TTHANBTUANAN NIzVUINIIBIRNTETS

Synthesis of Zinc Oxide nanorods

MISS. SUPAVEE CHAOVALIT
MISS. DUANGDAO ACHARYAKUL

MISS. AMORNRAT PENYOO

J
a‘l

[ -
&

mwzj..,?.m

wynsifioy J
fdondl.. L0 N8, 295

A SPECIAL PROJECT SUBMITTED IN PARTIAL FULFILLMENT

OF THE REQUIREMENT FOR THE DEGREE OF BACHELOR OF SCIENCE

IN PETROCHEMICAL TECHNOLOGY

FACULTY OF SCIENCE i

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

ACADEMIC YEAR 2010



Special Project Title Synthesis of ZnO nanorods

Students Miss. Supavee  Chaovalit ID. 50050553
Miss. Duangdao Acharyakul ID. 50050571
Miss. Amornrat Penyoo ID. 50050594

Degree Bachelor of Science

Department Chemistry, Faculty of Science

Program Petrochemical Technology ( International Program )

Academic Year 2010

Advisor Asst. Prof. Dr. Pachernchaiyapat Chaiyasith

ABSTRACT

In this research, ZnO nanorods have been prepared via solid state reaction method and
two-step wet chemical bath deposition method. ZnO nanorods from solid state reaction method
were prepared by using zinc acetate dihydrate and sodium hydroxide in mole ratio of 1:2. In two-
step wet chemical method, the ZnO nanorods were growth on the glass substrates. The ZnO seed
precursor was prepared by thermal decomposition of zinc acetate and subsequently ZnO nanorods
were grown in aqueous solution of zinc acetate dihydrate and hexamethylenetetramine. The effect
of number of coating in seeding step and time of growth on nanorods morphology were
investigated systematically. The structure of ZnO nanorods were characterized by X-ray
Diffraction (XRD) and Field Emission Scanning Electron Microscopy (FESEM). The XRD
patterns present that ZnO are hexagonal wurtzite structure with no impurity and the average
particle size of ZnO nanoparticles is about 132 nm. The FESEM image of ZnO nanoparticles
obtained from solid state reaction method shown needle-like morphology with diameters of 30-50

nm, lengths of about 300 nm and those obtained from wet chemical method shown hexagonal



morphology. The diameter and the length of nanorods depend on number of coating in seeding

step and time of growth.
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Chapter 1

Introduction

1.1 Motivation

In the last few years, nanotechnology has emerged as of the most widely use in many
industries. "Nano" is used to qualify the science or technology, meaning "on the length scale
which in S.I. units is closest to 1 nanometre (10'9 m), nanoparticle is defined as 100 nm or
smaller. It includes entities that have at least one dimension in this size range and larger entities
exhibiting features in this length scale, or those that can only be understood by reference to
phenomena occurring on this length scale. This make nanotechnology have been played in the
important role of many manufacturing such pharmaceutical, cosmetic, construction, medical and
glass. Nanostructured zinc oxide (ZnQO) is of interest in optonic, piezoelectric, sensor, biomedical
and electro-chemical fields because of its interesting characteristic, such as a direct band gap of
3.37 eV, a large exciton binding energy of 60 meV at room temperature, transparent conductivity,

non-centrosymmetric symmetry, bio-safety and bio-compatibility.

At present, ZnO nanorods can be prepared by vary methods such as hydrothermal
method, vapor-liquid-solid (VLS) method, electrochemical deposition technique, patterned
growth and vertical alignment method. However, these preparative methods are often limited in
the practical application and complicated equipments due to suitably rigorous conditions such as
high temperature, low pressures or accurate gas concentration and these methods also achieved by
catalyst, scarce raw material or complex method. The wet chemical method exhibits several
advantages like low cost, large scale production, low temperature process and no catalyst
assistant. It can be performed on various substrates, which promotes its applications in versatile

fields. Therefore it will be the most promising method to synthesis ZnO nanorods.

In this project ZnO nanoparticles and ZnO nanorods were prepared by using solid state
reaction method and wet chemical bath deposition method respectively. The effect of number of
coating in seeding step and growth period of ZnO nanorods on the glass surface by using wet

chemical bath deposition method were studied.



1.2 Objectives

1. Tostudy the preparation methods of ZnO nanorods.
2. To study the growth of ZnO nanorods on glass plates.

3. To study the properties of ZnO nanorods.

1.3 Scopes of study

1. To study the method for preparation of ZnO nanorods in lab scale by using Solid
State reaction method and Wet chemical method under different conditions

2. To study the growth of ZnO nanorods for use on the glass substrate by two-step wet
chemical bath deposition method. ‘

3. To characterize the prepared ZnO nanorods by using X-ray Diffraction (XRD) and
Field Emission Scanning Electron Microscope (FESEM)

1.4 Expected results

1. Obtain the ZnO nanoparticles from solid-state reaction method.

2. Get ZnO nanorods grown on the glass surface in well oriented manner.



Chapter 2

Theoretical Background and Literature Reviews

2.1 Nanotechnology [1]

Nanotechnology is the science of the small. It is the use and manipulation of matter at a
tiny scale. At this size, atoms and molecules work differently, and provide a variety of surprising
and interesting uses. Nanotechnology should not be viewed as a single technique that only affects
specific areas. It is more of a ‘catch-all’ term for a science which is benefiting a whole array of
areas, from the environment, to healthcare, to hundreds of commercial products .Some example

of nanotechnology are given as follow

2.1.1 Nanomaterials

Nanomaterials such as quantum dots, carbon nanotubes and fullerenes will have
applications in many different sectors because of their new properties. So quantum dots can be
used in solar cells, but also in optoelectronics, and as imaging agents in medical diagnostics.
Carbon nanotubes can be used in displays, as electronic connectors, as strengthening materials for
polymer composites, and even as nanoscale drug dispensors. Fullerenes can be used in cosmetics,

as “containers” for the delivery of drugs, in medical diagnostics, and even as nanoscale lubricants.

2.1.2 Complex materials [2]

Scientists and engineers often look to nature to solve complex problems or to develop
technologies that have the ‘capability of mimicking nature. For example, the gecko’s ability to
stick to surfaces and walk up walls with ease has led researchers to design materials that can

mimic the microscopic elastic hairs that line this animal’s feet (as shown in figure 2.1).
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2.3 Applications

The applications of zinc oxide powder are numerous, and the principal ones are
summarized below. Most applications exploit the reactivity of the oxide as a precursor to other
zinc compounds. For material science applications, zinc oxide has high refractive index, high
thermal conductivity, binding, antibacterial and UV-protection properties. Consequently, it is
added into various materials and products, including plastics, ceramics, glass, cement, rubber,
lubricants, paints, ointments, adhesive, sealants, pigments, foods, batteries, ferrites, fire

retardants, etc.

