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ABSTRACT

In this work Titanium Oxide is synthesized by an altered route with improved properties. In this

work silver (Ag) and nitrogen (N) codoped mesoporous-titania photo catalysts are organized by

doping with l:l% wt ratio of silver nirate and urea. The route reprocessed here is the Solgel

method with pluronic pl23 as a soft template to sustain the spatial association and shape by

changrng the molecular load and composition. After production the as manufactured catalysts is

characterized by using differeirt techniques such as X-ray diftaction specfioscopy QRD)'

Scanning electron microscopy (SEM), Uv-visible diffirse reflectance spectoscopy (DRS), Fourier

transform infrared spectroscopy (FTR) and Energy dispersive x-ray analysis (EDX). The Ag-N

m-TiO2 codoping show optimistic behaviour towards the visible light radiation. Finally their

proficiency bas been observed by the degradation of methyl blue under visible light illumination.

The samples doped with Ag-N m-TiO2 shows higher photocatalytic activity as compared to pure

Titania and Ag and other Nitrogen doped mesoporous titania- The photocatalyst has greater

performance towards visible regron due to the presence of Ag cluster on the surface of codoped

catalyst because clusters entertainment as a sink for the advancement of electron for

photo-.oxidation process.
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CHAPTER # 1

INTRODUCTION

1.1 Introduction to Nanoscience & Nanotechnology:

1.1.2 Nanoscience:

Ninoscience is an original field of science which agreements with the study of materials that have

very lesser dimensions which are in the range of nanoscale. Nanoscience is a blend of two words

nano and science where nano is consequential from Greek expression "nanos" or Latin expression

,,nanus,, which means .'Dwarf'and the expression "science" means knowledge. It is a different

field that brings another advanced field nanotechnology which emphases on the nanoscale. It is an

intersection between the fields such as biolory, physics, chemistry, engineering, computer science

and more. Nanoscience is a learning of nanometer scale. One billionth of a meter is identified as

nanometer. White l0 hydrogen atoms or 5 silicon atoms combined in a row is the same as that of

one nanometer. Study on essential relationships amongst physical properties and phenomena and

materials dimensions in the nanometer scale is stated to as Nanoscience [l]'

1.13 Nanotechnolory:

Nanotechnology is deliberated to be the first important worldwide research earliest of the 21st

century [2]. Nanotechnolory is a mixture of npo words "nano" and "technolory" where nano is

derivative from a Greek word "dwarP" which income a nanometer is one-billionth of a meter, a

distance equal to two to twenty atoms or approximately l0 water molecules or equal to 6 carbon

atoms breadth [3]. Nanotechnolory is the fabrication and use of practical structures considered

from atomic ormolecular scale with at least one characteristic dimension measured in nanometers'

Their size permits them to show new and noticeable improved chemical, physical and biological

properties, processes and phenomena as of their size. Significant changes in behaviour are caused

not only by continuous variations of characteristics withrdiminishing size but also by the presence

of totally new phenomenon such as quantum confinemen! example of which is the color of light

discharging from semiconductor nanoparticles depends on their sizes.

i#
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CH{ITIER I INTRODUCTION

"11anstgchmlnsy ls well-defirned as the science and engineering involved in the design, synthesis,
.-\.\a

characlcrizatisn and applicatiun uf materiah and devices whose lswBst prautical association in at least e

dimensisn is gning on $e nanmnehr scale."notecholory is not purely the extension of compactness

frombulkscaletonanometerscaleurhere small sfucturs give bffitonovel md new fimctionality

in a known interplmetry where qudum confine,me,m happens. Ndd€rials ndurally shows

physical properties as thd of the bulk scate ev€n whexr it is in micron scale however in the

nanome-tercollectiontheymostlyshowsphysicalpropertiesprticulalychangedfromthatofbulk.

Due to the tansition from bulk to the domic or molecular scale materials surprisingly show up

re,ma*aUy definite properties. This rechnolory also str€sses for deep undershnding of physical

properties and all phe,nome,na of nmostructured materials. It is also detected that nano sized

crystals have a lowmeltingpointand compact ldticecoruta!ffi fromtheirbulkcormterpart dueto

the detail thd the ngmber of surface doms increases d this scale md ae in significant fraction to

the total number of doms or ions.

Nanotecholory ooyers a wide mnge of reseach field- This needs tnre interdisciplinary and

muhidisciplinary eftrts for rmdersAnding and errploring this imovative class of matedal. Thus

this technolory is conside,red as comingtecholorywhich announces new dimensions to science

and techology. This new field has wide rmgs of ryplications and it touches the diffe,rent domain

of techology such as phrmacy, scientific toolg biotecholog5r, indusfiial manuftcturing

processes, advmced materid$ electronics [4].

1.1.4 Nanoscale:

The te, nano means TlwarP. Nanoscale mentions to the l0e, or one billionth. In these

expressions it denotes to a meter or a nanometer which is Atractive the scale of atomic diameter.

Example:

Different examples of nmoscale be there:

. Sheet of paper is approximately 100,000nm abundant.

. Htrmmhairrougfulymeasurqt 50,000 to l00,fiXhm in thickness.

FingBmails cultivde lnm each second.

A redbloodcell is of SfiXlm.

dt'

I

I
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' Usual size ofa gsrm is lmm-
':\\t r One inch eqnivalents 25.4 million nmometer.

V

Figrne # l.l: Nmoscale e+fvalem belongings

1.2 Brief Past of Nanotehnologr:

The term nmotecholory is really a'smshade- tM covers disciplines thd have very inhere,rt

historic mots. According to RJ) Booker it is quiE challenging to describe the ''nes past of

nanotechnologr becatse of two main reasons:

"4futtgrfi cf h aa qona-tnt ry ond ta@hlry of il. w aa @o o ilt at$

ry+azaefdryt@'.
Brs nwertheless the main idea of nmoEchnolory was prearrmgsd by:

. RichdFeyman
r NorioTmiguchi

r trLEricDrcxler

I .2.1 Richmd Fqman: dhei a xfft*t$ of un a dn ftnnox (, 969h

\t

.qi
@

t'

..-.::*

r aP*ft1
'fl+s#

e@?
.lrdl*l,b

q,@ll&6 @
di6

a trm lo|[n

q,B1 t t-fi
cffi.@.@..liEd

rq@.l@@

1@m

#fr
_-_T_-_
@dEo'ffi

f.(Xt Urn

*;-

'-Et'..J
ffr F$a-I3r .#l
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The beginning of nanotechnology was initiated with the speech of physicist Richard Feynman in

December 1959. In his famed speech "There's a sufftciently of zone at the Bottommost" at an

American physical Society seminar at the California lnstitute of Technology he says:

'Q woat to consitrcttct hillloa tlr7 faltuL+ modclt of lrdlvtluallg fudh* whtch tta4 it'tb'"t'

iltrutlqt ottt$. dtu pttutpto of /yttct 6 ftz et cl ean te, do not t\col< o,gott$t the poutlilAg of

eyeury thJngt A^ t& eAn- clC lt not an cf@ to lruredzttft aag laut' U ls tondilg l^ P'GltrrrllPle

that cott 6e &nc lA tn Tcorrttcc E Ao not 6ccn dorc llrrcalilrl. ue ate at rcll huge-.

In his speech he proposed the power and concept of nanotechnology. He suggested that the barrier

of knowledge and technology at which people should be directing could be real not only in physics

but also in earlier nano sized fields.

