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ABSTRACT

MetalNanoparticlehaveattractedmuchattentioninrecentdecadesduetotheirhighsurfacearea,

moreactivesitepromotethereactiontime,increasetheyieldofproduct,selectivity,tunable

morphologiesandplaysanimportantroleincatalyticapplication.Nanoparticlecatalysteasily

separatedandcanberecycled.InthisStudy,wediscussthesynthesisofTiO2Nanoparticlesby

greenManner.ItwasconductedusingLeafextractoftheplantChromolaenaodorataby

HydrothermalMethod.InthisMethod,createahigh-temperature,high-pressurereaction

environmentbyheatingthereactionsystem andpressurizingit.TheSynthesizedNanoparticle

werecharecterizedby,X-raydiffractionandFTIRSpectroscopy.ByusingdifferentBacteria,we

testedtheAntibacterialActivityofTiO2Nanoparticles.ThisMethodoffersasimple,ecofriendly

andcosteffectivewayofproducingTiO2Nanomaterialswhichcanbeusedforavarietyof

applications.



7

CHAPTER1

INTRODUCTION

NANOTECHNOLOGY

Nanotechnologyisafieldthatfocusesonmanipulatingmatterattheatomicandmolecularlevel,

typicallybetween1and100nm.Itmightbeusedinavarietyoffields,includingmedicine,water

purification, information technology, and the production of lightweight materials.

Nanotechnologies are centered on the manufacture and manipulation ofmaterials atthe

nanoscale.Scalingupfrom singleatomicgroupingsorreducingorimprovingbulkmaterialscan

also accomplish this.Thebasisofnanotechnologyisnanoparticleswhich show distinctive

physicalandchemicalproperties.

ThestandarddefinitionofNPsisacollectionofparticlesbetween1and100nm insize.They

exhibitarangeofsize-dependentpropertiesandcanincludedifferentkindsofatoms(or

molecules).Duetoonekindphysicalandchemicalcharacteristics,Titanium nanoparticles(TiNPs)

arebeinghiredanincreasingnumberofinaramificationofindustrieswhichincludemedicinal

drug,meals,healthcare,purchaseritems,andindustrialpackages.Nanotechnologyhas

revolutionizedmanyindustriesbyenablingthedevelopmentofnewmaterials,products,and

technologieswithenhancedpropertiesandfunctionalities.Ithasapplicationsinfieldssuchas

electronics,medicine,energy,environmentalremediation,andagriculture.Inelectronics,

nanotechnologyhasledtotheminiaturizationofdevices,allowingforfasterandmoreefficient

electroniccomponents.Nanomaterials,suchascarbonnanotubesandgraphene,haveshown

promiseincreatingsmaller,faster,andmoreflexibleelectronicdevices.Inmedicine,

nanotechnologyhasopenedupnewpossibilitiesfortargeteddrugdelivery,imaging,and

diagnostics.Nanoparticlescanbedesignedtospecificallytargetcancercells,deliverdrugs

directlytothesiteofdisease,andenhancetheeffectivenessoftreatments.Thepreparationof

TiNPsusingGreenchemistryhasfantasticcapability.Thegoalofgreenchemistryistocarryout

chemicalprocessesinawaythatmakesitsbyproductsandendproductslessharmfulor

hazardousfortheenvironment,livingthings,andotherlivingthings.TiNPsaremadeusingalotof

greensynthesistechniquesbecausetheyuselow-cost,environmentallyfriendlyprocessesthat

increaseyield.

Greenchemistryprinciplearelistedbelow.

1.Protection:Itisbettertopreventwastegenerationratherthancleaningitupafterwards.

2.Atom Economy:Syntheticmethodologiesoughttobemaximizetheabsorptionofallsubstance

usedduringtheprocessintofinalresult.
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3.ChemicalSynthesiswithlowerRisk:Syntheticmethodsmustbedevelopedwhereverpossible

touseandmakechemicalsthataresafeforbothpeopleandthesurrounding.

4.improvingchemicaldesigns:Theleastharmfulchemicalproductsthatcanneverthelessfulfill

therequiredfunctionshouldbeproduced.

5.improvedaccessoriesandsolvents:Whenusingsupplementarycompound,suchassolventsor

separatingagents,caremustbetakentoensurethattheyaresafe.

6.energy-savingdesign:Energyneedinchemicalprocessesshouldbeminimizedtoreduce

environmentalimpact.

7.UseofRenewablerawmaterial:arawmaterialoughtberenewableratherthandepleting.

8.DecreaseDerivatization:Unnecessaryderivatizationshouldbeavoidedtominimizewaste

generation

9.Incatalysis,moreselectivecatalyticreagentsoutperform stoichiometricreagents.

10.CreatingaDegradableDesign:Chemicalgoodsshouldbecreatedtodecomposeinto

harmlesscompoundsafterusage,lesseningtheirnegativeeffectsontheenvironment.

11.PollutionPreventionThroughReal-TimeAnalysis:Thedevelopmentofanalyticalmethodology

isnecessarytoidentifyandstoptheemergenceofdangerouscompoundsduringchemical

reactions.

12.Essentiallyrisk-freechemistryforpreventingaccidents:Substancesandprocessesthatare

lesspronetoaccidentsandreleasesshouldbechosentominimizetherisktohumanhealthand

theenvironment..

