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Summary

Zinc oxide (ZnO), Zinc oxide vanadium pentoxide V,0s/Zn0O

nanocomposite was prepared by “hydrothermal synthesis technique™.

Zinc oxide vanadium pentoxide nanocomposite doped with silver

Ag/V,0s/Zn0 was prepared by photodeposition process as nanocatalysts.

Using the techniques of (XRD, FE-SEM, EDX, FTIR, TEM, and
BET surface analysis). Each of structure, surface composition and optical
characteristics of the catalysts were examined. Nanocomposite (silver-
doped) was distinguished by the highest peak compared to the other

prepared nanocomposites.

The crystal size for the prepared nanocomposites was calculated. The
silver-doped nanocomposite was distinguished by the lowest crystal size,
which confirms the effect of silver in the photodeposition process and the
success of the preparation of the nanocomposites. Ag/V,0s5/Zn0O surface

area has increased compared to the ZnO and V,0s/ZnO composite.

Photocatalytic-degradation process of maxilon blue GRL dye was
investigated by wusing prepared V,0s/ZnO and Ag/V,0s/Zn0O

nanocomposites.

The degradation of dye was performed by irradiated aqueous
solutions containing different concentrations of dye and different amounts
for nanocomposites using UV-Vis lamp with different intensities.

Effect of the various factors on the photocatalytic-degradation process
of GRL dye was tested to reach an optimal state, where they involve
effect of the nanocomposites mass, effect of GRL dye concentration and

effect of light intensity.
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A comparative study of the photocatalysis for the prepared
nanocomposites was carried out, the efficiency of dye removal changes

dramatically with time up to 60 min.

The absorbance, transmittance, reflectivity spectra, refractive index,
extinction coefficient and optical absorption for catalysts materials within

the wavelength 590 nm was calculated.

The energy gap was calculated for the ZnO, V,0s/ZnO and
Ag/V,0s/ZNn0, it value was (3.25, 3.15 and 3.04) eV, respectively.

The Ag/V,0s/ZnO nanocomposite exhibited enhanced photocatalytic
activity under UV-visible light irradiation for the degradation of maxilon

blue dye compared with binary V,0s/ZnO nanocomposite.

The small size, high surface area and synergistic effect in the
Ag/V,0s/Zn0O nanocomposite is responsible for high photocatalytic
activity. These results also showed that the Ag nanoparticles induced
visible light activity and facilitated efficient charge separation in the
Ag/V,05/ZnO nanocomposite, thereby improving the photocatalytic

performance.
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Chapter One Introduction

Chapter One
Introduction

1.1 Introduction

In the early twentieth century to nowadays, we notice increase in the
population, which is mainly connected with the increase in environmental
pollution. Energy crisis and environmental pollution due to massive rise of
population and extended industrialization have become the spotlight global

issues since the hindmost of 20th Century [1].

Among the causes of increasing environmental pollution are factories,
diesel generators, building materials, dust and means of transportation.
Organic dyes and dye intermediates released in form of waste water from
various industrial sites are contributing at large to organic pollution,
causing constant human injury and harm to natural water bodies because of

their carcinogenic and mutagenic nature [2—4].

When inadequately treated, these dyes can exist in environment for
long duration of time. An instance is of Reactive Blue-19 dye with a half-
life period of 47 years (T = 25°C and pH = 7) [5].

Non-pretreated effluent has significant negative impacts on human
beings as well as on environment. Dye-containing wastewater can be

treatment through the use of nanomaterial (catalyst).

Nanoparticles are the small particles with a big future because of their
extremely small particle size, they have extremely large specific surface
area. Hence they are chemically very active. They are stronger and more

ductile. They have electronic states quite different from those of bulk.
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Photocatalyst technology based on heterogeneous catalysis’ principles
stands among one of the promising strategies to pacify environmental
damage by complete mineralization of organic pollutants on expense of

earth-abundant solar energy [6-8].

Generally, heterogeneous photo catalysis refers to the acceleration of
photo-reactions in presence of a semiconductor catalyst. Exploitation of
low energy photons so as to contract maximum range of solar spectrum and
reducing the recombination probability of photo excited charge carriers (e,
h*) to prolong the life span of transient reactive species are considered the

best proposals to improve photo catalytic efficiency of a semiconductor [9].

When appropriate light energy photons illuminate the surface of
semiconductor, it instigates the transfer of electrons from valence band
(VB) to the conduction band (CB). This transfer leads to the generation of
highly reactive Oxygen species of ephemeral nature (i.e., *OH, *O,,
*OH,, H,0,) which set off the degradation of organic impurities on

semiconductor surface without causing any secondary pollution [10-13].

Photo degradation activity of a semiconductor nanostructure is
regulated by a number of factors including its composition, crystal
structure, surface morphology, grain size, specific surface area, quantum

efficiency and band gap position [14,15].

Zinc Oxide (ZnO) is a robust semiconductor material with a band gap
of (3.37) eV which has been extensively explored for heterogeneous photo

catalysis due to its non-toxic nature and easy availability [16].



Chapter One Introduction

Nevertheless, wide band gap of ZnO restricts its operational range to
only UV region that is less than 5% of whole solar spectrum [16,17]. Yet,
relatively fast recombination of photo-exactions (e, h*) is another
drawback associated with ZnO that lowers its photo catalytic performance
[18].

One constraint associated with doping approach is that it can sometimes
also reduce the redox potential of charge carrier species that results in

decline of photo catalytic efficiency [19].

Further, high cost noble metal co-catalyst is less desirable to be used
at commercial level as compared to cost-effective semiconductor materials.
Therefore, a careful choice of coupling material is the key to get most
appropriate photo catalytic design with maximum catalytic efficiency and
practicability. Hence, in view of compatible band structure and low cost
catalyst we have focused our attention on hybridize ZnO Nanoparticles
with V,05 Nanoparticles. V,0s5 is a multi-functional n-type semiconductor

material with a band gap energy (3.2) eV [20].

When V,0s is coupled with ZnO, binary nanocomposites grasp better
cumulative photo-efficiency than corresponding pristine nanostructures due

to the formation of type-11 heterojunction [21].

The photo catalytic activity of the catalyst was characterized by
degradation of maxilon blue (GRL) dye under UV-visible light. The results

obtained from this work are discussed in this thesis.
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1.2 Catalysis

By adding a substance known as a catalyst which is not consumed
during the reaction catalysis is the alteration and acceleration of the rate of
a chemical reaction. By joining forces with one or more of the reactants,
the catalyst contributes to the reaction and can play a role in selectively
speeding one reaction in comparison to another.

Two key functions of catalysis in Nano science are as follows [22]:
(1) Some techniques for creating nanotubes, quantum dots, and various
other nanostructures may involve catalysts.

(2) A few nanostructures may act as catalysts for other chemical reactions.

Catalysts play a very important role in modern science and technology
as they improve reaction yields, reduce temperatures of chemical processes
and promote specific enantioselectivity in asymmetric synthesis. There are
two main types of catalysis, heterogeneous, where the catalyst is in the
solid phase with the reaction occurring on the surface and homogeneous,
where the catalyst is in the same phase as the reactants [23].

Both processes have their benefits, for example heterogeneous catalysts
can be readily separated from the reaction mixture but the reaction rate is
restricted due to their limited surface area [24].

Meanwhile homogeneous catalysts can react very fast and provide a
good conversion rate per molecule of the catalyst, but since they are
miscible in the reaction medium, it can be a painstaking process to remove
them from the reaction medium [25].

The difficulty in removing homogenous catalysts from the reaction
medium leads to problems in retaining the catalyst for reuse [26]. The
separation and recycling of the catalyst is highly favorable since catalysts

are often very expensive.
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1.3 Nanoparticles

Nanoparticles (NPs) are wide class of materials that include particulate
substances, which have one dimension less than 100 nm at least [27].

Depending on the overall shape these materials can be 0D, 1D, 2D or
3D [28]. The importance of these materials realized when researchers
found that size can influence the physiochemical properties of a substance.

When well dispersed, the nanoparticulate catalyst forms a stable
suspension in the reaction medium allowing an elevated rate of reaction. In
addition, nanoparticles can permit additional catalytic functionalities due to
their unique properties.

The bridge between heterogeneous and homogeneous catalysts can be
achieved through the use of nanoparticles [29]. Nanoparticles of catalytic
material provide the benefit of increased surface area which allows for an

increased reaction rate [30].

1.4 Zinc Oxide (ZnO)

Among different semiconducting transition metal oxides, Zinc Oxide
attracts attention in the scientific community for several decades for their
wide band gap and tunable nanostructure [31].

Zinc Oxide is one of the most popular transparent semeconductive
oxides having unique optical and electronic properties (wide energy band
gap of 3.37 eV).

It is a white powder inorganic, it is insoluble in water, non-tox. Its
melting point is extremely high 1975°C, ZnO exists in two common
crystalline forms: wurtzite and Zinc blend. Wurtzite is more stable under
ambient conditions. It has several applications like light emitting diodes,

photocatalysis, sensors, fuel cells etc.
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The photoluminescence emission as well as photocatalytic activity of
ZnO largely depends upon the nanostructures of ZnO [32].

Both the photoluminescence emission and photocatalytic activity of ZnO
varies with the variation of nanostructures, the change in nanostructures of
ZnO depends upon several parameters like temperature, pressure, choice of
precursor, methods of synthesis (sol-gel, hydrothermal, co-precipitation
method, electrodeposition etc..), concentration of precursors etc.

Zinc acetate, zinc nitrate and zinc chloride are the three most widely
used zinc sources for the preparation of ZnO nanoparticles as well as thin
films. Several literatures reported the tunability of nanostructures of ZnO
thin films using these three precursors [33,34].

Zinc Oxide exhibits high charge carrier mobility (from several to
hundreds cm?/V/s). However, its precise value strongly depends on its forms
and dimensionalities directly related to the preparation and deposition
methods [35].

The unique optical and electronic properties make zinc oxide a
promising candidate mainly for selected optoelectronic devices and solar
cells [36].

It plays an important role in a very wide range of applications, ranging
from tyres to ceramics, from pharmaceuticals to agriculture, and from
paints to chemicals. Fig. (1.1) shows worldwide consumption of zinc oxide
by region [37,38].
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Fig. (1.1): Worldwide consumption of zinc oxide [37, 38].

1.5 Crystal Structure of ZnO

Three kinds of ZnO crystallization exist. They are cubic rock salt,
hexagonal wurtzite, and cubic zinc blende. At the four corners of the

tetrahedron, four cations surround each anion.

These materials also have a strong ionic character despite the typical
sp® covalent bonding of this tetrahedral coordination. Fig. (1.2) depicts the

ZnO crystal formations [39].
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(b)
Rock salt (B,) Zinc blende (Bs) Wurtzite (B,)

Fig. (1.2): ZnO crystals structure, the shaded gray and black spheres denote Zn
and O atoms, respectively [39].

1-6 Vanadium Pentoxide

Vanadium pentoxide (V,0s) is a very useful semiconductor oxide
material, used as an oxidising agent and amphoteric oxide material for
industrial applications. It is a major compound of vanadium, used as an
industrial catalyst.

It is a brown/yellow solid, although when freshly precipitated from
aqueous solution, its color is deep orange. Because of its high oxidation
state, it is both an amphoteric oxide and an oxidizing agent [40].

Orthorhombic phase of vanadium oxide (a-V,0s) is the most stable
oxide and have tremendous research interest in the past years due to their

excellent chemical and physical properties.
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Especially the multi valence nature, layered structure, and excellent
thermoelectric property are making vanadium pentoxide a fascinating
material for nano-device fabrication prospective [41].

The preparation of composite materials with two transition metal
oxide semiconductors possessing different energy band gap values provides
an approach to attain more efficient charge separation, an increased lifetime
of the charge carriers and an increased interfacial charge transfer to the

adsorbed species.

1.7 Crystal Structures of V,0s

Vanadium pentoxide has the highest oxygen state in vanadium—oxygen
systems and is the most stable member of the series of vanadium oxides.

Vanadium pentoxide has multiple distinctive polymorphs, including a-
V,05 (orthorhombic), B-V,0s (monoclinic or tetragonal), and y-V,0s
(orthorhombic).

Among them, the most common a-V,0s is the thermodynamically
stable phase (the unit cell structure) [42].

The orthorhombic structure of a-V,0s is shown in Fig. (1.3), in which
each single layer of V,0Os consists of edge- and corner-sharing square
pyramids, and the adjacent layers are bonded together along the c-axis by
weak Van der Waals bonds between the vanadium and oxygen of
neighboring pyramids.

Additionally, three different oxygen's atoms, Oy, O,, Oz, have different
coordinations depending on the position in each layer. The triply
coordinated O3 links three vanadium atoms via edge-sharing V,0s square

pyramids [43].
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Fig. (1.3): Crystal structures of Vanadium pentoxide perspective view (a) along the

b-axis, (b) along the c-axis of two layers of V,0s [43].

1.8 Literature Survey
This literature survey aims to summarize some of the recent research
studies that attracted much attention during last decade on the preparation

and applications of ZnO NPs.

S. Chakrabarti, and B. K. Dutta, in (2004) [44] used ZnO as an
effective catalyst for the photo degradation of two model dyes: Methylene
Blue and Eosin Y. A 16W lamp was the source of UV-radiation in a batch
reactor. The PCD efficiency has been generally, found to increase with
increase in catalyst loading up to a limiting value, decrease in initial
concentration, increase in airflow rate, pH, and UV light intensity. They
found that this simple technology of PCD of the colored effluents has the
potential to improve the quality of the wastewater from textile and other

industries.

10
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M. S. Akhtar, et al. in (2008) [45] found the morphology of ZnO
materials could be controlled by changing the capping agent at constant
alkali solution in hydrothermal process. ZnO nanomaterials with the
structure of flowers, sheet-spheres and plates were obtained with the
capping agent of ammonia, citric acid and oxalic acid, respectively. In dye-
sensitized solar cell (DSSC) fabricated with sheet-sphere ZnO showed
maximum conversion efficiency of 2.61% due to the uniform morphology
with the high surface area and crystallinity, which lead to high dye
absorption and less resistance to electron transfer. It is notable that the ZnO
materials with sphere structure may be the optimal photo-anode material

among various ZnO nanomaterials for DSSC.

