N., Kanoun A., Mejri H., Selmi A., Alaya S., Maaref H., (2000). Infrared to
Visible Up—Conversion Study for Erbium Doped Zinc Tellurite Glass. Journal
Physics Condensed Matter 12: 4532-4534.

Jae H.K., Ali M., Hyoun W.K., Sang S.K., (2018). Novel Superamphiphobic Surfaces
based on Micro—Nano Hierarchical Fluorinated Ag/SiO> Structures. Applied
Surface Science 445: 262-271.

Jlassi I., Elhouichet H., Hraiech S., Ferid M., (2012). Effect of Heat Treatment on the
Structural and Optical Properties of Tellurite Glasses doped Erbium. Journal of
Luminescence 132: 832-840.

173



Kaishu G., (2005). Relationship Between Photocatalytic Activity, Hydrophilicity and
Self-Cleaning Effect of TiO./SiO2 Films. Surface and Coatings Technology
191: 155- 160.

Kaky K.M., Sayyed M.Il., Farah L., Alyaa H.A., Tekin H.O., Baki S.0O., (2019).
Stuctural, Optical and Radiation Shielding Properties of Zinc Borotellurite
Alumina Glasses. Applied Physics A: 1-12.

Kalele S.A., Tiwari N.R., Gosavi S.W., Kulkarni S.K., (2007). Plasmon Assisted
Photonics at a Nanoscale. Journal of Nanophotonics 1: 12501-12515.

Kazuhito H., Hiroshi I., Akira F., (2005). TiO. Photocatalysis: A Historical Overview
and Future Prospects. Japanese Journal of Applied Physics 44: 8269-8285.

Kazuya N., Akira F., (2012). TiO2 Photocatalysis: Design and Applications. Journal
of Photochemistry and Photobiology C: Photochemistry Reviews 13: 169-189.

Kazuya N., Tsuyoshi O., Taketoshi M., AkiraF., (2012). Photoenergy Conversion with
TiO, Photocatalysis: New Materials and Recent Applications. Electrochimica
Acta 84: 103-111.

Keiron B., Heike E.H., Tanya M.M., Jesper M., (2012). Surface Tension and Viscosity
Measurement of Optical Glasses using a Scanning CO> Laser. Optical Society of
America 2: 1101-1111.

Kermouche G., Guillonneau G., Michler J., Teisseire J., Barthel E., (2016). Perfectly
Plastic Flow in Silica Glass. Acta Materials 114: 146-153.

Khattak, G.D., Salim M.A., (2002). X—Ray Photoelectron Spectroscopic Studies of
Zinc-Tellurite Glasses. Journal of Electron Spectroscopy and Related
Phenomena 123: 47-55.

Kumar V., Pandey A., Ntwaeaborwa O.M., Dutta V., Swart H.C., (2017). Structural
and Luminescence Properties of Eu**/Dy*" Embedded Sodium Silicate Glass for
Multicolor Emission. Journal of Alloys and Compounds 708: 922-931.

Kundu R.S., Meenakshi D., Punia R., Rajesh P., Kishore N., (2014). Titanium Induced
Structural Modifications in Bismuth Silicate Glasses. Journal of Molecular
Structure 1063: 77-82.

Kuzas E.A., Krasikov S.A., Agafonov S.N., (2010). Effect of Titanium Dioxide on the
Surface Tension and Density of an Aluminocalcium Oxide—Fluoride Melt.
Russian Metallurgy (Metally) 11: 1021-1024.

Kuzmany H., (2009). Solid State Spectroscopy. Springer Berlin, Heidelberg.

174



Lakshminarayana G., Kaky K.M., Baki S.O., Lira A., Nayar P., Kityk I.V., Mahdi
M.A., (2017). Physical, Structural, Thermal, and Optical Spectroscopy Studies
of TeO2-B203-MO0O3-ZnO-R20 (R = Li, Na, and K)/MO (M ¥ =Mg, Ca, and
Pb) glasses. Journal of Alloys and Compounds 690: 799-816.

Lambson E.F., Saunders G.A., (1984). The Elastic Behaviour of TeO> Glass Under
Uniaxial and Hydrostatic Pressure. Journal of Non—Crystalline Solids 69: 117—
133.

Lee K.C., Lin SJ., Lin CH., Tsai C.S., Lu Y.J.,, (2008). Size Effect of Ag
Nanoparticles on Surface Plasmon Resonance. Surface & Coatings Technology
202: 5339-5342.