Chemistsandresearcherscanusetheseideasasaguidetocreatechemicalprocessesand

goodsthatareecologicallybenignandsustainable.

NANOMATERIALS

Thephraseassociated with nanotechnologyis"nanomaterial."Becauseitcomplieswith all

nanotechnologyprinciples.Materialsclassified asagroup ofsubstanceswith atleastone

dimensionlessthanorequaltoabout100nm arethosemadefrom blocksofnanoparticles.Inthe

universe,asinglenanomaterialissotinythatitcannotbeseenwiththehumaneye.Toexamine

them,we always need a powerfulelectron microscope.The following are the various

organizations'differingdefinitionsoftheterm "nanomaterial":-
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InternationalOrganizationforStandardization:Amaterialcanbedescribedashavingnanoscale

propertiesifanyofitsoutwarddimensionsorinternalstructureisbetween1and100nanometers.

EuropeanCommission:Itisdefinedasanatural,unintentional,orartificialmaterialthatcontains

particlesinanunboundstate,asanaggregate,orasanagglomeration,andWhenatleast50%of

theparticleshaveoneormoreexternaldimensionsthatfallbetween1nm and100nm inthe

numbersizedistribution.Thenumbersizedistributionbarrierof50%may,insomecircumstances

and where justified byissues with the environment,health,safety,orcompetitiveness,be

substitutedbyathresholdbetween1and50%.Themajorclassificationofnanoparticlesis.

 AEROGEL

In1931,SamuelStephensKistlerinventedtheaerogelforthefirsttime.Itiscomposedofnm-

sizedparticleswhichiscovalentlyattachedtoother.Typically,theyarecreatedusingnon-woven

compositepaper,resorcinol-formaldehydeaerogel,andpyrolysis.Theyhaveaveryhighporosity.

Carbonaerogelscanbeusedasde-ionizationelectrodesorcapacitorelectrodesbecausetheyare

electrically conductive. Additionally,because of large surface area,it helps to make

supercapacitors.

fig1.1DifferenttypesofNanoparticle
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Fig1.2Aerogel

 CARBONNANOTUBES

SumioIijima,aJapaneseelectronmicroscopist,madethediscoveryofCNTsin1991while

examiningthematerialleftbehindonthecathodeafterthemanufactureoffullereneviaarc-

evaporation.CNTisatube-shapedsheetofrolledgraphite.Theyarecarbonatom lattice-based

moleculartubeswithcylindricalnanostructuresandsizesofafewnanometers.Madeupofoneor

moregraphenecylindersorsheetswithsp2-hybridisedcarbonatomsformingahexagonalnetwork.

Itconsistsofholloworclosedendswithlengthsvaryingfrom afewmicrometrestoafew

millimetres.Itexhibitsfeaturesoflow-dimensionalmaterials.Athightemperatures,itprovidesa

highyieldwithgood-qualitysamples.Theyhaveuniquephysicalandchemicalproperties.Three

differenttypesexist:

a)Armchair:Ithasarowofhexagonsrunningperpendiculartothenanotube'saxis.

b)Zigzag:Thistypeofnanotubehasalineararranmentofcarbonbondsrunningdownwardthe

middleofit.

c)Chiral:Thistypeofnanotubehasatwistorspiralaroundit.
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fig1.3TypesofCarbonNanotubes

 FULLERENE

ThediscoveryoftheFullereneorBuckyballmolecule,whichhas60carbonatoms(C60),was

madein1985bythescientistsR.F.Curl,H.Kroto,andR.E.Smalleybyvaporizinggraphitewitha

laser.Thesearehollowcarbonmolecule,typicallyintheform ofspheresorellipsoids.Themost

wellknownfullereneisBuckministerfullerene(C60),whichhasasoccerballlikestructure.

fullerenehaveuniqueelectronicandopticalproperties.

Fig1.4fullerene

 METALBASEDNANOPARTICLE

Metallicnanoparticlesareincreasinglywidelyusedinengineeringandmedicinalsciences.Awide

rangeofprospectivebiotechnologyapplicationsarenowmadepossiblebytheabilitytoproduce

andmodifythesematerialswithdifferentchemicalfunctionalgroupsthatallowthem tobe

combinedwithusefuldrugs,ligands,andantibodies.Metallicnanoparticleshaveaninorganic

metalormetaloxidecorethatistypicallysurroundedbyanorganic,inorganic,ormetaloxideshell.

Theyhavealargesurfaceareacomparedtotheirsizeandareextremelysensitivetothingsaround

them.Manyothermetals,silver(Ag),Titanium (Ti)andzinc(Zn),canbeusedtomakethem.

TiO2 NANOPARTICLE

Duetoitsbroadqualitiesof domains,includingcatalysis,

photocatalysis,self-cleaning materials,dye-sensitizedsolarcells,

antibacterialagents,aswellaswaterandairpurification,titanium dioxides(TiO2)havebeen
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extensivelynoted.So,forthesepurposes,TiO2andmaterialsdopedwithnoblemetalsare

appropriateoptions.TiO2isanon-combustible,colorless,andodorlesspowder.Thecrystalphase,

particlesize,andshapeallaffectthepropertiesofTiO2.Titanium dioxide(TiO2)nanoparticlesare

idealforarangeofpurposesbecauseoftheirhighrefractiveindex(n=2.4),includingmedicines,

coatings,inks,polymers,food,cosmetics,andtextiles.TiO2alsohaselectrical,optical,and

morphologicalpropertiesthatmakeittheidealmaterialforenvironmentalapplications.