2.3.1 Rubber manufacture

About 50% of ZnO use is in the rubber industry. Zinc oxide along with stearic acid
activates vulcanization, which otherwise may not occur at all. Zinc oxide and stearic acid are
ingredients in the commercial manufacture of rubber goods. A mixture of these two compounds
allows a quicker and more controllable rubber cure.’ZnO is also an important additive to the
rubber of car tires. Vulcanization catalysts are derived from zinc oxide, and it considerably
improves the thermal conductivity, which is crucial to dissipate the heat produced by the
deformation when the tire rolls. ZnO additive also protect rubber from fungi (see “medical

applications) and UV light.

2.3.2 Concrete industry
Zinc oxide is widely used for concrete manufacturing. Addition of ZnO improves the

processing time and the resistance of concrete against water.

2.3.3 Medical

Zinc oxide as a mixture with about 0.5% iron(III) oxide (Fe,0,) is called calamine and is
used in calamine lotion: There are also two minerals, zincite and hemimorphite, which have been
historically called calamine. When mixed with eugenol, a chelate, zinc oxide eugenol is formed
which has restorative and prosthodontic applications in dentistry.

Reflecting the basic properties of ZnO, fine particles of the oxide have deodorizing and
antibacterialaction and for that reason are added into various materials including cotton fabric,
rubber, food packaging, etc. Enhanced antibacterial action of fine particles compared to bulk

material is not intrinsic to ZnO and is observed for other materials, such as silver.
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Zinc oxide is widely used to treat a variety of other skin conditions, in products such as
baby powder and barrier creams to treat diaper rashes, calamine cream, anti-dandruff shampoos,
and antiseptic ointments. It is also a component in tape (called "zinc oxide tape") used by athletes
as a bandage to prevent soft tissue damage during workouts.

When used as an ingredient in sunscreen, zinc oxide sits on the skin’s surface i.e. is not
absorbed into the skin, and blocks both UVA (320-400 nm) and UVB (280-320 nm) rays of
ultraviolet light. Because zinc oxide (and the other most common physical sunscreen, titanium
dioxide) are not absorbed into the skin, they are nonirritating and nonallergenic.

However, many sunscreens use nano zinc oxide (along with nano titanium dioxide)
which does get absorbed into the skin. This could cause as of yet unknown health problems and
requires further study. Zinc oxide can be used in ointments, creams, and lotions to protect against
sunburn and other damage to the skin caused by ultraviolet light (see sunscreen). It is the broadest
spectrum UVA and UVB reflector that is approved for use as a sunscreen by the FDA, and is

completely photostable.

2.3.4 Cigarette filters
Zinc oxide is a constituent of cigarette filters for removal of selected components from
tobacco smoke. A filter consisting of charcoal impregnated with zinc oxide and iron oxide

removes significant amounts of HCN and H,S from tobacco smoke without affecting its flavor.

2.3.5 Food additive
Zinc oxide is added to many food products, e.g., breakfast cereals, as a source of zinc, a
necessary nutrient. (Other cereals may contain zinc sulfate for the same purpose.) Some

prepackaged foods also include trace amounts of ZnO even if it is not intended as a nutrient.

2.3.6 Pigment
Zinc white is used as a pigment in paints and is more opaque than lithopone, but less
opaque than titanium dioxide. It is also used in coatings for paper. Chinese white is a special

grade of zinc white used in artists' pigments. It is also a main ingredient of mineral makeup.
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2.3.7 Coatings

Paints containing zinc oxide powder have long been utilized as anticorrosive coatings for
various metals. They are especially effective for galvanised Iron. The latter is difficult to protéct
because its reactivity with organic coatings leads to brittleness and lack of adhesion. Zinc oxide
paints however, retain their flexibility and adherence on such surfaces for many years.

ZnO highly n-type doped with Al, Ga or In is transparent and conductive (transparency
~90%, lowest resistivity ~10 *Qcm ). ZnO:Al coatings are being used for energy-saving or heat-
protecting windows. The coating lets the visible part of the spectrum in but either reflects the
infrared (IR) radiation back into the room (energy saving) or does not let the IR radiation into
theroom (heat protection), depending on which side of the window has the coating.

Various plastics, such as polyethylene naphthalate (PEN), can be protected by applying
zinc oxide coating. The coating reduces the diffusion of oxygen with PEN. Zinc oxide layers can
also be used on polycarbonate (PC) in outdoor applications. The coating protects PC form solar

radiation and decreases the oxidation rate and photo-yellowing of PC.

2.3.8 Corrosion prevention in nuclear reactors

Main article: Depleted zinc oxide.Zinc oxide depleted in the zinc isotope with the atomic
mass 64 is used in corrosion prevention in nuclear pressurized water reactors. The depletion is
necessary, because *Zn is transformed into radioactive “Zn under irradiation by the reactor

neutrons.

2.3.9 Electronics

ZnO has wide direct band gap (3.37 eV or 375 nm at room temperature). Therefore, its
most common potential applications are in laser diodes and light emitting diodes (LEDs). Some
optoelectronic applications of ZnO overlap with that of GaN, which has a similar bandgap (~3.4
eV at room temperature). Compared to GaN, ZnO has a larger exciton binding energy (~60 meV,
2.4 times of the room-temperature thermal energy), which results in bright room-temperature
emission from ZnO. Other properties of ZnO favorable for electronic applications include its
stability to high-energy radiation and to wet chemical etching. Radiation resistance makes ZnO a
suitable candidate for space applications. ZnO is currently the most promising candidate in the

field of random lasers to produce an electronically pumped UV laser source.
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The pointed tips of ZnO nanorods result in a strong enhancement of an electric field.
Therefore, they can be used as field emitters.

Aluminium-doped ZnO layers are used as a transparent electrodes. The constituents Zn
and Al are much cheaper and less poisonous‘ compared to the generally used indium tin oxide
(ITO). One application which has begun to be commercially available is the use of ZnO as the
front contact for solar cells or of liquid crystal displays.

Transparent thin-film transistors (TTFT) can be produced with ZnO. As field-effect
transistors, they even may not need a p-n junction, thus avoiding the p-type doping problem of

ZnO. Some of the field-effect transistors even use ZnO nanorods as conducting channels.

