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Abstract

In this work magnesium oxide nanoparticles were successfully prepared via co-precipitation
mcthod. Magnesium nitrate was uscd as a precursor. Different concentrations of silver were
doped in MgO. Surface morphology, chemical composition and crystal structurc were
investigated by SEM, EDX, FTIR and XRD. XRD rcsults showed cubic erystalline nature of
preparcd sample. SEM showed the rod like morphology of prepared MgO. These rods are
agglomcrated with each other. SEM showed that the doped silver lies on the surface of MgO
in spherical pattern. Anti-bacterial activity of pure MgO and Ag-doped MgQ was studied on
E-Coli bacteria grown through streaking method. Many colonies of E-coli bacteria were
killed by MgO which shows the antibacterial behavior of MgO nanoparticles. It was observed
that this anti-bacterial behavior was enhanced by doping silver in MgO. So Ag-doped MgO

nanoparticles have Detter anti-bacterial  behavior than pure MgO nanoparticles.
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Introduction

Chapter 1

Intr ion

1.1 Introduction to Nanotechnology
Nano comes from a Greek word “dwarf™ or “little old man” who means “one billionth™ (10°

*m)!! Nanotechnology may be defined as

“The design, characterization, production and application of structure and devices by

controlling their shapes and size at nano meter scale.”

If we suppose that average length of people is 100 nano meters tall, the diameter of moon
would be 8 inches and the earth would be 30 inches in diameter.As one nano meter is one
billionth of meter. It is very difficult to imagine how small nano meter is. So here are some

examples:

¢ Thickness of a sheet of paper is opproximately 100,000nm.
¢ One inch has 25,400,000 nanometers in it.
e Width of a human hair is approximately 80,000-100,000 nanometers.

e A human nail grows one nanometer in one second.

Fig 1.1: A comprison of nanomaterial sizes™”!
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Nanotechnology is not new. It is the combination of already existing technologies. The new
ability found in nanotechnology is to observe and menipulate at atomic level. This makes

nanotechnology so promising from scientific point of view"..

Range of nanometer scale is 1 to 100 nm , but nano science we study objects which are
greater than 100 nm. In many fields of nanotechnology objects are studied in the range of 1-
100 nm but in some fields like biochips objects are studied in the range of hundreds of

nanometer.

Since 1981 it was not possible to see individual atom, but in 1981 when Scanning tunneling
microscope developed we were able to see atom individually. The scanning tunneling
microscope (STM) is among a number of instruments that allows scientist to view and

manipulate nano scale particles, atoms and small molecules™.

1.2 Nano material
A nano material is a material having at least one dimension in nanometer range. According
to their dimensions nano materials are divided into different categories.

1. Zero dimensional nano materials
2. One dimensional nano materials
3. Two dimensional nano materials

4. Three dimensional nano matenials

1 r ™
[

Figure 1.2: Shapes of nanomaterials in differnet dimensions
1.2.1 Zero dimensional nano materials
In these materials all three dimensions are less than 100 nanometers. The most common
example of 0-D nano materials are nano particles. Nano particles can be amorphous and

crystalline. They appear in many shapes and forms.
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1.2.2  One dimeunsional nano materials

[n these materials one dimension is outside the nano scale and two dimensions are less than
00 mn. This lead to ncedle like shape materials. Examples arc nano tubes, nano rods and
nano wires. 1-D nane materials can be amorphous or crystalline. They can be chemically pure
or impurc. They can be metallic, ceramic and polymeric.

1.2.3  Two dimensional nano materials
In thesc materals two dimensions are outside the nano scale and one dimension is less than

100 nm. Nano films are the examples of these materials. They can posscss amorphous and

crystailine nature.

1.2.4  Three dimeusional nano materials
Thesc matcrials are not eonfined to the nano scale in any dimension. 3-D nanomaterials have

all three dimensions greater than 100 nanometcres.

Low dimensional structures

Ea

P — "___ |
3D | T 2D 1M
1 ' 1 vt 0D
) - e To- e : o bt
oy r'd AN oy » kS
Bulk: mation is Quantum weil: Quantum wire. Quantum Dotf:
not confined at all motion is not motion is not motion is
confined in 2 confined in 1 confined in all
dimensions dimensions dimensions

When the nano level is reached, the propertics like electrical conductivity, color, strength,
weight change. When we reach at nano level,the matetial can change from conductor to
scmiconductor or insulator.Surface to volumc ratio of nano materials is greater than bulk
waterials.Nano scale material has large surface area than larger scale materials of similar
masses. As surface area increases, the number of atoms on the surface increases, large
number of atoms can come in contact with surroundings and this increases the reactivity of a

material. This increase in reactivity forms nanomatrials better catalyst.

1.3 [lormation of Nanomaterials
Formation of nanomalerials at nano level is called nano manufacturing. There are two basic

ways to synthesized nano materials.
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1. Top down fabrication
2. Bottom up fabrication

1.3.1 Top down fabrication
In this fabrication large materials are break down into smaller material upto nano scale. In

this process we require large amount of material because excess material is wasted in this

process. This technique is applied for the manufacturing of computer chips.

1.3.2 Bottom up fabrication
In this fabrication we start with atoms and molecules and make larger structure, which can be

time consuming. This fabrication can be linked to the building of a brick house. Instead of
placing bricks one at a time, atoms or molecules are placed one at a time to build the desired

nanostructures.