Lee D.Y., Kim B.Y., Cho N.I., Oh Y.J.,, (2011). Electrospun Er¥*~TiO, Nanofibrous
Films as Visible Light Induced Photocatalysts. Current Applied Physics 11:
324-3217.

Li Z., Xing Y., Jinjin D., (2008). Superhydrophobic Surfaces Prepared from Water
Glass and Non—Fluorinated Alkylsilane On Cotton Substrates. Applied Surface
Science 254: 2131-2135.

Liang Z., Zezhu Z., Li Z., Binghai D., Shimin W., (2020). Fabrication of Transparent,
Durable and Self—Cleaning Superhydrophobic Coatings for Solar Cells. The
Royal Society of Chemistry: 1-11.

Lin H, Liu K., Pun E.Y.B.,, Ma T.C., Peng X., An Q.D., Yu J.Y., Jiang S.B., (2004).
Infrared and Visible Fluorescence in Er¥* Doped Gallium Tellurite Glasses.
Chemical Physics Letters 398: 146-150.

Lina E., Agne S., Per M.C., (2015). Towards Superhydrophobic
Polydimethylsiloxane-Silica Particle Coatings. Journal of Dispersion Science
and Technology: 1532-2351.

Linda Y.L.W., Ngian S.K., Chen Z., Xuan D.T.T., (2011). Quantitative Test Method
for Evaluation of Anti—Fingerprint Property of Coated Surfaces. Applied Surface
Science 257: 2965-2969.

Liu C., Heo J., (2010). Local Heating from Silver Nanoparticles and its Effect on the
Er3* Up—conversion in Oxyfluoride Glasses. Journal of the American Ceramic
Society 93: 3349-3353.

Luciana R.P.K., Mauricia E.C., Carlos T.A., Davinson M.S., Jose R.M., (2011).
Effects of Gold Nanoparticles in the Green and Red Emissions of TeO>—PbO—
GeO; Glasses doped with Er**: Yb**. Optical Materials 33: 1948-1951.

175



Luis M.F., Luis F.S., Clara M.G., Rui M.A., (2003). Preparation and Characterization
of Er** Doped TeO, Based Oxychloride Glasses. Journal of Non—Crystalline
Solids 324: 150-158.

Maheshvaran K., Linganna K., Marimuthu K., (2011). Composition Dependent
Structural and Optical Properties of Sm*" Doped Boro-Tellurite Glasses.
Journal of Luminescence 131: 2746-2753.

Maheshvaran K., Arunkumar S., Sudarsan V., Natarajan V., Marimuthu K., (2013).
Structural and Luminescence Studies on Er¥* Yb®* Co—Doped Boro—Tellurite
Glasses. Journal of Alloys and Compounds 561: 142—150.

Mahmoud F.Z., Raghieba A.E., Hamdia A.Z., Amira H.A.F., Mohammed A.T.,
(2014). Mechanical Alloying, Sintering and Characterization of Al,03—20 wt%—
Cu nanocomposite. Ceramics International 40: 31-38.

Manoj K.N., Shashikala H.D., (2016). Optical Absorption, Mechanical Properties and
FTIR Studies of Silver-Doped Barium Phosphate Glasses. Physics and
Chemistry of Glasses: European Journal of Glass Science and Technology Part
B 57, 57: 90-96.

Marco F., Lionel N., Cedric B., Plinio 1., Clement S., David G., (2010). Hydrophobic,
Antireflective, Self—Cleaning, and Antifogging Sol-Gel Coatings: an Example
of Multifunctional Nanostructured Materials for Photovoltaic Cells. Chemical
Materials: 4406-4413.

Marjanovic S., Toulouse J., Jain H., Sandmann C., Dierolf V., Kortan A.R., Kopylov
N., Ahrens R.G., (2003). Characterization of New Erbium Doped Tellurite
Glasses and Fibers. Journal of Non—Crystalline Solids 322: 311-318.

Maryam T., Mehdi J., Kenji O., (2017). Self-Cleaning Traffic Marking Paint. Surfaces
and Interfaces 9: 13-20.

Mertens J., Hubert J., Vandencasteele N., Reniers F., (2015). From Hydrophobic to
Superhydrophobic: Influence of SiO2 and TiO2 Nanoparticles on Fluorocarbon
Films Synthesized by Atmospheric Plasma. 22nd International Symposium on
Plasma Chemistry: 1-3.

Milne A.J.B., Amirfazli A., (2012). The Cassie equation: How it is meant to be used.
Advances in Colloid and Interface Science 170: 48-55.