2.3.10 Spintronics
ZnO has also been considered for spintronics applications: if doped with 1-10% of
magnetic ions (Mn, Fe, Co, V, etc.), ZnO could become ferromagnetic, even at room temperature.
Such room temperature ferromagnetism in ZnO:Mn has been observed, but it is not clear yet

whether it originates from the matrix itself or from secondary oxide phases.

2.4 Preparation methods

2.4.1 Solid State Reaction [5]

A solid state reaction is a chemical reaction in which solvents are not used. In a normal
reaction, the reacting agents, also called the reactants, are placed in a solvent before the reaction
can take place. These reactants react to form a new substance. After the reaction is completed,
scientists are able to remove the new product from the solvent. A solid-state reaction, however,
allows the reactants to chemically react without the presence of a solvent. Eliminating the solvent
from the reaction means -that a solid state reaction produces more product than a normal reaction
can. It also is more environmentally friendly. Since there is no solvent, there is no waste to
eliminate at the end of the reaction.

The advantages of solid state reactions ripple throughout many industries. It is important
to economics because the elimination of solvents means that products will cost less. This, in turn,

will make those products cheaper to buy. With normal reactions, scientists need to remove the

74451
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residual solvent from the resulting product after a reaction has finished. Producing materials from

a solid state reaction will mean that scientists are able to bypass the purification process.

2.4.2 Hydrothermal method [6]

Hydrothermal synthesis can be defined as a method of synthesis of single crystals which
depends on the solubility of minerals in hot water under high pressure. The crystal growth is
performed in an apparatus consisting of a steel pressure vessel called autoclave, in which a
nutrient is supplied along with water. A gradient of temperature is maintained at the opposite ends
of the growth chamber so that the hotter end dissolves the nutrient and the cooler end causes
seeds to take additional growth.Possible advantages of the hydrothermal method over other types
of crystal growth include the ability to create crystalline phases which are not stable at the melting
point. Also, materials which have a high vapour pressure near their melting points can also be
grown by the hydrothermal method. The method is also particularly suitable for the growth of
large good-quality crystals while maintaining good control over their composition. Disadvantages
of the method include the need of expensive autoclaves, and the impossibility of observing the

crystal as it grows.

2.4.3 Vapor Transport Synthesis [7]

Zn and oxygen or oxygen mixture vapor are transported and react with each other,
forming ZnO nanostructures. There are several ways to generate Zn and oxygen vap;r.
Decomposition of ZnO is a direct and simple method, however, it is limited to very high
temperatures (~1400°C). Another direct method is to heat up Zn powder under oxygen flow.This
method facilitates relative low growth temperature (500~700°C), but the ratio between the Zn
vapor pressure and oxygen pressure needs to be carefully controlled in order to obtain desired
ZnO nanostructures. It has been observed that the change of this ratio contributes to a large
variation on the morphology of nanostructures.The indirect methods to provide Zn vapor include
metal-organic vapor phase epitaxy, in which organometallic Zn compound, diethyl-zinc for
example, is used under appropriate oxygen or N,O flow. Also in the widely used carbothermal
method. ZnO powder is mixed with graphite powder as source material. At about 800-1100 °C,
graphite reduces ZnO to form Zn and CO/CO, vapors. Zn and CO/CO, later react and result in
ZnO nanocrystals. The advantages of this method lie in that the existence of graphite significantly

lowers the decomposition temperature of ZnO. In the VS (Vapor Liquid) process, the
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nanostructures are produced by condensing directly from vapor phase. Although diverse
nanostructures can be obtained, this method obviously provides less control on the geometry,
alignment and precise location of ZnO nanostructures. Controlled groﬁh of ZnO
nanowires/nanorods/nanotubes has been achieved by catalyst assisted VLS (Vapor Liquid Solid)

process . In this process, various nanoparticles or nanoclusters have been used as catalysts.

2.4.4 Patterned Growth and Vertical Alignment of ZnO Nano-Array [7]

The application prospect of ZnO nanostructures largely relies on the ability to control
theirlocation, alignment and packing density. As mentioned above, they have been achieved by
catalyst assisted VLS(Vapor Liquid Solid) synthesis process. To control the locations of ZnO
nanowires, both lithographic and non-lithographic patterning techniques have been utilized. With
photolithography technique,73 square and hexagonal catalytic gold dot array was generated on
sapphire substrate, then small diameter ZnO nanowires were grown from the patterned catalysts

via a typical VLS(Vapor Liquid Solid) process.

2.4.5 Wet chemical method {8]

Now various processes have been applied to synthesize ZnO nanostructure, such as
electrochemical deposition technique, hydrothermal method, sputter deposition technique and
vapor methods. But above methods require severe reaction conditions, such as high temperature
or accurate gas concentration, flow rate or scarce raw materials or complex process, and so on. So
it is important to find a simple and lowtemperature method for the synthesis of ZnO nanocrystals.
Compared with above synthesis processes, wet chemical approach is relatively popular since it is
easier, low-cost, large-scale production, low-temperature process, no catalyst assistant and
environment protective. It can be performed on various substrates, which promotes its
applications in versatile fields. Therefore, it will be the most promising method to synthesize ZnO
nanorods. The morphology and characteristics of the wet chemical-derived 1D ZnO crystallites
can be varied by changing the starting materials, the reactant concentrations, procedural details,

and growth temperature and time.

2.4.6 Other Synthesis Methods [7]
These methods provide the possibility of forming ZnO nanostructures at low

temperature. For example, in an electrodeposition method, AAM (anodic aluminum oxide
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membranes) with highly ordered nanopores was used as a template, zinc nanowires were
fabricated into the nanopores via electrodeposition, forming zinc nanowires array, then the
nanowire array was oxidized at 300 °C for 2 hours and ZnO nanowire array was obtained. In a
sol-gel synthesis method, AAM (anodic aluminum oxide membranes) was also used as the
template and immersed into a suspension containing zinc acetate for 1 minute, then heated in air
at 120 °C for 6 hours. ZnO nanofibers were eventually obtained after removing the AAM (anodic

aluminum oxide membranes) template.

2.5 Characterization [9]

2.5.1 X-Ray Diffraction (XRD)

X-ray diffraction is a versatile, non-destructive analytical method for identification and
quantitative determination of various crystalline forms, known as ‘phases’ of compound present
Diffraction occurs as waves interact with a regular structure whose in powder and solid
samples.repeat distance is about the same as the wavelength. The phenomenon is common in the
natural world, and occurs across a broad range of scales. For example, light can be diffracted by a
grating having scribed lines spaced on the order of a few thousand angstroms, about the
wavelength of light. It happens that X-rays have wavelengths on the order of a few angstroms, the
same as typical inter-atomic distances in crystalline solids. That means X-rays can be diffracted
from minerals which, by definition, are crystalline and have regularly repeating atomic structures.
When certain geometric requirements are met, X-rays scattered from a crystalline solid can
constructively interfere, producing a diffracted beam. In 1912, W. L. Bragg recognized a
predictable relationship among several factors as shown in figure 2.6
1. The distance between similar atomic planes in a mineral (the interatomic spacing) which we

call the d-spacing and measure in angstroms.