R.Y. Hong, et al. in (2009) [46] synthesized ZnO nanoparticles by
calcination of precursor prepared by the precipitation method. The
influence of surface modification on the photocatalytic degradation of
methyl orange has been analyzed. Experimental results show that well
dispersed ZnO nanoparticles were obtained after surface modification. ZnO
nanoparticles possess high photocatalytic activity, whereas the
photocatalytic activity can be significantly reduced when polystyrene was
grafted onto the particle surface. The photocatalytic activity of ZnO
nanoparticles for some other azo dyes was also very high, which showed a

good application foreground in organic contamination treatment.

R. Shidpour, et al. in (2014) [47] produced ZnO nanostructures with
various morphologies in annealing temperatures ranging from (300 to 900)
C.

11
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The SEM images exhibit a variety of the as prepared hexagonal zinc
oxides including wires, rods, particles and porous network of welded
particles of ZnO nanoparticles. The results of the photocatalytic
degradation of methylene blue as an organic dye in agueous suspension
showed that the morphology of ZnO nanostructures influences on the

photocatalytic efficiency of ZnO nanostructures, greatly.

A. Moulahi and F. Sediri in (2014) [48] studied synthesized
hexagonal zinc oxide nanoswords and nanopills via facile hydrothermal
way. The reaction time plays an important role in the formation process and
can affect the shape and size of the ZnO crystal. The values of the bandgap
E, for ZnO nanswords and nanopills are found to be 3.25 and 3.27 eV,

respectively.

Haihong Yin, et al. in (2014) [49] successfully fabricated
Au/V,0s/Zn0 heteronanorods by an innovative four-step process: thermal
evaporation of ZnO powders, CVD of intermediate on ZnO, solution
deposition of Au NPs, and final thermal oxidization. show an enhanced
photodegradation rate nearly 7 times higher than that of bare ZnO and
nearly 3 times higher than that of V,05/ZnO, mainly owing to the enlarged
light absorption region, the effective electron-hole separation at the
V,05/Zn0 and V,0s/Au interfaces.

M. Aslam, et al. in (2014) [50] synthesized V,0s/ZnO nanocomposites
by co-precipitation technique. The characterization of the synthesized
powders by FESEM, XRD and UV-visible diffuse reflectance
spectroscopy (DRS) revealed that the both V,0s and ZnO retain their
individual identity in the composites but the increasing concentration of
V,0s affect the particle size of ZnO.

12
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As estimated by photoluminescence spectroscopy, in comparison to
pure ZnO, the presence of V,Os significantly suppressed the charge

carrier’s recombination process.

O. Bechambi, et al. in (2015) [51] studied prepared different contents
of silver on ZnO catalyst via hydrothermal method. The Ag doping

enhances the photo catalytic and the antibacterial activities of ZnO.

R. Saravanan, et al. in (2015) [52] manufactured ternary ZnO/Ag/CdO
nanocomposite was synthesized using thermal decomposition method. The
ZnO/Ag/CdO nanocomposite exhibited enhanced photocatalytic activity
under visible light irradiation for the degradation of methyl orange and
methylene blue compared with binary ZnO/Ag and ZnO/CdO
nanocomposites. The small size, high surface area and synergistic effect in
the ZnO/Ag/CdO nanocomposite is responsible for high photocatalytic
activity. These results also showed that the Ag nanoparticles induced
visible light activity and facilitated efficient charge separation in the
ZnO/Ag/CdO nanocomposite, thereby improving the photocatalytic

performance.

A. Alshammari, et al. in (2015) [53] studied C-doped ZnO with large
specific surface area was prepared via F127-assisted pyrolysis at 500 C and
used for visible-light-responsive photo catalytic water purification. The
band structure of the C-doped ZnO was investigated using valance band
XPS and DFT simulation. The C-doped ZnO possessed enhanced
absorption to UV and visible light, though it showed lower visible-light-
responsive photo catalytic activity than ZnO because of significant
recombination of photo generated charge carriers arisen from overloaded

C-dopant and oxygen vacancies.
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Xingang Kong, et al. in (2016) [54] used chemical in situ process was
used for the synthesis of one-dimensional (1D) hetero-nanostructure
Ag/AgCI/V,0s. The 1D Ag/AgCI/V,0s hetero-nanostructures were
characterized by XRD, XPS, FE-SEM and TEM. The 1D Ag/AgCI/V,0s
sample was able to well photodegrade RhB and the photodegradation rate

reaches 93.8% after 180 min under visible light irradiation.

E. S. Gad, et al. in (2017) [55] synthesized binary composite
consisting of Ag doped MnO, nanowires (NWs) and V,0s nanorice (NRs)
in 1:1 ratio was synthesized for photocatalytic treatment of Congo red (CR)
dye and Pendimethalin (PM) herbicide. Physiochemical properties of the
composite were determined by XRD, FT-IR, and SEM spectroscopy.
Ag/Mn0O,/V,0s exhibited excellent chemical and photostability. These
results proved Ag/Mn0O,/V,0s as potential photocatalyst for removal of

various industrial and agriculture effluents.

Xiao-Dong Zhu, et al. in (2018) [56] studied delicate ternary
nanostructures consisting of TiO, nanoplatelets co-doped with Ag and
V,0s nanoparticles. A remarkable synergistic effect among the three
components, and the resulting delicate Ag/V,0s/TiO, ternary
nanostructures exhibit a superior photocatalytic performance over neat
TiO, nanoplatelets as well as Ag/TiO, and V,0s/TiO, binary
nanostructures. delicate Ag/V,0s/TiO, ternary nanostructures may lay a
basis for developing next-generating, high-performance composite
photocatalysts.
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S. Y. Sawant, et al. in (2018) [57] synthesized Ag/ZnO/C ternary
photocatalysts showed a stronger interconnection among all the
components, which allowed the easy transfer of photogenerated charges
and provided enhanced charge carrier separation. Optical characterization
showed that the enhanced absorption of visible light along with a decrease
in the band gap and a red shift in the valence band maximum occurred due
to the decoration of Ag-nanoparticles on ZnO/C. Ag/ZnO/C exhibited
higher photocatalytic activity for the degradation of rhodamine blue and 4-
nitrophenol under visible light irradiation than ZnO/C and bare ZnO

without any significant loss after five successive cycles.

Juan Aliaga, et al. in (2018) [58] fabrication of the new heterojunction
of two 2D hybrid layered semiconductors ZnO /V,0s (hexadecylamine)
and its behavior in the degradation of aqueous methylene blue under visible
light irradiation. The optimal photocatalyst efficiency, reached at a ZnO
IV,0s5 (hexadecylamine) ratio of 1:0.25, results in being six times higher
than that of pristine zinc oxide. Reusability test shows that after three
photocatalysis cycles, no significant changes in either the dye degradation

efficiency loss, nor the photocatalyst structure, occur.

S. Hamdy EL-Sheshtawy, et al. in (2019) [59] studied ternary
nanocatalyst prepar by the facile immobilization of Ag NPs on the V,0s/g-
Cs3N, surface by photodeposition method. The morphology of the ternary
nanostructure shows the uniform distribution of V,05 on the g-C3N,4
surface decorated with 20-30 nm average diameters of Ag NPs. The
prepared catalyst exhibits unique catalytic, photocatalytic and post-
oxidation/reduction ability for removal of organic, p-nitrophenol (NP),
methylene blue (MB) and inorganic (Cr*°) water pollutants.
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Khac Lea, et al. in (2019) [60] fabricated vanadium pentoxide (V,0s)
nanospheres and nanohollows by wet chemical reaction and hydrothermal
methods, Reduced graphene oxide (RGO) was mixed with pure V,0s
nanostructures to form V,0s/RGO nanocomposites. This leads to the
enhancement of the sunlight photocatalytic activity of the V,05/RGO
nanocomposites. The relation between the separation, diffusion,
recombination, and degradation of the electron-hole pairs in the V,0s

nanostructures and V,0s/RGO nanocomposite is discussed.

A. S. Abed, et al. in (2020) [61] studied Synthesis of zinc oxide nanorods
(ZnO NRs) using hydrothermal technique at different growth time. The
structural and morphological properties were characterized by X-ray
diffraction (XRD), Energy Dispersive X-Ray (EDX) and Field Emission
Scanning Electron Microscope (FE-SEM). The ZnO NRs were obvious
hexangular wurtzite structure and preferentially oriented along the c-axis
(002) and growth vertically to the substrates. The optical properties were
studied. From UV-Visible spectrophotometer and Photoluminescence (PL),
the optical band gap energy of all ZnO NRs samples were calculated. Also,

the effect of growth time on ZnO nanorods was studied.

S. Ameerah Jawad and Hazim Y. Al-gubury. in (2021) [62] studied
photocatalytic degradation process of Safranin-T dye in this article has
been investigated by using prepared nanocomposite and solar lamp. Zinc
oxide/vanadium  pentoxide nanocomposite was prepared using
“hydrothermal processes”. The degradation of dye was performed by
irradiated aqueous suspended solutions containing different concentrations

of dye using 0.2g/100 ml of nanocomposite.
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The effect of various factors on the photocatalytic-degradation process
of Safranin-T dye was tested to reach an optimal state, where they involve
the effect of the nanocomposite mass and the effect of Safranin-T dye

concentration the effect of light intensity and effect of temperature.

Faisal Mukhtar, et al. in (2021) [63] tri-phase direct dual S-scheme
Zn0O/V,05/WO; heterostructured nanocomposite and pure ZnO, V,0s, and
WO; nanoparticles were synthesized. The antibacterial test against
Klebsiella pneumonia, Staphylococcus aureus, Proteus Vulgaris, and
Pseudomonas aeruginosa bacteria showed higher activity. The
photocatalytic performance of the ZnO/V,05/WO3; nanocomposite (99.8%)
was the highest against methylene blue (MB) as compared to pure ZnO
(78.8%), V,05 (85.8%), and WO;3; (80.0%) under natural sunlight.

B. Dey, et al. in (2022) [64] investigated optical property through a
UV-Vis spectrophotometer, indicates that the band gap has narrowed down
upon the increase of Ag content. The transmittance value is found to
increase drastically from 5% (for ZnO) to 55% (for 9% Ag/Zn0O)
compound. The frequency-dependent behavior of dielectric constant,
dielectric loss, modulus spectroscopy, and ac conductivity of undoped as
well as Ag/ZnO composite-like compounds has been analyzed and well

explained with the help of the Maxwell-Weigner model.

Angi Yang, et al. in (2022) [65] built three potential SCR catalyst
models utilizing linear V,0s and cyclic V,0s, respectively. Density
functional theory was used to investigate the electronic structure and
catalytic mechanism of the aforesaid catalysts (DFT). This V,05/ZnV,04 (0
0 1) model can realize the efficient separation of photogenerated carriers

and has good redox ability.
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Therefore, V,05/ZnV,0¢ (0 0 1) model has been proved to be an
excellent photocatalyst in theory. This work is helpful to understand the
effect of V,05 modification on the photocatalytic activity of ZnV,04 and
provides a theoretical basis for the design of other vanadate high-

performance catalysts.

N. Srinivasan alias Arunsankar, et al. in (2022) [66] synthesized
carbon-doped ZnO (C-ZnO) with binary metal oxide semiconductor V,0s
has been done to hinder the limitations of both ZnO and V,0s in the
photocatalysis application. C/ZnO/V,0s NPs photocatalyst exhibited
improved catalytic performance over bare ZnO and V,0s. Based on the
recycling experiments, the stability of the as-synthesized photocatalyst was

confirmed toward the degradation of organic contaminants.

Nasser H. Shalaby, et al. in (2023) [67] prepared a composite
photocatalyst from waste-extracted oxides, namely V,0s, Ag, and ZnO.
The metal-lixiviant complexes were used as metal precursors, and their
controlled thermal removal generates pores. The tri-constitute composite
catalyst was doped with nitrogen. As did metal and metal-nonmetal co-
doping. The efficiency of dye removal changes dramatically with time up

to 120 min, after which it begins to decrease.

Ruijie Liu, et al. in (2023) [68] studied pure ZnO, Ag-doped ZnO,
Ce-doped ZnO, and co-doped ZnO (Ag/Ce/ZnO) nano-photocatalysts
synthesized by the hydrothermal method. Compared with pure ZnO, Ag-
doped ZnO, Ce-doped ZnO, Ag/Ce/ZnO exhibited excellent photocatalytic
performance due to their superior optical and photoelectrochemical

properties.
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Photodegradation experiment results revealed that the Ag/Ce/ZnO
photocatalysts could degrade 97% of RhB dye within 30 min. Further, it
was proved that the superoxide radicals played an active role in the
photodegradation reaction. A possible mechanism of Ag/Ce/ZnO

degradation was proposed.

Waseem Raza, et al. in (2023) [69] studied Ag/ZnO photocatalyst is
synthesized in ethylene glycol (EG) medium using a one-pot hydrothermal
method, where EG serves as both a reaction medium for the synthesis and a
reduction medium for silver. The results show that spherical Ag/ZnO has
the highest photocatalytic activity for H, evolution (30.1 umol h™*) and
RhB degradation. This research could open up new avenues for the
development of advanced ZnO-based visible light photocatalytic materials

to address energy and environmental challenges.

E. Alzahrani, et al. in (2023) [70] developed photocatalytic activity of
nanocomposite for the degradation of methylene blue (MB) dye, a primary
textile industry released water-pollutant, was conducted under UV light
irradiation. Meanwhile, the maximum % degradation of MB dye molecules

was attained by 98.0 % after 60 min exposure of UV-light irradiation.

Increased photocatalytic activity of ZnO/Ag nanocomposites and a faster
rate of MB degradation were achieved by the deposition of plasmonic Ag

NPs and the surface plasmon resonance (SPR) effect possessed by Ag NPs.
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S. Ganesan, et al. in (2023) [71] prepared V,05/ZnO nanocomposites
by a facile physico-chemical synthesis using V,0s with ZnO through a
high-energy ball miller technique. The 1:1 ratio of V,05/ZnO nanohybrid
composition material showed maximum potential (99.9% of methylene
blue colour removal) in activating reactive hydroxyls from aqueous
solutions for organic pollutant degradation. The experimental results
proved that the developed physiochemical approach is a simple, low-cost,
green methodology for synthesizing heterogenous V,0s/ZnO nanohybrid
composite materials for environmental remediation and anti-microbial

applications.
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1.9 Aim of the Study

In order to investigate the reaction behavior of synthesizing ZnO
nanoparticles as photocatalytic systems, this study has considered
achieving the following:
1.Synthesising ZnO nanoparticles and V,0s/ZnO nanocomposites by eco-

friendly method.