B P L LWl b L EIATNE ™ L I

Figure 1.3: Fabrications of nano materials

1.4 Applications of nanotechnology
% In electronics, we can make transistors and integrated circuits by using semiconductor

nano wires. Electrically conducting nano ceramics can also be made.

»,
0“0

In catalysis, nanotechnology is used in photo catalyst air and water purifiers. It is used for

better activity, selectivity and life time in chemical transformations and fuel cells.

% Magnetic nano particles are used for hyperthermia. We can control drug delivery and
drug release by using nanotechnology.

% By utilizing increased energy gap of nano materials we can make window layers in

classical solar cells, rechargeable batteries and better thermal or electrical insulation

materials. We can make magnetic refrigerators from super magnetic materials.
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1.5 Issues and challenges to nanotechnology
o Difficulty in synthesis and isolation

It is very diflicult to synthesis nanostructures, nano particles and nano materials as compared
(o their conventional bulk counterparts. Additionally, it is difticult to control size of the nano
particles during synthesis in a solution. Morcover, in polycrystalline nano matertals, grain

growth may take place.

o Instability of particles

Nano particles, especially metal nano particles arc very reactive. They are thermodynamically
melastable. The kinetics associated with nonmaterial is very rapid. Owing to high surface
area, metal nano particles can even be cxplosive in direct contact with oxygen. They have
poer corrosion resistance. Henee it is very challenging to retain the particle size in nano scale

and 1o maintain the properties of nano materials during intended applications™.

o Presence of impurities

Nano particles have very active surfaces, leading to absorption and adsorption. Oncc a
species has been adsorbed on the surface of a nano particle the path length required for the
diffusion to take the specics to the center of the particle is very small. Hence the whole nano
particle may casily be contaminated. Thus it is not challenging only to synthesis purc nano

particles, but also to keep them pure during their services.

e Biologically harmful

As nano particles are very small so there are many chances that they can be easily anhaled by

humans. Most of the nanomatcrials are very toxic for humans so they attack on human cells.

Given the lack of data and case with which nano particles can be redistributed in the

cnvironment,so we lave to usc precuations when we are dealing with nanoparticles.

1.6 Magnesium
Magnesium has atomic nuinber 12, Magnesiun has symbol Mg.It’s color 1s grey. Magnesium

is the ninth most abundant clement in the universe '*. 1t can casily dissolved in water (®] The
taste of magncsium ions is sour and in low concentration they help to impart tartness in fresh
mineral water. Magnesium has lowest melling point (923K} and lowest boiling peint (1363K)

of any of the alkali earth metal'”,
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Figure 1.4:  Physical appearance of Magnesium

Magnesium is a metal. It conducts electricity and it can be bent to form different shapes.
Magnesium burns in air. When magnesium burns it forms oxides.Magnesium is very essential
element for human body. We use magnesium to produce energy. Magnesium is very

necessory for the life of a human cell.

1.7 Oxygen

Oxygen is an element having atomic number 8. It has symbol “O”. The name oxygen comes
from a Greek word “oxy genes” which means “acid forming”. French scientist Antoine
Lavoisier™™.Oxygen is a non metal. It is very reactive. When it combines with other elements
oxides are produced.”. Two atoms of oxygen are combined to form a coloress and odorless
diatomic gas with formula O,. Oxygen is a poor conductor of electricity and beat. It is denser
than air, It is fairly soluble in water which makes aerobic life possible in rivers, lakes and

oceans.

Figure 1.5: Atomic structure of Oxygen O3
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1.8  Oxides

An oxide is a chemical compound typically contains at least one atom of oxygen and onc
atom of other element 1'%, Mctal oxides typically contain an anion of oxygen in the oxidation
statc of -2. There are many metal oxidc existed on earth because oxygen oxidize most of the
elements in the presence of air and water. Due to its electro negativity, oxygen can form

bonds with all clements in order to give oxide. Most metal oxides have polymeric structure.

The oxides typically link three metals or six metals because metal forms chemical bond with

oxygen. This is very strong bond that’s why oxides are insoluble in solvents.

Oxides can react with acids and bases.

¢ DBasic oxides

The oxides that react with acids are called basic oxides. Mectal oxides form basic oxides. If

soluble in water, they react with water and give hydroxides e.g.
Ca0Q + H;0 ----—----— Ca (OH),

MgO + H;0 —---ene- — Mg (OH),
e Acidic oxides

Acidic oxides are formed when oxides react with bases. Acidic oxides are the oxides of non

metals. They form acids with water e.g.

SO3+ HyO e — H,SO,

e Amphotcric oxidcs

Ampholeric oxides are the oxides that can form by the reaction of metals with either acids or
bascs, They are formed by mctalloids (whose properties lie between mctals and non metals).
When amphoteric oxides react with an acid they form salt and water which is the property of
a basc. But when they rcact with alkalis they form salt and water, which is the property of an

acid,
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e.L.
ZnO +2HCl ----- — ZnCl; + H,O (basic nature)

Zn0O + 2NaOH -----— Na;Zn0,; + H,O (acidic nature)
¢ Neutral oxides

Neutral oxides neither show acidic properties nor basic so do they not form salt when, they

react with acids or bases.