1.2.2 Norio Taniguchi (t974),

The Nanotechnolory span was originally defined by offodo dontgucitin Tokyo Science University

in an International Symposium on Precision Engineering (ICPE) 1gf.1974.

He used the term nanotechnology as the handling out of splitting up, merging, bending and twisting

of materials by a singly atom or a molecule.

| .2.3 Efrc Drexler glto tecatorr gflorufretu*gt ( t q e t ),

ln the 1980s, Eric Drexler authored the revolutionary book on nanotechnology'Engines of

Creation,, @rexler 1986) in which he presented the concept of molecular manufacturing. kt 1981

Drexler printed his f6st article on the subject in the admired scientific journal records of the

National Academy of Sciences. Titled "gfiolcoilazlfutncc*tgt gltn orypzacito tlu cryoalon of

Su&al cafalllttlet f* no lculot cnzp loywrtt".

1,2.4 Last Scientists Donations to Nanotech nolo gy :

In early 1980 nanotechnology and nanoscience grown so much improvement with two main

enlargements:

' The confinement of cluster science.

r The discovery of the scanning tunneling microscope (STI\O.

v
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Cnarrrut t INIRODUCTION

Table l.l : Key Surcess of nanobchologr

Yea Scientists Name History

l98l Gerd Biming & HeirichRohu Constnrction of Scming Trmeling

Micrmcope

1982 Ros€nb€rg Analytielly exmine nmoscale

structures & Improve,meffi of

nmoscaletechologie

1985 IlarryKrcto Er"osd fullerenes also entitled

Buckyballs

1986 Catvin Qrffi & Chistoph G€fter Atomic Forrce I!ficnoscope

ls0 l$ Acadmic nanotuhnolory

nemslclter available

t$l Sumioliji-. Erpos€d crbon nanotubes.

t993 Feymm lsFqrmm Fize graoted"

2m0 PrEsid€tr Bill Clinton bloadcasted

U.S Ndioml Naotechology

hitiaive(NM)

13 Nanomaterials:

Nmomeials re slch mderials u.hich arc mormvffi nmo objects or nmastnrsturd- Nmo

mderials ae mad+up to be the building block of nmotec,hologr [5, 6l.When a material

dimension is lower thm lfilm it cm k Aegmzrd as nmomderial Nmomderials can be

designedmordingtothe constraifi-Nmom&ials sirc displaynewmd conspicuous improved

physical, chmical md biological properties, phenomenon and rorfts becarse of theh size.

ImporEnt changes in perfumance are affected m only by aominuous alteraion of characteristics

withshinkingsize,htralsobytheemtraceofohllynewsensationsuchas qumfirmconfine,ment.

i\1,

\!
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CHAPTER I INTRODUCTION

rr\. "Materials takiog two of the dimensions are not limited to the nanoscale, usually display plate-like
w

shape."

2-D Nanomaterials can be:

Example: Nano-fitns, Nano-layers, Nano-coatings

-.\\-\
El

2-D
One dimension (0 at nar6ale,
otrertwo dimensions- (Lx,Ly ) are not
L**-fu L,

q*)nm
lbnocoatings and

a\
\r-'

Figure # 1.5: 2- D nanomaterials

I .3 .2.4 Three-Dimensional :

'Bulk nanomaterials are tools that are not limited to the nanoscale in any dimension."

These materials are exrtogot'tzed by having three randomtry dimensions above l00nm.

3-D Nanomaterials can be:

nanoscale.

arrangements of nano-size crystals, most classicatly in different alignments.

dispersions ofnanoparticles, bundles of nanowires & nanofubes as well as per nanolayers.

_( 2s
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Figure # l-Gz Bmdle of nanowires

1.3.3 Phase Conformations:

On the basis ofthis property nanomaterials are ordered as:

Table # |.2:Phase Conformdions

l3A Procss of It{anufacturing:

Nmomaterials re also peculiar by the proms of mmrfrctrning which are given below:

Table 1.3: Mamtrctudng Process

-

Rubber& LiquidCrysalline & Amorphous

Iayers

SinglePhase Solid

Polyimides, Nylons,

Polyef,hyle,ne

Mutti-Phase Solid

Cosmetics, DJres, Lubricalrts,

Colored glass, Butte,r

Aerogsls & ColloidsMulti-Phase Syst€Nrrs

&*.t5 lforuet 6ch.rr.. 'lld
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1.6 Nanocomposites:

Nanocomposites are multiphase solid materials with next to smallest one of the phase lying in the

nanometer range. Nanomaterials frequently have unique properties that could enable composite

materials with multiple unique properties that could simpliff composite materials with multiple

unique properties at the same time and they have been developed as a suitable choice to overcome

the boundaries of bulk composites and uniform however it is often interesting to achieve these

properties in big scale nanocomposite materials. As they hold preparation challenges related to the

mechanism of elemental composition and stoichiometry that cannot be controlled by using

conventional chemicals and materials. They are considered to be the materials of 2l$ century in

the vision of displaying unique and significantly enhanced properties, functions, phenomenon and

processes which are not establish in conventional composites.

Allowing to their matix materials they are ordered into three different categories as defined below:

1.6.1 Ceramic Matix Nanocomposite (CMNC):

In this Soup of composites the main volume is taken by a ceramic (an inorganic, nonmetallic solid

chemical compound from the group of oxides, carbides, nitides, borides, silicides etc). h ceramic

matrix nanocomposites in most cases a metal is used as a second component. [n order to attain the

distinct nanoscopic properties both the metallic one and the ceramic one component are well

dispersed in each other. Nanocomposites from these combinations was verified in improving their

optical, electrical, magnetic and other properties.

1 .6.2 Metal Matrix Nanocomposites (MMNC) :

This class of nanocomposites can also be defined as reinforced metal matrix composites' These

are further classified as continuous and non-continuous reinforced materials. CNT metal matix

composite is one of the most notable nanocomposite with high tensile strength and electrical

conductivity.

1.6.3 Polymer Matrix Nanocomposites (PMNC):

These materials are better to expressed by the term nano filled polymer composites. Properly

adding nano particulates to a polyner matix is known as PMNC. Its perfomrance can be enhanced

often considerably by simply focusing on the nature and properties of the nanoscale filler. An

!
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example of this would be strengthening a polymer matrix by much harder nanoparticles of

ceramics, clays or carbon nanotubes [8].

1.7 Photocatalysis:

The word photocatalysis is combination of two words Photo and Catalysis where the prefx photo

means .,Light' and "Catalysis" is such a process in which a substance involved in changing the

rate of a chemical transformation of the reactants without being changing itself in the last. Such a

substance is known as the catalyst which increases the rate of a reaction by reducing the activation

energy.

photo-catalysis is defined as "Acceleration by the presence of a catalysf'. Catalyst is just used to

speed up a reaction. Therefore Photocatalysis has become specially an important field and heavy

research topic by all fields of science including Chemistry, Physics, Surface science, Engineering

and is employed today to solve a variety of environmentbl problems.TiOz is consider as the most

efficient and environmental friendly photocatalyst.

1.7. 1 Photocatalysis Mechanism:

TiOz is known as the most efficient and environmental friendly photocatalyst The principle of

TiOz photocatalysis process is straightfonrard [9, 10]. When the absorption of light takes place

with an energy larger than the band gap of TiOz, electons are excited from the valence band to

the conduction ban4 creating electron-hole pairs. These elecfron-hole pairs migrates to the surface

and react with the chemicals adsorbed here. The Photocatalysis process efficiency of mesoporous

materials can be affected by two parameters:

pair, thereby decreasing photocatalytic activity. The photocatalytic activity can be

improved by increasing the crystaUinity of the material. Crystallinity can be increased

either by the doping of metals & nonmetals in pure semiconductor crystal.