Thereare3types:anatase,rutile,andbrookite.

Anatasetype:Ithasacrystallinestructuresimilartothetetragonalframework(withadipyramidal

tendency),anditismostlyusedasaphotocatalystwhenexposedtoUVradiation.

Rutiletype:Atetragonalpreciousstonestructure(withatendencytowardprisms).Thistypeis

mostlyusedasawhitepaintcolor.

Brookitetype:Itiscrystallizedasanorthorhombicprism.

fig1.5MineralformsofTiO2

METHODSOFSYNTHESIS

There are essentially two ways to create nanoparticles:

1.Bottom-upmethods
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2.Top-downmethods

Inthebottom-upmethod,Atoms,ions,andmoleculesgothroughchemicalprocesseswhichcan

beusedtocreatenanoparticles.

In top-down methods,To create nanoparticles,bulk materials are broken up into different

components.

fig1.6Methodsofsynthesis

PhysicalTechniques

Evaporation-condensation,laserablation,chemicaletching,ballmilling,andotherphysical

processesarethebasiccategories.Physicalmethods'keybenefitsincludetheirrapidspeed,lack

ofharmfulchemicaluse,uniform sizeandshape,etc.Ontheotherhand,themaindrawbacksare

ahighcost,lowlevelofstability,andsignificantenergyconsumption.

 Ball-MillingTechnique

Thisapproachcanbeused to createnanoparticles.Benjaminwasthefirstto employthis

techniqueforthesynthesisofsuperalloy.Materialshavingamacronsizeundergoanumberof

modificationsinthisprocess.Thereareseveraldifferentmechanicalmillsavailableforthe

manufactureofnanoparticles.Thesemillsarecategorized depending ontheircapacityand
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intendedusage.However,becauseoflengthyprocess,itishighlychallengingtogenerateultrafine

particlesusingthismethod.Thequalityofproductscanbeimpactedbyvariouselementssuchas

millingspeed,temperature,milltype,etc.

 LaserAblation

Inpulselaserablation,apowerfulpulsedlaserbeam isconcentratedwithinthevacuum chamber

inordertohitthetargetthatispresentinthematerial.Thiscausesthecreationofaplasma,which

willlatertransform intoacolloidalsolutionofnanoparticles.Wetypicallyemployasecond

harmonicgenerationtypelasertopreparenanoparticles.

ChemicalTechnique

Electrochemicalprocedures,hydrothermalsynthesis,polyolsynthesis,sol-gelmethods,chemical

reductionmethods,etc.Thechemicalprocesshasahigheryieldthanthephysicalmethod,which

isitsprincipaladvantage.Chemicalapproachesprovideseveralkeybenefits,including

affordability,heatstability,andsizecontrol.Theuseofhazardouschemicalsandsolvents,alack

ofpurity,environmentalimpact,etc.aresomedrawbacks,nevertheless.

 ElectrochemicalMethod

Inthis,currentservesasthecatalystforthecreationofNPs.Bymovinganelectriccurrent

betweentwoelectrodesseparatedbyanelectrolyte,thisapproachisaccomplished.Thisindicates

thattheelectrode-electrolytecontactiswherethesynthesistakesplacehere.Thekeybenefitsof

thisapproachoveralternativesincludelowcost,greatflexibility,quickaccesstoequipment,etc.

Asidefrom allofthese,thismethod'snumerousotherelementsarestillbeingresearched.

 Sol-GelMethod

Condensation,hydrolysis,andthermaldegradationofmetalprecursorsinsolutionareallincluded

inthisprocess.A sol,astablesolution,formsasaresult.Highviscosityiscreatedduring

hydrolysis.However,byadjustingtheprecursorconcentration,temperature,andpH levels,the

particlesizecanbecontrolled.Thefollowingstepresultsinthesol-gelprocess:
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fig1.7stepsofsolgelmethod

BiologicalMethods

Weemploythebiologicalapproachtogetoverthedrawbacksofthephysicalandchemical

approaches.Thistechniqueworksbestforthecreationofnanoparticles.Thistechniquecanbe

usedtobiologicalsystemslikefungi,bacteria,tinybiomolecules,plantextracts,etc.Itisfeasible

tocreateAgNPsusingthistechnique.Ontheotherhand,itisalsofeasibletomakeanumberof

othernanoparticles,includinggrapheneandgold.

UsingPlantExtracts

Inthecreationofnanoparticles,plantextractsarecrucial.Thisprocedureisreferredknownas

"greensynthesis.".Thegeranium herb'sleaveshavebeenutilizedtocreategoldnanoparticles.To

createAgNPs,5mloftheextractismixedwith1mlofaq.AgNO3solution.Themanufactureofthe

alcoholicextract,however,hasalsobeendoneusingthistechnique.Silvernitrateandplantextract

arestoredinashakerthatspinsat150rpm inthedark.



16

fig1.8stepsforsynthesisofnanoparticlefrom plantextract

 ByUsingMicroorganism

Duetotheirenvironmentalfriendliness,microbeshaveattractedforthecreationofnanoparticles.