Minggian Z., Shile F, Lei W., Yongmei Z., (2016). Lotus Effect in Wetting and Self-
Cleaning. Biotribology 5: 31-43.

176



Mohamad M.A., Yousef E.S., Moustafa E.S., (2006). Dielectric Properties of the
Ternary TeO2—-Nb20s-ZnO Glasses. Physica B 371: 74-80.

Mohamed A., Aboubakr M.A., Nathalie A.Y., (2015). Corrosion Behavior of
Superhydrophobic Surfaces: A Review. Arabian Journal of Chemistry 8: 749—
765.

Mridul S., Jaesung S., Hyunsoo Y., Charanjit S.B., Aaron J.D., (2014). Outdoor
Performance and Durability Testing of Antireflecting and Self—Cleaning Glass
for Photovoltaic Applications. Solar Energy 110: 231-238.

Mulvaney P., (1996). Surface Plasmon Spectroscopy of Nanosized Metal Particles.
Langmuir 12: 788-800.

Nan G., Yuying Y., (2009). Modeling Superhydrophobic Contact Angles and Wetting
Transition. Journal of Bionic Engineering 6: 335-340.

Narita K., Benino Y., Fujiwara T., Komatsu T., (2003). Vickers Nanoindentation
Hardness and Deformation Energy of Transparent Erbium Tellurite
Nanocrystallized Glasses. Journal of Non—Crystalline Solids 316: 407-412.

Nazabal V., Todoroki S., Nukui A., Matsumoto T., Suehara S., Hondo T., Araki T.,
Inuoue S., Rivero C., Cardinal T., (2003). Oxyfluoride Tellurite Glasses doped
by Erbium: Thermal Analysis, Structural Organization and Spectral Properties.
Journal of Non—Crystalline Solids 325: 85-102.

Nazabal V., Todoroki S., Inuoue S., Matsumoto T., Suehara S., Hondo T., Araki T.,
Cardinal T., (2003). Spectral Properties of Er®* doped Oxyfluoride Tellurite
Glasses. Journal of Non—Crystalline Solids 326 & 327: 359-363.

Nazrin S.N., Halimah M.K., Muhammad F.D., Yip J.S., Hasnimulyati L., Faznny
M.F., Hazlin M.A., Zaitizila 1., (2018). The Effect of Erbium Oxide in Physical
and Structural Properties of Zinc Tellurite Glass System. Journal of Non-—
Crystalline Solids 490: 35-43.

Niangiang W., Wang J., Tafen D.N., Wang H., Zheng J.G., Lewis J.P., Liu X., Stephen
S.L., Ayyakkannu M., (2010). Shape—Enhanced Photocatalytic Activity of
Single—Crystalline Anatase TiO2 (101) Nanobelts. Journal of American
Chemical Society 132: 6679-6685.

Nuraffera M.N., (2007). Physical and Optical Characterization of Samarium Oxide
Doped Niobium Tellurite Glasses. MSc Thesis UTM.

177



Nurhafizah H., Rohani M.S., Ghoshal S.K., (2017). Self Cleanliness of Er¥* Nd** Co—
doped Lithium Niobate Tellurite Glass Containing Silver Nanoparticles. Journal
of Non—Crystalline Solids 455: 62—-69.

Nurulwahidah Z.A.S., (2020). Physical, Structural and Elastic Properties of Silicate
Lithium Niobate Vanadium Tellurite Glass System. PhD Thesis UTM.

Novatski A., Somer A., Gongalves A., Piazzetta R.L.S., Gunha J.V., Andrade A.V.C.,
Lenzi E.K., Medina A.N., Astrath N.G.C., EI-Mallawany R., (2019). Thermal
and Optical Properties of Lithium-Zinc—Tellurite Glasses. Materials Chemistry
and Physics 231: 150-158.

Nwea T.S., Sikonga L., Kokoob R., Khangkhamanoa M., (2020). Photocatalytic
Activity Enhancement of Dy—doped TiO2 Nanoparticles Hybrid with TiO> (B)
Nanobelts under UV and Fluorescence Irradiation. Current Applied Physics 20:
249-254,

Ogbuu O., Qingyang D., Hongtao L., Lan L., Yi Z., Erick K., Charmayne S., Sylvain
D., Kathleen R., Juejun H., (2015). Impact of Stoichiometry on Structural and
Optical Properties of Sputter Deposited Multicomponent Tellurite Glass Films.
Journal of the American Ceramic Society 98: 1731-1739.