Sajjad Shamaila et.al (2011) tll] reporred that m-Tioz with high crystallinrty was synthesized

using the templates with the combination of Pl23 and FEG and the hydrolytic retardant such as

acetic acid has used. The dual template shown remarkable high photocatalytic activrty as compared

to single one. Different clnracterhation techniques was used to examine as prepared sample. X-

is

c',\
\o
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ray diffiaction wift small md wide angle (XRD), Trasmission electronmicroscopy (IEM), Nz

\, adsorptiorJesorption, Thermogravimeilric malysis CIGA/DTA) was used for chracteristics' The

photo cdalyic activity was observed by phenol aegaaaion md mineralizdion of phe,nol was

confirmed by higfu performance liquid chromdogr4hy. The observed results shown that m-TiOz

with high crystafinity, biporous strucfirre md ftermally stable can be obtained during slmthesis.

Figure # 1.8: Re,presenation sketch of basic mechmism of photoatalytic process

1.8 Porous Materials:

tr Ime,rndional UnionofPgre andAppliedchemistry(I[IPAc) classifies prous materials intothree

classes depending ryon their pore sizes:

. Micloporous mderials with pore size less thm 2 nm.

. Mesopomus mdedals with pre size in betrvee,n 2 and 50 nm.

. IVlacro porcus mAerials with pore size greater rhan 50 nm [2, 13, and l4].

1.8. 1 Mesoporous I\daterials:

Mesoporous mderials shows several geometrical mesostnrctgred:

. Iamella, twodimensional (2D) hexagonal.

. Theedime,nsional (3D) horagonal, C\rbic.

' Morphologies (powder, nanoparticles & film)-

r Frrmewor* conformations (inorgilics, orgroics" metals & metal oxides).
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Figurc # 1.9: Diffenent geom€ffi€s of mesostnrctured

1.9 Titanium Dioxide (TiOz):

Tituia is measuredto be one ofthe most prominent inorguic photo catalyic material

U5, l6l.Titmia photo catalp is in€rt, photo caatytically stable easy to rymthesize, cheap and

withoutbeingdmgerous tothe environme,lrtorhumms. Titanium dioxide is also called as titanium

(Iv) oxide orTitania It is one ofthe logicalty occrrring oxides of titanirm. Its che,mical formula

is TiO2. It was discove,red ml79l in Cornwall, Great Bdtain by William Gregor. It was particular

nme by h[artin Heimich Klapoth-

Figure 1.10: Unit cell of Titanium Oxide

I .9. I Properties of Titanium Dioxide:

Some ofthe Foeerties of Titania ae listed below:

Table 1.4: Physical md Chemical properties of Titania
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Physical properties

Phase Solid

Density (near r.t) 4.5M g.cm{

Liquid d€nsity dm .p 4.1lg.cm-'

Meltingpoirt l94lK,l66toc, 3034oF

Boilingpoim 3560K 32trtoc,594w

Hd of fusion 14.15 Kjmol-l

Hedofvqorizdion 425 Kjmol-l

Molarhedcqacity 25.060Imol-lJ(-l

Chemical properties

Solubilityin uraer Insoluble

Electrical resistivity (20'C)420nQ^m

Magnetic o,rdering Prmagpetic

Thermal conductivity 21.9W-m-1J(-l

1.9.2 Titmium Dioxide Phases:

Tihia occurs in thee crystaltine phassi

F Andase

D grookite

ru

ri
[y
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Figure # l.l l: Crystal stnrcture of (a) Anffise (b) krile (c) Brmkite.

1.9.3 Properties ofTitanium Dioxide Phases:

Some ofthe progtles ofAnatase, Rrfile md Brookite phases are listed below:

Table 1.5: Properties ofAndase, Rrrile & Brookite

Property Anatase Rutile Brookite Reference €

Crystal

Structure

Tetraggnal Tetragonal Orthorhombic n7,l8,l9I

Iattice

Parmeters

4 2 8 1r72021221

l-attice

Parmeters

a:03785m
c=0.9514

r0.4594':m

C=

029589nm

a= 0.9lMm

bF 0.5448nm

c= 0.5145m

1172021221

D€nsity

(rp')
3894 4250 4120 1172021,221

Expedmenhl

Bmd Gap

- 3.2 eY

-387nm

- 3.0 eV

-413m
- l.9eV

-650m
1r723242s261

Index of

Refracf,ion

2.s42.49 2.19,2.N3 2.61-2.63 u7,1827,281

rt
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l.g.4Applications of Titanium Dioxide (fi0r):

Mesoporous Tihia is well-thorgfut-ort to be one of the p'romising md promine, t catalyst which

has widespread rmge of applicAions. It has reduced surfrce to volume rdio that accormt properties

that cm h ap,plid in very useful ways. Here ae some practical ryplicdions of Titania

. Environmental Cdalyst (Water & Air Ptrdficdion)

r TransportMedium @ye Sensitized Solarcell)

r Ene[gy Catalyst ( Waf€r Splitting)

u

Figure # l.lL:Applicdions of fitania

1.10 CharacGristics of Visible lryht driven Catalyst:

There afe some approachs to sptheize visible liglt drive,n photo cdalyst with

properties:

. Bythe replacment of Titmia wift trmsition meal'

. Nopmetal doms md other se,micondrctors doping into TiOz'

' Byfte reduction ofTioz size.

. By changing the morpholory and phase structure and composition of TiO2;

. By adding of holes scavexrgers-

following

D.

bos';{i*

?

.a
-ta
I
!
a
!l

t-



!r

=\\,

CHAPTER 1 INTRODUCTION

1.11 Silver:

Silver is a chemical element with symbol Ag and atomic number 47. A soft, white, lusfrous

transition metal, it retains the highest electrical conductivity, thermal conductivity and reflectivity

of any metal. Amongst the noble metals used as elechon traps, silver (Ag) is enormously

appropriate for industrial application due to its low price and relar<ed preparation. Ag-modified

TiOz powders have come to be current benefits due to its improvement of photocatalytic reactions

and anti-microbial activity

1.1 l.lApplications of Silver:

Silver is used industrially in electrical contacts and conductors, in specific mirrors, window

coatings and in catalysis of chemical reactions. Silver metal liquefies readily in nitric acid (HNO3)

to produce silver nitrate (AgNO3), a transparent crystalline solid that is photosensitive and freely

soluble in water. In coun! a variety of efforts had been made to announce various metal species

into the TiOz to enhance the photocatalytic activity or broaden the absorption of solar spectnrm by

the doped Titania.

Yanhui Ao etal (2008) [29] reported that Ag doped m-TiOz has manufactured by Solgel surfactant

assisted templating method using cetyl-nimethyle ammonium (CTAB) as structure directing agent.

The prepared catalyst has been synthesized by different characterization techniques such as X-ray

diffiaction spectroscopy (XRD), Transmission elechon microscopy (TE\O, Nz Adsorption-

desorption (BET) and X-ray photoelectron spectroscopy Q{PS). The aqueous solution of phenol

in water is used for degradation under tIV light irradiation to observe the photocatalytic activity.

The results obtained shown that changing the silver doping the crystal phase structure and

photocatalytic activity has become alteration. Upon Ag doping anatase grain growth has down.

When Ag doping had greater than before on m-TiOz, the photo catalytic activity has been enhanced.

But the surplus amount of Ag doping also depressed the photocatallic activity.