2. The angle of diffraction which we call the theta angle and measure in degrees. For practical
reasons the diffractometer measures an angle twice that of the theta angle. Not surprisingly, we
call the measured angle '2-theta'. ‘

3. The wavelength of the incident X-radiation, symbolized by the Greek letter lambda and, in our

case, equal to 1.54 angstroms.
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nA —adsin® (Eq2.5)
Where
A = wavelength of X-ray
d = interplaner spacing
0 = diffraction angle
n = 0,1,2,3,...

I

A B-

Fig. 2.6 Bragg’s diffraction
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Here XRD was done by the X-ray diffraction of the as milled powder samples were performed
- using the diffractometer. X-Ray diffraction patterns were recorded from 20? to 90? with a PAN
analytical system diffractometer (Model: DY-1656) using Cu K (=1.542A ) with an accelerating
voltage of 40 KV. Data were collected with a counting rate of 1%/min. The K doublets were well

resolved. From XRD, the crystallite size can be found out by using the scherrer’s formula ,

091

Where
= crystalline size
= wavelength (1.54 A°)

Full maxima half width

™™ o
Il

= Diffraction angle

X-ray diffractometers consist of three basic elements: an X-ray tube, a sample holder, and an X~
ray detector. X-rays are generated in a cathode ray tube by heating a filament to produce
electrons, accelerating the electrons toward a target by applying a voltage, and bombarding the
target material with electrons. When electrons have sufficient energy to dislodge inner shell
electrons of the target material, characteristic X-ray spectra are produced. These spectra consist of
several components, the most common being K and Kg. Kq consists, in part, of Kg, and Kg,.
Kgq, has a’slightly shorter wavelength and twice the intensity as K,. The specific wavelengths are
characteristic of the target material (Cu, Fe, Mo, Cr). Filtering, by foils or crystal
monochromcters, is required to produce monochromatic X-rays needed for diffraction. Kgq,and
Kg, are sufficiently close in wavelength such that a weighted average of the two is used. Copper
is the most comm(;n target material for single-crystal diffraction, with CuK radiation = 1.5418A.
These X-rays are collimated and directed onto the sample. As the sample and detector are rotated,
the intensity of the reflected X-rays is recorded. When the geometry of the incident X-rays
impinging the sample satisfies the Bragg Equation, constructive interference occurs and a peak in
intensity occurs. A detector records and processes this X-ray signal and converts the signal to a

count rate which is then output to a device such as a printer or computer monitor.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



25

determine crystal structures and orientations of minerals), photons (characteristic X-rays that are
used for elemental analysis and continuum X-rays), visible light (cathodoluminescence--CL), and
heat. Secondary electrons and backscattered electrons are commonly used for imaging samples:
secondary electrons are most valuable for showing morphology and topography on samples and
backscattered electrons are most valuable for illustrating contrasts in composition in multiphase
samples (i.e. for rapid phase discrimination). X-ray generation is produced by inelastic collisions
of the incident electrons with electrons in discrete ortitals (shells) of atoms in the sample. As the
excited electrons return to lower energy states, they yield X-rays that are of a fixed wavelength
(that is related to the difference in energy levels of electrons in different shells for a given
element). Thus, characteristic X-rays are produced for each element in a mineral that is "excited"
by the electron beam. SEM analysis is considered to be "non-destructive"; that is, x-rays
generated by electron interactions do not lead to volume loss of the sample, so it is possible to

analyze the same materials repeatedly.

2.6 Literature review

In 2005 , XiangyangMa,HuiZhang,YujieJi,JinXu,DerenYang [10] Sequential occurrence of
ZnO nanopaticles ,nanorods, and nanotips during hydrothermal process in a dilute aqueous
solution by consisting of 2 g. Zn(AC), was dissolved in 110 ml de-ionized (DI) water and 10 ml
2M NaOH. X-ray diffraction (XRD) pattern indicates that the synthesized ZnO crystal is of
hexagonal phase .By means of transmission electron Microscopy (TEM) and field emission
scanning electron microscopy(FE-SEM),it has been revealed that the ZnO nano
particles,nanorods and nanotips sequentially occur along with the hydrothermal process, during
which the concentration of Zn source is ever decreasing. The Nanoparticles terminated with
pyramids firstly generate at the early stage of hydrothermal process; subsequently, a number of
seed-crystals Branch on the pyramids, further more,the homo-epitaxy based on which along
the<0001> direction results in the formation of nanorods; finally,due to the-extremely low
concentration of Zn source,instead of the continual elongation of the nanorods, the nanotips

dispersively occur on the top flat plane of nanorods as a result of selective epitaxy.
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In 2005, Huihu Wang, Changsheng Xie_, Dawen Zeng [11] Controlled growth of ZnO by
adding H20. The wurtize ZnO particles were synthesized via Zn(CH,COO), hydrolyzing in
methanol using chemical deposition method. The size and shape of ZnO particles were controlled
well by adding sz. Without adding H,0O or with little volume ratio of adding H,0/methanol, the
ZnO nanoparticle film was synthesized. The characterization of the result by using SEM and
XRD. For the result, on increasing volume ratio, the shape of ZnO particles varied from irregular
particle, plate into regular cone with the size changing from nano-scale into micro-scale.

Moreover, the height of the cone decreased as the volume of adding H,O increased.

In 2007, YuChen ,RunzhouYu ,QianShi ,JingliQin ,FengZheng [12] Hydrothermal synthesis

of hexagonal ZnO clusters by using 1.48g (Smmol) Zn(NO,), 6H,0 was dissolved in 30 ml '
distilled water. Then 0.33 g. (2mmol) KI was added into the solution followed by dripping down
2 ml N,H, H20 whilst stirring . The resulting transferred into a 50 ml Teflon-lined stainless steel
autoclave and sealed tightly . Hydrothermal treatments were then carried out at 150 °C for 24 h.
The autoclave was cooled down naturally and precipitates were collected , and washed with
absolute ethyl alcohol for 3 times prior to dry in air at 75 °C. X-ray powder diffraction and
scanning electron microscopy were used to Analyze the crystal structure and surface morphology.
XRD pattern analysis showed that the ZnO clusters are single hexagonal phase of wurtzite
structure .Also, SEM images revealed that the size of a single ZnO crystal is between 200-500 nm
in (spacegroupP63mc) with no impurity of Zn and Zn(OH) Diameter and 25 min length. The
influence of potassium iodide (KI) as a surfactant on the crystallinity of ZnO has been

investigated.