Metal oxides have great importance in several fields of Physics, Chemistry and material
sciences. Elements of metals combine with oxygen in order to give oxides of metals. Oxides
nano particles have unique physical and chemical properties due to their limited size and high
density of corner and edge surface sites. Among the metal oxides magnesium oxides (MgO)
is widely used in chemical industry. It can be used as a scrubber for the gasses which pollute
the air, It can also be used as catalyst. MgO exhibit a rock salt structure just like the oxides of
alkaline earth metals. MgO particles have cubic shape. When we bum magnesium metal in

. . . . . 1
the presence of air, cubic shape magnesium oxide smoke particles are formed h

1.9 MAGNESIUM OXIDE

Magnesium oxide or magnesia is a white solid mineral. Magnesium oxide is formed by the
combination of magnesium and oxygen through ionic bonding. Magnesium gives two
electrons to oxygen. Magnesium starts with 10 outermost electrons and oxygen starts with 6
outermost electrons. When magnesium gives 2 electrons to oxygen we end up with 8

electrons on each.

Mg+ O, » MgO
Mg s Mg ©T —
21 9:12 2,.& 2’3 2‘,3

Figure 1.6: Electronic configuration of Magnesium oxide
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1.12 Applications of magnesium oxide nano particles
Magnesium is an important inorganic material having large band gap. It can be used in

electronics, heating apparalus, ceramics, refractory matcrial and lots of other fields (M1,

The potential applications of magnesium oxide nano particles are as follows:

® High temperature dehydrating agent

As a high tempcrature dchydrating agent magnesium oxide is used for the production of

silicon sheets and electronic industry materials.

@ Electric insulating material

As an clectric insulating material magnesium oxide is used to make crucible, smeltcr,
clectrode bar and clectrode sheet.

® Fire retardant

As a fire retardant magnesium oxide nano particles are used for chemical fibers and plastic

trades.

® Refectorics

Magnesium oxide nano particles arc widcly used in steel industry. It is used to make refectory
maltcrials, refectory coatings, electricity, cable, optical material, material for stcel-smelting

furnace and other high temperature furnaces.
® Chemical industry

Magnesium oxide nano particles are widely used in chemical industry as a scrubber for air

pollutant gasscs (CO; NO, SOy).

® Medical ficld

As magnesium oxide is a base and it reacts with acid in stomach and nuetralizes 1t. SO
magnesium oxide nanoparticles ean be used for the trcatment of acidity in stomach and heart
burn. Acid present in pages of books rot the pages. MgO reacts with this acid and nutralizes

it.

11
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® Catalyst

Magnesium oxide nano particles arc used as catalysts or for catalytic support. As the particle
size decreases, lhe rclative number of surface atom incrcascs and thus their activity

- [13]
increascs

1.13 Antibacterial activity of MgQO nano particles

As we all know there arc scveral diseases causcd by bacteria.And these discases causes
millions of humans deaths. So we have to control bacterial population. To control this
population of bactcria we have to produce an antibacterial agent. Antibacterial agent may be
organic or inorganic. lnorganic anti bacterial agents are more important than organic
antibacterial agents.Some of the antibacterial agents are metal oxides like TiO; ZnO, MgO
and CaO. Among of them MgO is more important,becausc it remains stable during its
production and it is safc for human body.lt is also low cost and cnvironmentally friendly

matcrial"®!,

It is considered that oxide ions are the basic fector for the anmtibacterial behaviour of
magnesium  oxide nanopartieles. When surface arca increase, quantity of oxide ions
increases.So MgO nano particles exhibit stronger anti bacterial activity as compared to

17
common MgO!'™,

1.14 Silver nano particles
Silver nano particles arc the nano particles of silver lies in the range of tnm to 100am. Silver

nano partieles exhibit numcrous shapes depending on the application at hand. Spherical
Silver nano particles are commonly used but diamond; octagonal thin sheets are also popular.
These nano particles appear in different colored powder, depending on their size and
morphology. Silver nano particles can be dissolved into different solvents like water and
cthanol. Silver nano particles have unique optical, electrical and thermal propertics. Silver
nano particles also have anti-inflammatory properties. Silver nano particles arc very effective
antibacterial agents for both aerobic and anaerobic bacteria. In medicines Ag nano particles
arc uscd for diagnostic and therapeutic purposes. They can be used as air and water

purification, tood preservation chemical vapor sensors and catalysts.

12
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1.15 Aims and objectives of the work
Aims and objectives of my MS work are:

e To synthesize Magnesium oxide nano particles by co-precipitation method.

o Doping of silver in MgQ at different concentrations.

s To characterize the structure and morphology of as-prepared Magnesium oxide and
Ag/MgQ nano coihposites, with different characterization techniques such as Scanniﬁg
Electron microscopy(SEM), Energy Dispersive Spectroscopy(EDS),Fourier Transform
Spectroscopy(FTIR) and X ray diffr...tion(XRD).

» To examine the anti bacterial activity of as prepared Magnesium oxide nano particles and

silver doped MgO nanoparticles.