1.12 Nitrogen:

Nitrogen is a chemical element with symbol N and atomic number 7. Nihogen is a nonmetal.

Molecular nifiogen (t4N2) is largely fianslucent to ffiared and visible radiation because it is a

homonuclear molecule and, thus, has no dipole moment to couple to electromagnetic radiation at

,,J,+'
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.,is these wavelengths. Significant absorption follows at exfieme ultraviolet wavelengths launch
rJy' around 100 nanometers.

l.l2.l Applications of Nitrogen:

Maciej Talas et.al Q01,4) [30] reported that the photo cdtalytic activrty of m-TiOz had enhanced

by template free Solvothermal method using N incorporation by urea. Ihe synthesized sample was

prepared under mild temperature conditions and obtained,amorphous m-TiGz. Furttrer temperature

treatnent of as synthesized sample shown well defined crystalline anatase frame work of N doped

m-TiOz. The synthesized sample was characterized by using themral analysis, Fourier Transform

Infrared spectoscopy (FTIR), UV-visible diffirse reflectance spectroscopy (DRS), small and wide

angle X-ray diffraction spectroscopy (XRD), high resolution transmission elecfron microscopy

(HRTEM), and X-ray photoelectron specfioscopy (IGS), Nz Adsorptiondesorption. The

photooatalytic activity has examined by using methylene blue and acetic acid decomposition and

results revealedthatN doped m-TiOz shown high photocatalytic activity as compared to undoped.

*
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CHAPTER # 02
\6

Literature Review:

2.1 Titanium dioxide (uncontaminated):

Titanium is deliberated to be one of the most boosting oxide which have a wide range of

photo catalytic and catalytic solicitations [3U.TiO2 is one of the logically happening oxide of

titanium. The learning of Titania is mostly based upon the main three crystalline phases such as

rutile, anatase & Brookite and also be contingent on other forms such as nanoparticles, thin films

and bulk etc. Naturally Titania is obtained in powder fomr which may comprise ofmixture of both

an amorphous and crystalline segments. The crystalline quality of Titania can be improved by

using different techniques [32]. The powder form of Titania is frequently used as white pigments

from ancient times. The main characteristics of Titania are that they are chemically stable,

reasonable and inoffensive. Different scholars worked on both an amorphous and crystalline

phases of Titania. From the last few eras titania is well-thought-out as the gifted semiconductor

having large range of applications in different emergent fields such as lithium batteries, drug

transport [33,34,35] , solar cells [36,37,38,39,40], gas radars and so on.

Different studies reports on the phases of the Titania.

Zdenek Dohn6lek et.al in (2010) [41] reported TiOz (l l0) catalfzed rejoinders based on water,

oxygen and their detachment products and also the hasic points on which the catalytic and

photocatalytic reactions of Titania depends. As TiOz (110) is the ufinost stable surface form of

rutile Titania. So in revisions it is deliberated as a descriptive form. In this report alcohols, water

and oxygen, are to be invention latest determination related to applications in the areas of oxidation

and water-splitting of carbon encompassing pollutants. The scattering of charge formed as a result

and defects designed as a result of characterization to be concerted by him. They focus on the

quantity of each and every site present on the surface and also on the guidance of the charges

existent during adsorption methods. The information offers a model for both the pure &

contaminated diffirsion routes and also for the rotational dynamics.

Yalei Zhang et.al 1421, n (201l) the stable form of TiOz/rectorite (TR) was manufactured at

low temperature (70oC) by inserting dispersed Titania particles into rectorite. They stated that the

TR samples were categot'aed by using characterization teohniques such as, UV-visible diffirse
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reflectance spectroscopy (DRS), Nz adsorption-desorption, (HRTEM), (FT-IR) and Q(RD). The

surface area of TR has improved to 219 m2lg.The results gotten from TR characteiaation display

that under the irradiations of UV light the photocatalytic activity in the disintegration of the anionic

dye acid red G (ARG) was agreeable. The photo catalytic activity has fully organized by taking

five photo catalytic recurrent cycles which discusses to the mesoporous structure and the large

surface area ofTR

2.2 Mesoporous Titania:

Mesoporous TiOz has modified frame work prearrangernent and fxed pore size, with distinctive

surface area. The two dimensional hexagonal mesoporous Titania nanostructures rewarded much

consideration because of having slight ticking effect, surface penetrability and bulky constant

surface area. Mesoporous Titania has comprehensive collection of applications which involve

separations, biological conversion, adsorbent materials, energy storage & catalysis 143, M, and

4sl.

Some reports are inscribed below:

Shamaila Sajjad et.al in (2010) [46] stated that mesoporous TiGz photo catalyst can be organized

by using template and hydrolytic retardant. The hydrolytic retardant and template recycled in the

synthesis are acetic acid and PEG respectively. It has been testified in the paper that PEG was

completely perfect template and can be used to yield the mesoporous anatase form of TiOz with

comprehensive crystallinity. The inference of thermal treatnent and molecular weights of the PEG,

on the photocatalytic activity and its consequence on final structure has also studied. The phase,

compositional and operational properties of the photo oatalyst was characterized by consuming

different characteization techniques such as XRD, Nitrogen Sorption analysis and TEM. It has

been stated that when the PEG molecular weights variaiions, the particle size and pgre size will

also come to be altered. So, when the PEG molecular rileights different from 600 to 20,000 as a

result the size of particle of mesoporous stucture diminish from l5.l to 13.3 nm and also as a

effect of it the total pore sized improved from 6.9 to 10.6 nm. This created m-TiO2 actions has

been calculated and then these actions are likened with Degussa P-25 by consuming a testing

compound where chloro-phenol has recycled for testing. Chromatography was used to illuminate

the reaction mechanism of photo degradation.

l/
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Tae-Jung Hq Sin-Young Jung et.al in 20ll [47l informed that the films of mesoporous oxide with

extremely ordered structure has low themral conductivities which is comparable with dense film.

To use these films of mesoporous oxide which have superlative properties in different fields, it is

critical to use the thermal insulation method. kr this statement ordered and the disordered form of

m-TiO2 films as a part of dehydrated time was synthesized. Even they has similar pores locations

but still they has diverse thermal conductivities and structures of pores. In ordered to show a kith

and kin between the thermal conductivities and pore structures, anticipation of the tansferred heat

was happened. The heat flux vector, diffirsion of temperature and thermal properties of ordered

mesoporous films has been estimated by fixe{ elemental analysis. The method of thermal

insulation in the pores structure has been d-escribed by the contast between the experimental and

predicted results.

2.3 Photocatalysis:

Photocatalysis is such a chemical reaction in which light assists during the reaction. As it has been

described that the inorganic Titania is one of the best noticeable photocatalytic material [48], so it

was reflected to be efficient, economical and nontoxic for the chemical and organic degradation.

But Titania had wide band gap unluckily, so it only shows and absorbs high photocatalytic

behaviour only under the irradiation of ultraviolet rays rilhich is34Yo of the whole solar energy.

So different attempts has made to improve the photocatalytic nature of the Titania by increasing

the absorption range from UV to the visible region. In order to enhanced the photocatalytic activity

of different altered nano catalyst of Titania different methods has been adopted such as inroducing

defects, in lattice selective metal ion doping or composite-t5pe, noble metal supported. [49, 50, 51,

szl.