2. Preparing Ag/V,0s/ZnO nanocomposites by the photo-deposition

method.

3. studying the characterization properties for these prepared nanoparticles
such as Field Emission Scanning Electron Microscopy (FE- SEM), Surface
Area Measurement (BET), X-ray Diffraction (XRD), Energy Dispersive X-
ray Spectroscopy (EDX), Transmission Electron Microscopy (TEM),
Fourier Transform Infrared Spectroscopy (FTIR) and Energy Band Gap.

4. Operating different parameters for photocatalytic degradation such as
initial substrate concentration, incident light intensity, photocatalyst

dosage, on the basis of the efficiencies of degradation.

5. Studying the photocatalytic activity of the prepared nanocomposites and
comparing the photocatalytic performance of each nanocomposite.

6. studying the optical properties of synthetic nanocomposites and

considering the difference in optical properties among the prepared

nanocomposites.
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Chapter Two
Theoretical Part
2.1 The Hydrothermal Synthesis

Hydrothermal processing can be defined as any heterogeneous
reaction in the presence of aqueous solvents or mineralizers under high
pressure and temperature conditions to dissolve and recrystallize (recover)
materials that are relatively insoluble under ordinary conditions.

Hydrothermal synthesis is one of the most commonly used methods
for preparation of nanomaterials. It is basically a solution reaction-based
approach. In hydrothermal synthesis, the formation of nanomaterials can
happen in a wide temperature range from room temperature to very high
temperatures. To control the morphology of the materials to be prepared,
either low-pressure or high-pressure conditions can be used depending on
the vapor pressure of the main composition in the reaction. Many types of
nanomaterials have been successfully synthesized by the use of this
approach. There are significant advantages of hydrothermal synthesis
method over others [72].

Hydrothermal synthesis can generate nanomaterials which are not
stable at elevated temperatures. Nanomaterials with high vapor pressures
can be produced by the hydrothermal method with minimum loss of
materials [73]. The compositions of nanomaterials to be synthesized can be
well controlled in hydrothermal synthesis through liquid phase or
multiphase chemical reactions [74].

The hydrothermal synthetic method is usually conducted in steel
pressure vessels, i.e. autoclaves with the teflon liners under regulated
pressure and temperature. This temperature can be increased from the
boiling point of water up to saturation vapour pressure, but the pressure

produced is also dependent on the amount of added solution [75].
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This method involves the use of water as a catalyst and sometimes as a
component of the formation of solids. This method is performed at high
temperature (> 100 C) and high pressure (>1 atm).

It is one of the most common techniques used in the synthesis of
homogeneous nanomaterials and is used in many different applications
such as electronics, optoelectronics, catalysis, ceramics, magnetic data
storage, biomedical, biophotonics, etc [76,77].

The synthesis of nanomaterials using this method depends on several
variables such as temperature, process time, pressure, solvent type, and pH
[78,79] .

Hydrothermal technique is not only helps in processing nano
dispersed and highly homogeneous nanoparticles but also acts as one of the
most attractive techniques for processing nanohybrid and nanocomposite
materials.

The method is also particularly good for the growth of large good
quality crystals while keeping control over their composition.

Disadvantages of the method involve the requirement of expensive

autoclaves, and inability to observe the growth of crystals [80].

2.2 Dyes

Dyes are unsaturated and aromatic organic compounds that are able to
absorb light radiation in the visible spectrum (400-700) nm and contain in
their molecules a group called chromophores (color carriers) responsible
for converting white light into colored light by reflecting on the body, or by
transmission or diffusion by selective absorption of energy.
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Dyes are groups of atoms that carry at least a double bond, and form
with the rest of the molecule a conjugated sequence, and other groups
called exochromes of an acidic or basic nature that intensify the color and

fix it effectively on the treated supports.

Dyes can be classified based on their composition, functional group,
or ion charge when they dissolve in water, and since the ion charge has a
major role in the adsorption process, will classify them accordingly. It can

be divided into ionic dyes and non-ionic dyes [81, 82].
2.3 Maxilon Blue (GRL)

The maxilon blue (GRL) is a basic cationic dye. The solution is blue
in color. Chemical formula: CyoH,sN406S2, Amax =590 nm, and the

chemical structure as shown in Fig. (2.1) [83,84].

S
CoHs
/ N=N N/
;] \CHchon

-\
CH:080;  CHs

Fig. (2.1): Chemical structure of maxilon blue (GRL) [83,84].
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2.4 Advanced Oxidation Processes (AOPS)
One of the best methods for destroying pollutants with less harmful
products is the AOPs processes whose processer involves the generation of

hydroxyl radicals (OH) which oxidizes the pollutants [85].

The hydroxyl radical is the second strongest known oxidant that has an
oxidation potential of (2.8) eV. This oxidant is capable of oxidizing and
mineralizing almost every organic molecule, yielding CO, and inorganic

ions as shown in Egs. (2.1) and (2.2)

OH + RH - R + H,0 (2.1)
R + 0, —» RO, Products and CO, (2.2)

where OH is hydroxyl radical, RH is organic molecule, RO, is inorganic

ion, H, 0 is water, CO, is carbon dioxide.

2.5 Composite of Nanoparticles

A composite material (also called a composition material or shortened
to composite, which is the common name) is a material which is produced

from two or more constituent materials.

These constituent materials have notably dissimilar chemical or physical
properties and are merged to create a material with properties unlike the

individual elements.

Within the finished structure, the individual elements remain separate
and distinct, distinguishing composites from mixtures and solid solutions.
The reason for their use over traditional materials is because improve the

properties of their base materials and are applicable in many situation [86].
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Composite nanoparticles are advanced materials have recently gained
increasing attention due to their scientific and technological importance and
because of it wide variety of applications such as catalysts with huge
activity and specificity, metal semiconductor junctions, optical sensors, and
modifiers of polymeric films for packaging. From a scientific point of view
the composition and the atomic order of the aggregates, in addition to size,
are pivotal factors in determining their properties and functionalities, while
the nanoscale regime confers to them structural and electronic degrees of

freedom which are inaccessible to bulk materials.

2.6 Structural Properties
The crystal structure, surface morphology, and particle size can be
precisely determined using the characterization methods, the results of

which reveal details on the various structural characteristics.

2.6.1 X-rays Diffraction (XRD)

The production of materials with specified morphologies has drawn a
lot of attention for scientists in the recent years since the characteristics of
nano- and micro-structures are highly reliant on their forms and sizes.
Results from X-ray, diffraction patterns are typically used to investigate the

structural properties of such materials [87].

The evaluation of crystallite sizes in the nanoscale range necessitates
precise analytical abilities, and the most common method for estimating
crystallite size in nanomaterials and one that has been extensively

employed in the current work is X-ray diffraction analysis.
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The growth of the crystallite refinement and internal strain are
responsible for the Bragg peaks' enlargement. Size broadening and stain
broadening are determined by analyzing the full width at half maximum

(FWHM) of the Brag peaks as a function of the diffraction angle.

2.6.2 Crystallite Size

The information that the obtained diffraction pattern provides us, we
can find from it the rate at which the crystals grew inside the crystal lattice,
so we find the rate of particle size by adopting the Scherer's formula, as we
can find the amount of exposure for the characteristic peaks () depending
on the amount of width of the middle of the peak (FWHM) (Full Width at
Half Maximum) measured in radial units (rad) so the crystal size measured

in nm according to the following equation [88,89]:

D = 0.944/B .y €OSO (2.3)

Where X is the wave length of incident X-ray radiation (A = 0.15406
nm), Brwwm i the intrinsic (FWHM) of the peak, and © is the Braggs
diffraction angle of the respective XRD peak. It is used to estimate the size

of very small crystals from measured width of their diffraction curves.

2.6.3 Field Emission Scanning Electron Microscopy(FE-SEM)

It's the perfect analytical method for describing and displaying the
elemental makeup of a material [90]. With a spatial resolution of about 1
nm and a variety of other benefits, it performs significantly better at low

accelerating voltages [91].

Due to the ability to capture high-magnification images in high-vacuum

conditions, it has recently gained in popularity.
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This method is widely employed in the fields of metals, semiconductors,

ceramics, medicine, and biology [92].

The characteristics of FE-SEM enable the development of novel
methods for life science studies, based on the production of clearer, less
electrostatically distorted images with spatial resolution down to 1/2 nm,
(3-6) times better than conventional FE-SEM, reduced penetration of low
Kinetic energy electron probes closer to the immediate material surface, and

the ability to detect smaller-area contamination spots.

Despite the FE-SEM sophisticated capabilities, no study has yet
demonstrated how to use it to precisely localize nanoparticles inside cells

using their ultrastructure.
2.6.4 Energy Dispersive X-ray Spectroscopy (EDX)

The elemental composition of a sample can be determined using the

analytical method known as energy dispersive X-ray spectroscopy (EDX).

It is based on the examination of a sample by the analysis of X-rays
produced by the material in reaction to being struck by charged particles

and the interactions between electromagnetic radiation and matter.

When a sample is subjected to an electron beam during (EDX), the
electrons in the sample collide and some of them are thrown out of their

orbits as a result.

Higher energy electrons fill the vacant sites, producing X-rays as they
do so. The elemental composition of the sample can be ascertained by

examining the x-rays that were emitted.
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This method makes it easy to do a constitutional analysis on any type
of content. The ability to characterize materials is made possible by the fact
that every element has a distinct atomic structure that makes it possible to

distinguish one element's characteristic X-rays from another [93].

2.6.5 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is a fast-growing and
fascinating area of research that has drawn tremendous attention from
various fields ranging from materials science to chemistry and biology as a
powerful and indispensable tool for nanomaterials characterization. TEM
provides great opportunities to characterize dynamic changes in size, shape,
interface structure, electronic state, and chemical composition of materials

at and below the nanoscale [94].

Transmission electron microscopy (TEM), together with its associated
techniques, is one of the most versatile characterization methods. In short,
it can be described as analysis of the interactions between high energy
electrons, usually between (60-300) keV, and a thin electron transparent

sample.

This interaction may generate a number of different signals, which can
be used for composing images, diffraction patterns and spectroscopic
analyses. Consequently, TEM techniques can provide information on the

sample’s microstructure, chemical composition and electronic properties.

As the TEM instrumentation allows the simultaneous acquisition of
the signals generated during the electron beam and sample interaction, a

comprehensive sample characterization is possible by the use of TEM [95].
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Transmission electron microscopy (TEM) has the advantage over
FE-SEM that cellular structures of the specimen can be viewed at very high
magnifications. Pointed out that perhaps the least forgiving of all the steps
in TEM is the sample processing that occurs prior to sectioning. In other

words, a poorly prepared specimen is useless to the investigator [96].

Transmission electron microscopy (TEM) provides powerful techniques
for understanding various information of materials at very high spatial
resolution, including morphology, size distribution, crystal structure, strain,

defects, chemical information down to atomic level and so on.

All the information that TEM can give to us are from electron-sample
interaction. The transmitted electrons that have passed through the thin
sample are detected to form images, which is the reason to call it

“transmission” electron microscopy.

In order to allow electrons to transmit through the sample, TEM sample
must be very thin (typically, sample diameters is less than 200 nm,
depending on the composition of sample and the expected information
from TEM characterization) [97].

In a transmission electron microscope (TEM), a beam of electrons is
transmitted through the material under investigation, refocused, magnified
by an electromagnetic lens system, and projected onto a phosphor screen to
convert the electron image to a visible image. TEM works on the same
principles as SEM, but differs from SEM in two aspects:

Firstly, TEM uses high acceleration voltage (100-300) kV to get clear,
high-resolution images, usually in the range of (0.1-0.2) nm [98].
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Secondly, the signal collected for image information consists of
transmitted electrons (bright-field imaging), thus it can be used only for

thin samples, usually less than 100 nm in thickness.
2.7 Brunauer—-Emmett-Teller (BET) Theory

Brunauer—Emmett-Teller theory is a well-known rule for the physical
adsorption of gas molecules on a solid surface. In 1938, Stephen Brunauer,
Paul Hugh Emmett, and Edward Teller presented their theory in the Journal

of the American Chemical Society [99].

Brunauer-Emmett-Teller (BET) theory aims to explain the physical
adsorption of gas molecules on a solid surface and serves as the basis for an
important analysis technique for the measurement of the specific surface
area of materials. The observations are very often referred to as physical

adsorption or physisorption.

Brunauer-Emmett-Teller theory applies to systems of multilayer
adsorption that usually utilizes a probing gas (called the adsorbate) that
does not react chemically with the adsorptive (the material upon which the
gas attaches to and the gas phase is called the adsorptive) to quantify
specific surface area. Nitrogen is the most commonly employed gaseous

adsorbate for probing surface(s).

For this reason, standard BET analysis is most often conducted at the
boiling temperature of N, (77 K). Other probing adsorbates are also
utilized, albeit less often, allowing the measurement of surface area at

different temperatures and measurement scales.
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These include argon, carbon dioxide, and water. Specific surface area
Is a scale-dependent property, with no single true value of specific surface
area definable, and thus quantities of specific surface area determined
through BET theory may depend on the adsorbate molecule utilized and its

adsorption cross section [100].

2.8 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier Transform Infrared spectroscopy (FTIR) is a technique based
on the vibrations of the atoms within a molecule. An infrared (IR) spectrum
Is obtained by passing IR radiation through a sample to determine what
fraction of the incident radiation is absorbed at a particular energy. The
chemical bonds in different environments will absorb various intensities

and at various frequencies.

Thus IR spectroscopy involves collecting absorption information and
analyzing it in the form of a spectrum, where the frequencies at which there
are absorptions of IR radiation (peaks or signals) can be correlated directly

to bonds within the compound [101].

Fourier Transform Infrared spectroscopy is the most useful for
identifying chemicals that are organic. It can be utilized to get information
of some components of an unknown mixture. It can be applied to the

analysis of solids, liquids, and gasses.

Fourier Transform Infrared spectroscopy this term refers to a fairly
recent development in the manner in which the data is collected and
converted from an interference pattern to a spectrum. FTIR can be used to
identify chemicals from spills, polymers, drugs, paints, coatings and
contaminants.
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Fourier Transform Infrared is also a powerful tool for identifying types
of chemical bonds (functional groups). The wavelength of light absorbed is
a characteristic of the chemical bond. By interpreting the infrared

absorption spectrum, the chemical bonds in a molecule can be determined.