13
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Chapter 2

2.1 Literature review
D.Minakshi et al. Synthesized MgO nano particles by adopting quick precipitation

technique assisted by PVP, They take 50ml 0.5M Mg(NO;) and PVP solution in 250ml flask
and kept for constant stirring for 5-10 minutes. Then 50ml of 1M solution of NuHCO; was
slowly added into the above solution the whole preoess was done under constant stirring.
After the addition of surfectants and preeipitating agent solution was allwed to stirrer for 3h
without changing any parameter. After the completion of whole process white precipitates of
MgO was scitled at the bottom of the flask. Then MgO in powder form was carefully
scparated froin surleetants liquid. The net substrate was kept under calcinations at 350°C, to
obtain in the desired nano crystals of MgO at 20nm thickness. The XRD and TEM results
indicate that the obtained MgQO nano particles have crystalline structure. It can be scen from
SEM and TEM images that the Size of MgQ are 20nm thick and structure is non porous. It
was also confirmed that usc of magnesium nitrate with PVP is a good method for the

fabrication of MgO nano particles ',

II mirzai and A davoodinia et al. uscd a sol gel process for the fabrication of

magnesium oxide nanoparticles, The precursor used in this proccss was magnesium nitrate.
By taking magncsium nitratc as a salt, ammonia solution was used as precipitating agent, The
gel of magnesium hydroxide was kept in oven at 350w for 5 minutcs. The temperature of
precipitates was increased up to 80°C. Then resulting precipitates were cooled down at room
temperature. Then they washed the sample with deionized water. Then they dried sample at
120°C. Morphology of magnesium oxide nanoparticles was studied by SEM. The crystal
strueturc was analyzed by XRD. XRD revcaled that preparcd magnesium oxide has cubic

shape with size 10nm'""L

Rizwan Wahab et al. prepared magnesium oxide nanoparticles having cubie shape. They
used sol-gel process for this manufacturing. Magncsium nitrate was used as precursor.
Magnesium nitrate was used with sodium hydroxide, they dissolved magnesium nitrate in
detonized water. 0.5M NaOII was added drop by drop in above solution. After few minutes
white precipitates of magaesium hydroxide were appeared at the bottom. Then this solution

was washed with methanol more than three times. Hydrated magnesium oxide nanoparticles
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were dricd at room temperature and calcined in air at 300 and 500°C. SEM results showed
that preparcd magnesiuin oxide nanoparticles have stze in the range 50nm to 70nm. XRD
indicated that the obtained nanoparticles have good erystallinity. FTIR speetroscopy was uscd
for analyzing the powder conposition”,

P.OQuraipryvan ct al. synthesized highly crystalline MgQO nanoparticles  with
mesoporoys-assenmbled structurc by sol gel process. First a specific amount of analytical
grade acetylacelone (ACA} was inlroduced inlo magnesium mcethoxypropylate in
methoxypropanol {(MMP). Then this solution was homogenized by shaking, Thea 0.1 M
taurylamine iydrochloride was mixed in the first solution. Then this solution was stirred (or
onc day. This was done for the aging of particles. The gel was dried at a temperature of 80°C.
Afler dryig caleination was donc at 500°C. XRD, TEM and SAED analysis showed that the
synthesized MgO possessed high crystallinity with particle size in nano size range. N
adsorption — desorption and pore size distribution was in narrow mesoporous range, which
originated from an assembly of the MgO nanoparticles. The XRD and SAED showed that

magnesium oxide nanoparticles was successfully prepared. Their size was in nano range''.

Fares Khairallah et al. synthesized inagnesium oxide nanoparticles using “aqueous wet
chemical method™. In this paper Interaction of MgO was studicd with CO. XRD pattern
showed the cubic structure of MgO nanoparticles. Crystalline sizes evaluated by Scherrer’s
formula were around13-18nm. XPS analysis showed the homogencity of particles. DRIFT
spectroscopy 1s used to study the reactivity of MgO nanoparticles, To study the catalytic
activity of MgO nanoparticles they use CO and methanol.!*?,

K.Ganapati Rao et al. preparcd MgO nano particles by using magnesium nitrate as core
precursors by co-precipitation method. Magnesium nitrate and sodium hydroxide soultion
were prepared separately and then they are combined by adding drop wise sodium hydroxide
solution in magnesium nitrate solution under constant stirring, Then white precipitates of
MgO are appeared. Alter washing, drying and calcination MgO nano particles were obtained.
These Nanoparticles have been characterized by XRD, PSA, SEM and TG-DTA for average
crystalline size, average particle size morphology and thermal stability respectively. XRD
showed that the obtained MgO nanoparlicles are of cubic shape. Their sizc was about

18nmt!,

Yuanyuan Rao et al synthesized MgO nanoparticles by using sol gel method. Doping

was doue by using ditferent ions lithium, zine and titanium. doped with differcat ions.
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Magnesium nitrate and dopant was dissolved in deionized water. At the same time gel of 0.02
mol of C6H8O7-H20 was made. Then this gcl was kept in oven at 150°C.Then white
precursor was obtained. Then precursor was crushed and heated at 600°C for 2h to attain
doped MgO Nano powder. This sample was characterized by XRD, TEM and XPS. E. coli
bacteria was used as a sample to study and compare the anti-bacterial behavior of different
doping concentrations. The results show that Li-doped MgO exhibits better antibacterial
activity!*?,

Rajesh Iumar et al synthesized MgO nanocrystals by using co-precipitation method in
which ammonia is used as co-precipitating agent. 0,1M of Mg(NO3} was dissolved in 100ml
of distilled water. Then sodium hydroxide solution was added in drops into the first solution.
Then solution was kept for 24 hours and then washed to remove impurities. Atfter drying
nanoparticles were caleinated at 600°C in air for 4h and 6h to transform into MgO. XRD
showed that Mg (OH) » nanocrystals are polycrystalline in nature and after annealing at
600°C it transforms into MgO nanoparticles. TEM images of MgQO nanoparticles show flake
like structurc. UV visible spectroscopy is used to cstimate the optical band gap energy of
MgO nanocrystals and found to be 5.92 evi?®),