Different ways to expand the photocatalytic activity were: Doping, Composite formation, Co-

doping

2.3.1 Doping Method:

The appetizer of defects is one of the way to improve the photocatalytic activity of

Titania. Many researchers had been described on doping and details of some recent are as follows:

lnzlll Sol-gel method was used to increase the photocatalytic activity of Titania doping it with

calcium ions. This idea was reported by U.G.Akpan et.al [53]. In that report photocatalyst was

-;,
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synthesized by using sol-gel method and then characterized the catalyst by using techniques such

as N2 physisorption, X-ray photoelectron spectroscopy Q{PS), XRD. To study the surface

structure scanning electron microscope (SEM) was used. Fourier transform ffiared (F"I'R)

spectoscopy and the (XPS) technique tells us about the occurence of O, C, Ti and Ca in the

sample of Titania which has doped with Ca ions. The photocatalytic degradation of acid red

l(ARl) and azo dye has been examined to find the catalyst activity under the inadiation of UV

light. The results shows that ttre sample heated for 3.6 hrs, at 300'C in a cyclic way shows best

adaptation. When the percentage of doping is less 0.3-1.0 wt.yo, it increases the photocatalytic

activity of Titania and 0.5 vtt.% had assumed to be the best percentage of TiO2 doping with Ca

ions. The pH effect on the ARI degradation has calculated and the dye solution pH has applied a

great effect on the dye degradation.

Mesoporous Titania doped with Cu2+ has enhanced with photocatalytic activity from UV

to visible light and the desired catalyst has been synthesized by simple method reported by Le Yu

et.al (2010) [54]. After synthesis the sample was charactet'ued by using different techniques such

as X-ray photoelectron specta p<fs), hansmission electron microscopy (TEIO, and N2

adsorption-desorption, low angle and wide angle X-iay diftaction (rG.D) and UV-visible

absorbance spectroscopy. Then finally methylene blue degradation had examined under visible

region to find the photocatalytic activity of these sampleS. Results show that the a.rrount of Ct2+

doping was quite significant and it show great affect to the catalytic activity of titanium dioxide.

2.3.2 Doping with Cations and Anions:

Different modifications of TiOz has been implemented to increase the photocatalytic activity

like:

o Doping with Cations:

For example transition metal ion dopants such as Fe,7,g Sb, Sn doped with Titania to upturn

photocatalytic activity [55, 56, 57,58, 59] and other cations like Ce, C or S when doped with

anatase titania also displays high catalytic activity.

o Doping with Anions:

.\
\
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A number of different sfrategies has been working to increase the photocatalytic activity into the

visible region. They include (e.g., B, C, N, F, S, Cl or Br) of Titania to attain visible light driven

photocatalyst has been highest lately studied. Doping with anions for example S, N and other

anions like S, C or N when doped with anatase phase of Titania also improved the photocatalytic

activity under the Eeatrnent of visible light. [60, 61,62,631.

2.3.2 Composite Formation:

The composites development is another method to rise the photocatalytic activity of Titania.

Kexin Li et.al Q0l2) [64] reported that when mesoporous titania was codoped with graphene and

tourmaline it shows high photocatalytic activity under the inadiation of anticipated sunlight and

the catalyst has been spthesized by combination of two techniques and these techniques were

Solvothermal treatrnent and Solgel direct condensation metho{ where Solvothermal teatnent

combines with Sotgel direct condensation method. As a result of it a composite was synthesized.

This synthesized composite showed an interlinked three dimensional (3D) mesostructured and also

show an anatase phase structure with unchangeable size of pore and large area of surface which is

from (2l8m2g -l). This composite has shown high photocatalytic activity under the anticipated

sunlight irradiation as compare with the pure form of Titania. Ttren the photo degradation of

organic pollutant norfloxacin and rhodamine B were examined to find the photocatalytic activity

of the codoped mesoporous Titania composite. Therefore this composite had prosperously used

for the eufiophic treafrnent of water.

Wei Zrang et.al (2009) [65] reported that nanocomposite of TiO2Jadsorbent was produced by

using wet chemical impregnation method and the applications of TNC was increasing day by day

in waste water treatnent. The morphological properties (crystal phase, surface area and particle

size etc.) And the elecfionic properties (quantity & lifetime of charge carrier) of Titania had

synthesized in samples hinge on upon the conditions occurs during the synthesis.

2.3.3 Co-Doping Methods :

Limitless doping is another way to increase the photocatalytic activity of the Titania. Some

reports are as given below:

Jonghun Lim et.al (2013) [66] reported that Titania codoped with niobium and nitrogen by using

a Solgel method show high photo-catalytic activity under the inadiation of visible light. Then

4L
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visible light photocatalytic activities of catalyst were associated with bare Bb- and N- doped with

Titania. Then the catalyst synthesized were charactenzed by using different characterization

techniques such as diffirse reflectance UV-Visible absorption spectoscopy, powder X'ray

diffiaction (XRD), X-ray photoelectron specEoscopy, enerry-dispersive X-tay analysis and FT-

IR spechoscopy. It was detected that when Titania codoped with Nb and N, it shows significant

properties different from the single doped Titania in the angle of the charge distribution of induced

dopants, structural stability, defect energy levels, optical absorption and vacancy sites. The most

unique thing is that the absorption of visible light by (N,NB)- Titania was prominently higher as

compared with the doped sample which has band gap of 0.1 eV which is confirmed by Mott-

Scottky plot, the calculations of electronic structure and Tauc plot. As the result of codoping in

Titania creates mid gaps between the band gap and create. Ti3+ states that increase the

photocatalytic activity under the visible light irradiation. Then degradation of 4-chlorophenol (4-

Cp), reduction of chromate (Cr vI) and oxidation of iodide is examined in aqueous phase

under the inadiation of visible light.

Hongyuan Hao et.al (2009) [67] reported that Solgel method is used to codoped mesoporous

Titania with nitrogen and iron (Itr) which shows high phbtocatalytic activity under the inadiation

of visible light. In this report the surfactant (dodecyl amine) contains nitrogen was used' The

catalyst were characterized by using different techniques such as (IEM), UV-visible (DRS),

electron paramagnetic resonance @PR), QGS), low and wide angle Q(ftD), N2 adsorption-

desorption. The results shown that codoped Titania mesosfiuctured with Fe (II! and nifrogen is

formed by mix crystal structure of Anatase and Brookite. The slnthesized sample even heated at

400'C consists of large unique surface area and small size crystals and uniform dishibutions of

pores. Under the irradiation of visible light, the photooatalytic activity is examined by 2, A'di

chlorophenol degradation. From the results it were conctruded that when powder m-TiOz codoped

it presented high photo catalytic behavioru as compared with single nifiogen doping'

2.4 Silver:

Silver is considered as soft, white, lusEous transition metal, it has the highest electrical

conductivity, thermal conductivity and reflectivity of any metal. Amongst the noble metals used

as electron traps. Silver (Ag) is extemely suitable for industrial application due to its low price

and easy preparation.
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2.4.1 Doping with Silver:

Yanhui Ao et.al (2008) [68] reported that Ag doped m-TiO2 has synthesized by Solgel surfactant

assisted templating method using cetyl-trimethyle ammoriium (CTAB) as structure directing agent'

The prepared catalyst has been synthesized by different characterization techniques such as X-ray

diffiaction spectoscopy QRD), Transmission electron microscopy (TEIvf), N2 Adsorption-

desorption (BET) and X-ray photoelecton spectroscopy QGS). The aqueous solution of phenol

in water is used for degradation under UV light irradiation to observe the photocatalytic activity.

The results obtained shown that varying the silver doping the crystal phase structure and

photocatalytic activity has become change. Upon Ag doping anatase grain growth has depressed'

When Ag doping had increased on m-TiO2, the photo catalytic activity has been enhanced. But

the superfluous amount of Ag doping also depressed the photocatalytic activity.