Essentialprocessesforproducingnanoparticlesareextracellularbiosynthesisandintracellular

biosynthesis. In silver mines,Pseudomonas stuzeriAg295 is regularly discovered. CdS

nanoparticlesarecreatedbyKlebsiellapneumonia.
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fig1.9Advantageofgreensynthesis

REVIEW OFLITERATURE

AzadirachtaindicaleafextractisusedforpreparationofTiO2NPandtheuseoftheirantibacterial

propertypropsebyB.K.ThakurandA.Kumar.WhileXRD testsdemonstratedthecrystalline

characterofTiO2NP.Terpenoids,flavonoids,andproteinsthatareassumedtoberesponsiblefor

thecreationandstabilityoftitanium dioxidenanoparticlesweredetectedbyFTIRstudies.The

antibacterialactivityofthegeneratedTiO2nanoparticlesandTiO2compoundwastestedusing

thetestspeciesEscherichiacoli,Bacillussubtilis,Salmonellatyphi,andKlebsiellapneumoniae.All

ofexaminedmicroorganisms'developmentwashinderedbyTiO2nanoparticles,accordingtothe

study's.IncomparisontoTiO2compound,TiO2nanoparticleshaveamoresignificantantibacterial

activity.SEM,TEM,FT-IR,and XRD areused to characterizeproduced nanoparticles.Widely

effectiveantibacterialactionwasshownbysynthesizednanoparticles.TiO2 nanoparticleswere

discoveredtobemoreefficientthanTiO2compound

Aloeveraextractistobeusedforsynthesisoftitanium NPS,accordingtoGanapathiRao

Kandregulaandhiscollegues.Gelcontainsvitamins,folicacid,aminoacids.aloeveraextractact
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asareducingagentandnaturalcappingagents.Here,thesynthesizedNPswereexaminedusing

UV-Visiblespectroscopy,HRTEM,SEM andX-raydiffractiontodeterminetheircharacteristics.The

FCCstructureofthesynthesizednanoparticlesisshownbyXRDexamination.TGADTAgivethe

ideaaboutthermalproperties.Theyhavetetragonalstructureandaveragepartcilesizeis32nm.

ThistechniqueproduceshighlystableTiNPs.

AccordingtoJ.Rajkumari,MarisMangdalaneandtheircollegues,titanium nanoparticleswere

createdbygreenmethodfrom Aloebarbadensismill.Thesubstancesutilizedinthisprocessare

titanium chloride.FortheproductionofTiNPs,thistechniqueworkswell.TiO2 nanoparticle

obtained byreduction ofTiCl4.The suggested approach is straightforward,environmentally

friendly,doesn'tcallforanyexpensiveequipment,anddoesn'trequireanyadditionalreducing

agentsorsurfactants.Thistechniqueisreallyeasytouse,onlyneedsinexpensivetools,andis

environmentallyfriendly.Itisfeasibletoanalyzetheshape,size,andcompositionofNPsusingUV,

TEM andX-rayanalyses.TheNPhavemixtureofantase,rutile,andbrookitephases.

Thecreationoftitanium nanoparticlesfrom psidium guajavaextractandvirtualtestingforanti-

bacterialactivityandantioxidantpropertieshavebeenreportedbyTSanthoshkumarandhis

collegues.UsingTiO(OH)2andplantextractforpreparingnanoparticle.Afterthereactionbetween

them,green colored nanoparticle are formed.In this technique,titanium nanoparticles are

characterizedusingXRDandFTIR.TiO(OH)2isreducedtotitanium dioxidenanoparticleusing

plantextract.comparingtheabsorbanceofextractandascorbicacid,synthesizednanoparticle

possessmaximum antioxindantactivity.BacteriasuchasStaphylococcusaureusandEscherichia

coliareusedforantibacterialstudies.

TiO2nanoparticleswereproducedin2016byChatterjeeetal.utilizingVignaradiataextract.The

scientistsfoundthatoval-shapedTiO2 NPswereeffectiveagainstbothGram-stainingbacterias

andcouldbemanufacturedbiologically.O-Ti-ObondingwasvisibleintheFTIRspectraat1631.78

cm-1.

TiO2nanoparticlesusingagriculturalwastematerialbysathishkumaretal(2020).Thisresearch

focusedonutilizingagricultutalwastematerials,suchasricehuskandsugarcanebagassefor

synthesisofTiO2NPs.Thestudydemonstratedthatthesewastematerialactedasbothreducing

agentadstabilizingagent.Thesynthesizednanoparticleshowedphotocatalyticactivity.
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TiO2 nanoparticlesarepreparedbygreenmethodusingJatrophacurcas Lleafextractandits

photocatalytic degradation of tannery waste water propsed by Surya

Pratap Goutam, Gaurav Saxenaandtheircollegues.Theaim ofthesestudythat,creategreen

titanium dioxide(TiO2)NPsandassesshowwelltheywouldworktocureTWW viaphotocatalysis

followingsecondary(biological)therapy.Totestitssuitabilityfortreatingtannerywastewater

(TWW),TiO2NPsweremadeinasinglestepatroom temperatureusingextractofleaffrom

JatrophacurcasLbiodieselplant.AUV-VisiblespectrophotometerandXRDwerealsoutilizedto

dofurtheranalysisontheenvironmentallyfriendlyTiO2NPs.Accordingtotheresearch,leaf

extractcontainsphytochemicalsthatmayhavearoleinNP cappingorstabilityaswellas

sphericalTiO2NPproductionandanatasephaseformation.TheecologicallybenignTiO2NPs

werealsoinitiallyusedtoshowthattheyhavetheabilitytosimultaneouslyremovechromium (Cr)

andchemicaloxygendemand(COD)from secondarytreatedTWW.