Fourier Transform Infrared spectroscopy spectra of pure compounds
are generally so unique that they are like a molecular "fingerprint”. For
most common materials, the spectrum of an unknown can be identified by

comparison to a library of known compounds.
2.9 Band Gap Energy in Semiconductor

A semiconductor is a material with an intermediate-sized, non-zero band
gap that behaves as an insulator at T=0 K, but allows thermal excitation of
electrons into its conduction band at temperatures that are below its melting

point.

In semiconductors, electrons are confined to a number of bands of
energy, and forbidden from other regions because there are no allowable
electronic states for them to occupy. The term "band gap™ refers to the
energy difference between the top of the valence band and the bottom of

the conduction band. Electrons are able to jump from one band to another.

However, the highest energy band that is filled with electrons is called
the valence band. The next higher band that is empty is called the
conduction band. The energy separation between these bands is called the
band gap [102].

In order for a valence band electron to be promoted to the conduction

band, it requires a specific minimum amount of energy for the transition.
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This required energy is an intrinsic characteristic of the solid material,
electrons can gain enough energy to jump to the conduction band by
absorbing photon (light) [103].

The conductivity of intrinsic semiconductors is strongly dependent on
the band gap. The only available charge carriers for conduction are the
electrons that have enough thermal energy to be excited across the band
gap and the electron holes that are left off when such an excitation occurs
[104].

Band-gap engineering is the process of controlling or altering the band
gap of a material by controlling construct layered materials with alternating

compositions by techniques.

When temperature increases, the amplitude of atomic vibrations
increase, leading to larger interatomic spacing. The interaction between the
lattice phonons and the free electrons and holes will also affect the band

gap to a smaller extent [105].

Band gap measurement is critical for understanding the fundamental
properties of materials in the semiconductor industry. For narrow band gap
materials in the visible region of the electromagnetic spectrum, optical
methods are ideal for measuring the band gap through optical reflection,
absorption, and ellipsometry.

For wide band gap materials, electron spectroscopy methods are more
suitable. For example, reflection electron energy loss spectroscopy and
transmission electron energy loss spectroscopy can be used to measure
band gap and the dielectric function [106].
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2.10 Optical Properties

Numerous pieces of information can be found in optical characteristics,
including optical absorption, photoluminescence, reflection, transmission,
and more [107].

Both intrinsic and extrinsic influences play a role in a semiconductor's
optical characteristics. The excitonic effects resulting from the Coulomb
interaction are also taken into account when treating the transitions
between electrons in the conduction band and holes in the valence band as

intrinsic optical transitions [108].

Extrinsic characteristics have to do with the electronic states that
dopants, impurities, point defects, and complexes, which affect optical
absorption as well as emission, generate in the band gap. The study of the
optical properties is of great importance in finding the optical constants

through which it can be used.

In addition to being aware of the other constants for absorption,
transmittance, and reflectivity and their coefficients, as well as the
extinction coefficient and refractive index, one must determine the optical

energy gap value in accordance with the particular preparation conditions.
2.10.1 Absorbance of UV-Visible Light

Absorbance is the amount of light captured by a substance or an object
at a specific wavelength, it is symbolized by the symbol (A) [109].

When studying the absorption spectrum, must to verify the practical
benefit that enables us to use the prepared nanocomposite for its intended

applications.

35



Chapter Two Theoretical Part

Absorbance depends on the energy of the photons falling on the material
and on the type of material and the nature of its crystalline structure [110].
2.10.2 Transmittance of Light

The transmittance represents (T) is the ratio between the intensity of
radiation transmitting through the sample to the intensity for incident

radiation [111]. It can be presented as,
T = 8_2'303A (24)
where, T is transmittance, A is absorption.

2.10.3 Reflectivity

The reflectivity (R) defined as the ratio between the intensity of
radiation reflected from the sample in a certain direction to the intensity of

incident radiation, and its value can be given as, [112].

R=1-T-4 (2.5)

where, R is reflectivity.

2.10.4 Optical Absorption
Optical absorption is one of the important and effective studies in the
field of semiconductor physics, the absorption processes of semiconductors

depend on the energy of incident photons and the optical energy gap.

The incidence of electromagnetic radiation with an energy greater or
equal to the value of the energy gap of the material whose thickness (t)

leads to the absorption of part of this incident ray.

If the intensity of the incident ray I. and the intensity of the transmitted
ray I, this enables us to find the relationship by which calculate the
absorption coefficient (a), according to the following equation [113, 114]:
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Iy = Le™t (2.6)

As o is the absorption coefficient, measured in cm™1, which is the
ratio of the decrease in the incident radiation energy, and it changes
according to the change in the wavelength of the incident rays and the
nature of the material, I intensity of incident radiation, I intensity of

transmitting radiation and t is material thickness.

If the incident rays have an energy greater than or equal to the energy
gap of the semiconductor, an electron in the valence band is excited and
moves to the conduction band, creating a hole in the valence band. The

energy of the incident ray can be calculated from the relationship [111]:
E=hv (2.7)

where E is the energy of the incident photon, v is photon frequency and

h is Planck s constant.

To calculate the absorption coefficient, we start by calculating the
absorbance of the incident rays such that. The value of the absorption

coefficient (a) can be given from the following equation:

a=2.303 (A/t) (2.8)

2.10.5 Extinction Coefficient

It is defined as the amount of energy absorbed by the valence
electrons when the electromagnetic radiation falls. on the material, that is,
the amount of energy that these electrons extinguished from the incident

rays, or the amount of attenuation in the energy of the incident rays.
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Depends on the wavelength of the incident rays and the value of the
coefficient absorption (o) for each substance. The extinction coefficient can

be calculated from the following relationship [112]:

K = al/4n (2.9)

where, K is extinction coefficient.

2.10.6 Optical Energy Gap

The energy gap of a semiconductor material is the amount of energy
it takes for an electron to travel from the top of a band valence to the
bottom of the conduction band or the local plane closest to the transition,
and the width of this gap is affected the percentage of impurities added to
the semi-conducting material (the membrane material) and the temperature,
where increase or decrease according to the type of semi-conducting

material, so it increases in some and decreases in others [115].

The value of the energy gap is calculated from the experimental Tauc

equation as [116].
(ahv)/™ = C,(hv — Epg) (2.10)

where (v = ¢/A), ¢ speed of light. n = %, 2 for allowed direct and
indirect band gap, respectively, c, is proportionality constant, and E, is
band gap [117].

A graphic relationship is drawn between the amount of energy of the
incident photons (hv) for the x-axis and the amount of (ahv)? of the y-axis,
the amount of the energy gap is determined by projecting a tangent line to
the resulting curve in the direction of the x-axis, cuts it at the point

(ahv)/™ =0, and this point represents the value of the energy gap [116].
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2.10.7 Refractive Index (n.)

The ratio between the speed of light in a vacuum to its speed in any
other physical medium is called by the coefficient of the refraction that can
be found based on knowing the value of the quenching constant (K) and the
value of the reflectivity R. Its value will be according to the equation:
[112].

no=[{1+R)/A-RP—-(K>*+D]"?+{(1+R)/(1-R)} (211
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Chapter Three

3.1 Introduction

Chapter Three

Experimental Details

Experimental Details

This chapter concentrates on the description of preparation of ZnO

nanoparticles, V,0s/ZnO nanoparticles and Ag/V,0s/ZnO nanoparticles,

Chemicals, apparatus and the hydrothermal technique for preparation of

nanoparticles and then discusses what diagnostic tools to examine these

parameters.

3.2 Chemicals and Equipment

3.2.1Chemicals

Several chemical compounds were used in this study. Table (3.1) shows

the chemical compounds as well as the molar mass and purity provided by

the supplier
Table (3.1) The chemicals compounds used in this work
NO. Chemicals Chemical | Molar mass Supplier Purity
formula g/mol (%)
1 Ammonium NH4VO3 116.98 Sigma-Aldrich 99.0
Metavanadates
2 | Agqueous Ammonia NH3 17.03 Sigma-Aldrich 99.0
3 Methanol CH3OH 32.04 Alpha 98.0
Chemika
4 Sodium Sulfate Na SOy 142.04 Alpha 98.0
Chemika
5 Silver Nitrate AgNO; 169.87 Sigma-Aldrich | 99.0
6 Zinc Acetate ZnC4HgO4 183.48 Sigma-Aldrich 99.0
7 Oxalic Acid C,H,0,4 90.03 Alpha 98.0
Chemika

40




Chapter Three

Experimental Details

3.2.2 Equipment Instrument

instruments with supplying companies.

Different instruments were used in this study. Table (3.2) show this

Table (3.2): list of instruments used in this project.

No. Instrument Company Location of current
supplied measurement
1 | UV-Visible spectrophotometer, Shimadzu, University of Babylon /
Single beam Japan College of science for women
2 Field-Emission Scanning Fei, Baghdad/AlKhora Company
Electron Microscope (FE-SEM) | Netherlands
3 Transmission Electron Leo, Germany University of Tehran
Microscope (TEM)
4 X-Ray Diffraction (XRD) Japan Ministry of Science and
Technology/ Iraq
5 Fourier Transform Infrared Shimadzu, University of Babylon /
(FTIR) Japan College of science for women
6 Centrifuge JANETZI - University of Babylon /
T5, Belgium | College of science for women
7 Ultrasonic Cleaner Hwashin, University of Babylon/
(Power Sonic 420) Korea College of science
8 Oven Labtech, Korea University of Babylon /
College of science for women
9 Sensitive Balance Denver University of Babylon /
instrument , College of science for women
Germany
10 Energy Dispersive X-Ray Thermoscientif | Baghdad/AlKhora Company
(EDX) ic-Axia,
Northlands
11 BET Surface Area Analyzer | Quantachrome, University of Tehran
Autosorb iQ
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3.3 Preparation of ZnO NPs.

Zinc oxide compound was preparing in an acidic medium has by the
method of hydrothermal synthesis in the presence of an aqueous solvent
only, through thermal hydrolysis of Zinc acetate (ZnC4HgO,), which is one
of the modern methods in the world .

These experiments have been carried out in a 150 mL teflon cup
enclosed in a stainless-steel autoclave (Berghof, DAB-3).

In all experiments, 75 mL of Zinc acetate aqueous solution (49
ZnC4H¢O4, 75 ml water), in presence of 75ml of an oxalic acid solution (5
g Oxalic acid, 75 ml water), are mixed. Then, this solution has been mixed
very well for 1-2 hrs to get a homogeneous solution .

The resulting solution was transferred into the teflon cup, the teflon
cup sealed in the autoclave, which closed and placed into an electric
furnace held at 160°C for 24 hrs .

The autoclave was cooled down to ambient temperature, the solution
then washed for 3-4 times with deionized water and set in drying oven at
60 ¢ until all the water evaporated .

After that, it was grinded and placed in an oven for burning for 2 hrs
at 500°C [118].

The white powder obtained is subjected to annealing at 500 C. The
preparation method is illustrated in Fig. (3.1). on the other hand, Fig. (3.2)
shows a laboratory picture of ZnO NPs that have been obtained after the
preparation process. The confirmation of pure ZnO phase is verified by
XRD and EDX analysis .

The shape and morphology of the particles are studied by FE-SEM,
absorption spectroscopy and Fourier transform infrared spectroscopy has

been performed.
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Zinc acetate Oxalic acid
4g in 75ml DW 5gin 75ml D.W

. P
N K

Stirining for lha

cooling hydrothermal
for 24 h € for 24 h

drying .
LE — 60°C — grlnd

washing

burn at
500°C

Fig. (3.1): Diagram of preparation of ZnO NPs.
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Fig. (3.2): Images of the preparation of ZnO NPs.

3.4 Preparation of Vanadium Pentoxide for Zinc Oxide
V,05/Zn0O NPs.

Vanadium pentoxide for zinc oxide V,0s/ZnO nanoparticles have
been prepared by thermal hydrolysis of ammonium metavanadates
(NH,VOg3). These experiments were carried out in a 150 mL Teflon cup
enclosed in a stainless-steel autoclave (Berghof, DAB-3).

In all experiments, 25 mL of ammonium metavanadates aqueous
solution (0.5 g NH4VOs, 25 ml water), in the presence 75 ml of an aqueous
zinc acetate solution (20.6 g zinc acetate, 75 ml D.W), they have been
mixed. Then, this solution was mixed very well for further 60 minutes.

Followed by the addition 6.3 g of Oxalic acid and 65 ml of Aqueous

ammonia 25% to the mixture.
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Then this solution was mixed very well for further 120 minutes, the
resulting solution has been transferred into the teflon cup.

Afterward, the teflon cup was sealed in the autoclave, which is
closed and placed into an electric furnace held at 160°C for 24 hrs [119].

Finally, the autoclave was cooled down to ambient temperature. The
solution was washed 3-4 times with deionized water and placed in drying
oven at 60" C until all the water evaporated. After that, it was grinded and
placed in an oven for burning for 2 hrs at 500°C .

The colour of the white powder has been changed to almost orange
when subjected to annealing at temperature 500°C. Fig. (3.3) shows images
of V,0s/Zn0O nanoparticles and the preparation method is illustrated in Fig.
(3.4). The confirmation of pure V,0s/Zn0O phase was verified by XRD and
EDX analysis. The shape and morphology of particles are studied by FE-
SEM, absorption spectroscopy and Fourier transform infrared (FTIR)

spectroscopy is performed.

Fig. (3.3): Images of preparation of V,05/ZnO NPs.
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Zinc acetate NH,VO;
20.6g in 75m1D.W 05gin 25mlD.W

Stirining for 1h

Oxalic acid 6.3 g 1 NH;25%65m1

S
\_\/\‘

stirinting for 2 hg

cooling hydrothermal
for 24 h for 24 h

.
B — T ey grind

washing

burn at
500

Fig. (3.4): Diagram of preparation of V,05/ZnO NPs.
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3.5 Preparation of Silver(Ag) Doped V,05/ZnO NPs.

Silver deposited on V,0s/ZnO Nanoparticle was prepared by placed
(0.5-1) g of V,05/ZnO NPs and added (1-2) ml of methanol and the
deionized water (100-200) ml in a quartz cell, pargulated by N, (Nitrogen
gas) for (5) minutes, and added (1.5-2.5) ml of AgNO; the system was
irradiated with UVA light wavelength 365 nm and light intensity of 1.71

mw/cm?® under continuous magnetic stirring for 24 hrs [120].