In 2007, Hongxia Zhang, Jing Feng, Jun Wang, Minlin Zhang [13] Preparation of ZnO
nanorods through wet chemical method in the present of polyethylene glycol (PEG, Mw=4000)
by using zinc nitrate hexahydrate (Zn(N03)2-6H20) and ammonium hydroxide (NH,-H,0) as the
starting materials. Samples were characterized by XRD, EDS, TEM, SEM, ED and PL. XRD
results prove the formation of Zn0O with wurtzite structure. The ED and HRTEM reveal that
single ZnO nanorod is single crystal and preferentially grows up along the [001] direction. The
PL spectra showed that the ZnO nanorods have blue emission at 466 nm and green—yellow

emission at 542 nm. The influence of reaction temperature, pH in system and evaporation of
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ammonia on the morphology has been investigated. A possible growth mechanism of ZnO with

various morphologies is discussed.

In 2008, Parawee Tonto , Okm.'n Mekasuwandumrong , Suphot Phatanasri , Varong
Pavarajarn , Piyasan Praserthdam [14] Preparation of ZnO nanorod by solvothermal reaction
of zinc acetate in various alcohols. The solution of Zinc acetate (Zn(CH,CO,),) in a
predetermined amount in the range of 10-25 g was suspended in 100 ml of alcohol in a glass
vessel and the mixture was heated to desired temperature, in the range of 250-300°C, at a
constant heating rate of 2.5 °C/min and held at that temperature for 2 h. The effects of reaction
conditions on the product morphology as well as crystallization mechanism were investigated by
using X-ray diffraction (XRD), infrared spectroscopy (IR), scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDS) and transmission electron microscopy (TEM)
techniques. It was found that average diameter and length of the nanorods increased with an

increase in reaction temperature or the initial concentration of zinc acetate.

In 2008 WEI Su-feng, JIANG Qing, LIAN Jian-she [15] The large-scale ZnO rods of
submicrometer were prepared on the bare glass using a wet chemical method under different
experimental parameters, such as the reactant concentration and the growth time. The
microstructure of the ZnO rods was characterized by X-ray diffractometry(XRD) and field
emission scanning electron microscopy (FESEM) with the energy dispersive X-ray
spectroscopy(EDX), and the optical property was investigated by the room-temperature
photoluminescence (PL) spectra. XRD and FESEM results show that the wurtzite structure and
fod-like ZnO is obtained. The length (3-8 pm) and the diameter (400 nm ’um) vary with the
experimental parameters. A strong UV emission at 384 nm and a weak visible yellow-green
emission around 570 nm are observed in the PL spectrum. After annealing at 600 °C in air, the
UV peak intensity increases obviously and the yellow-green peak intensity decreases greatly. The
near-band-edge UV emission is attributed to the exciton recombination; the yellow-green
emission can be associated with the defect recombination; and some defect complexes may be

responsible for the latter emission.
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In 2008, J.T.Chen ,J.Wang ,R.F.Zhuo ,D.Yan ,J.J.Feng ,F.Zhang ,P.X.Yan [16] The effect of
Aldoping on the morphology and optical property of ZnO nanostructure sprepared by
hydrothermal process which the undoped and Al-doped ZnO nanostructures were fabricated on
the ITO substrates pre-coated with ZnO seed layers. ZnO seed layer was loaded and the precursor
solution containing zinc nitrate hexahydrate(3.5mmol), methenamine (3.5mmol) and distilled
water (35ml). As the doping source, Aluminum chloridehexahydrate powders were added in the
precursor solution. In the precursor solutions, Al doping concentrations (the atom ratio of Al to
Zn) were chosen to lat.%, 3at.% and 6at.% ,respectively. The ZnO pre-coated ITO. ZnO shows
various  morphologies. = The  morphology of ZnO  changes froma ligned
nanorods,tiltednanorods,nanotubes/nanorods to the nanosheets when the Al doping
concentrations increase.The ZnO nanostructures were characterized by X-ray diffraction,field
emission scanning electron microscopy,X-ray photoelectron spectroscopy,photoluminescence and
Raman technology.The Aldoping concentrations play an important role on the morphology and
optical properties of ZnO nanostructures.The possible growth mechanism of the ZnO

nanostructures was discussed.

In 2009, Zhifeng Liu , Lei E, Jing Ya, Ying Xin [17] Growth of ZnO nanorods by aqueous
solution method with electrodeposited ZnO seed layers.The ZnO seed layers were prepared by
cathodic electrochemical deposition in zinc nitrate (Zn(NO,),.6H,0) aqueous solution. ZnO
"nanorod arrays on ZnO-coated seed layers were fabricated by aqueous solution method using zinc
nitrate and hexamethylenetetramine at low temperature. The orientation and morphology of both
the seed layer and successive nanorods were analyzed by using X-ray diffraction (XRD), SEM
and TEM. The results show that the seed layer deposited at 700 mV has evenly distributed
crystallites and (0 0 2) preferred orientation; the density of resultant nanorods is high and ZnO

nanorods stand completely perpendicular onto substrates.

In 2009 , L.Z.Pei ,H.S.Zhao ,W.Tan ,H.Y.Yu ,Y.W.Chen ,C.G.Fan ,Qian-FengZhang [18]
Hydrothermal oxidization preparation of ZnO nanorods on zinc substrate. The zinc substrate was
put into distilled water cleaning for 10 min using supersonic to ensure the cleanliness of the
surface. After the autoclave was sealed safely , it was heated to 350 °C, 5.8-6.5 MPa of pressure ,
100 rpm of the rotating speed for the stirrer . The temperature and pressure were maintained for

24h. Finally , the substrate with bulk white deposit was obtained after the experiment. X-ray
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Diffraction (XRD), scanning electron microscopy (SEM)energy dispersive X-ray
spectrum(EDS), Transmission electron microscopy (TEM) and photo Iluminescence (PL)
spectrum were used to Characterize the nanorods. The nanorods are single crystalline wurtzite
structure with a length longer than10 micrometer.The effects of the hydro thermal temperature
,pressure and time on the morphology diameter and length of the ZnO nanorods have been also
analyzed. It is considered that timekeeping. The temperature and pressure is the main factor that
inuences the length of the ZnO nanorods. The PL Spectrum shows a strong blue light emission at
439 nm, which is considered to be caused by radiative recombination of photo-generated holes
with singularly ionized oxygen vacancies. The growth process of the ZnO nanorods is proposed

based on the solid liquid solid (SLS) mechanism.