Oliveira R.R.L.D., Albuquerque D.A.C., Cruz T.G.S., Yamaji F.M., Leite F.L.,
(2012). Measurement of the Nanoscale Roughness by Atomic Force Microscopy:
Basic Principles and Applications. Intech.

Oliveira J.M., Alcenisio J.J.S., Anielle C.A.S., Noelio O.D., Eduardo J.S.F., (2020).
Waveguides Written in Silver—doped Tellurite Glasses. Optical Materials 101:
109767-109774.

Parmar R., Kundu R.S., Punia R., Aghamkar P., Kishore N., (2014). Iron Modified
Structural and Optical Spectral Properties of Bismuth Silicate Glasses. Physica
B 450: 39-44.

Parvathy A.R., Venkateswara A.R., Pajonk G.M., (2007). Hydrophobic and Physical
Properties of the Ambient Pressure Dried Silica Aerogels with Sodium Silicate
Precursor using Various Surface Modification Agents. Applied Surface Science
253: 6032-6040.

Pavani P.G., Suresh S., Mouli V.C., (2011). Studies on Boro Cadmium Tellurite
Glasses. Optical Materials 34: 215-220.

Pavani P.G., Sadhana K., Mouli V.C., (2011). Optical, Physical and Structural Studies
of Boro-Zinc Tellurite Glasses. Physica B 406: 1242-1247.

178



Pradhan D., Mantha D., Reddy R.G., (2009). Thermodynamics of Interfacial
Properties between Liquid Iron, Liquid Silicon and Solid Oxide Substrates. High
Temperature Materials and Processes 28(4): 203-210.

Pradip B.S., Jong K.K., Askwar H., Dang V.Q., Hee T.K., (2011). Synthesis of
Hydrophilic and Hydrophobic Xerogels with Superior Properties using Sodium
Silicate. Microporous and Mesoporous Materials 139: 138-147.

Prakashan V.P., Sajna M.S., Gejo G., Sanu M.S., Biju P.R., Cyriac J., Unnikrishnan
N.V., (2018). Perceiving Impressive Optical Properties of Ternary SiO>—-TiO>—
ZrO,: Eu®* Sol-Gel Glasses with High Reluctance for Concentration Quenching:
An Experimental Approach. Journal of Non—Crystalline Solids 482: 116-125.

Priyanka G., Yogesh K.S., Sudha P., Umesh C.B., Shu C.H., Shyan L.C., (2017). The
Effect of SiO, Content on Structural, Physical and Spectroscopic Properties of
Er* Doped B203-SiO2-Na,O-PbO-ZnO Glass Systems. Journal of Non-
Crystalline Solids 463: 118-127.

Qiuhua N., Longjun L., Tiefeng X., Shixun D., Xiang S., Xiaowei L., Xudong Z.,
Xianghua Z., (2007). Effect of Hydroxyl Groups on Er** doped Bi,03—B203—
SiO2 Glasses. Journal of Physics and Chemistry of Solids 68: 477—481.

Rada S., Dehelean A., Stan M., Chelcea R., Culea E., (2011). Structural Studies on
Iron Tellurite Glasses Prepared by Sol-Gel Method. Journal of Alloys and
Compounds 509(1): 147 —151.

Rafaella R., Karl G., Mario W., Marco B., Adolfo S., David A., (2001). Optical
Spectroscopy of Lanthanide lons in ZnO-TeO> Glasses. Spechtrochimica Acta
Part A 57: 2009-2017.

Rahimeh N., Ali O., Katayoon N., (2015). A Self-Cleaning Coating based on
Commercial Grade Polyacrylic Latexmodified by TiO2/Ag—exchanged-zeolite—
A nanocomposite. Applied Surface Science 346: 543-553.

Rao A.V., Gurav A.B., Latthe S.S., Vhatkar R.S., Imai H., Kappenstein C., Waghd
P.B., Gupta S.C., (2010). Water Repellent Porous Silica Films by Sol-Gel Dip
Coating Method. Journal of Colloid and Interface Science 352: 30-35.

Rao G.V., Shashikala H.D., (2014). Optical, Dielectric and Mechanical Properties of
Silver Nanoparticle Embedded Calcium Phosphate Glass. Journal of Non-—
Crystalline Solids 402: 204—-2009.

179



Raposo M., Ferreira Q., Ribeiro P.A., (2007). A Guide for Atomic Force Microscopy
Analysis of Soft-Condensed Matter. Modern Research and Educational Topics
in Microscopy: 758-769.