Zhen-Xing ct al studicd the anti-bacterial behavior of MgO nanoparticles. As bacterial
pollution is risk for human health. So antibacterial behaviour of magnesium oxide
nanoparticles was studied in this paper and it was confirmed that MgO has good anti-bacterial

. 26
behaviour!?®!,

Agrawal R.M ct al preparcd MgO nano particles by using Mg(NOs); and NaOH as
precursors thirough Jiquid phase method. Firstly, they dissolved 5.2gm of Magnesiuin Nitrate
Hexahydrade into 200ml of distilled water. Another solution of sodium hydroxide was made.
Then this solution was added in the above solution in drops. After hat, solution was kept uder
constant stirring and then kept for 2h on table gore aging of the particles. White precipitates
wecie appeared at the bottom of the beaker. This solution was washed with distilled water and
cthanol. Then the powder was dried and crushed and calcined at 400°C for 4h. XRD analysis
showed the formation of FCC MgO nanoparticles 7.

Chandrappa K.G ct al. synthesized disc like Nano sized MgO by solution phase
methiod. Magnesium chloride and sodium hydroxide were used in ehanol mediun. Prepared
MgO nanopartilees were characterized by SEM,XRD,UV Visible and FTIR. It was found by

XRD that prepared MgO nanoparticles were well crystalline. SEM  shows granules,
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triangular, hexagonal and disc like shaped particles having 17-35nm size. It was obscrved
that solution phase method was environmental friendly and cfficieny method for genreation

ot MgO nunoparticlcsml.

Hongmei Cui et al. synthesized Pure maghesium oxide nanoparticles and copper doped
magnesium  oxide nanoparticles by using co-precipitation method. A solution of copper
acclate was made in ethanol, 0.2mol of Mg(NQ3)2 6H2O0 was dissoived into ethanol. At the
same time another solution of 0.2mol of (COOH)2_2[120 was made in ethanol. These three
solution was mixed together in order to obtain a green precurser under constant sirring of 30
minutes. Then precurser was kepl for 12h.Alter that this green precurser was washed with
cthanol and then dried. And then by calcination at 500°C nanosized MgQ was prepared. TEM
was used to cxamined the size and morphology of sample. Crystal structure was cxamined by
XRD. XRD results revealed by doping copper the distance between the planes of magnesium
oxide nanoparticles of (200) face is changed. XPS showces the perfect doping of copper 1ato
magnesium nitrate. The antibacterial property of MgO was investigated on E.Coli bacteria?”.,

N. Badar ¢t al. studied that how calcinations time cffects on the band gap cnergics of
MpO nanoparticles. MgO nanoparticles were synthesized via sol-gel method. Magnesium
acctate tetrahydrate Mg(C2H302)2.4H20 was dissolved in Ethanol. Then to make solution
gel like, tarteric acid was added into the solution until PH 6. Then after healing a white
precurser of MgQO was obtained. Prepared MgO nanoparticles were calcined at the
temperature of 600°C for 24 hours, XRD is used for sample characterization.SEM is used for
studying the morphology of sample. UV-Visible spectroscopy is used to study the band gap
cnergy of the maltertal, Results showed that band gap energy increases with longer heating

timelY,

M.SUNDRARAJAN ct al. synthesized MgO nanoparticles using wet chemical method

under diffcrent calcination temperaturc. Magnesium nitrate,sodium hydroxide and starch
were used for the preparation of magnesium oxide nanoparticles.stacch was used as
stabilizing agent. It also prevents from the agglomaration of particles. Starch solution was
made in distilled water and then 12.83gm of magnesium nitrate was mixed into the first
solution. Then solution was stirred untill the whoele magnesium nitrate is dissolved. Then 4g111
sodium hydroxide(25ml) soultion was added into the above soution drop wise under constant
stiering. Then soution was kept for 24l for agging of the particles. Then the solution was

centrifuged and washed to remove the impuritics. The nanoparticles of magnesium hydroxide
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Chapter 3

Experimental method

3.1 Chemicals

Table 3.1: Chemicals used in the synthesis

Names Formulas Molar mass
Magnesium nitrate | Mg(NO;), 256.41 g/molc
P-123 HO(CH,CH;0)20(CH,CH(CH;)0)7(CH,CH,0)0H | 3809.77273

g/mole
Sodium hydroxide | NaOH 39.997 g/mole
Ethanol C.HO 46.06844 g/mole
Silver Nitrate AgNO; 169.872 g/mole

3.2 Instruments
Tlhe instruments used in the synthesis of silver doped magnesium oxide are:

Beakers

Mcasuring cylinder
Conical tlask
Magnctic stirrer
Stirring plate

Hot plate
Weighing balance

Calcinations furnace

® ® ® 0 ® ®@ ® @ @

Petri dishes

19







Litcrature Review

triangular, hexagonal and disc like shaped particles having 17-35nm size. It was obscrved
(hat solution phasc mecthod was environmental fricndly and cfficieny method for genreation

of MgO nanoparticlest™,

lHongmei Cui et al. synthesized Pure magnesium oxide nanoparticles and copper doped
magnesium  oxide nanoparticles by using co-precipitation method. A solution of copper
acctate was madc in cthanol. 0.2mol of Mg(NO3)2 6H20 was dissolved into ethanol. At the
sanie time another solution ot 0.2mol of (COOH)2_2H20 was made in cthanol. These three
solution was mixed together in order to obtain a green precurser under constant strring of 30
minutes. Then precurscr was kept for 12h.Afier that this green precurser was washed with
cthanol and then dried. And then by calcination at 500°C,nanosized MgO was prepared. TEM
was uscd to examined the size and morphology of sample. Crystal structure was examined by
XRD. XRD results revealed by doping copper the distance between the planes of magnesium
oxide nanoparticles of (200) face is changed. XPS showes the perfect doping of copper into

magnesium nitrate. The antibacterial property of MgO was investigated on E.Coli bacteria'*,