2.4.2 Codoping with Silver:

Xia yang et.al (2009) [69] reported that one-step Solgel solvo-thermal method has been used to

synthesize Titania nanocomposite by doping metallic silver and vanadium oxide in the presence

of surfactant triblock copolymer P123. Different characterization techniques has been used to

characterize as synthesized material. The observed results shown AgN TiOz three component

junction system with anatase/rutile (73.8:26.2) mixed phase structure. It was examined that

extremely small size metaltic particles were spread over the surface of composite. This

nanocomposite as synthesized was used to examine the visible and WJight driven photocdtalyst'

The photocatalytic activrty was examined by the decomposition of dyes rhodamine B (RB) and

coomassie brilliant blue G-250 (CBB) in an aqueous solttion. It was examined that the enhanced

photocatalytic activity in the visible light region is duo to the vanadium oxide doping and the

improvement in the quantum efficiency is due to the doping of metallic silver is key firctor to detennine

the enhanced photocatalytic activity. It can also observed that:the mixed phase structure with suitable ratio

of anatase/rutile in the as synthesized sample AgN TiOz enhanced the photocatalytic activity.

2.4.3 Composites of Silver:

Xingtian yin (2012) [70] et.al reported that Titania nanbtube and nanoparticle mixed composite

has been synthesized by a perchlorate containing electrolyte in the presence of ultrasonic process.

A rapid anodization process has been used for composite synthetization. The composite of silver-
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titania has been synthesized by using a stabilizing agent at low temperature in PEG 600, which

also acts as a reducer to reduce Ag+ on Titania nano crystals surface. It has been observed that

different characteruations techniques utilized to obtain results from the nanocomposite, (XRD),

(XpS), (TEI\O, GDX), UV-vis absorption spectroscopy. The photocatalytic activity of as

synthesized sample was observed under W light in the Presence of methyl orange solution

decomposition. The enhanced photocatalytic response has been observed in the presence of Ag

nanoparticles surface plasmatic effect that is explained in the report.

2.5 Nitrogen:

Nifiogen is considered to be most abundant element on earth. It has syrrbol N and atomic number

7. It is nonmetal. It also uses to modifi Titania to increase photocatalytic behaviour. Non-metal

doping is one of the typical chemical modifications to enhance the visible light photo-catalytic

activity of oxide effectively. Among various non-metallic doping elements, the nifrogen doping

has been proved to be a simple and effective way to increase the visible light absorption.

2.5.1 Doping with Nitrogen:

ztiyanHu (2013) [71] reportedttrat ordered arrays of 3D mesoPorous Titania sphere has prepared

by using two template system. It was observed in their report that both hard template (opal

template) and soft template (surfactant template) can be used to synthesize N-doped mesoporous

Titania spheres. Different charactet'rzation techniques has been used which include X'ray

diffiaction spectroscopy (xRD), Transmission electron microscopy (TEI\O, and scanning elechon

microscopy (SEI\,I). The photocatalytic activity of RhB dicomposition was observed which shown

that the enhanced photocatalytic activity in the visible region which is attributable to the N doping

effect. This tlpe if Titania sphere has practical applicaitions in the fields of water elecEolysis,

environmental pwification and Dye-sensitized solar cell (DSSC)'

2.5.2 Codoping with Nitrogen:

Ahmed Khan Leghari Sajjad (z}tz) l72l et.al reported that W and visible light active

photocatalyst has been prepared by using metal and nonrhetal doping. It was observed that simple

Solgel method can be used to synthesized the catalyst by the addition of doping with Tungsten

(metal) and Nitrogen (nonmetal), and different chtacte;izations techniques has been employed,

X-ray diffiaction spechoscopy Q(RD), (SEI\O, (TEM),(FTIR) and QGS), (UV-VDRS)' The photo

i\u
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cataiytic activity of as synthesized catalyst was observed by Rhodamine B and 2' 4-Dichloro

phenol decomposition. It was observed that different new energy states developed by him and their

coworkers to enhanced the photocatalytic behavior'

2.5.3 Composite of Nitrogen:

Maciej Tlllas et.al (2014)[73] reported that the photo catalytic activity of m-Tio2 had enhanced

by template free Solvothermal method using N incorporation by urea. The synthesized sample was

prepared under mild temperature conditions and obtained amorphous m-TiO2' Further temperature

treafinent of as synthesized sampre shown welr defined crystailine anatase frame work ofN doped

m-Tio2. The synthesized sample was characterized by using thermal analysis, Fourier Transform

lnfrared spectroscopy (FTIR), UV-visible diffirse reflectance spectroscopy (DRS)' small and wide

angle X-ray diffiaction specroscopy QRD), high resotution transmission elecfion microscopy

(HRTEM), and X-ray photoelecfion specfioscopy QGS), N2 Adsorption-desorption' The

photocatalytic activity has examined by using methylene btue and acetic acid decomposition and

results revealed that N doped m-Tio2 shown high photocatalytic activity as compared to undoped.

Among all other dopants, silver as a metal consuming electron trapping ability and niffogen as a

nin-"*, captivating band gap narrowing ability to create oxygen vacancies has bben widely used

to produca visible-light photocatalyst'

Ibratrim Er Saliby et.al (2011) [74] reported that visible light efficient photocatalyst has been

prepared by using metallic silver and nonmetallic Nitogen in addition to Titania' The procedure

to synthesize the catalyst has been caried out sirhply at room temperature' As observed that for

the doping of nitogen" Degussa P25 has been fieated with anrmonium hydroxide and for Ag-N

codopingthesampleisfreatedwithAgi.Io3,theassynthesizedcatalystwascharacterizedbyX.

ray diffiaction spectroscopy ()RD), Transmission electron microscopy (TE\O' X-ray

photoelectron spectroscopy QGS), Energy dispersive analysis @DA) and specific area

measurement. The photocatalytic behaviour of as synthesized catalysts was revealed by the

solution of Methyrene Blue (MB) dye. The resurts obtained shown that visible light reactive

catalyst has been synthesized by using such dopants and it has been determined that the presence

of Ag cluster on the surface of Titania shown superior perfonnance to the codoped catalyst towards

visible reglon because clusters behave as a sink for the promotion of elecfron for photo-oxidation

Process.
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CNA.PTER Z LITERATIJRE REVIEW

Zhifeng Jiang et.al QOl4) [75] reported that green Solvothermal method has been used to

synthesized nano composite for efficient visible light responsive behaviour.

Mesoporous Titania with Ag-loaded, nitogen doped yolk shell microspheres has been synthesized

by using a hollow controller as acetic acid and for the N doping source is fii-ethanol amine is used

for the first time. The photo-reduction method has been used for the deposition of Ag NPs.

Different characterizations techniques has been used as X-ray diftaction QRD), Transmission

electron microscopy (TEM), Energy dispersive specfioscopy (EDS), Raman spechoscopy, N2

adsorption-desorption, (BET) and @JP) method of measuremenl The photocatalytic response

under visible light irradiation can be measured by the degradation of rhodamine B and

ciprofloxacin. The observed results shown that Ag-N-TiO2 -YSM microsphere has enhanced

photo catalytic activity as compared to others. It was also observed that a limiting amount of silver

loading will increase the photocatalytic activity, more than that cannot improved in the resultant

activity process. This synthesized metal hollow semiconductor has been used for many

applications in Photocatalysis.