Rodrigues A.C.M., Keding R.C., Russel M., (2000). Former Effect Between TeO, and
SiO; in the Li2O-TeO>-SiO, System. Journal of Non—Crystalline Solids 273:
53-58.

Rosales A., Karen E., (2020). SiO.@TiO2 Composite Synthesis and Its Hydrophobic
Applications: A Review. Catalysts: 1-17.

Rosmawati S., Sidek H.A.A., Zainal A.T., Zobir H.M., (2008). Effect of Zinc on the
Physical Properties of Tellurite Glass. Journal of Applied Sciences 8: 1956—
1961.

Rosmawati S, Sidek H.A.A., Zainal A.T., and Zobir H.M., (2007). IR and UV Spectral
Studies of Zinc Tellurite Glasses. Journal of Applied Science 7 (20): 3051-3056.

Sahar M.R., (1998). Sains Kaca. UTM Press.

Saidi M.S.A.M., Ghoshal S.K., Arifin R., Roslan M.K., Muhammad R., Shamsuri
W.N.W., Abdullah M., Shaharin M.S., (2018). Spectroscopic Properties of Dy**
Doped Tellurite Glass with Ag/TiO> Nanoparticles Inclusion: Judd-Ofelt
analysis. Journal of Alloys and Compounds 754: 171-183.

Sakida S., Nanba T., Miura Y., (2006). Refractive Index Profiles and Propagation
Losses of Er®* doped Tungsten Tellurite Glass Waveguide by Ag* Na* lon
Exchange. Materials Letters 60: 3413-3415.

Salah H.A., Sidek A.A., ElI-Mallawany R., Umar S.A., Halimah M.K., Mohd H.M.,
Khamirul A.M., Abdulbaset U., (2018). Optical Properties of Zinc—Lead
Tellurite Glasses. Results in Physics 9: 1371-1376.

Samer A., Bana A., Wojciech K., Joanna K., (2020). Biomimetic Hybrid Membranes
with Covalently Anchored Chitosan—Material Design, Transport and Separation.
Desalination 491: 1-17.

Satish A.M., Mahendra S.K., Mukherjeeb S.K., Venkateswara R., (2010). Transparent
Superhydrophobic Silica Coatings on Glass by Sol-Gel Method. Applied
Surface Science 257: 333-339.

Sayyed M.I., Hakan A., Al-Buriahi M.S., Eloic L., Rachid A., Giovanni B., (2020).
Oxyfluoro—Tellurite—Zinc Glasses and the Nuclear-Shielding Ability Under the
Substitution of AlF3 by ZnO. Applied Physics A: 1-12.

180



Serrano J.G., Hernandez E.G., Fernandez M.O., Pal U., (2009). Effect of Ag Doping
on The Crystallization and Phase Transition of TiO, Nanoparticles. Current
Applied Physics 9: 1097-1105.

Sharaf E.D.L.M., Salhi A.M.S., Neawad M.E., (2008). IR and UV Spectral Studies for
Rare Earths Doped Tellurite Glass. Journal of Alloys and Compounds 465: 333—
339.

Shen X., Nie Q., Xu T., Dai S., Wang X., (2008). Investigation on Energy Transfer
from Er®* to Nd** in Tellurite Glass. Journal of Rare — Earths 26 (6): 899-903.

Shixun D., Chunlei Y., Gang Z., Junjie Z., Guonian W., Lili H., (2006). Concentration
Quenching in Erbium Doped Tellurite Glass. Journal of Luminescence 117: 39—
45,

Sidek H.A.A., Rosmawati S., Talib Z.A., Halimah M.K., Daud W.M., (2009).
Synthesis and Optical Properties of ZnO-TeO> Glass System. Journal of Applied
Science 6: 1489-1494.

Sidek H.A.A., Rosmawati S., Azmi B.Z., (2013). Effect of ZnO on the Thermal
Properties of Tellurite Glass. Journal of Advanced in Condensed Matter Physics
783207:1-6.

Sidek H.A.A., El-Mallawany R., Siti S.B., Halimah M.K., Khamirul A., (2015).
Optical Properties of Erbium Zinc Tellurite Glass System. Advances in
Materials Science and Engineering 628954: 1-5.

Smith W., Dent G., (2005). Introduction, Basic Theory, Principles and Resonance
Raman Scattering: Modern Raman Spectroscopy. England: John Wiley & Sons.