N. Badar ct al. studicd that how calcinations time effects on the band gap energies of
MO nanoparticles. MgO nanoparticles were synthesized via sol-gel method. Magnesium
acctate tetrahydrate Mg(C2H302)2.4H20 was disselved in Ethanol. Then to make solution
gel like, tarteric acid was added into the solution until PH 6. Then afler heating a white
precurser of MgO was oblained. Prepared MpO nanoparticles were caleined at the
temperature of 600°C for 24 hours. XRD is used for sample characterization. SEM is used for
studying the morphology of sample. UV-Visible spectroscopy is used to study the band gap
encrgy of the material. Results showed that band gap energy increases with longer heating

timel*¥,

M.SUNDRARAJAN et al. synthesized MgO nanoparticles using wet chemical method

under different calcination temperature. Magnesium nitrate,sodium hydroxide and starch
were used for the preparation of magnesivum oxide nanoparticles.starch was used as
stabilizing agent. It also prevents from the agglomaration of particics. Starch solution was
made in distilled water and then 12.83gm of magnesium nitrate was mixed into the first
solution. Then solution was stirred untill the whole magnesium nitrate is dissolved. Then 4g111
sodium hydroxide(25ml) soultion was added into the above soution drop wise under constant
stirring. Then soution was kept for 24h for agging of the particles. Then the solution was

centrifuged and washed to remove the impuritics. The nanoparticles of magnesium hydroxide
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were calcined at 300°C,500°C and 700°C for 4h. SEM rcsults showed that with increase in
calcination temperature,particle siz¢ increases. It was observed from XRD that by incrcase in
calcination time peaks becomes sharp which showes that crystallinity increase. The particle
sizc was calculated as 4.6nm, 8.5num and 13.3 nm w.r.t 300°C, 500°C and 700°C. Gram
positive and gram ncgative bacteria were used to examine the anti bacterial behaviour of
magnesium oxide nanoparticlcs. Antibacterial activity reduces with increase in calcinations

temperature™ ",

Alcxander F.Bedilo et al. prepared magnesium oxide nanoparticles coated with carbon
by usnig two different twchniques. A porous coating of carbon is formed on the surface of
MgO nanoparticles.Resorcinol was found to be efficient agent. lnert gas was also used to
preparc magnesium oxide nanoparticles.In this paper it was obscrved that overall stability of
the material in the prescence of water is improved as compared to the non-coated
noncrystalline MgQO. With minor modification this method can also be used for the

preparation of a wide veriety of carbon caoted etal oxides P2
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3.1 Chemicals

Chapter 3

Experimental method

Table 3.1: Chemicals used in the synthesis

Names Formulas Molar mass
Magnesium nitrate | Mg(NO;), 256.41 g/mole
P-123 HO(CH,CH0)20(CH2CH(CH;3)O)70(CH2CH2 Ok | 3809.77273

g/mole
Sodium hydroxide | NaOH 39.997 g/mole
Ethanol C,H,O 46.06844 g/mole
Silver Nitrate AgNO, 169.872 g/mole

3.2 Instruments
The instruments used in the synthesis of silver doped magnesium oxide are:

Beakers

Conical tlask
Magnetic stirrer
Stirring plate

Hot plate
Weighing balance

®@ @ ®@ ® ®@ ® ® ® @®

Pctn dishes

Measuring cylinder

Calcinalions furnace
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3.3 Flow chart of synthesis method
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» Bragg’s Law

Bragg’s law shows a relationship between incident wavelength, angle of incidence and inter

planner spacing’s. For X rays the following condition must be satistied
ni = 2dsind
Where

“n” is the number of integer, “A” is the wavelength of incident x ray, “d” is the inter-planer

spacing and “8” is the scattering angle.

Figure 3.11: Bragg’s law
3.7.2 Diffraction Methods

There are three special methods for the diffraction according to the arrangement of

parameters

¢ [aue method
¢ Powder method

e Rotating crystal method

3.7.3 Laue Method

Orientation and nature of a material was investigated by using Laue method 491 In this
process sample was kept fixed by keeping the sample fixed wavelength of X rays is varied

until the Bragg’s condition for constructive interference is satisfied.
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plancs will make correct Bragg's law at some point and at that point a diffracted beam will be

formed.*",

crystal rotation axis

fum

beam

TA—— —t

Lwald sphere

Figure 3.14 Rotating crystal method

3.7.6 Dctermination of particle size
Debye Scherrer formula is used for the determination of average particle size. Paul Scherrer

introduces this [ormula in 1918. It’s limitation for the measurcment of grain size lies in the

range 0.1 to 0.2um. The formula is given by
D=0.9%/ (Pcost}

Where B represents the full width half maxima and it is incasured in radian, 0 represents the
Bragg’s angle, D is the particle width and X is the wavelength of Cupper Ka line, There is an
inverse relation between ditfraction curve width (B) and thickness of the crystal. When width

of eurve incrcases particle size decrease.