The resulting powder was washed several times with deionized water
and dried for 24 hrs in an oven at 60°C, to obtain the nanoparticles of
Ag/V,0s/Zn0O as shown in Fig. (3.5) as well as the preparation method
illustrated in Fig. (3.6).

\Vv

Fig. (3.5): Images of preparation of Ag/V,0s/ZnO NPs.
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Ig ZnO/V205
and
2.5ml AgNO3

1.5ml
Methanol

UVA light

e —

v
washing

drying 24 h

———

Fig. (3.6): Diagram of preparation of Ag/V,0s/ZnO NPs.
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3.6 Photocatalytic Degradation of GRL Dye by Using
Ag/V,05/Zn0O NPs.

3.6.1 Maxilon Blue (GRL) Dye

A maxilon blue dye (GRL) is a very well-known cationic dye that has
a molecular formula (C,oH2sN406S,), and molecular weight (482.52) g/mol,
the dye is odourless blue crystals powder used for various purposes. A
stock solution (1000) mg L™ was prepared by dissolving 1.0 g of dye in
(1000) mL distilled water.

3.6.2 Calculation of Optimum Wavelengths (L) and Calibration
Curves of Maxilon Blue (GRL) Dye

To determine a maximum wavelength of the GRL dye, the Ultraviolet-
Visible absorption spectra of dyes solution 100 ppm was recorded within
wavelengths of (200-800) nm [121].

where the maximum wavelength of the dye solution was determined
from its highest absorption in the UV-Vis spectrum found at the

wavelength Ay GRL=590 nm as shown in Fig. (3.7).

0224

T T
~
0.200 - /}
© /
0.150 -

Abs.

0.100

| |

0.000

-0.020 L
200.00 400.00 600.00 800.00 1000.00
nm.

Fig. (3.7): UV-visible absorption spectrum for (GRL) dye.
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3.7 Photocatalytic Degradation Experiments

Stock solutions of GRL (1g, 1000 mL) were prepared, and a series of
required concentrations were carried out via dilutions by DW. The
photocatalytic degradation experiments were carried out in a batch-type
reactor with (V,0s/ZnO and Ag/V,0s/Zn0O) nanoparticles suspended in
solutions containing the dye to be degraded by using LED/UVA 365 nm
Thorlab /USA [122], as shown in Fig. (3.8).

The effect of concentrations solution on the dye absorption composite
was studied, the tested concentrations of dye were (5, 10, 15, 20 and 25)
ppm in (200 mL DW), at amount of 0.4 g and intensity of light is 2

mW/cm? .

The effect of amount solution on the dye absorption composite was
studied, the tested amounts of nanoparticles were (0.1, 0.2, 0.4 and 0.6) g in
(200 mL solution max B dye) at a concentration of dye 5 ppm and intensity
of light is 2 mwW/cm? for 1 hr.

The effect of intensity of light on absorption composite was studied,
the tested intensity of light were (0.8, 2 and 2.6) mW/cm? at a concentration
of dye of 5 ppm and amount of 0.4 g for a period one hour.

All the experiments were done at room temperature 30 C. The reaction
mixture was kept in a top irradiated reactor (capacity of 200 ml) positioned
at suitable distance from the light source. The reactor contained a stirring
rod supported by a magnetic stirrer to confirm homogeneity of the mixture
throughout the reactor. For every single experiment, 200 ml of a requisite
concentration of dye aqueous solution was added to a given amount of
nanoparticles. The solution was stirred by a magnetic stirrer for 10 min in a

dark chamber to reach adsorption/desorption equilibrium.
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The reaction mixture was then photolysis for 60 min. Aliquots 10 ml were
removed from the sample and centrifuged at 3500 rpm [123].

The change in concentration of the dye solution in the clear solution
was measured spectrophotometric ally using a UV 1650 spectrometer,
Shimadzu, and monitoring the variation of absorption at 590 nm. General
description for the photocatalytic is shown in Fig.(3.8).

The percentage removal of photocatalytic degradation of GRL dye are
calculated using the following relationship [124]:

PDE (%) = 100 X (Cy — C,)/Cy (3.1)
where, Cy and C; are the initial and concentration (ppm), respectively,

PDE photocatalytic degradation efficiency.

Fig. (3.8): Image for the experimental photo reaction.
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3.8 Removal of Pollutants (Dyes) Using Ag/V,0s/Zn0O NPs

A laboratory sample composed of (100) mL of dye pollutants
containing (Brilliant Green (BG), Congo Red (CR), Methyl Violet (MV),
Crystal Violet (CV), Methylene Blue (MB), Brilliant blue (BB), Direct
Yellow (DY) and Reactive Blue (RB) with a riffled concentration, is used
in this study. The laboratory sample is supplemented with 200 ml of

distilled water.

Add 0.4 g from Ag/V,0s/ZnO nanoparticles to photo-reaction vessel,
and expose them to a UV-visible lamp for 2 hrs at 365 nm using a UV-
visible spectrophotometer (1650 spectrophotometer, Japan). The
supernatant is separated by centrifuge at 3500 rpm for 10 minutes, measure
the remaining concentration by using UV-visible spectrophotometer (1650

spectrophotometer, Japan) at 365 nm.

3.9 Characterizations

The prepared sample must be subjected to a range of characterization
techniques in order to investigate its unique properties. The crystal
structure, surface morphology, and particle size can be precisely
determined using the characterization methods listed below. The results of
which reveal details on the various optical and structural characteristics of

the produced sample.

3.9.1 X-rays Diffraction (XRD)

The production of materials with specified morphologies has drawn a
lot of attention for scientists in the recent years since the characteristics of
nano- and micro-structures are highly reliant on their forms and sizes.
Results from X-ray, diffraction patterns are typically used to investigate the
structural properties of such materials [125].
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The evaluation of crystallite sizes in the nanoscale range necessitates
precise analytical abilities, and the most common method for estimating
crystallite size in nanomaterials and one that has been extensively

employed in the current work is X-ray diffraction analysis.

The growth of the crystallite refinement and internal strain are
responsible for the Bragg peaks' enlargement. Size broadening and stain
broadening are determined by analyzing the full width at half maximum
(FWHM) of the Brag peaks as a function of the diffraction angle. By
measuring the broadening of the X-ray diffraction (XRD) peaks, crystallite

size of the deposits was determined.

The crystallite size was calculated using the Scherer Eq. (2.3) and the
measurements of X-ray diffraction were made using the PANalytical-
AERIS device, (Northlands, Alkhora Company, Baghdad), shown in Fig.
(3.9) at the wavelength 0.15406 nm.

twosx ~ PANalytical AERIS )fvsoit‘f
—

Fig. (3.9): PANalytical of XRD device.
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3.9.2 Field Emission Scanning Electron Microscopy(FE-SEM)
The dynamical processes of interactions between nanoparticles and

cells are better understood because to the FE-SEM ultra-high resolution.

The prepared nanomaterials were measured by Inspect f 50, (Fel,
Northlands, Alkhora Company, Baghdad). This device is shown in Fig.
(3.10).

Fig. (3.10): Inspect f 50 of FE-SEM microscope.
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3.9.3 Energy Dispersive X-Ray (EDX) Measurement

The prepared nanomaterials were measured by Hitachi S-3000N,
(Thermoscientific-Axia, Northlands, Alkhora Company, Baghdad). This
device is shown in Fig. (3.11). The required phase has presented, according
to the EDX.

Fig. (3.11): Hitachi S-3000N of EDX device.
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3.9.4 Transmission Electron Microscopy (TEM) Measurement

Transmission Electron Microscopy provides information about the
structural morphology, crystalline structure, and elemental composition of
materials [126].

The prepared Ag/V,0s/ZnO NPs were measured by TEM device,

(University of Tehran, Iran), and the device is shown in Fig. (3.12).

Fig. (3.12): TEM measurements device.
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3.10 BET Surface Area Analyzer

The prepared nanomaterials were measured by BET device, (University
of Tehran, Iran) as shown in Fig. (3.13). The BET equation is expressed by
[127].

1 c-1 ,P 1
SP7P)=1] - vme P T ome (3.2)

where P and P. are the equilibrium and the saturation pressure of

adsorbates at the temperature of adsorption, v is the adsorbed gas quantity
(for example, in volume units), and v, is the monolayer adsorbed gas

quantity, c isthe BET constant, with the value is expressed by,

E{—F
¢ = exp(——) (3.3)

where E is the heat of adsorption for the first layer, and E; is that

for the second and higher layers and is equal to the heat of liquefaction.

Equation (3.2) is an adsorption isotherm and can be plotted as a straight

: : : P : :
line with on the y-axis and ¢ = 5. on the x-axis according to

_r
v[(P-/P)—1]

experimental results.

This plot is called a BET plot. The linear relationship of this equation is
maintained only in the range of 0.05 < ¢ < 0.35.

The value of the slope A and the y-intercept | of the line are used to

calculate the monolayer adsorbed gas quantity v,,, and the BET constant c.
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Fig. (3.13): BET measurements device.

3.11 Fourier Transform Infrared (FTIR) Measurement

To identify less common materials, IR will need to be combined with
nuclear magnetic resonance, mass spectrometry, emission spectroscopy, X-

ray diffraction, and other techniques.
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Shimadzuo 2400S FTIR, (University of Babylon/ College of science
for women) as shown in Fig. (3.14) was used to probe the molecular
vibrations of molecules for ZnO, V,05/Zn0O and Ag/V,05/ZnO samples
which are prepared using the hydrothermal method in sections (3.3), (3.4)
and (3.5).

Fig. (3.14): Shimadzuo 2400S FTIR device.
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3.12 Band Gap Energy Measurement

A Varian Cary 100 Scan UV—visible spectrophotometer system
equipped with a lab sphere diffuse reflectance accessory was used to obtain

the reflectance spectra shown in Fig. (3.15).

Lab sphere USRS-99—-010, (University of Babylon / College of science
for women) was employed as a reflectance standard, the band gap was
obtained for ZnO, V,0s/Zn0 and Ag/V,0s/ZnO NPs.

Fig. (3.15): Lab sphere USRS-99-010 for band gap energy measurements device.
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Chapter Four Results and Discussions

Chapter Four
Results and Discussions

4.1 Introduction

In this chapter, the characterizations of the prepared samples are
determined by different parametric tests, such as (XRD, FE-SEM, EDX,
TEM, BET, FTIR and UV-Vis Spectrum). In regard to the spectroscopic
studies for ZnO, V,0s/Zn0O and Ag/V,0s/ZnO, which synthesized by
hydrothermal techniques, the results of the spectroscopic study include
the effect of different amounts of the above-mentioned materials and the
effect of different concentrations of GRL dye as well as the effect of light
intensity on photocatalysis. It, also, includes optical properties of the

photocatalyst.

4.2 XRD Analysis of Prepared Samples

The crystal structure, orientation and phase purity of pure ZnO,
V,05/ZnO and Ag/V,05/ZnO NPs were analyses by using X-ray

diffraction, as shown in Fig. (4.1).

For the pure ZnO, the characteristic peaks (series of diffraction
patterns) 20= 31.71386°, 34.36364 , 35.02984°, 36.14111°, 47.47509,
56.5558", 62.81067, 66.32414 , and 67.90023" correspond to the (100),
(002), (101), (102), (110), (103), (200), (112), and (201) planes of the
hexagonal structure of wurtzite ZnO, respectively, with preferred
orientation along (101) plane which represents the peak position max
20-=35.02984 .

For V,0:/Zn0, the XRD pattern is found to be similar to that of pure

wurtzite ZnO.
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The orientation along (100) plane, that represents 206= 31.43444’, is
more than for pure ZnO , with preferred orientation along (101) plane

which represents the peak position max 26=35.92505".

For the doped material Ag /V,0s/Zn0O, the XRD pattern is found to
be similar to that of pure wurtzite ZnO structure, the orientation along
100 plane, that represents 20 = 31.57347’, is larger than for pure ZnO,
with preferred orientation along (101) plane which represents the peak
position max 26 =36.05891 ",

It is known that if the vanadium pentoxide is incorporated into the
ZnO crystal lattice, the position of 101 peak slightly shifts into higher
angle when compared to the peak position in the pure ZnO due to the
radius mismatch of the vanadium ion 0.093 nm and zinc ion 0.088 nm
[128].

In addition, the position of 101 peak in the Ag/V,0s/Zn0O , it slightly
shifts to higher angle when compared to the peak position in the pure
ZnO which indicates that the lattice expanded after doping and dopants
form substitutional defects in the lattice because of the difference among

the ionic radius. The ionic radius of silver is 0.144 nm [129].

It is observed that the XRD peaks have not saturated, which
indicates that the formation of V,0s/ZnO in the composite, zinc oxide
and vanadium pentoxide exhibited hexagonal wurtzite and orthorhombic
structures, respectively.
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Fig. (4.1): XRD diffractogram of ZnO, V,0s/Zn0O and Ag/V,0s/ZnO NPs.
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4.3 Calculation of the Average Crystallite Size

From the X-Ray diffraction patterns of the prepared nanoparticles
as shown in Fig. (4.1). The average granular size was calculated to three
prepared nanocomposite from the full width at half maximum (FWHM)
of the diffraction peaks using Debye-Scherrer Eq. (2.3).

The peak position(20), FWHM(B) and values of the mean particles
size (crystal size ) of the prepared samples were calculated and listed in
Tables (4.1), (4.2) and (4.3).

We noticed that the crystallite size of the nanocomposite prepared
by the hydrothermal technique V,0s/ZnO 13.07 nm is less than that of
pure zinc oxide ZnO 19.29 nm prepared by the same technique, where as
the crystallite size of the nanocomposite Ag/V,0s/ZnO 12.71 nm
prepared by photodeposition method doped with silver nitrate was
decreases more, which indicates an increase in the surface area of this

prepared composite and the success of the preparation method [130].

Table (4.1): XRD data of ZnO results.

Peak Position(20) FWHM(B) Crystallite Size(nm)
31.71386 0.32661 23.38877732
34.36364 0.27402 27.68701744
35.02984 4.16464 1.818411731
36.14111 0.49203 15.34357196
47.47509 0.41268 17.61500934

56.5558 0.37452 18.67321914
62.81067 0.3875 17.49116923
66.32414 0.41064 16.18884121
67.90023 0.42355 15.55285765
69.04082 0.36475 17.93816072
72.50157 0.15803 40.52439129
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Table (4.2): XRD data of V,05/Zn0O results .