Smitha S.L., Nissamudeen K.M., Philip D., Gopchandran K.G., (2008). Studies on
Surface Plasmon Resonance and Photoluminescence of Silver Nanoparticles.
Spectrochimica Acta Part A 71: 186-190.

Soleimani H., Yahya N., Baig M.K., Khodapanah L., Sabet M., Bhat A.H., Ochsner
A., Awang A., (2016). Catalytic Effect of Zinc Oxide Nanoparticles on Oil-
Water Interfacial Tension. Digest Journal of Nanomaterials and Biostructures
11: 263-269.

Soleimani H., Mirza K.B., Noorhana Y., Leila K., Maziyar S., Birol M.R.D., Marek
B., (2018). Synthesis of ZnO Nanoparticles for Oil-Water Interfacial Tension
Reduction in Enhanced Oil Recovery. Applied Physics A: 127-140.

181



Som T., Karmakar B., (2009). Nanosilver Enhanced Upconversion Fluorescence of
Erbium lons in Er¥*: Ag—-Antimony Glass Nanocomposites. Journal of Applied
Physics 105: 13102-13110.

Surendra B.S., Jang K., Jin C.E., Lee H., Jayasankar C.K., (2007). Thermal, Structural
and Optical Properties of Eu* Doped Zinc Tellurite Glasses. Journal of Applied
Physics 40: 5767-5774.

Suthanthirakumar P., Karthikeyan P., Manimozhi P.K., Marimuthu K., (2015).
Structural and Spectroscopic Behavior of Er** Yb®*" co—doped Boro—tellurite
Glasses. Journal of Non—Crystalline Solids 410: 26-34.

Syam N.P., Wang J., Pattnaik R.K., Jain H., Toulouse J., (2006). Preform Fabrication
and Drawing of KNbOz Modified Tellurite Glass Fibers. Journal of Non-
Crystalline Solids 352: 519-523.

Tadmor R., Ratul D., Semih G., Jie L., Hartmann E.N., Meet S., Priyanka S.W., Sakshi
B.Y., (2017). Solid—Liquid Work of Adhesion. Langmuir 33: 3594—3600.
Tafida R.A., Halimah M.K., Muhammad F.D., Chan K.T., Onimisi M.Y., Usman A.,
Hamza M., Umar S.A., (2020). Structural, Optical and Elastic Properties of
Silver Oxide Incorporated Zinc Tellurite Glass System doped with Sm** lons,

Materials Chemistry and Physics 246: 122801-122817.

Tagiara N.S., Palles D., Simandiras E.D., Psycharis V., Kyritsis A., Kamitsos E.I.,
(2017). Synthesis, Thermal and Structural Properties of Pure TeO, Glass and
Zinc—Tellurite Glasses. Journal of Non—Crystalline Solids 457: 116-125.

Takayuki K., Hiromasa T., Hiroharu M., Kazumasa M., (1991). Properties and
Crystallization Behaviours TeO.—LiNbOs Glasses. Journal of Non—Crystalline
Solids 135: 105-113.

Tang W., Ying T., Bingpeng L., Yayan X., Qunhuo L., Junjie Z., Shiging X., (2019).
Effect of Introduction of TiO2 and GeO> Oxides on Thermal Stability and 2 ym
Luminescence Properties of Tellurite Glasses. Ceramics International 45:
16411-16416.

Tanko Y.A., Sahar M.R., Ghoshal S.K., (2016). Prominent Spectral Features of Sm®*

lon in Disordered Zinc Tellurite Glass. Results in Physics 6: 7-11.

Tiefeng X., Xudong Z., Shixun D., Qiuhua N., Xiang S., Xianghua Z., (2007). Effect
of SiO, Content on the Thermal Stability and Spectroscopic Properties of Er®*
Yb*" Co-Doped Tellurite Borate Glasses. Physica B 389: 242-247.

182



Toshiaki Y., Masaaki O., Norikazu I., Yasunao M., (2004). Improvement on
Hydrophilic and Hydrophobic Properties of Glass Surface Treated by
Nonthermal Plasma Induced by Silent Corona Discharge. Plasma Chemistry and
Plasma Processing 24: 1-12.

Umar S.A., Halimah M.K., Chan K.T., Latif A.A., (2017). Polarizability, Optical
Basicity and Electric Susceptibility of Er** Doped Silicate Borotellurite Glasses.
Journal of Non—Crystalline Solids 471: 101-109.