Figure 3.15: Full width half maxima
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3.8 Scanning Electron Microscopy (SEM)
Scanning electron microscopy is an analytical technique, which is used to determine surface
morphology, shape and size of the materiall*. SEM analysis is used to form a three

dimensional image at varying magnification.™*.

Figure 3.16: Different parts of SEM

3.8.1 Working principle of SEM

Electron gun produces primary electrons of high energy. These electrons incindent on the
surface of the sample. This produces secondary and back scattered electrons. These electrons
are reflected from the surface of the sample. These electrons are collected on the detector in
the form of electrical signals. These electrical signals form the image of sample on the screen.
As secondary electrons produces image of the surface of the sample. The intensity of back
scattered electrons is used for the determination of elements present in the sample. SEM
gives the complete information about the morphology of sample by varying the intensity of

secondary electrons!**!.
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3.9 EDXANALYSIS
Energy dispersive X ray (EDX) analysis technique is used

@ to find the percentage of element in the material
® product imperfections and defect analysis

® contamination detection

EDX becomes very powerful technique particularly in contamination analysis. The technique
can be qualitative and quantitative and also provide information about percentage distribution

of elements.

3.9.1 Fundamental principle of EDX analysis
As each element have a unique and special atomic structure so these elements aliowes a

special set of x rays to pass through them. To study the emission of x rays from a specimen, a
high energy beam of charged particles like electrons or protons or a beam of x rays into the
sample under studied. The energy of this beam varies from 10-20Kev/*!. At rest, an atom
within the sample contains ground state. The incident beam excites this electron and ejects it
from the shell. This creates an electron hole, where the electron was. An electron from the
higher energy cell comes to fill this hole.Then a difference occures between a low energy
level and a high energy level. This causes the emission of X rays. The energy of these emitted
x rays is measures by EDX. This difference in energies examined the elemental composition

of the material.

Figure 3.17 :Schematic illustration of EDX
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3.10 Fourier Transfer Infrared Spectroscopy
Fourier Transfer Infrared spectroscopy is an analytical technique which is used to determine

the organic, polymer and in some cascs inorganic compounds. FTIR analysis uses infrared
light and observes chemical propertics of a sample!™. In FTIR infra red radiations is uscd.
These infra red radiation falls on the samples. A part of radiation is obsorbed by the
sample. This absorbed radiation is compared with the refercnce light. This radiation is
partially absorbed and partially transmitted. Both the reference beam and transmitted beam
arc combined together. By combining these beams a spectrum is obtained, which represent
the molecular absorption thus infrared spectroscopy is used to recognize the unknown
material. FTIR determine the amount of chemicals present in the material/ IR spectroscopy

provides the detailed information about the internal structure of constituents of a samplc.

3.10.1 Basic Components of FTIR
The unique part of FTIR spectrometer is Michelson’s interferometer. Interferomcter has

{ollowing parts:

e Source

e Beam splitter

» Compensator

*  Moveable mirror
* Fixed mirror

e Detector

e Screen

Movable
mirmr

e
— = ~—r

i Source |
Beam Cuompensator
Petector @ splitter ;

l---.._.____.._l_l

IFixed
nirros

—

Sodium
fringes

Figure 3.18: Different parts of FTIR
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1. Source

2. Dispersion devices
3. Sample holdcr

4. Declector

5. Signal processor

Source

Source produces a beam of light.

Dispersion dcvices
Dispersive devices disperse light of different wavclength at different angles. These devices

are combincd wilh an cxit slit and used to select a particular wavelength of light from a

continuous source, 1,

Sample holder

Sample holder contains sample. A variety of sample holders are available for uv visible

speetroscopy. Mostly transparcnt sample holders are uscd.
Detector

A dctector converts light signal into an electrical signal. Detector gives a linear responsc with
low noise and high sensitivity. Normally a photomultiplier tube detector or photodidﬁe
detector is used in spectrometer. In order to determinc that what amount of radiation is
absorbed by the sample we compare the light passing through the sample and light reached

the deteclor without passing through the sample [50],
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Chapter 4

Results and Discussions

4.1 XRD ANALYSIS
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Figure 4.5 XRD Analysis of pure MgO

This figure shows the XRD spectra of pure and undoped MgO nano particles in the angle 20
between 20° to 80°. The pattern shows sharp peaks at angles 36.75°(111), 42.6°(200),
58.7°(110), 62.1° (220), and 78.7°(222). The observed diffraction peaks are well matched
with cubic MgO crystallites. These peaks are also in good agreement with JCPDS file of
MgO (JCPDS Card NO. 45 946). The intense and sharp pcak occures at 42.6°(200). This
sharp pecuk shows the better crystallanity. No other peaks are detected revealing the purity of

the sample.

By using information given in the following table and then by using Debye sherrer formula

we can determine the particle size.
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Table 4.3: Peak positions in XRD graph of pure MgO

Angle {20) Height (cts) FWHM d spacing Rel inten.[%]
36.7555 58.81 0.5904 2.44524 8.46
42.6073 695.27 0.7675 2.12198 100.00
58.7718 27.70 0.9446 1.57113 3.98
02.1892 371.08 0.5314 1.49275 53.46
74.3249 19.55 0.9446 1.27622 2.81
78.7085 56.604 1.0080 1.21477 8.15
The particle size determined by using sherrer equation is 22nm.
4.1.1 XRD Analysis of 5% Ag doped MgO
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Figure 4.6 XRD analysis of 5 % Ag doped MgO