In 2010, Chien-Te Hsich, Shu-Ying Yang, Jia-Yi Lin [19] Electrochemical deposition and
superhydropliobic behavior of ZnO nanorod arrays with different heights are grown on the ZnO
seeded indium tin oxide substrate by cathodic electrochemical deposition from zinc nitrate at two
temperatures of 60 °C and 80 °C. As-grown ZnO nanorods exhibit wurzite crystal structure and
their heights can be well controlled by different deposition times. The fluorination coating tends
to induce a superhydrophobicity of ZnO nanorods, i.e., the maximal value of contact angle:
166.9°. The super water repellency can be attributed to the fact that an air layer is confined in the
nanorod arrays, and thus leads to water droplets sitting on the ZnO surfaces, referring as Cassie
state. Interestingly, their water contact angles are found to vary with the heights of ZnO nanorods,
ranged from 99.8 to 746 nm. The superhydrophobicity of ZnO surfaces can be well predicted by a
proposed model that is capable of determining the wetted fraction of ZnO pillars. This
satisfactory result would shed one light on how the variation of rod height would induce the

superhydrophobic behavior of ZnO nanorod arrays.

In 2010, Shao-Hwa Hua, Yi-Chuan Chenb, Chyi-Ching Hwangb, Cheng-Hsiung Pengc,
Dah-Chuan Gonga [20] Development of a wet chemical method for the synthesis of arrayed
ZnO Nanorods using zinc acetate dihydrate (Zn(CH,C00),-2H,0, ZnAc,) and monoethanolamine
(NH,CH,CH,0H, MEA) as raw materials. The proposed method includes the predeposition of a
thin ZnO seed layer using the sol-gel technique and the subsequent hydrothermal growth of ZnO
nanorods at 130 °C for 2 or 4 h. The synthesis process was monitored using X-ray diffraction

(XRD), Fourier transformation infrared (FTIR) spectroscopy, atomic force microscopy (AFM),
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scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The ZnO
nanorods exhibited a diameter of 25-75 nm with an aspect ratio ranging from 10 to 50 after
growing for 4 h. Each ZnO nanorod was confirmed to be a single crystal with a wurtzite structure
and grow along the [0002] direction during the hydrothermal process. Photoluminescence (PL)
measurements confirmed that the ZnO nanorods exhibited a near -UV emission at ~380nm
together with a green emission that was centered at ~500 nm. We note that the PL properties may

be affected by the hydrothermal time.

In2010, K. Prabakar , Heeje Kim [21] Growth control of ZnO nanorod density by sol-gel
method which is ZnO nanorods were grown on seeded transparent conducting oxide substrates
from 20 mM aqueous solutions of zinc nitrate and hexamethylenetetramine at different volume
ratios and at 90 °C for 4°h. The crystallinity of the grown ZnO nanorods was investigated using
X-ray diffraction pattern and SEM. The average diameters of the hexagonal ZnO nanorods were
higher when equal volume ratios of the precursor solutions were used. The reduced zinc chemical
potential inside the precursor solution split the single nanorod into many smaller nanorods with

reduced density and average diameters.

In 2010 , Xianming Hou ,Lixia Wang ,Bo Yu ,Feng Zhou , Weimin Liu [22] Synthesis of
branched ZnO nanorods on various substrates by a facile wet-chemistry route using a chemical
bath deposition method at relatively low temperature.Substrates were immersed in a
solution(50mL)composed of Zn(NO,), (0.005mol/L) and CH, N, (0.01mol/L).The reaction
system was then heated in a drying oven to 95 °C for5h.The zinc sheet was removed ,washed
with deionized water and anhydrous alcohol ,and fully dried in air at room temperature. The
structure ,morphology were characterized by X-ray diffraction(XRD) ,scanning electron
microscopy(SEM) , UV-vis spectrometry and photoluminescence(PL) spectrometry. The XRD
and SEM results show that branched ZnO nanorods formed on Zn substrates are not from
epitaxial growth of Zinc sheet but spontaneous deposits of ZnO species from reaction solutions.
The experimental results indicate insignicant effect of solution composition and supported

substrates on morphologies and sizes of the products.
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In 2010 , Shao-Hwa Hu ,Yi-Chuan Chen ,Chyi-Ching Hwang ,Cheng-Hsiung Peng ,Dah-
Chuan Gong [23] Development of a wet chemical method for the synthesis of arrayed ZnO
nanorods. Silica glass was used as the substrate material ,which was cleaned using a 5% H,SO,
aqueous solution ,then rinsed ultrasonically in acetone and deionized water,and finally dried in a
vacuum oven. A two-step process was applied to prepare arrayed ZnO nanorods on glass
substrates using zinc acetate dehydrate (Zn(CH,COO), 2H,0,ZnAc,)and monoethanolamine
(NH,CH,CH,0H,MEA) as raw materials. The proposed method includes the pre-deposition of a
thin ZnO seed layer using the sol gel technique and the subsequent hydrothermal growth of ZnO
nanorods at 130 °C for 2 or 4 h. The synthesis process was characterized by X-ray diffraction
(XRD) ,Fourier transformation infrared (FTIR) spectroscopy ,Atomic force microscopy(AFM)
,Scanning electron microscopy (SEM)and transmission electron microscopy(TEM).The ZnO
nanorods exhibited a diameter of 25-75 nm with an aspect ratio ranging from 10 to 50 after
growing for 4 h.Each ZnO nanorod was confirmed to be a single crystal with a wurtzite structure
and grow along the [0002] direction during the hydrothermal process. Photoluminescence(PL)
measurements confirmed that the ZnO nanorods exhibited a near UVemission at ~380 nm

together with a green emission that was centered at ~500 nm.