APPLICATONOFNANOPARTICLES

Nanomaterialsmadeofgold,silver,zinc,and othermaterialshavespecialphysicochemical

characteristicsandareusedinbiomedicineasaresult.Applicationofplatinum nanomaterialin

energystorage.Silvernanoparticlesmaybeusedasafunctionalcomponentinavarietyofgoods

and sensors because to theiropticalqualities.The use ofcarbon-based nanoparticles in

biosensors,bioimaging,drugdelivery,enzymeimmobilization,andotherapplicationshasproved

successful.

 TherapeuticandDiagnosticApplications

Inertsilica,metalareusedtocreatesphere-shapednanoparticlesthatarebiocompatible.Theyare

developingintoabrand-newclassofmedicinesforthetreatmentofcancer.Theyalsohavethe

ability to overcome drug resistance,which would result in increased intracellular drug

accumulation.Modern moleculardiagnostic techniques,such DNA and protein microarray

biochips,employnanotechnologiesintotheirmoleculardiagnosticapplications.Single-celland

single-moleculediagnosticsaremadepossiblebynanotechnologies.Recentadvancementsin

cancernanotechnologyprovidefascinatingpossibilitiesfortargetedmedicinedelivery.

 TreatmentofWater

Numeroususesfornanoparticlesexistinthetreatmentofcontaminatedwateranddrinkingwater.

Nanomaterialsarehighlyreactiveandcapableofconsiderableadsorptionbecauseoftheirsmall
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sizeand largesurfacearea.Utilizing variouskindsofnanomaterials,heavymetals,organic

pollutants,inorganic anions,and microbes may allbe eliminated..The destruction of

contaminantsinwaterandwastewaterhasbeenaccomplishedbyphotocatalyticdegradation

usingmetaloxidenanoparticles,suchastitanium dioxide.Becauseofitsnon-toxicity,economic

viability,chemicalstability,strongphotoactivity,etc.,titanium dioxideisasubstancethatisheavily

explored.

 EnergyReserves

Platinum-basednanoparticlesarecrucialinthefieldsofenvironmentalcatalysisandenergy-

relatedAlongwiththesequenceofcatalyticprocesses,whichincludeorganicsynthesis,vehicle

exhaustgas treatment,hydrogen bonding,and fuelcells,platinum exhibits bettercatalytic

activitiesandalsohasgreatelectronicstructure.Thesurfaceareaandnumberofexposedactive

sitescanbeincreasedbytheplatinum-basednanoparticle,however.

 Nanomedicine

Silvernanoparticleshavealotofusesinthebiomedicalindustry.Itsintriguingsize-dependent

chemical,physical,andopticalcharacteristics,goldhasrecentlyfoundusageinthefieldof

nanomedicine.Forbiosensing,labeling,andbioimaging,goldnanoparticleshavebeenemployed.

Incellularandbiomolecularimaging,itisalsoutilizedasacontrastagent.Cancerphotodynamic

treatmentmakesconsiderableuseofnanoparticles.

 Catalysis

Oneofthemainusesfornanoparticlesiscatalysis.Numeroussubstances,includingtitanium

dioxide,clay,silica,andothermetalsincludingiron,aluminum,andothers,havebeenutilizedas

nanoscalecatalystsformanyyears.Nano-catalysisisregardedasasignificantscientificsubject

becauseofitshighactivity,selectivity,andproductivity.Metalnanoparticlesbetween1and10nm

insizeshow exceptionalcatalyticactivity.Whencomparedtoequivalentmetalcomplexes,its

catalyticactivityissuperior.Numerousreasons,including,theelectricaleffect,thequantum size

effect,andthesurfacegeometricimpact,areattributedtothehighactivityofnano-catalysts.Asa

heterogeneouscatalyst,themetalnanoparticlesuspended in thesolution isemployed.The

catalytic activity of nano-catalysts is significantly influenced by the size of the

nanoparticles.Chemistrycanmakeutilizationofcarbonnanotubesasacatalystforthepartial

oxidationofmethane,fuelcells,andsyntheticammoniaItmaybeutilizedinphotocatalytic
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processesaswell.

Sl.

No. Nanoparticles Majorapplications

1. Silver Antimicrobialactivities,garmentindustries,

wastewatertreatment,cosmeticmaterials

2 Gold In chemo immunological studies, DNA

fingerprinting, detecting aminoglycosides,

antibiotics,cancerdiagnosis

3. Alloy Imaging,sensors,catalyst,drugdeliveryand

cancertherapy,anantibacterialagent

4. Magnetic Cancertreatment,sortingofstem cellandtheir

manipulation,drugdelivery,MRI

fig1.2ApplicationofNanoparticle
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CHAPTER2

MATERIALSANDMETHODS

CHROMOLAENAODORATA

Chromolaenaodorata,commonlyknownasSiam weedorchromolaena,isafast-growing

perennialshrubnativetotheAmericas.ItbelongstotheAsteraceaefamilyandisknownforits

invasivenatureinmanypartsoftheworld.Theplanthasawoodystem andcanreachheightsof

upto3meters.Itsleavesareovalinshapeandhavetinyhairsonthem.Theflowersaresmalland

white,clusteredindenseinflorescences.