Wael I.E.D., Rafik A., Wagih A.S., Abdel G.M.E.D., Ahmed H., (2017). Improved
Adhesion of Superhydrophobic Layer on Metal Surfaces via One Step Spraying
Method. Arabian Journal of Chemistry 10: 368-377.

Wan J., Lihong C., Jiashi S., Haiyang Z., Xiangping L., Weili L., Yue T., Bo W.,
Baojiu C., (2010). Composition—Dependent Spectroscopic Properties of Nd** —
doped Tellurite—Germanate Glasses. Physica B 405: 1958-1963.

Wang R., Kazuhito H.A.F., (1997). Light-Induced Amphiphilic Surfaces. Macmillan
Nature 388: 431-432.

Wang R., Kazuhito H., Akira F., Makoto C., Eiichi K., Atsushi K., Mitsuhide S.,
Toshiya W., (1998). Photogeneration of Highly Amphiphilic TiO> Surfaces.
Advanced Materials 10; 135-138.

Wang J., Prasad S., Kiang K., Pattnaik R.K., Toulouse J., Jain H., (2006). Source of
Optical Loss in Tellurite Glass Fibers. Journal of Non—Crystalline Solids 352:
510-513.

Waseda Y., Matsubara E., Shinoda K., (2011). X-ray diffraction crystallography,
Springer Verlag Berlin Heidelberg.

Watanabe T., Muratsubaki K., Benino Y., Saitoh H., Komatsu T., (2001). Hardness
and Elastic Properties of Bi2Os—based Glasses. Journal of Materials Science 36:
2427-2433.

Widanarto W., Sahar M.R., Ghoshal S.K., Arifin R., Rohani M.S., Effendi M., (2013).
Thermal, Structural and Magnetic Properties of Zinc—Tellurite Glasses
Containing Natural Ferrite Oxide. Materials Letters 108: 289-292.

Willets K.A., Duyne R.P.V., (2007). Localized Surface Plasmon Resonance
Spectroscopy and Sensing. The Annual Review of Physical Chemistry 58: 267—
297.

Wolfgang M.S., Shu H.H., (2016). Cassie—Baxter Model. Springer Verlag Berlin
Heidelberg.

183



Wonjae C., Anish T., Joseph M.M., Robert E.C., Gareth H.M., (2009). A Modified
Cassie—Baxter Relationship to Explain Contact Angle Hysteresis and Anisotropy
on Non—Wetting Textured Surfaces. Journal of Colloid and Interface Science
339: 208-216.

Xiao X., Zhuo Y., Yanwen L., Pengcheng S., Ya F., Zhongyu H., Tiejun Q., Jian G.,
Tao Z., Jie Q., Lijin X., Weidong Z., (2018). Superhydrophobic Self-Cleaning
Solar Reflective Orange—Gray Paint Coating. Solar Energy Materials and Solar
Cells 174: 292-299.

Yaacob S.N.S., Sahar M.R., Sazali E.S., Zahra A.M., Sulhadi K., (2018).
Comprehensive Study on Compositional Modification of Tb** Doped Zinc
Phosphate Glass. Solid State Sciences 81: 51-57.

Yao Y., Yoshihisa O., Yuki S., Akira F., Yoshinobu K., (2008). Self-Sterilization
using Silicone Catheters Coated with Ag and TiO2> Nanocomposite Thin Film.
Journal of Biomedical Materials Research Part B: Applied Biomaterials: 453—
460.

Yasutaka K., Keiichi M., Yasuyuki M., Takashi K., Kohsuke M., Hiromi Y., (2009).
Hydrophobic Modification of a Mesoporous Silica Surface using a Fluorine—
Containing Silylation Agent and Its Application as an Advantageous Host
Material for the TiO. Photocatalyst. Journal Physics Chemical 113: 1552-1559.

Yelda Y., Murat K., Zekiye C., (2010). The Role of Non-Metal Doping in TiO>
Photocatalysis. Journal of Advanced Oxide Technology 13: 281-296.

Yousef E., Hotzel M., Russel C., (2004). Linear and Non—Linear Refractive Indices of
Tellurite Glasses in the System TeO,—WOs-ZnF.. Journal of Non—Crystalline
Solids 342: 82-88.

Yu E., Seul C.K., Heon J.L., Kyu H.O., Myoung W.M., (2015). Extreme Wettability
of Nanostructured Glass Fabricated by Non-Lithographic, Anisotropic Etching.
Scientific Reports 5: 9362-9368.