In 2006, Zhitao Chen, Lian Gao [24] A facile route to ZnO nanorod arrays using wet
chemical method. A glass substrate was coated with a droplet of 0.01 M zinc acetate dehydrate
aqueous solution, rinsed with distilled water after 5 s, and then blow dry with a stream of
nitrogen. The coating step is repeated five times to ensure the uniform coating uniformly on entire
substrate. Then, the substrate coated with a film of zinc acetate crystallities is heated to 360 ’Cin
air atmosphere for 30 min to yield layers of ZnO seeds on the substrate surface. Thermal
decomposition deposition eas first used to grow a thin layer of ZnO nanocrystals on substrate
serving as seeds for the subsequent growth of the nanorod arrays. X-ray diffraction analysis
confirmed the high orientation of the ZnO nanorods. The effect of different substrate and the
annealing temperature of the ZnO seeds on the morphology of the as-grown ZnO arrays were '
investigated. The diameter and the length of the nanorods can be controlled by contolled by the

reaction times and reaction temperature.
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Chapter 3

Experimental Details

3.1 Apparatus and Instrument.

1. X-ray diffractometer, XRD ( D8 Advance model, Burker AXS GmbH Company
Limited. )

2. Field Emission Scanning electron microscope, FESEM ( Hitachi 4700 FE-SEM )

3. Oven

4. Mortar and pestle

5. Hotplate with stirrer

6. pH paper

7. Balance

8. Themometer

9. Glass apparatus

10. Hair dryer

11. Water bath

12. Glass slices

3.2 Chemicals
1. Zinc oxide ( ZnO ), Premium grade, Nano materials Technology Company Limited.
2. Zinc acetate dihydrate ( Zn(CH,C00),.2H,0)
3. Glacial Acetic acid ( CH,COOH ), Commercial grade, Lab System Company
Limited.
4. Sodium hydroxide ( NaOH ), Analytical grade, Italma Company Limited.
5. Glycerol ( C,H,(OH),), Comercial grade, Lab System Company Limited.
6. Acetone (CH,COCH, ), Comercial grade, Lab System Company Limited.
7. Buthanol, Comercial grade, Apex Company Limited.
8. Ethanol, Comercial grade, The Liquor Distillery Organization.
9. Hexamethylenetetramine (CH,N,), Comercial grade, Lab System Company

Limited.
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10. Sulfuric acid (H,SO,), Comercial grade, Lab System Company Limited.

3.3 Preparation of ZnO nanoparticles by using solid state reaction method
1. Mix Zinc acetate dihydrate 18.3 g. with sodium hydroxide 8 g. (mole ratio 1 : 2) and
grinding in mortar about 20 minute until fine homogeneous solid is obtained.
2. Wash the mixture with DI water until pH value of 7 (for eliminate some soluble
substances.)
3. Dry the obtained product by using hot plate.

4. Repeat step 3 by using in another mole ratio; 1: 1, 1 : 1.5 respectively.
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Chapter 5

Conclusion and Recommendations

5.1 Conclusion

In summary, ZnO nanoparticles have been synthesized using a solid state reaction
technique at room temperature. SEM observation revealed that the nanoparticles are mainly
uniformly with diameters of 30-50 nm and lengths of about 300 nm. The technique is a
convenient, inexpensive and effective method of preparation for ZnO i]anoparticles. The XRD
pattern of ZnO nanoparticles indexes to hexagonal wurtzite structure, no other impurities and the
average particle size of ZnO nanoparticles is about 132 nm.

Zn0O nanorods arrays were successfully synthesized on the Si substrate by the wet
chemical bath deposition (CBD) method. The effect of number of coating in seeding step on the
glass substrate and characteristic of ZnO nanorods ar.xd The effect of growth time on the glass
substrate were investigated systematically. The XRD and SEM indexed to hexagonal wurtzite
structure with no impurities. The most of the ZnO rods grows along c-axis on the glass substrates.
The ZnO nanorods varies from parallel at lower number of coating to perpendicular to the
substrate when the number of coating increases and the vertical rods become a compact array
ensemble as growth period increases to 3 h. the ratio of the length to diameter increases with

increasing the growth period.
5.2 Recommendations

For Further more study

1. The effect of helping liquid on the morphology of ZnO nanoparticles prepared by using
solid state reaction will be investigated.

2. The effect of concentration of seeding solution and immersing times on the growth of
nanorods on the glass substrates will be studied.

3. The effect of orientation of the glass substrates on the direction of growthing of nanorods

will be studied.



(1]

[2]

(3]

[4]
[5]

[6]

71

(8]

[9]

(10]

[11]

[12]

56

Reference

[Online : 21/03/2011].Available
http://www.bibalex.org/libraries/presentation/static/Nanotechnology.pdf

[Online : 21/03/2011].Available
http://www.nanotechproject.org/process/assets/files/7316/pen-18.pdf

[Online : 21/03/2011].Available http://www.dest.gov.aw/NR/rdonlyres/lE1B501A-
727A-4153-85EF-134B2DAF0925/4112/nanotechnology pmseic110305.pdf

[Online : 21/03/2011]. Available http:/en.wikipedia.org/wiki/Zinc_oxide.

[Online : 21/03/2011]. Available
http://www.wisegeek.com/what-is-a-solid-state-reaction.htm

[Online : 21/03/2011]. Available http://en.wikipedia.org/wiki/Hydrothermal synthesis
Zhiyong Fan and Jia G. Lu, Zinc Oxide Nanostructures: Synthesis and Properties.
Department of Chemical Engineering and Materials Science & Department of Electrical
Engineering and Computer Science University of California, Irvine, CA 92697, USA
Hongxia Zhang, Jing Feng, Jun Wang, Minlin Zhang, Preparation of ZnO nanorods
Through wet chemical method. Department of Material Science and Chemical
Engineering, Harbin Engineering University, Harbin 150001, bhina ,Materials Letters,
2007.61: p. 5202-5205

[Online : 21/03/2011]. Available

http://ethesis.nitrkl.ac.in/182/1/final_final jayanta_thesis.pdf

Xiangyang Ma, Hui Zhang, Yujie Ji, Jin Xu, Deren Yang, Sequential occurrence of ZnO
nanopaticles, nanorods, and nanotips during hydrothermal process in a dilute aqueous
solution. State Key Lab of Silicon Materials, Zhejiang University, Hangzhou 310027,
China, Materials Letters, 2005.59: p 3393 — 3397

Huihu Wang, Changsheng Xie, Dawen Zeng, Controlled growth of ZnO by adding H,O.
The State Key Laboratory of Plastic Forming Simulation and Mould Technology,
Department of Materials Science and Engineering, Huazhong University of Science and
Technology, Luo- Yu Road, Wuhan 430074, China, Journal of Crystal Growth 2005.227:
p 372-377

Yu Chen, Runzhou Yu , Qian Shi , Jingli Qin and Feng Zheng, School of Materials
Science and Engineering, Central South University, Changsha, Hunan 410083, PR China



[13]

[14]

[15]

[16]

[17]

[18]

[19]