Chromolaenaodorataisconsideredaproblematicweedduetoitsabilitytorapidlyspreadand

outcompetenativevegetation.Itthrivesindisturbedareassuchasagriculturalfields,roadsides,

andabandonedlands.Itsprolificseedproductionandabilitytoregeneratefrom stem cuttings

contributetoitsinvasiveness.

Chromolaenaodorataalsohassomeusefulproperties.Intraditionalmedicine,extractsfrom the

planthavebeenusedforvariouspurposes,includingtreatingwounds,skininfections,and

respiratoryailments.SomestudieshaveidentifiedbioactivecompoundsinChromolaenaodorata

thatexhibitantimicrobial,anti-inflammatory,andantioxidantproperties.
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fig2.1chromolaenaOdorata

MATERIALS

 Titanium isopropxide

 Chromolaenaodorataleaf

 Distilledwater

APPARATUSUSED

 Magneticstirrer

 Tefflonlinedstainless-steelautoclave

 Centrifuge

PROCEDURE

 PREPARATIONOFPLANTEXTRACT

Theplantmaterial,Chromolaenaodorata,wasgatheredfrom thepremisesofErnakulam and

subjectedtoathoroughwashingtoeliminateanydustorimpurities.Thewashedleaveswerethen

driedintheshadeandsubsequentlygroundintoafinepowderusingamixergrinder.Toprepare

theextract,40gofthepowderedsamplewasdissolvedin225mlofdistilledwaterandheatedat

500Cforonehour.Followingtheheatingprocess,theextractwasfilteredusingwhatmanNo1

filterpaperandstoredintherefrigeratorforfutureutilization

 SYNTHESISOFTiO2NANOPARTICLEUSINGLEAFEXTRACT

Toinitiatethesynthesisprocess,5mloftitanium isopropoxide(TIP)wasintroducedinto40mlof

theaqueousleafextract,andthemixturewassubjectedtomagneticstirringforonehour.

Subsequently,theresultingmixturewastransferredintoa100mlautoclaveandheatedata

temperatureof180°Cinahot-airovenfor24hours.Afterallowingittocooldown,theproduct

wasdriedat120°Cforaperiodof2hours.Thedriedsamplewasthefinegroundusingamortar
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andpestle.Theobtainedpowderwasthendividedintotwoequalportions.Oneportionwas

subjectedtoannealing,whereitwasplacedinamufflefurnaceandheatedatatemperatureof

300°Cforaperiodof2hours.TheannealedsamplewasdesignatedasTiO2-2.

Ontheotherhand,theremainingportionofthepowderwasleftunannealed.Thisunannealed

samplewasnamedTiO2-1.

 CHARECTERIZATIONTECHNIQUES

FTIRSPECTROSCOPY

FTIR(FourierTransform Infrared)spectroscopyisapowerfulanalyticaltechniqueusedtoidentify

andanalysechemicalcompoundsbasedontheirinfraredabsorptionproperties.Itinvolvesthe

measurementoftheinteractionbetweeninfraredlightandasample,providinginformationabout

itsmolecularstructureandfunctionalgroups.Inthesetechniques,abeam ofinfraredlightis

passedthroughasample,andtheresultingspectrum isobtainedbymeasuringtheintensityofthe

transmittedorabsorbedlightasafunctionofwavelength.Thisspectrum representstheunique

fingerprintofthesample,allowingforidentificationandcharacterizationofitschemical

composition.Dependingontheinfraredabsorptionfrequencyrange600–4000cm−1,thespecific

moleculargroupsinthesamplewillbedeterminedthroughspectrum dataintheautomated

softwareofspectroscopy.Thismethodisemployedtogettheinfraredspectrum ofsolid,liquid,

andgasabsorption,emission,andphotoconductivity.Itispossibletoidentifythecharacteristic

functionalgroupsfrom thespectralbandsthatallowustoknowtheconjugationbetween

the nanomaterial andtheadsorbedbiomolecules.TheFTIRspectrum hasabsorptionpeaksthat

arecorrelatedwiththenanoparticle'satomicbonds'vibrationalfrequencies.

FTIRisusefulinidentifyingandcharacterizingunknownmaterials,detectingcontaminantsina

material,findingadditives,andidentifyingdecompositionandoxidation.TheadvantagesofFTIR

spectroscopyincludeitssensitivity,speed,andnon-destructivenature.Itrequiresminimalsample

preparationandcananalysesolids,liquids,andgases.Additionally,FTIRspectroscopycan

providevaluableinformationaboutmolecularvibrations,hydrogenbonding,andotherstructural
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featuresofcompounds.

X-RAYDIFFRACTIONTECHNIQUE

X-raydiffraction(XRD)isapowerfulcharacterizationtechniqueusedtoanalysethecrystal

structureandcompositionofmaterials.Itprovidesvaluableinformationaboutthearrangementof

atomswithinacrystallinesample.InXRD,abeam ofX-raysisdirectedontoasample,andthe

resultingdiffractionpatternisrecorded.Thispatternisauniquefingerprintofthecrystallattice

andcanbeusedtodeterminethecrystalstructure,latticeparameters,andorientationofthe

sample.