Peak Position(20)

31.43444
34.08412
35.92505
47.22227
56.30188
62.57341
67.67932
68.81858
66.23812
68.81858
76.72226

FWHM(B)

0.38531
0.43747
0.43241
0.48967
0.43642
0.53599
0.50191
0.62163
1.01028

100.32781

0.40872

Crystallite Size(nm)

19.83928976
17.35546701
17.46982891
14.85979775
16.04374971
12.66139546
13.14169926
10.5394844
6.583367684
0.065302529
15.23489803

Table (4.3): XRD data of Ag/V,0s/Zn0O results.

Peak Position(20)

31.57347
34.2224
36.05891
47.36387
56.43803
62.70395
66.27012
67.80875
68.93058
76.85072
76.85072

FWHM(B)

0.39361
0.41795
0.43863
0.50368
0.45252
0.57107
0.69127
0.54108
0.61539
79.76526
0.5776
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Crystallite Size(nm)

19.41429625
18.15930652
17.21556378
14.43865407
15.46308853
11.87538998
9.619732942
12.18110302
10.63922142
0.07799484
10.77091191
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4.4 Field Emission Scanning Electron Microscopy (FE-SEM)

The information regarding the morphology of ZnO compound is
obtained by FE-SEM analysis. Fig. (4.2) a and b shows the FE-SEM
image of as-synthesized ZnO and confirms the rods-like microstructures
of ZnO.

Also, at some places, some small rods can be easily seen in Fig.
(4.2) a and seem to be agglomerated. The magnified image in Fig. (4.2) ¢
and d, indicates that these rods have a hollow hexagonal cross-section in
its average diameter of about 47.68 nm.

It can be also seen that the morphology of the ZnO nanoparticles
takes rod-like shape and obviously demonstrate aggregation of the
particles. The aggregation of particles (formation of larger particles)
should have been originated from the large specific surface area and high
surface energy of ZnO nanoparticles.

Thus, due to the large specific surface area and high surface
energy, ZnO nanoparticles aggregate severely [131]. FE-SEM analyses
V,05/ZnO composite prepared by hydrothermal method as illustrated in
Fig. (4.2) cand d.

The micrographs reveal with particle like morphological appearance
and spherical shape with homogeneous size distribution, the average
diameter of nanoparticles is 35 nm.

The high-magnification FE-SEM images show that the V,05/ZnO
particles have a porous nature with typical pore sizes below 100 nm.

Due to the attraction between the V,05 and ZnO particles, the
surface morphologies are more compact and continuous with the presence

of closely packed particles [132].
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Hence, it may not affect the mobility of electrons travelling between
the grains V,05/ZnO nanoparticles that were generated. All shown via
this figure is proof that the material formed was on the nanoscale.

The nanoparticles are dispersed over a wide region, and the
average size of the particle corresponds to the number of nanomaterials
acquired by XRD.

As shown in Fig. (4.2) e and f, FE-SEM image for Ag/V,05/Zn0O
describes the creation of a closely stacked cluster comprising rod-like
aggregated particles of diameters of nonuniform sizes.

The synthesized Ag/ V,0s/Zn0O nanocatalyst was rod-like cylinder
with a homogeneous size diameter 28.12 nm. This rod-like shape can be
attributed to the type of synthesis method and precursor employed [133].
The photocatalyst with a rod-like shape has been reported to be very
effective in organic dye degradation [134].

Field emission scanning electron microscopy images of nanoparticles
with Ag content are shown very smooth surfaces as is observed in Fig.
(4.2) e and . As low amounts of silver are incorporated in the NPs, the
surface becomes nanostructured as is clearly observed in Fig. (4.2) e.

Field emission scanning electron microscopy images of Ag/V,0s/Zn0O
demonstrates that the shape of the ZnO changes from a rod shape to a
smaller agglomeration shape when silver nitrate is added during the

reaction.
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300 nm

500 nm

Fig. (4.2): FE-SEM images of nanoparticles (a) and (b) ZnO, (c) and (d)
V,05/Zn0, (e) and (f) Ag/V,0s5/Zn0O
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4.5 Energy Dispersion X-Ray (EDX) Analysis

Due to the resolution limit of the FE-SEM technique and the small

sizes of nanoparticles, it’s not easy to find nanoparticles on the surface

of ZnO tubes from FE-SEM images.

Therefore, to demonstrate the presence of nanoparticles. This
result confirmed that the ZnO powder contained Zn , O and C elements
and that ZnO successfully formed as shown in the Fig. (4.3), the reason
for the presence of the carbon element is due to the process of burning the
nanomaterial in an oven at 500°C . Table (4.4) provides the weight % of
the compositional elements like C, O and Zn that are present in ZnO

nanoparticles.

The elemental analysis of V,0s/ZnO confirms the presence of V in
the product Fig. (4.4) and Table (4.5). These results clearly show that
V,0s is successfully doped the ZnO nanoparticles. This is in agreement
with the results of XRD patterns. The EDX analysis confirms the
presence of C, O, V, and Zn in the Ag/V,05/ZnO composite.

The Ag/V,0s/ZnO composite is further characterized by EDX,
shown in Fig. (4.5). The EDX results specify that Ag/V,05/Zn0 is made
up of only four elements C, O, V, and Zn, weight/ atomic percentage is
shown in Table (4.6). The weight ratios of C, O, V, and Zn are 11.2 %,
7.0 %, 0.5% and 81.3 %, respectively and the atomic ratios of C, O, V,
and Zn are 35.5 %, 16.7 %, 0.4 % and 47.4 %, respectively.

Ag concentration is very low according to the other elements. This
is evidence of that the amount of the Ag atoms did not enter the ZnO
nanostructure. This situation compatible with XRD results.
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Fig. (4.3): (A) EDX analysis of ZnO nanoparticles images (B) blots

Table (4.4): EDX analysis results of ZnO nanoparticles.

Element Atomic % | Atomic % Error|  Weight % Weight % Error
C 26.1 0.4 9.0 0.1
O 33.4 0.3 15.3 0.1
Zn 40.5 0.3 75.7 0.5
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Fig. (4.4): (A) EDX analysis of V,0s/ZnO nanoparticles images (B) blots.

Table (4.5): EDX analysis results of V,0s/ZnO nanoparticles.

Element Atomic % | Atomic % Error|  Weight % Weight % Error
C 51.8 0.7 24.8 0.3
O 25.5 1.9 16.2 1.2
\Y 0.5 0.0 1.0 0.1
Zn 22.2 0.3 58.0 0.7
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Fig. (4.5):(A) EDX analysis of Ag/V,0s/ZnO nanoparticles images(B) blots .

Table (4.6): EDX analysis results of Ag/V,0s/ZnO nanoparticles.

Element Atomic % | Atomic % Error|  Weight % Weight % Error
C 35.5 1.0 11.2 0.3
O 16.7 1.0 7.0 0.4
\Y 0.4 0.1 0.5 0.1
Zn 47.4 0.7 81.3 1.1
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4.6 Transmission Electron Microscopy (TEM)

To characterise the specific surface area of nanostructured
particles, a method based on analysing transmission electron microscopy
(TEM) images is used, and takes into account structural parameters of
nanostructured particles including the number distribution of primary

particles.

The approach proposed in this work was applied to one
nanostructured powder laboratory prepared (Ag/V,0s/Zn0O). This first
involved prior analysis by the BET method, The procedure to calculate
the specific surface area using image analysis was then applied to the

sampled.

The experimental results obtained on the nanostructured powder cover
a range of diameters varying from 60 to 200 nm [135]. It is identified
from the image that the zinc oxide NPs are randomly distributed. It has
been estimated that the diameter and the length of the nanoparticles are

about 60, 100 and 200 nm, respectively.

Transmission Electron Microscopy images reveal that the V,0s

compound are overlap with the ZnO compound.

Furthermore, the V,0s5 nanoparticles and ZnO nanoparticles overlap
with each other and with Ag form a three-dimensional network structure
on Ag/V,0s/ZnO nanocomposite, which provides a fast conducting

electrons path.
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It leads to a better charge transportation in the photocatalytic process
[136]. The random distribution of ZnO nanoparticles on V,0s is shown in
Fig. (4.6).

There are two factors that influence the size and shape of ZnO
materials synthesized: (i) the nature of the agent added during ZnO
formation and (ii) the prepare method, spherical nanoparticles formed by
coalescence of photodeposition were observed, very small spherical
nanoparticles were obtained, spherical nanoparticles with narrow size

distribution were observed.

Finally, agglomerates were obtained by coalescence of spherical
nanoparticles [137]. The grainy contrast in Fig. (4.6) confirms the
nanocrystalline structure of the material, specifically, it reveals the area in
the nanocrystalline agglomerate consisting of the grains with similar

orientations.

These grains give a noticeable bright contrast. These nanoparticles
are an ideal sample to investigate the internal structure of by TEM and

relate it to the structure of initial V,0s crystals.
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Fig. (4.6): TEM analysis of Ag/V,0s/ZnO NPs.

75




Chapter Four Results and Discussions

4.7 Surface Area Analysis BET
At the present time, only the measurement of specific surface area
by the BET method constitutes a reference in the domain of materials and

more recently in toxicology [138,139].

However, the low mass concentrations of nanoparticles usually (in
the order of 0.1 mg/m® or less) are incompatible with the BET analysis
[140]. The corresponding isotherms and multi-point fit plots of ZnO,
V,0s/Zn0 and Ag/V,0s/Zn0O are shown in Table (4.7).

The multi-point plot reveals that the ZnO, V,0s/Zn0O and Ag/V,0s/Zn0O
samples have a surface area of 10.476, 15.569 and 24.933 m° g,

respectively.

As observed from the BET measurement, the ZnO has very low
surface area. However, the surface area increases after the incorporation
of V,05 in ZnO and Ag in V,0s/Zn0.

The cumulative pore volumes of ZnO, V,0s/Zn0O and Ag/V,0s/Zn0O
are 0.1379, 0.2310 and 0.2457 cm® g%, respectively. The calculated BET

parameters of the samples are given in Table (4.7) .

The pore size distribution of ZnO is shown in Table (4.7). It is
dominated mostly by pores in the range of 52.647 nm, but some biggest
pores are also present of V,05/Zn0 is 59.345 nm.

Also, the pores decreases when the nanomaterials are inoculated
with silver nitrate by the photo deposition process and show in the range
of 39.424 nm .
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The measured BET surface area of the sample ZnO was smaller
than V,0s/Zn0O and surface area of the sample V,05/ZnO was smaller
than Ag/ V,0s/ZnO which can be correlated to the fact that the method of
preparation helped to form a nanocomposite distinguished by its physical

and chemical properties.

A consequence of the particle surface area variation, which is caused
by the particle size difference. Fig. (4.7), (4.8) and (4.9) shows the
positive correlation between surface area nanoparticles, such positive
correlations strongly indicate that the increased photocatalytic activity
should be ascribed to the smaller size of ZnO and V,Os particles, which

gives a higher surface area of the catalyst Ag/V,0s/Zn0.

Table (4.7): BET analysis results of ZnO V,0s/Zn0O and Ag/V,0s/ZnO NPs.

Total pore
_ Y as BET Average pore
Nanoparticles m C volume(p/po=

3 -1 2 -1 .
cm’(STP m diameter[nm
(5TP)o : 0.981) [em® g} nm}

Zn0O 2 407 10.476 | 509.28 0.1379 52.647
V,05/Zn0 3.577 15.569 | 103.18 0.231 59.345
Ag/V,05/Zn0 5.7284 24933 | 0.2456 39.424
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BET-Plot

0.3

0.2
B
o
2
>B
S~
Q
0.1
0
0 0.25 0.5
p/py
Fig. (4.7): BET analysis of ZnO.
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Fig. (4.8): BET analysis of V,0s/ZnO NPs.
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Fig. (4.9): BET analysis of Ag/V,05/ZnO NPs.

4.8 Fourier Transform Infrared (FTIR)

Fourier Transform Infrared technique was used to analyze the
surface functional groups responsible for the absorption of GRL dye for
nanoscale surfaces (Ag/V,05/Zn0), V,05/Zn0O, ZnO, as in Fig. (4.10).

The samples were made in the form of nanoparticles, then the
infrared spectra were measured on a spectrophotometer. Infrared light
was recorded in the wavenumber range (4000-500) cm™ with an intensity
is 100 (a.u). Fig. (4.10) shows the infrared spectrum of the three
composites and experience a broad peak at (3000-2500) cm™ in the
spectrum of the nanocomposite. The peaks indicate the set of functional

properties present in the nanoparticles of zinc oxide.
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It is concluded that the samples have absorption peaks in the range
of 3000 cm™, 2900 cm™, 2350 cm™, 775 cm™, 700 cm™, 575 cm™, and the
bending of the spectrum is observed at 1600 cm™.

The absorption peak at 575 cm™ corresponds to the oxygen
vibration mode metallic (ZnO stretching vibrations).

The V,05/Zn0O spectrum consists of the same peaks of the ZnO
compound and it is observed that they are broader and more stretched
(asymmetric stretching mode of V-0 -V), 775 cm™, 700 cm™ and 575cm™
(stretching mode homologue of V- O), 3000 cm™and 2900 cm™.

The peak at 3000 cm™ (vibration of VO) gives information about
the structural quality of the product. Similarly, the presence of the
absorption peak of V-O-V reveals the formation of a V,05 phase. In the
case of (Ag /V,0s/Zn0) peak intensity decreases due to the formation of
Ag nanoparticles on the surface of V,05/Zn0.

A decrease occurs in the peak of the curve at the peak 575 cm™. The
vibration at 537 cm ™ can be attributed to the local vibrational mode

associated with oxygen vacancies and interfacial zinc elements.

110
105
100
3
&
E 95
f g0 4T Zn0O NPs
4|—— ZnO/V,0, NPs
85 —
_ Ag/ZnO/V205 NPs
80 L] l L] ' L] l L] ' L] l L] ' L]
4000 3500 3000 2500 2000 1500 1000
wavnmber (cm-1)

Fig. (4.10): FTIR diffract gram of ZnO, V,0s/Zn0O and Ag/V,0s/ZnO NPs.
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4.9 Photocatalytic Activity of V,05/ZnO NPs

Different dye concentrations and different amount of V,05/Zn0O
nanoparticles were used, and the light intensity was changed. The primary
tested concentrations of dye were 5, 10, 15, 20 and 25 ppm (in 200 mL
solution GRL dye).