\
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ts CHAPTER # 3

E)CERIMENTAL SECTION

3.1 Materials & Reagents:

3.1.1 lngredients Used:

Table 3.1: Reagents and Materials used in synthesis are:

; $-*ur#,.1,,y# ffiri
A.G

Pluronic (P123) EOzoPOzoEOzo

A.GTetrabutyltitanate i ri(oC4H4)

Urea CO(NHz)z A.G

AgNOr A.G
Silver Nitrate

HCI A.G
Hydroohlorio Acid

Ethanol CHTCHzOH A.G

3.2INSTRTJMENT:

The apparatus used in this experiment are:

* Beakers

dl, Magnetic stirrer

{L Hotplate

'lf Spatula

dE Glass rod

{b Glass plates

JL Mechanical grinder

3.3 CatalYst AnalYsis:

kr a typical method m-Tio2 was synthesizedby simply EISA method using surfactant tiblock

copolymer Pl23 as a template. In this synthesis 1g of Pf 23 dissolved in 60ml of ethanol and stir

for one hour, then add 2ml HCI dropwise with continuously stining. Ttren add loml

:-\
n

iF
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CHAPIER 3 EXPERIMENTAL SECTION

Tetrabutyltitande CIBD one drop after two minr$es and stir it for five hours at rmm teflnp€rahrre.

A transpmm sol was obhined which was beingfiansferred offo the glass plate and spread it. A

*igqll thin layerwas &ied at room at room temperdrng then scrdch it fiom glass plate and after

mechmical grinding get powder calcined it to remove the te,mplae and other organic species. 1.0%

w-t Ag doped m-fiO2 preprd by nsing AENO3. |.tr/o vtL N doped m-TiO2 prepared by using

Urm. The Silver Nitogen codoeed mesoporous TiEmia is pre,parcd rn l:lo/o wt. of Silver Nitrate

and Urea

q1*

rF

Figure #3.1 : Ggruized testers

3.4 Characterization Techniques:

Themost ryprrcidedaspect ofmmedals resercn is fte chracterizmion ofthe invented materials

that weuse mstudyinorderto afitainmoreknowledge aboutthem- Chrac'terizationwhenrecycled

in material science, means to the usage of external to review imo the internal structure

and properties of a material The goal or preferrred results of chemical chtactsrizafronis to point

orfr amd qumtifrthe chemical constitue,ffi of amderial md to evaluate its bi+,compatibility.

Comprehe, sive md thorurgh knowledge ofthe marerial properties of a product rmder fabrication

or presentation conditions is thqefore serious for its sucoess.

Analysis are rrsed prrely to boost the samplg to imagine its int€xnal struchne and to

gain knowledge as to the disp€rsal of ele,ments within the specimen and their inEractions. These

analysis rechiques crn be spechoscopic orcanbemicroscopic. Spectnoscopic techniques includes

interaction of ulhaviolet, visible, and infrared radiation with matter whereas microscopic

_{ 4a
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techniques maiply concem about amplification of internal structure of material by magnificent

light of specific wavelength.

Spectroscopic techniques I used to analyze materials are:

* X-Ray Diftaction (XRD) Spectroscopy

4 Scanning Electon Microscopy (SEIO

S Energy Dispersive X-Ray Spectoscopy (EDS)

$ UV-Visible Diffi,rse Reflectance Spectoscopy (UV-DRS)

S Fourier Transform Infrared Spectroscopy (FI'R)

3.4.1 X-RaY Diffiaction ()GD):

X-Ray Diffiaction is a flexible, non-destructive technique that reveals detailed information about

the chemical composition and crystallographic sfiucture of ordinary manufactured materials' X-

Ray Diftaction is founded on the elasting scattering that is the change of direction of the

electomagnetic waves motion deprived of energy loss' This QG'D) experiment requires an X-Ray

source, the sample to be tested and a detector to pick up the diftacted X-rays' A typical diftaction

pattem comprises of a plot of reflected intensities versus the detector angle 2Q or 0' The QGD)

pattern of a clean substance is therefore like a thumbprint of the substance' Slight sample

preparation and relatively straight fonvard data interpretation mark it advantageous' For consistent

results on it should be retained in mind that sample under study must be single phase and

homogeneous.

3.4.2 Scanning Electron Microscopy (SEM):

By using the Scanning Electron Microscopy, the topographic inforrration of nanomaterials and the

surface of films can be presented with great resolution. The SEM is considering as a most

commonly used instruments in nanomaterials. This is because SEM has arrangement of large focus

deptru great power of resolution and freedom to detect the sample and high magnification' SEM

resolve morphology specifics less than of 50nm and SEM consist of a depth of focus 500nm times

higher as compare with optical microscope with identical maguification. In SEM the beam of

elecEons accelerated with a short voltage range from l-,20 KV, is scanned on the surface of the

sample. The beam of elecfions use for sEM characterization consists of low energy as related with

TEM. SEM usually has resolution of lnm. It is used to identifi the spatial disfiibution of element'

!
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3.4.3 Energy Dispersive X-ray Spectroscopy (EDS):

Energy Dispersive X-Ray Spechoscopy (EDS) is another technique that makes use of the X-ray

spectrum emitted by a solid sample bombarded with a focused beam of electons to obtain a

confined chemical analysis. All elements from atomic numbers 4 (Be) to 92 (tD can be detected

in principle, though not all instruments are furnished for "lighf'elements (z<10} The technique

is non-destructive and has a sensitivity of 0.1% for elements heavier than C' EDS can be used to

find the chemical composition of materials depressed to spot size of a few microns and to create

elemental composition maps above a much broad raster area- Together these competences provide

fundamental compositional information for a widespread variety of materials'

3.4.4tIV- Visible Diffuse Reflectance spectroscopy @RS):

[IV-Visible Diffi.rse Reflectance Spectoscopy is a non-destructive technique that comprises of

transmission or reflection (extemal or internal) of UV-Vis radiation' Its application in material

examination measurement of the elecfionic band gap of semiconductors, calculation of the

optical properties and volume of the Reflectance Loss in Photovoltaic cells'

3.4.5 F'ourier Transform Infrared spectroscopy (F"TIR):

Fourier Transform Infrared Spectroscopy (FTIR) is a technique which is used to achieve a

spectum of absorption, emission and photoconductivity of a solid, liquid or gas in infrared

region. The range of Infrared region is 12800-10cm'1. R radiations pass over a sample' Some of

the radiations absorbed and some of it distributed from side to side (transmitted). The resulting

spectrum represents the molecular absorption and transmission, creating a molecular fingerprints

of the sample. FTIR spectra exposes information of unknown materials, deterrrine the qualtty

and consistency of a sample and also the amount of components in a mixture'

3.6 Photocatalytic Activity Measurements:

Photocatalytic efficiency of m-TiO2, Ag-m-TiO2, N-m-TiO2, N-Ag/mTiO2 Nano composites

was calculated by the degradation phenomenon. Methyl Blue (MB) was used for degradation'

Photocatalytic degradation of organic compounds is assembled on semiconductor

photochemistry. The most effective photocatalyst for this purpose is Titanium Dioxide' The

degradation of Methyl Blue (MB) an organic pollutant stayed canied out in a l00ml qvatz

,!l.'
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photochemical reactor. The reaction solution contained 0'059 catalyst and 50 mL aqueous

solution of 2omgLl of dye. Light source was a 1000 watt halogen lamp' A cut-offglass filter

was used to cut-offshort wavelength components (2[< 420nm) of liglrt' During the reaction water

circulates to cool the photochemical reactor to conserve the solution temperature' First the

suspension was sonicated for 10 min, and then then magnetically stined in darkness for 30 mirU

to established adsorption-desorption equilibrium' The samples were collected at specific

intervals and centrifuged to separate photo catalyst. The concentation of (MB) was analyzed

using uv-visible specfiometer at their characteristic wavelength of 464nm' respectively'