Thediffractionpatternthatresultsfrom thescatteringofX-raysbyatomsprovidesdetailsonthe

crystal'satomicstructure. Thepositionofpeaksinadiffractionpatterndependsonthefrequency,

andwhenthesampleinteractswiththeincidentX-raybeam undersuitableconditions,intense

reflectedradiationisproducedthroughconstructiveinterference.Thisrelationshipbetweenthe

distancebetweencrystallatticeplanes,theincidentangleoftheX-raybeam,andthewavelength

oftheincidentX-raysisdescribedbyBragg'slaw.

XRDiswidelyusedinvariousfields,includingmaterialsscience,geology,pharmaceuticals,and

metallurgy.Itcanidentifydifferentcrystallinephasesinasample,determinetheirrelative

abundance,andprovidequantitativeanalysisofphasecomposition.

TheadvantagesofXRDincludeitsnon-destructivenature,highaccuracy,andabilitytoanalyze

bothpowderedandsingle-crystalsamples.Itcanalsoprovideinformationaboutcrystaldefects,

grainsize,andtextureofmaterials.

 ANTIBACTERIALSTUDIES

Toscreentheantibacterialactivityofthesynthesisednanoparticles,Agarwelldiffusionmethod

wasadopted.TwobacteriawerechosennamelyPseudomonasaeruginosaandE.Coliastest

organisms.Thesetestorganismswereculturedinnutrientbrothandincubatedovernightforits

growth.ThesynthesisednanoparticlesweresuspendedinDimethylSulfoxide.

Fortheagarwelldiffusionmethod,PetriplateswithMueller–Hintonagarwerepreparedand

autoclaved.Thetestorganismswereswabbedontothepreparedpetriplates.Wellsweremadein

eachplatewiththehelpofawell-borerforadding100µLofthreedifferentconcentrationsof

nanoparticle(25ug/mL,50and100ug/mL)andanegativecontrol.Apositivecontrol(antibiotic)

wasalsoadded.Theseplateswerethenincubatedfor18-24hoursat37̊ C.Afterincubation,the

zoneofinhibitionwasmeasuredinmillimeters
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CHAPTER3

RESULTANDDISCUSSION

ANTIBACTERIALSTUDIES

Sl
No:

BACTERIA ZONEOFINHIBITION
Nanoparticle(TiO2chemicallysynthesized)

1 2
1 Pseudomonasaeruginosa 1.4 1.1

2 Escherichiacoli 1.8 1.6

TheantibacterialactivityofUnannealedTiO2andannealedTiO2NPswasinvestigatedagainsttwo

commonbacteriaPseudomonasaeruginosaandEscherichiacolibyagarwelldiffusionmethod.

Theobtainedresultweredepictedinfigures.TheresultdemonstratedthattheunannealedTiO2

exhibitedsuperiorantibacterialactivityagainstbothbacteriacomparedtoannealedTiO2NPs.

Formationofzoneofinhibitionaroundnanoparticledepicttheantibacterialproperty.Ifthereisa

highestzoneofinhibition,theyhavehighestantibacterialpropertyandviceversa.Byusing

Pseudomonasaeruginosabacteria,azoneofinhibitionformedontheunannealedTiO2NPswith
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diameter1.4cm andannealedTiO2NPwithdiameter1.1cm.OtherthanPseudomonas

aeruginosa,usinggram negativeEscherichiacolibacteria,azoneofinhibitionformedonthe

unannealedTiO2NPswithdiameter1.8cm andannealedTiO2NPwithdiameter1.6cm.By

comparingtheresults,diameterofzoneofinhibitionformedaroundunannealedNParelargeso

theyhavemoreantibacterialpropertycomparedwithother.Nanoparticleshowmoreantibacterial

propertytowardsEscherichiacoliwhichisgram negativebacteria.

Fig3.1(a)E-coli(b)Pseudomonasaeruginosa

a b
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FTIRSPECTRUM

TheinteractionbetweentheplantextractandthenanoparticlesisinvestigatedusingFT-IRspectra.

TherearetwoFTIRspectraforannealedTiO2andunannealedTiO2.BoththeTiO2NPShaving

similarregionwithsimilarwavelength.Byusingpercentageoftransmissionwithabsorbance,we

canplottheFTIRspectrum andevaluatethecharecteristicsofmolecule.Intherangeof3400-

3200cm-1,abroadbandisobserved,whichcorrespondstothestretchingvibrationsofthe

hydroxylgroupfoundinvariousmetaboliteslikeflavonoidsandpolyphenolspresentinthe

chromolaenaodorataplantextract.Peakaroundat1600to1700cm-1whichisat1622cm-1,peak

associatedwiththeseisbendingvibrationofwatermolecule,indicatingthepresenceofadsorbed

wateronthenanoparticlesurface.Peakat1384.18cm-1representtheinplaneOHbending.

Additionally,acharacteristicstrongabsorptionbandobservedat1122.9cm-1and1102cm-1for

unannealedandannealedTiO2respectively,representstheC-Ostretchingvibrationsofalcohols

andphenols.Withincreasingannealingtemperature,theplantextractdecomposedsothe

functionalgroupsofplantextractandimpuritieswasdisappearedinFTIRspectrum andweget

thespectrum ofpureTiO2nanoparticle.IntheFT-IRspectrum ofthesynthesizedTiO2

nanoparticles,acharacteristicbroadpeakrepresentingthestretchingvibrationsofTi-Obondand

Ti-O-Tibendingvibrationisobservedbetween450-800cm-1.Thespectrum ofcompoundisa

characteristicofit.