57

Key Laboratory of Non-ferrous Materials, Ministry of Education, Central South
University, Changsha, Hunan 410083, PR China
Hongxia Zhang, Jing Feng, Jun Wang and Minlin Zhang, Department of Material
Science and Chemical Engineering, Harbin Engineering University, Harbin 150001,
China, Material Letters 2007.61: p 5202-5205
Parawee Tonto °, Okorn Mekasuwandumrong b, Suphot Phatanasri *, Varong Pavarajarn *,
Piyasan Praserthdam °, "Center of Excellence on Catalysis and Catalytic Reaction
Engineering, Department of Chemical Engineering,Faculty of Engineering,
Chulalongkom
University, Bangkok 10330, Thailand, bDepartment of Chemical Engineering, Faculty of
Engineering and Industrial Technology, Silpakorn University, Nakorn Pathom 73000,
Thailand, Ceramics International 2008.34 : p 57—-62
WEI Su-feng, JIANG Qing, LIAN Jian-she, Synthesis and characteristics of large-scale
ZnO rods by wet chemical method, Key Laboratory of Automobile Materials, Ministry of
Education, College of Materials Science and Engineering, Jilin University, Changchun
130025, China
WEI Su-fen, JIANG Qing, LIAN Jian-she, Synthesis and characteristics of large-scale
ZnO rods by wet chemical method. Key Laboratory of Automobile Materials, Ministry
Of Education, College of Materials Science and Engineering, Jilin University,
Changchun 130025, China, Trans, Nonferrous Met. Soc. China 2008.18 : p.1089-1093
Zhifeng Liu , Lei E, Jing Ya, Ying Xin, Growth of ZnO nanorods by aqueous solution
method with ‘electrodeposited ZnO seed layers, Department of Materials Science and
Engineering, Tianjin Institute of Urban Construction, 300384, Tianjin, China, Applied
Surface Science 2009.255 : p. 6415-6420
L.Z. Pei, H.S. Zhao, W. Tan , H.Y. Yu, Y.W. Chen and Qian-Feng Zhang, A
Convenient Synthesis Route to the Zinc Metagermanate Nanorods. School of Materials
Science and Engineering, Institute of Molecular Engineering and Applied Chemistry, Key
Lab of Materials Science and Processing of Anhui Province, Anhui University of
Technology, Ma'anshan, Anhui 243002, PR China
Chien-Te Hsieh, Shu-Ying Yang, Jia-Yi Lin, Electrochemical deposition and

superhydrophobic behavior of ZnO nanorod arrays, Department of Chemical Engineering



[20]

[21]

[22]

[23]

[24]

58

and Materials Science, Yuan Ze Fuel Cell Center, Yuan Ze University, Taoyuan 320,
Taiwan, Republic of China, Thin Solid Films 2010.518: p. 4884-4889
Shao-Hwa Hu®, Yi-Chuan Chenb, Chyi-Ching Hwangb, Cheng-Hsiung Peng’, Dah-Chuan
Gong’,* Department of Industrial and Systems Engineering, College of Electrical
Engineering and Computer Science, Chung Yuan Christian University, Chungli,
Taoyu 320, Taiwan, bDepartment of Applied Chemistry and Materials Science, Chung
Cheng Institute of Technology, NDU, Dasi, Taoyuan 335, Taiwan, Department of
Chemical Engineering and Materials Science, Ming Hsin University of Science and
Technology, Hsinfeng, Hsinchu 304, Taiwan, Journal of Alloys and Compounds
2010.500 : p.117-121
K. Prabakar , Heeje Kim, Growth control of ZnO nanorod density by sol-gel method,
Pusan National University, Department of Electrical Engineering, San 30, Jangjeong-
Dong, Gumjeong-Ku, Busan 609 735, South Korea, Thin Solid Films 2010.518: p.136~
138
Xiangyang Ma, Hui Zhang, )(ujie Ji, Jin Xu, Deren Yang, Sequential occurrence of ZnO
nanopaticles, nanorods, and nanotips during hydrothermal process in a dilute aqueous
solution. State Key Lab of Silicon Materials, Zhejiang University, Hangzhou 310027, PR
China, Materials Letters 2005.59 : p. 3393 — 3397
Zhuo Wang, Xue-feng Qian,_ Jie Yin, and Zi-kangZhu, Aqueous solution fabrication of
large-scale arrayed obelisk-like zinc oxide nanorods with high efficiency. National Key
Laboratory of Composite Materials, School of Chemistry and Chemical Technology,
Shanghai Jiao Tong University, Shanghai 200240, PR China
M. Eskandari *, V.Ahmadi b, S.H.Ahmadi®, Growth of Al-doped ZnO nanorod arrays on
the substrate at low temperature. * Department of Nanomaterial Engineering, Tarbiat
Modares University,Iran b Department of ElectricalEngineering, TarbiatModares

University,Iran ° Laser Research Center,T ehran,Iran, Physica 2010.42 : p. 1683-1686



Appendix

59



60

Appendix

Calculation

1. Calculation of Percent Yield

mass of Actual yield

mass of Theoretical

x 100

i

Percentage Yield

Theoretical Yield

No. of moles x molar mass

Mass
= (1 moles) x (81.408 g/mole)

= 81.408 g
48.34

It
x
—_
=]
=)

Percentage Yield

59.38%

2. Calculate concentration of growth solution

Zn(CH,C00), 0.1 mol/L

g CcvV
MW 1000
g 0.1(150)
183 1000
g = 2745
CH,,N, 0.1 mol/L
g cv



8 0.1(150)

140 1000
g = 21

3. Calculate concentration of cleaning solution

H,SO, 5 mol/L
C\V, = GV,
96 V, = 5(100)
v, = 5.21

4. Calculation concentration of seed solution

Zn(CH,CO0), 0.1 mol/L

£ cv
MW 1000
g 0.1(100)
140 1000
g = 1.83

5. Calculation of Particle Size

The crystallite size was calculated from the half-height width of the diffraction

peak of XRD pattern using the Debye-Scherrer equation.

From Scherrer equation :
Particle size =

k2
0

K = constant dependent on crystallite shape, K = 0.9 for unknown shape

A= wavelength of x-rays of Cu kg, A =0.1542 nm



B = FWHM( full width at half maximum of the reflection peak that has the same
maximum intensity in the diffraction pattern)

O = diffraction angle of x-rays

Example : calculation of particle size of sample
Where; A = 1.5406
K = 09

Find; 0 = 182° (from the figure 4.1)

(182xT0)+180 ;TU=22/7

0.3175

Cos© = 09998

1l

From figure 4.1 XRD pattern of ZnO nanoparticles via solid state reaction
2 0 high(*) = 36.8
20 1ow(") = 362
FWHM(") = 36.8-36.2 = 0.6

FWHM = (0.6 xTU) + 180 ; TU=22/7

0.0105

(0.9)(1.5406)
(0.0105)(0.9999)

The particle size =

132.054
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