E
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T CHAPTER # 04

Results & Discussion
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4.1 X-ray Diffraction Spectroscopy :

-,
oc
ovc

2 Theta

Figure4.l.xRDpatternsofpureTio2anddifferentcomposites(a)purem.Tio2(b)Ag.doped

m'TiOz (c) N doped m-TiO2 (d) Ag & N codoped m-TiO2

Figure 4.1 shows the XRD patterns of pure Tioz and different codoped photocatalyst. It can be

perceived that the Lg &N doped M-Tioz samples show only representative peaks consistent to

anatase phase Tioz (JGPD S2l-1272),butno obvious silvercomponents were detected in samples'

atthough EDS analysis confirmed the existence of Ag (grven in results and discussion)' Therefore'

it is believed that the silver components in Ag &N codoped m-Tio2 stayed highly distributed in

ttre sampres, wittr srig[rt dimsnsions below XRD detection limit. The crystanite size of as prepared



tri
TiO2 is predictabte arorrnd 9.1 nm using Scherer's equation gromded on XRD broadening of l0l

peak

4.2 Scanning Electron Microscopy (SEM):

The srrfare morphologl md microstnrcture of pure m-TiO2 amd Ag-N+o doped m-TiO2 sample

are observed by fre SEM images. Sol-gel prepration results in morphous titanium dioxide,

which is calcined at elevmed temperatures in ord€r to convert it into a crystalline form. To prevent

agglomer4iondrningfrermal-induced crystattization, surfrctants oramphiphilic block copolymer

is commonly added into the sol-gel solution, which is very efficient in templating nmostructures.

The pgre ordered mesolxlrous TiO2 was sJmthesizd by the Sol-gel method using P123 surfactant

as a template. The figures belou' reveals that the efrect of Pl23 addition on surface microstructure

ofmesoprous-TiO2 was investigded by scming elet*non micmscopy which consists of irregular

shap€d primary prticles. It has bee,n concluded thm the smple pr€ered by addition of Pl23 is

porous in ndre. These figrcs depicts thal only irregulr and agglomerated stnrctures are obvious

which show loose agglomerates with signfficmt quantity of inter particle voids and pure

mesoporous structurc.

42.1 Composite m-Titanium Dioride:

H.

o)(a)
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Fignre # 42.1: SEM Images (a), O), (c), (d), (e), (0 of Composite Codopd m-TiOz with Ag-N

at different magnifications



G
422 Pure m-Titanium llioxide:

(c)

Figure # 422: SEM image of maorous fitania (a), (b), (c) at differmt magnifications discloses

mesoporousity.

(b)(a)
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43 Energr llispersive X-ray Spectroscopy (EDS):

euality malysis ofthe Nmocomposite md Pure m-TiOz was obtained by EDS md used to identiff

the composition of different eleme,lrt in the somple-

Fignre a3 @\(b) shows thelo/ordio ofthe ele,mmt inthe smple.

(a)

Figrrre # 43zEDS Image (a) of mesoporous Titmia with l% codo@ with Ag & N

hr

Weighf/o

45.05

53.25

1.70

100.00

Atomic%

71.4r

28.19

0.40

I

0246810121{16
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46.89

53.11

r00.00

4.4 lry-yis Iliftse Reflectance Spectroscopy @RS):

TheTitaniaaLlVlightapproachable se,miconductorbyfimdsofabandgapof 32eY atwavelength

of 3&7nm for Anmse md 3.0 eV at wavele4gih of 413 m for Rutile. At this wavele,ngth range

Titailda cm absorb simply visible light The mesoporous Titmia, Ag dqed mesoporous Titania,

N doped m61xllnrour Trtmia and Ag & N codoped m-TiGz samples show substmtial absorption

about 4flL6fi)nm. This red-shifted absorption could be due to the o)ryg€n vacancies g€nerated

during fre codoping proc€ss. The age band of these vacmcie is due to the bulk md surface

defectspro,mptedbythe codopingeftcL The codopingwithtwo elements caninc,leasethe number

of oxygen vacmcies in TiO2 md thus sort the absorption firrther red shifted

LlV-visible difrEe absorption sp€cta of pure m-Timia and Ag-N codoped mesoporors Titania

was expliained belour

t0 12 l{ 1568
0.000

Weighf/o

o)
Figure # 43:EDS Image of O) of pure mesoporcus fitmia with frc€,rtagB.

Atomic%

72.55

27.45
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TN

280 3!0 @ tso a@ 780 @
Wacetsngb . t?s5rl:Ig6

(a) O)

Figrure 4.4 (a) O): W-vis spectra ofAg dopd mfiOz md codopd Titmia

^\
\,1

tYrnlrSO

(d)

Figurre a.a @) (d): tlv-vis speclra of N doped mesoporcus Tihia md m-Tioz

G

3it rt! 35 c3D tc! g,:3!
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CHAPTER4 RESTJLTS & DTSCT]SSION

a
@c.oE

5@
Wavetength

Figrrre 4.4 (e): W-vis spectra of cod@ (Ag & N) m-Timia

45 X'ourier Transform Infrarcd Spectroscopy fifl$:
The FTIR Spectra ofpre fihia, ooaoeAl coryosite md doped with N md Ag reveals that the

iilensities md broad bmd fu acribed to tro sro*ing vibrdions of fiO molecules md the

defumaim vibrtions of (II+H) ae indicdion of lrge mond of wmer molecules on the

$rfrce of cdatyst lhe presemoe of lrge €rtent of hydrroxyl gloup re the favorable for
photocmlytic process"

.s.a..s
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N dofred
-{g doped
Co-doped@G'c(ofr

Eac.
EF!o

,:\
\d

Figrre 45: FTIR sptra of purg composite md doped with N& Ag

4.6 Photmatal5rtic llegradation of Organics:

The photocelytic degraddion of the sample can be observed in the presence of Methylene blue.

Pure mesoporous Titania displayea no significance absorbmce for visible ligfots due to the large

band gap of fitania (3.2 eV). The codoped Tihia shows better photocatalytic activity than pure

fitania ad single element doped msoporous Titmia In case of Ag doped Titani4 the anafase

titania act as an electron acc€ptor which is b€n€ficial to the effective separation of elechon hole

pairs generated in TiQ md inhibits their recombintion-

i.v
_{ 50
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u
Figure 4.5: Photocatalyhc degradation of Methylene blue by using m-TiOz, Ag &N doped

rn.roporo*, Ag doped m-TiGz, andN doped m-TiOz
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CONCLUSION
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a?

CONCLUSION

Titania was successfully synthesized by using novel combination of Ag and N'

Ag & N codoped ,orropo.* Titania Photocatalyst was prepared by using Pl23 surfactant

as a template in the Solgel method' .. !L- -L:&^ +^ .,i^,.ra ra .

As a result of codoping If fiO, with Ag & N, photocatalytic activity shifu to visible region'

Therefore, this is u JrituUt. combination io, tnt'*t"*ent in photocatalytic activity is

assumed to be promising visibleJight-driven photocatalyst'

So Ag & N codoped.IliO, tot tytt shows prominent absorption in 400-600nm range'

Thus this combination shows a greatprogress for the application in photo catalytic process'

*
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