The effect of concentrations solution on the dye absorption via
V,0s/ZnO composite was studied at amount of 0.4 g and intensity of light

is 2 mW/cm>.

The effect of amount on the dye absorption via V,0s/ZnO composite
was studied at a concentration of 5 ppm and intensity of light is 2

mW/cm?.

The effect of intensity on the dye absorption via V,05/ZnO composite

was studied at amount of 0.4 g and concentration of 5 ppm.

Experimental tests were performed before photocatalysis and an 1
hr after photocatalysis, all samples were placed in a centrifuge at 3500
r/min for 10 min, the non-sediment material was withdrawn and back into

the centrifuge once again and calculate the amount of absorbance.

The absorbance of the solution was measured by using UV-Visible

spectrophotometer.

All experiments carried out under temperature 25°C, using Eq.
(3.1), the photodegradation efficiency was determined. The results are

summarized in the following subsections.
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4.9.1 Effect of Mass Dosage

The effect of amounts (0.1, 0.2, 0.4 and 0.6) g of ZnO/ V,05 NPs on
the cracking and degradation of (GRL) dye, photocatalytic degradation in
the solution GRL dye concentration 5 ppm, reaction at 25 C, time is 1hr.

First, order experimental data to be analyzed as shown in Fig. (4.11).
The influence of adsorbent dose on the removal of 5 ppm GRL dye as in

Fig. (4.11).

Increasing the amount of V,0s/ZnO NPs from 0.1 g to 0.6 g, the
photocatalytic efficiency is improved from 48.6% to 60.96% after 1hr.

The maximum value of absorption efficiency is 84.08% at 0.2 g.

100 ~

84.08
80

60 59.52 60.96

40 -
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&
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0.1 0.2 0.3 0.4 0.5 0.6
Mass of nanoparticles/gm

Fig. (4.11): Photocatalytic efficiency at several dosages for V,0s/ZnO NPs.
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4.9.2 Effect of Concentration of GRL Dye

Several dye concentrations 5, 10, 15, 20 and 25 ppm, were carefully
chosen to study the influence of initial GRL dye concentration on to
V,05/ZnO NPs. Amount of V,05/ZnO NPs was 0.4 g and intensity of
light was 2 mW/cm?. GRL dye solution plays a pivotal role in estimate
rate of degradation, also the time dependence of photocatalytic

degradation of GRL under several concentrations.

Fig. (4.12) show the effects of absorbent GRL dye on the mass
dosage 0.4 g and the removal percentage improved after lhoure time of

absorption.

Increasing of GRL dye concentration from 5 to 25 ppm led to a

change in the absorption efficiency from 59.52% to 26.23 %.
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Fig. (4.12): Photocatalytic efficiency at several Concentration of dye for
V205/Zn0O NPs.
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4.9.3 Effect of Light Intensity

Effect of light intensity (L.I) 0.8, 2 and 2.6 Mw/cm? was observed
via change the distance among light source and exposed surface of the
material. Photo degradation of GRL dye via the influence of L.I was
studied at 0.4 g for V,05/ZnO NPs, concentration of GRL dye 5 ppm.

All reactions were discovered to continue following the first-order
Kinetics depicted in Fig. (4.13). As more radiation is accessible to excite
the catalyst and, as a result, more charge carriers are created, the rate of
Photocatalytic efficiency and absorbance efficiency (PDE%) increased

with increasing U.V intensity light.

The increasing of light intensity, the photocatalytic efficiency is
improved from 49.19% to 93.35% after 1hr.
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Fig. (4.13): Photocatalytic efficiency at several light intensity for V,0s/ZnO NPs.
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4.10 Photocatalytic Activity of Ag/V,0s/ZnO NPs

Maxilon blue dye stock solutions (1g, 1000 mL™) are generated,
and DW dilutions are used to create the series of needed concentrations.
Ag/V,0s/Zn0O nanoparticles of various amounts and dye concentrations
were utilized, and the light intensity is altered. The main dye
concentrations that have been evaluated are 5, 10, 15, 20 and 25 ppm (in
a solution of 200 mL of GRL dye). At amount of 0.4 g and a light
intensity of 2 mW/cm?, the influence of the solution concentrations on
the dye absorption via Ag/V,0s/ZnO composite is tested. The effect of
intensity on the dye absorption via Ag/V,0s/ZnO composite is studied at
amount of 0.4 g and concentration of 5 ppm, while the effect of amount
on the dye absorption via Ag/V,0s/ZnO composite is studied at a

concentration of 5 ppm and intensity of light 2 mW/cm?.

All tests were performed in a photo-reaction vessel, and the beaker
was exposed to a UV-visible lamp for an hour at 365 nm using a UV
Visible spectrophotometer (1650 spectrophotometer, Japan) before the

Photocatalytic process.

The amount of absorbance before and after photocatalysis for one
hour was calculated by experimental experiments. Using a UV-Vis
spectrophotometer to measure solution absorbance while running a
centrifuge at 3500 rpm for 10 minutes. Maximum wavelength 365 nm

was determined using a (UV-Visible) spectrophotometer [141].

The temperature used for all trials was 25 C , using Eq. (3.1), the
photodegradation efficiency was determined. The results are summarized

as follows:
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4.10.1 Effect of Mass Dosage

Effect of amounts 0.1, 0.2, 0.4and 0.6 g for Ag/V,05/ZnO NPs on
the Photocatalytic degradation of GRL dye, at a reaction temperature of
25°C for a period of one hour. The analysis of first order experimental
data is depicted in Fig. (4.14) .

The effect of adsorbent dosage on the removal of 5 ppm GRL dye.
After 1hr, the absorption efficiency increased from 60.089% to 66.32%
due to the Ag/V,0s/ZnO NPs increased amount from 0.1 g to 0.6 g. The

maximum value of absorption efficiency was 71.068% at 0.4 g.

71.068

54.302 R

G0.089

T T T T T T T
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Fig. (4.14): Photocatalytic efficiency at several dosages for Ag/V,0s/ZnO NPs.
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4.10.2 Effect of Concentration of GRL Dye

For the purpose of examining the impact of GRL dye concentration
on Ag/V,0s/Zn0O NPs, many dye concentrations 2,5,10,15,20 and 25 ppm
were carefully selected. The amounts of GRL adsorbed at solution are
depicted in Fig. (4.15) at 0.4 g of Ag/V,05/ZnO NPs.

GRL dye solution is essential for estimating the rate of photocatalytic
degradation as well as the time dependency of this process at various
concentrations. Assuming first order kinetics based on the experimental
results, Fig. (4.15) shows first order Kkinetics. Effects of the GRL dye

adsorbent on the mass dosage 0.4 g, as shown in Fig. (4.15).

After 1hr of absorption, the elimination percentage decreased from
91.03% to 16.37% as the GRL dye concentration increased by roughly
2 to 25 ppm.
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Fig. (4.15): Photocatalytic efficiency at several concentration of dye for
Ag/V,05/Zn0O NPs.
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4.10.3 Effect of Light Intensity

By varying the distance between the light source and the material's
exposed surface, the influence of light intensity 0.8, 2, and 2.6 mW/cm?
was seen. GRL dye photo degradation under the effect of L.I was
examined in 0.4 g of Ag/V,05/Zn0O NPs with a GRL dye concentration of
10 ppm.

All reactions were found to proceed in accordance with the first-

order kinetics shown in Fig. (4.16).

The rate of photocatalytic degradation and PDE% increased with
increasing U.V intensity light since more radiation is available to excite

the catalyst and, as a result, more charge carriers are produced.
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Fig. (4.16): Photocatalytic efficiency at several light intensity for Ag/V,0s/ZnO
NPs.
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4.11 Photocatalytic of Ag/V,05/Zn0O in Aqueous Mix Dye.

A laboratory sample of a dye of unknown concentration was used
in its aqueous solution 200 ml. An amount of nanocatalyst was chosen
and placed in the dye solution, then an adsorption experiment was
performed for ten minutes, and then a photocatalytic experiment was

performed on it using a visible ultraviolet lamp for 2 hrs.

A sample was withdrawn of the solution before the photocatalytic
experiment and a sample was withdrawn after every 15 minutes of this

experiment.

The samples were separated by a centrifuge for ten minutes, the clear
matter was withdrawn, and the sample separation process was repeated

again.

The absorption spectrum was measured with an ultraviolet-visible

spectrophotometer, and the results appeared as in Fig. (4.17).

The reason for the emergence of many peaks is due to the selection

of a mixture of dyes (more than 7 mixed dyes).

The peaks that located the range (200- 400) nm show the yellow and
orange dye, such as rhodamine and eosin, while the peaks located in the
range of (500- 600) nm are blue and violet, such as methylene blue and

maxilon blue.

The gradient of the top in Fig. (4.17) starts from the dye before the
photocatalytic to the adsorption state, then it begins to gradually crack
every 15 min, starting from yellow and orange to blue and violet, then the
dye disappears after two hours, and this is evidence that proves the
effectiveness and activity of the surface of the photocatalyst.
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Fig. (4.17): Photocatalytic efficiency of samples aqueous mix of dye for
Ag/V,05/Zn0O NPs.

4.12 Photocatalytic Comparison of ZnO, ZnO/V,0s and
Ag/V,05/Zn0O NPs.

The photocatalytic experiment was conducted for the three
nanocomposites ZnO, V,0s/Zn0O and Ag/V,0s/Zn0O each separately, and
the catalytic efficiency was calculated for each nanocomposite. The

results of the comparison showed as in the Table (4.8).

It is clear from the table that the catalytic efficiency of ZnO was rather
low, but V,0s/ZnO shows a better efficiency, which indicates the success
of the preparation process for this nanocomposite.
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Ag/V,05/ZnO nanocomposite shows higher efficiency absorption,
which indicates the success of the photodeposition process for this

nanocomposite as shows in Fig. (4.18).

Table (4.8): Comparison of photocatalytic efficiency for ZnO V,0s/ZnO and
Ag/V,0s5/Zn0O NPs.

) before after Photocatalytic
Sequence | nanocomposites ) ] o
Photocatalytic | Photocatalytic efficiency

1 Zn0O 0.610 0.261 57.21%

2 V,05/Zn0 0.798 0.323 59.52%

3 Ag/V,0s/Zn0O 0.930 0.470 49.46%
057 0.47

0.4

0.323

Absorption after Photocatalytic

0.6 0.7 0.8 0.9 1.0
Absorption before Photocatalytic

Fig. (4.18): Comparison of photocatalytic efficiency for ZnO V,0s/Zn0O and
Ag/V,05/Zn0O NPs.
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4.13 Optical Properties

When studying the spectra of absorbance, transmittance and
reflectivity, we can verify the practical benefit that enables us to use the

prepared nanomaterial for the applications for which it is intended.

The absorbance of the nanomaterial depends on the energy of the
photons falling on the material, on the type of material and the nature of

its crystalline structure.

Optical spectrometer (UV-Visible spectrophotometer, single beam
(Shimadzu/ Japan) was used, which records absorbance as a function of

wavelength within the range (400-800) nm.

We made all measurements of the absorbance, transmittance and
reflectivity spectra within the wavelength 590 nm for all the prepared
materials [142].

Observing the results shown in Tables (4.9) and (4.10), one can
conclude that the absorbance of the two types of prepared V,0s/ZnO and
Ag/V,05/ZnO materials begin with a gradual decrease with the increase
in the concentration of the dye with the constant amount of nanomaterial
used and the intensity of the light used.

This decrease is caused by the difficulty of breaking down the dye as
its concentration increases.

Using of the nanocomposite in the concentration of 5 ppm achieved
the highest absorbance compared with other concentrations, as shown in
Fig. (4.19). This corresponds to the lowest recorded transmittance for the

same concentration as shown in Fig. (4.20).
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That the ratio of reflectivity of the V,05/ZnO compound increases in
general with increasing percentages of concentration, except for the ratio
25 ppm, as the percentage of reflectivity decreased. The highest ratio of

reflectivity was recorded at a concentration of 20 ppm.

As for Ag/V,0s/ZnO composite, the reflectivity begins to increase at
concentration 10 ppm and then begins to gradually decrease for other
concentrations. This is what seems clear from the spectrum in Fig. (4.21),
which represents the change of reflectivity as a function of the change in

the concentration of the dye.

The highest value of the absorption coefficient for both Tables was
1.37 cm™ and 1.35 cm™ at the dye concentration 5 ppm, respectively and
the highest value of the extinction coefficient for both Tables was

6.43 x 10~%and 6.34 x 107° at the concentration 5 ppm, respectively.

Table (4.9): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the dye concentration
change of V,05/Zn0O NPs.

Concentration P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
of dye (ppm) absorbance transmittance reflectivity coefficient coefficient index
(cm™) (x 1079)

5 59.52 25.39 15.08 1.37 6.43 2.27
10 50.27 31.42 18.31 1.16 5.45 2.50
15 39.88 SCR2 20.20 0.92 4.32 2.63
20 34.10 45.60 20.30 0.78 3.66 2.64
25 26.23 54.66 19.11 0.60 2.82 2.55
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Table (4.10): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the dye concentration
change of Ag/V,0s/ZnO NPs.

Concentration  P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
of dye (ppm) absorbance transmittance reflectivity coefficient coefficient index
(cm™) (x 1079)
5 58.70 25.88 15.42 1.35 6.34 2.29
10 34.90 44.77 20.33 0.80 3.75 2.64
15 23.80 57.80 18.40 0.55 2.58 2.50
20 20.80 61.94 17.26 0.48 2.25 2.42
25 16.40 68.54 15.06 0.38 1.78 2.27

We can explain the effect of addition the dye to V,05/ZnO and
Ag/V,05/Zn0O on all optical properties based on the Tables (4.9) and
(4.10). Table (4.9) shows that the refractive index, absorption coefficient,
reflectivity and absorbance all decrease except transmittance will be

increases, as the concentration of dye increases.

This is because the dye molecules absorb light and then re-emit it in
a different direction. This reduces the amount of light that is reflected
back from the surface, and it also reduces the amount of light that is

absorbed by the nanoparticle, therefore will be more transparence.