This figure shows XRD pattern of 5% Ag doped MgQO nano particles. It is seen from the
graph that peaks are compressed by doping the silver. Peaks arc broader and less intense as
compared to XRD graph of pure MgO nanoparticles. Broadening the peaks shows that by

doping silver into MgO, particle size decreases.
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Table 4.4: Peak positions in XRD graph of 5% Ag-doped MgO

Angle (20) Hcight(cts} FWHM d spacing Rel inten [%]
36.6944 41.33 .5904 2.44917 10.50
38.2160 37.09 0.7872 2.35509 9.43

42.934| 393.49 0.9840 2.10658 100.00
58.8925 24.64 0.7872 1.56820 6.26

62.2900 174,28 0.2952 1.49058 44.29
74.4136 15.24 0.7872 1.27492 3.87

78.0299 29.78 1.2000 1.21578 7.57

4,1.2  XRD Pattern of 15% Ag doped MgO
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Figure 4.7:XRD pattern of 15% Ag doped MgO
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Figure 4.8: A comparative XRD graph of pure and silver doped MgO nanoparticles

Table 4.5: Peak positions of 15% Ag- doped MgO

Angle(20) Height[cts] FWHM d-spacing Rel.int[%]
38.169 584.11 0.2362 2.35786 100.00
42.5855 465.39 0.2952 2.12301 79.68
44.3462 252.60 0.2362 2.04273 43.25
58.7590 63.07 0.5904 1.57144 10.80
62.0352 317.11 0.4133 1.49609 54.29
64.4659 128.61 0.2362 1.44543 22.02
74.4478 20.35 0.9446 1.27442 3.48
77.3919 120.56 0.1771 1.23313 20.64
78.3623 54.72 0.7200 1.21926 9.37

It is seen from the graph by increasing concentration of silver, additional peaks of silver are
obtained at 44.34°(200),64.46°(220) and 77.39° (222). There is a slight phase shift in the

peaks towards a smaller angle by increasing the concentration of silver.
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Table 4.2: chemical composition of Ag-doped MgO

Element Weight % Atomic %
OK 52.69 63.85

Mg K 44.76 35.69
AgL 2.56 0.46
Total 100.00

This figure shows the EDX spectra of Ag doped magnesium oxide nano particles. It gives
information that which clement is present in the sample. Peaks of oxygen, Magnesium and
silver arc clearly seen. No other pcak is observed, which shows that there is no impurity in

the sampic.

4.4 FTIR ANALYSIS
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Figure 4.9: FTIR spectrum of pure MgO
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The composition of MgO sample was analyzed by FTIR spectroscopy. MgQO nanoparticles
were mixed with KBr and pallet of mixture was used for infra red spectroscopic measurement
at room temperature, The broad spectrum between 3308 and 3688 e¢m™ shows stretching
mode of vibration in hydroxyl group (O-H). The band at 1635 is assigned to C-N and C-C
stretching. The peak at 1453 is due to stretching vibration of N-H bond. The bands at 1031
and 1090 correspond to the Mg-OH stretching vibrations. The peak at 666 and 864 shows the
formation of MgO.
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Figure 4.10 :A comparative FTIR graph of pure and silver doped MgO

A close comparison of FTIR graphs of pure MgO and Ag doped MgO was done. It shows
some minor structural variations between pure MgO and Ag doped MgO. The study of these

graphs shows that by doping crystal undergoes some lattice stress.

4.5 Anti-bacterial activity
For checking the anti-bacterial activity of pure MgO and Ag doped MgO 1 took 0.06gm of

pure MgO and 0.06gm of 15% Ag doped MgO. Then I make a solution of 0.06gm MgO in
10ml of ethanol and shake it well until the MgQ nanoparticles are fully dissolved in ethanol.
The same solution is made for 15% Ag doped MgO nanoparticles. Then I spread both these
solutions in two different petri dishes in which E.Coli bacterial culture is already present.
Then I placed these petri dishes into sunshine for testing the anti-bacterial behavior of MgO
nanoparticles and Ag doped MgO nanoparticles.

45
















Results and discussions

4.6 Conclusion
Magnesium oxide nano particles were succesfully preparcd by co precipitation method.

Magnesium nitrate was uscd as precurser and sodium hydroxide as a precipitating agent to
synthesis MgO nanoparticles. [t was obscrved that this method of preparing MgO
nanoparticles is very simple and cheap. Different concentrations of silver was doped in MgO.
Structural  characterization of MgO nanoparticles werc carried out by X-ray
difterection(XRD) technique. Surface morpholgy was studied by using Scanning electron
microscopy(SEM). Chemical composition was studicd by using Fourier transform infra
red(FTIR) spectroscopy. It was observed by SEM results that prepared MgO has rod like
morpholegy. These rods arc agglomerated with each other. XRD revealed that MgO has cubic
structure and they posscs better crystallinity. XRD and EDX results showed that pure samplcs

of MgO are preparcd.

Magnesium oxide nanopartilces and silver doped MgO were applied to investigate the anti
bacterial activity. E-Coli bacteria were used for experiment. These bacteria were prepared in
biotechmology lab through streaking method. Anti bectcrial behaviour of pure MgO and silver
doped MgO was studicd under sun light. MgO nanoparticles killed many colonies of
bactcria,which showes anti bacterial behaviour of MgO. But this behaviour was cnhanced by
applying Ag-doped MgO nanopartilces on Bacteria. So it was concluded that Ag-doped MgO

have battcr anti-bactcrial activity than purc MgO nanopartilces.
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