TiO2-

1

(a)

TiO2-2

(b)
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Fig

3.2FTIRspectrum of(a)unannealedTiO2(b)annealedTiO2

X-RAYDIFFRACTION

ThecrystallinityandParticlesizeofthesynthesizedTiO2nanoparticlesandthephasespresentin

itwererevealedbytheanalysisofX-raydiffractionpattern.FigureshowstheXRD patternof

annealedandunannealedTiO2nanoparticles.ThestrongandsharppeaksintheXRDpattern

indicatethecrystallinenatureofthesamples.TheXRDpatternofallthethreesamplesshow

peaksat2θvalues25.1,47.8,54,63and70correspondingtothe(101),(200),(211),(213)and

(220)planesofanatasephase.Threeadditionalpeaksarepresentat2θvalues28.3,30and37.9.

Thefirstandthirdpeakscorrespondtothelatticeplane(110)and(200)ofrutilephaseandthe

secondpeakcorrespondstothe(211)planeofbrookite.particlesizeisdeterminedbybroadening

ofX-Raydiffractionpeaks.Thispeakbroadeningisnormallycausedbyfinitesizeeffectof

crystallites.Theparticlesizecanbecalculatedfrom thebroadeningofthediffractedbeam using

theDebye-Scherrerformula,

t=
kλ

βcosθ

2θ PLANE PHASE

25.1 101 A

28.3 110 R

30 211 B

37.9 200 R

47.8 200 A

54 211 A

63 213 A

70 220 A
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Wheretisthecrystallitesizeorparticlesize,Kisadimensionlessconstantthatmayrangefrom

0.89to1.39,dependingonthespecificgeometryofthescatteringobjects.λisthewavelengthof

Xray(1.5406ÅforCuKalpharadiation),βisfullwidthathalfmaximum ofXraypeak,andθisthe

Braggangleanditisobtainedfrom the2θvaluecorrespondingtothepeakwithmaximum

intensityintheXRDpattern.Thenanostructurewasconfirmedbythisandfrom thecalculations,it

wasmadeclearthatthesizeoftheparticlesobtainedwerelessthan100nm.Byusing2θvalue

correspondingtothepeakwithmaximum intensityintheXRDpattern,wecancalculatethe

particlesizeusingDebye-Scherrerformula.Here2θvalueofmaximum intensitypeakis25.10for

annealedandunannealedTiO2.Sotheθvalueis12.550.Substitutingthecorrespondingvaluesof

K,λ,andcosθis0.94,1.5406Å,and0.9761067respectively.Βvalueofannealedandunannealed

nanoparticleform xrddatais1.067and0.94respectively.Sotheparticlesize‘t’wasobtainedas

13.904nm forannealedand10.51nm forunannealedTiO2Nanoparticle.Thisconfirmsthenano

structureoftheTiO2particles.

TiO2-2XRDgraphRepresenttheannealedTiO2nanoparticle.Ifannealingtemperatureimproves

nanomaterialcrystallinity,causephasetransformationandalsotheparticlesize.Sharppeaksin

theXRDpatternindicategoodcrystallinity.Heretheparticlesizeofannealedtio2NPsislargeas

comparedtotheunannealedtio2.Sowecanconcludethatannealingincreasestheparticlesize.

Annealinginfluencebothchangesincrystallinityaswellasoccurrenceofstructuralchangesand

overall,ledtoanincreaseinthedegreeofcrystallinityofthematerials.

.
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Fig3.3XRDPatternofannealedandunannealedTiO2nanoparticle

CHAPTER4

CONCLUSION

TiO2 nano materials were synthesized from the aqueous leafextractofthe plant

ChromolaenaOdoratausinghydrothermalmethod.Theeffectoftemperatureonthepropertiesof

thesynthesisedsamplehasalsobeenstudied.TheCharacterizationofthesynthesisedmaterials

wasdoneusingX-raydiffractionandFTIRspectroscopy.TheXRD patternsrevealedthatthe

preparednanoparticleswerecrystallineinnature.Italsogaveinformationaboutthecrystalline

purityofthesynthesizedmaterials.Particlesizewasroughlyestimatedfrom XRDpatternswith

thehelpofDebye-Scherrerformula.Thecalculatedparticlesizewasbelow 100nm.Annealing

causeanincreaseincrystallinityandparticlesize.FTIRspectragaveanideaaboutthetypesof

bondspresentinthesampleswhichhelpstofoundoutthepresenceofimpurities.Annealed

sampleshowsmorepuritywhencomparedtounannealedone.From theresults,itisapparentthat

themethodusedforsynthesizingTiO2nanoparticlesinthecurrentworkisanexcellentmethod

forpreparingnanomaterials.ThesuccessfulsynthesisofthisNanoparticleusingagreenand

straightforwardapproachhighlightsitspotentialforapplicationsinantibacterialmaterialsand
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biomedicaldevices.Unannealedsampleshowsmoreantibacterialpropertywhencomparedto

annealedoneThismethodoffersasustainable,simpleandcost-effectivewayofproducingTiO2

nanomaterialswhichcanbeusedforavarietyofapplications.
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