The specific effects of dye on the optical properties of V,05/Zn0O and
Ag/V,05/Zn0O nanoparticles depend on the type of dye, the concentration
of the dye, and the deposition method.
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However, in general, the addition of dye can be used to tune the
optical properties of V,05/Zn0O and Ag/V,05/ZnO nanoparticles, which

can be useful for applications in optical devices.

The refractive index and reflectivity of the nanoparticle also show a
non-monotonic behavior as the concentration of dye increases. The
reflectivity and refractive index increases as the concentration of dye
increases from 5 ppm to 10 ppm, and then decreases as the concentration

of dye increases from 10 ppm to 25 ppm.

There are a few possible explanations for this behavior. One
possibility is that the dye molecules are initially arranged in a way that
enhances the scattering of light. As the concentration of dye increases, the
dye molecules become more tightly packed, which reduces the scattering
of light. This results in a decrease in the refractive index and reflectivity

of the nanoparticle [143].

Another possibility is that the dye molecules are absorbing different
wavelengths of light at different concentrations. At low concentrations,
the dye molecules may be absorbing light that is not important for the

refractive index or reflectivity of the nanoparticle.

As the concentration of dye increases, the dye molecules may start
to absorb light that is important for the refractive index or reflectivity of

the nanoparticle.

When the concentration of dye is low, the dye molecules are spaced
far apart. This allows light to pass through the nanoparticle without being
scattered much [144].
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As the concentration of dye increases, the dye molecules become
more tightly packed. This reduces the amount of space between the dye

molecules, which increases the amount of scattering.

This results in a decrease in the refractive index and reflectivity of the
nanoparticle. Overall, the refractive index and reflectivity data in the

Table (4.9) is not as clear-cut as the other optical properties.

There are a few possible explanations for the behavior of the refractive

index and reflectivity data, and more research is needed to understand the

underlying mechanism.
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Fig. (4.19): Absorbance with the dye concentration change for V,0s/ZnO and
Ag/V,05/Zn0O NPs.
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Fig. (4.20): Transmittance with the dye concentration change for V,0s/ZnO and
Ag/V,05/Zn0O NPs.
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Fig. (4.21): Reflectivity with the dye concentration change for V,0s/Zn0O and
Ag/V,05/Zn0O NPs.
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The results in Table (4.11) lead us to the conclusion that the
absorbance efficiency somewhat increases randomly while transmittance
and reflectivity both drop irregularly. Absorbance increasing when 0.2 g

of nanomaterial is utilized.

The maximum absorbance was attained using 0.2 g of the V,05/Zn0O

nanocomposite in comparison to other quantities.

This relates to the lowest recorded permeability for the same amount
of 0.2 g, the highest transmittance when at 0.1 g, and the lowest recorded
reflectivity for the same amount of 0.2 g, the highest reflectivity when at
0.1g.

While the Table (4.12) shows the absorbance efficiency increases
systematically when increasing the amount of nanocomposite, consistent
decrease in both transmittance and reflectivity efficiency as the amount of
nanocomposite increases, which corresponds to an ongoing improvement
in the nanocomposite crystal structure and surface area following the

photodeposition process.

The Fig. (4.22), (4.23) and (4.24) display the findings from the two
Tables (4.11) and (4.12).

The greatest value of the extinction coefficient for V,0s/ZnO was
9.11 x 107° at the amount of 0.2 g, while the highest value of the
absorption coefficient was 1.94 cm™. As the amount of Ag/V,0s/ZnO
nanocomposite increases, the absorption coefficient and the extinction

coefficient increases.

At amount of 0.6 g, the absorption coefficient reached its greatest
value of 1.40 cm™, and the greatest value of the extinction coefficient was
6.57 X 107,
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Table (4.11): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the mass change of
V205/Zﬂ0 NPs.

Mass of P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
nanoparticles(g) absorbance transmittance reflectivity coefficient = coefficient index
(cm™) (x 1079)
0.1 48.60 32.65 18.75 1.12 5.26 2.53
0.2 84.08 14.42 01.50 1.94 9.11 1.27
0.4 59.52 25.39 15.09 1.37 6.43 2.27
0.6 60.96 24.56 14.48 1.40 6.57 2.23

Table (4.12): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the mass change of
Ag/V,0s5/Zn0O NPs.

Mass of P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
nanoparticles(g) absorbance = transmittance reflectivity coefficient coefficient index
(cm™) (x 1079)

0.1 54.17 28.72 17.11 1.25 5.87 241
0.2 56.42 27.27 16.31 1.30 6.10 2.35
0.4 58.70 25.88 15.42 1.35 6.34 2.29
0.6 66.32 21.71 11.97 1.53 7.18 2.06
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In other words, we can say that there are two effects in this different

behavior for each of the refractive index and reflectivity as follows:

1- Scattering: The refractive index of a material is a measure of how
much light is bent when it passes through the material. The reflectivity of
a material is a measure of how much light is reflected back from the
surface of the material. Both the refractive index and reflectivity can be
affected by scattering, which is the process of light being redirected by
particles in a material. When the amount of nanoparticles is low, the dye
molecules are spaced far apart. This allows light to pass through the

nanoparticles without being scattered much.

As the amount of nanoparticles increases, the dye molecules become
more tightly packed. This reduces the amount of space between the dye
molecules, which increases the amount of scattering. This results in a

decrease in the refractive index and reflectivity of the nanoparticles.

2- Absorbance: The refractive index and reflectivity of a material can also
be affected by absorption, which is the process of light being absorbed by

the material.

When the amount of nanoparticles is low, the dye molecules absorb a
small amount of light. This does not have a significant impact on the
refractive index or reflectivity of the nanoparticles. As the amount of

nanoparticles increases, the dye molecules absorb more light.

This reduces the amount of light that is available to be reflected or
refracted, which results in a decrease in the refractive index and

reflectivity of the nanoparticles.
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Fig. (4.22): Absorbance with the mass change for V,0s/ZnO and Ag/V,0s/ZnO
NPs.
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Fig. (4.23): Transmittance with the mass change for V,0s/Zn0O and
Ag/V,05/Zn0O NPs.
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Fig. (4.24): Reflectivity with the mass change for V,0s/Zn0O and Ag/V,0s/Zn0O
NPs.

The results in Tables (4.13) and (4.14) lead to the conclusion that the
absorbance efficiency increases, while transmittance and reflectivity both

decreasing regularly.

The maximum absorbance is attained using 2.6 mW/cm® of the
V,05/Zn0O and Ag/V,0s/ZnO nanocomposite in comparison to other
Light intensity. This is related to the lowest recorded transmittance for the

same amount at same Light intensity.

The highest transmittance and highest reflectivity recorded at Light
intensity is 0.8 mW/cm?, while the lowest transmittance and reflectivity

recorded at Light intensity is 2.6 mW/cm?,
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Table (4.13) shows the absorbance efficiency increases systematically
when increasing the light intensity of nanocomposite, consistent decrease
in both transmittance and reflectivity efficiency as the light intensity of
nanocomposite increases, which corresponds to an ongoing improvement
in the nanocomposites crystal structure and surface area following the

photodeposition process.

In Fig. (4.25), (4.26) and (4.27), the greatest value of the extinction
coefficient for ZnO/V,05 is 10.1 x 10 %at the light intensity for 2.0
mW/cm?, while the highest value of the absorption coefficient is 2.15 cm’

! at the same light intensity.

As the light intensity of Ag/V,0s/ZnO nanocomposite increases,
both the absorption coefficient and the extinction coefficient increases. At
2.6 mW/cm?, the absorption coefficient reached its greatest value of 1.56

cm™ and the greatest value of the extinction coefficient is 7.32 x 107°,

Table (4.13): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the light intensity
change of V,05/ZnO NPs.

Light P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
intensity  absorbance transmittance reflectivity coefficient coefficient index
(mW/cm?) (cm™) (x 107°)
0.8 49.19 32.21 18.60 1.13 5.30 1.91
2.0 59.52 25.39 15.09 1.37 6.43 2.27
2.6 93.35 11.65 05.00 2.15 10.1 1.33
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Table (4.14): Absorbance spectra, transmittance, reflectivity, absorption
coefficient, extinction coefficient, and refractive index with the light intensity
change of Ag/V,0s/ZnO NPs.

Light P.D.E% P.D.E% P.D.E%  Absorption Extinction Refractive
intensity  absorbance  transmittance reflectivity coefficient coefficient index
(mW/cm?) (cm™) (x 107°)
0.8 52.07 30.15 17.78 1.20 5.63 2.46
2.0 58.70 25.88 15.42 1.35 6.34 1.81
2.6 68.06 20.86 11.08 1.56 7.32 1.99
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Fig. (4.25): Absorbance with the light intensity change for V,0s/ZnO and
Ag/V,05/Zn0O NPs.
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Fig. (4.26): Transmittance with the light intensity change for V,0s/ZnO and

Ag/V,05/Zn0O NPs.
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Fig. (4.27): Reflectivity with the light intensity change for V,0s/Zn0O and

Ag/V,05/Zn0O NPs.

105



Chapter Four Results and Discussions

4.14 Optical Energy Gap

Studies of the optical characteristics of these particles using UV-Vis
Spectroscopy in the range of wavelengths (200-800) nm have determined
the value of the energy band gap of created nanocomposites. Based on the
sample's absorption spectrum, the band gap energy was determined using
the formula below [145]:

Ey= 1240/Amax (4.1)

From Eq. (2.10) and plotting (ahv)? versus the photon energy (hv) in
Fig. (4.28), the value of energy gap (Eg) can be found by extrapolating the

intercept of the curve to zero absorption in the photon energy axis.

The band gap energy of pure ZnO nanomaterial of 3.25 eV was less
than that of bulk ZnO 3.37 eV. This reduction in the energy band gap

agrees with those reported in the Reference [48].

The band gap energies of V,05/Zn0O and Ag/V,0s/Zn0O nanomaterial
were smaller than that of pure ZnO nanomaterial which may be due to the
effect of vanadium and Ag concentrations. The band gap energies of
V,0s/ZnO nanomaterial was 3.15 eV and the band gap energies of
Ag/V,05/Zn0O NPs was 3.04 eV as shown in Fig. (4.28).

Fig. (4.28) shows the decrease in energy gap of Ag/V,0s/Zn0O

nanomaterial compared with V,05/ZnO and pure ZnO.

Due to the collective oscillation of the silver nanoparticles, free
electrons with the light wave, these free electrons produce the surface

absorption band.
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Consequently, there is a net charge difference, which serves as a
restoring force. As a result, all of the absorption edges exhibit a dipolar
oscillation, and the band gap energy drops, showing that the silver has
been doped with V,05/Zn0O nanoparticles [146, 147].

Low absorption in the visible range is present of Ag/VV,0s/Zn0 in Fig.
(4.28). The increase in defect sites on the catalyst structure, which can
prevent the recombination of charge carriers and boost the photocatalytic
activity of V,05/Zn0O has led to an improvement in the optical absorption
of V,05/ZnO.

The results show that the band gap shrinks as a result of
photodeposition [148, 149].
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Fig. (4.28): Energy gab diagram for ZnO, V,05/Zn0O and Ag/V,0s/Zn0O NPs.
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The different energy gaps of the Ag/V,0s/ZnO NPs can be explained

by a number of factors, including, (in general):

*The photodeposition method: The deposition method can affect the
structure and properties of the nanoparticle, which can affect the energy
gap. For example, physical vapor deposition (PVD) is a low-energy
process that typically produces films with a high energy gap. Chemical
vapor deposition (CVD) is a higher-energy process that can produce films

with a lower energy gap.

*The presence of Ag: The presence of Ag can also affect the energy
gap of the nanoparticle. Ag is a metal with a relatively low energy gap,
and it can interact with the ZnO and V,0Os layers to create defects that can

reduce the energy gap.

The silver can donate electrons to the V,0s/ZnO NPs, which can lead
to a decrease in the energy gap of the V,0s/ZnO NPs. The interaction
between the Ag layer and the V,05/ZnO NPs can also lead to the

formation of a new energy level within the V,05/ZnO NPs.

This new energy level can act as a trap for electrons, which can also
lead to a decrease in the energy gap. The decrease in the band gaps of the

samples is useful in optoelectronic devices [150].

There are several factors for the decrease in the optical energy band
gap such as grain size, carrier concentration, structural parameters and

lattice strain and existence of defects or impurities [151,152].
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4.15 Conclusions:

1. Hydrothermal synthesis done usefully for synthesis ZnO, V,0s/ZnO

nanoparticles.

2. Doping Ag on the surface of V,05/Zn0O play important role of reduced

the recombination process.

3. Highest Photocatalytic removal have been got in the presence of
Ag/V,0s/Zn0.

4. V,05/Zn0 shows good Photocatalytic activity.

5.The best conditions for Photocatalytic degradation of dyes was light
intensity 2.6 m\W/cm? mass of catalyst 0.4 g concentration with
Ag/V,0s/Zn0.

6. The average crystallite size of the V,0s/ZnO NPs decreased when they
were doped with silver nitrate during the photodeposition process and the
energy gap decreased, the smallest particle size was 12.71 nm, and the

smallest value of the energy gap was 3.04 eV.

7. The absorbance efficiency increases systematically when increasing
the amount of Ag/V,0s/ZnO NPs, consistent decrease in both
transmittance and reflectivity efficiency as the amount of nanocomposite
increases, both the absorption coefficient and the extinction coefficient

Increases.

8. The absorbance efficiency increases systematically when increasing
the Light intensity of Ag/V,0s/ZnO NPs, consistent decrease in both

transmittance and reflectivity efficiency.

109



Chapter Four Results and Discussions

9. The refractive index and reflectivity of the nanoparticle also show a

non-monotonic behavior as the concentration of dye increases.

10. The catalytic efficiency of ZnO was rather low, but V,05/ZnO shows
better efficiency, Ag/V,05/ZnO NPs shows maximum absorbance

efficiency.
4.16 Recommendations and Suggestions

1- Preparation of nanoparticles by solvothermal method and comparison

of results prepared by hydrothermal method.

2- Using different activators on the surfaces of nanocomposites and

studying their effect instead of silver.

3- Adding a tungsten trioxide compound to the nanocomposite and

studying the structural and optical properties of the new composite.

4- Studying recycling for prepared nanocomposites to further confirm the
photocatalytic efficiency, and the find of the subsequent characterization

revealed.

5- Studying the importance of photocatalysis in the medical aspect by
conducting the process of photolysis of some medical drugs, such as

Emoxylin, using prepared catalyst nanomaterials.
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