Yuehua Y., Randall T.L., (2013). Surface Science Technique: Contact Angle and
Wetting Properties. Springer.

Yusoff N.M., Sahar M.R., (2015). Effect of Silver Nanoparticles Incorporated with
Samarium Doped Magnesium Tellurite Glasses. Physica B 45: 191-196.

Yusof N.N., Ghoshal S.K., Arifin R., Sahar M.R., (2015). Modified Absorption
Features of Titania—Erbium incorporated Plasmonic Tellurite Glass System.
Jurnal Teknologi 76: 89-94.

184



Yusof N.N., Ghoshal S.K., Arifin R., (2017). Improved Self-Cleaning and Spectral
Features of Erbium Doped Tellurite Glass with Titania Nanoparticles
Sensitization. Solid State Phenomena 268: 48-53.

Yusof N.N., Ghoshal S.K., Arifin R., Awang A., Tewari H.S., Hamzah K., (2017).
Self—cleaning and Spectral Attributes of Erbium Doped Sodium-Zinc—Tellurite
Glass: Role of Titania Nanoparticles. Journal of Non—Crystalline Solids: 1-13.

Zahra A.S.M., Sahar M.R., Ghoshal S.K., (2014). Band Gap and Polarizability of
Boro-tellurite Glass: Influence of Erbium lons. Journal of Molecular Structure
1072: 238-241.

Zakaria R., Hamdan K.S., Noh S.M.C., Supangat A., Sookhakian M., (2015). Surface
Plasmon Resonance and Photoluminescence Studies of Au and Ag Micro
Flowers. Optical Materials Express 5: 943-950.

Zhang H.W., Subhash G., Jing X.N., Kecskes L.J., Dowding R.J., (2006). Evaluation
of Hardness—Yield Strength Relationships for Bulk Metallic Glasses.
Philosophical Magazine Letters 86: 333-345.

Zhang X., Ling W., Erkki L., (2013). Superhydrophobic Surfaces for the Reduction of
Bacterial Adhesion. The Royal Society of Chemistry 3: 12003-12020.

Zhang Z., Bo W., Ping Z., Renke K., Bi Z., Dongming G., (2016). A Novel Approach
of Chemical Mechanical Polishing for Cadmium Zinc Telluride Wafers.
Scientific Reports 6: 26891-26897.

Zhao S., Xiuli W., Dawei F., Shiging X., Lili H., (2006). Spectroscopic Properties and
Thermal Stability of Er®*—doped Tungsten—Tellurite Glass for Waveguide
Amplifier Application. Journal of Alloys and Compounds 424: 243-246.

Zheng B., Mingxiao Z., Qiangbing G., Yongze Y., Shichao L., Xiaoshun J., Shifeng
Z., (2015). A Chip—Based Microcavity Derived from Multi-Component
Tellurite Glass. Journal of Materials Chemistry C: 5141-5144.

Zhou M.Y., Rui X., YaL.Y.,Gang C., Xiao J.J., Lihue Y., Bin L., Liang Y.C., (2009).
Effects of Surface Wettability and Roughness of Microchannel on Flow
Behaviors of Thermo—Responsive Microspheres Therein During the Phase
Transition. Journal of Colloid and Interface Science 336: 162—170.

Zuhairi 1., (2005). Characterization Study of Platinum—doped Stannic Oxide Ceramics
for Methane Sensing in Air. PhD Thesis UTM.

185



LIST OF PUBLICATIONS

Journal with Impact Factor
1. Nazhirah S.N.M., Ghoshal S.K., Arifin R., Hamzah K., (2020). Titania
Nanoparticles Activated Tellurite Zinc-Silicate Glass with Controlled
Hydrophobic and Hydrophilic Traits for Self-Cleaning Applications. Journal
of Non—Crystalline Solids 530:119778. (Q1, 1F:2.929).

Indexed Journal

1. Nazhirah Mazlan S.N., Arifin R., Ghoshal S.K., (2017). Hardness and
Structure of Er®*: Sm*" Co-Doped Oxychloride Zinc Tellurite Glass. Solid
State Phenomena 268: 43-47. (Indexed by SCOPUS).

2. Nazhirah Mazlan S.N., Arifin R., Ghoshal S.K., (2018). Hydrophobic Zinc—
Tellurite Glass System as Self-Cleaning Vehicle: Interplay amid SiO2 and
TeOz. Malaysian Journal of Fundamental and Applied Sciences Special Issue
on Natural Sciences and Mathematics: 492-494. (Indexed by WQOS).

195





