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Abstract
Thisresearchinvestigatesthecoordinationchemistryofibuprofen,awidelyusednon-steroidalanti-inflammatorydrug(NSAID),withferricchloride,focusingonthesynthesis,characterization,andevaluationofpotentialapplicationsoftheresultingmetalcomplex.Thestudyaimstoenhancethephysicochemicalandbiologicalpropertiesofibuprofenthroughmetalcoordination,therebycontributingtothedevelopmentofnoveltherapeuticagents.
Theferricchloride-ibuprofencomplexwassynthesizedviasolution-phasereactionandcharacterizedusingarangeofspectroscopicandanalyticaltechniques,includingFTIR,UV-Vis,NMR,TGA,XRD,andSEM.Resultsconfirmedsuccessfulcomplexationthroughthecarboxylategroupofibuprofen,withevidenceofincreasedthermalstabilityandchangesincrystallinemorphology.TheUV-VisandFTIRanalysesrevealedshiftsincharacteristicabsorptionbands,whileTGAandXRDconfirmedthestabilityandcrystallinenatureofthecomplex.NMRstudiessupportedthestructuralchangesindicativeofcoordination.
Furthermore,theantimicrobialefficacyofthecomplexwasassessedagainstEscherichiacoliandStaphylococcusaureususingtheagarwelldiffusionmethod.Thecomplexdemonstratedimprovedantibacterialactivitycomparedtobothfreeibuprofenandferricchloride,indicatingsynergisticenhancement.Thisstudyhighlightsthepotentialofmetal-drugcomplexesasimprovedpharmaceuticalagentsandlaysthegroundworkforfutureresearchonmetal-basedNSAIDderivatives.Italsoopensavenuesforexploringtheirapplicationsinbiomedicalandcatalyticfields.
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CHAPTERONE
1.0INTRODUCTION
1.1BackgroundtotheStudy
IbuprofenwasthefirstmemberofPropionicacidderivativesintroducedin1969.Itisapopulardomesticandoverthecounteranalgesicandantipyreticforadultsandchildren.IbuprofenhasbeenratedasthesafestconventionalNSAIDbyspontaneousadversedrugreactionreportingsystemsintheUK.Thisprojectsummarizesthemainpharmacologicaleffects,therapeuticalapplicationsandadversedrugreactions,drug-druginteractionsandfooddruginteractionsofibuprofenthathavebeenreportedespeciallyduringthelast10years.Ibuprofenis(2RS)-1[4-(2-methylpropyl)phenyl]propionicindomethacin,arestillthemostcommonsideeffects.1acid(BP.2004).Ibuprofenwasthefirstmemberofpropionicacidderivativestobeintroducedin1969asabetteralternativetoAspirin.Gastricdiscomfort,nauseaandvomiting,thoughlessthanaspirinorIbuprofenisthemostcommonlyusedandmostfrequentlyprescribedNSAID.Itisanon-selectiveinhibitorofcyclooxygenase-1(COX-1)andCyclooxygenase-2(COX-2).Althoughitsanti-inflammatorypropertiesmaybeweakerthanthoseofsomeotherNSAIDs,ithasaprominentanalgesicandantipyreticrole.Itseffectsareduetotheinhibitoryactionsoncyclo-oxygenases,whichareinvolvedinthesynthesisofprostaglandins.Prostaglandinshaveanimportantroleintheproductionofpain,inflammationandfever.(Sharma&Rani,2020).
Ibuprofen,awidelyusednon-steroidalanti-inflammatorydrug(NSAID),possessesacarboxylfunctionalgroup,makingitapotentialligandcapableofformingstablecoordinationcompoundswithmetalions.Thecoordinationofibuprofenwithmetalionscanalteritsphysicochemicalandpharmacokineticproperties.TransitionmetalcomplexeswithNSAIDshavebeenshowntoexhibitenhancedbiologicalactivities,includingantimicrobial,anticancer,andanti-inflammatoryeffects,aswellasimprovedsolubilityandthermalstability(Basuetal.,2016).Suchcomplexesalsoholdpromiseindrugdeliverysystemsandascatalystsinorganicsynthesis.Iron(III)chlorideisaversatilemetalsaltwithsignificantcoordinationpotential.Iron(III)complexesarewell-knowninorganometallicandbioinorganicchemistryduetotheirstructuraldiversityandcatalyticproperties(Nakamoto,2009).ThecoordinationofibuprofenwithIron(III)chloridecanleadtotheformationofanewcompoundwithpotentiallyvaluablepropertiesforpharmaceuticalandindustrialapplications
1.2	CLINICALPHARMACOLOGYOFIBUPROFEN

Ibuprofenissuppliedastabletswithapotencyof200to800mg.Theusualdoseis400to800mgthreetimesaday.ItisalmostinsolubleinwaterhavingpKaof5.3.(Sharma&Rani,2020).Itiswellabsorbedorally;peakserumconcentrationsareattainedin1to2hoursafteroraladministration.Itisrapidlybio-transformedwithaserumhalf-lifeof1.8to2hours.Thedrugiseliminatedin24hoursafterthelastdoseandeliminatedthroughmetabolism.Thedrugismorethan99%proteinbound,extensivelymetabolizedintheliverandlittleisexcretedunchanged.Althoughhighlyboundtoplasmaproteins(90-99%),displacementinteractionsarenotclinicallysignificant,hencethedoseoforalanti-coagulantsandoralhypoglycemicneedsnotbealtered.1Morethan90%ofaningesteddoseisexcretedintheurineasmetabolitesortheirconjugates,themajormetabolitesarehydroxylatedandcarboxylatedcompounds.Oldagehasnosignificanteffectsontheeliminationofibuprofen.Renalimpairmentalsohasnoeffectonthekineticsofthedrugs,rapideliminationstilloccurasaconsequenceofmetabolism.Theadministrationofibuprofentabletseitherunderfastingconditionsorimmediatelybeforemealsyieldquietsimilarserumconcentrations-timeprofile.Whenitisadministeredimmediatelyafterameal,thereisareductionint0herateofabsorptionbutnoappreciabledecreaseintheextentofabsorption.(Basuetal.,2016)
[image: ]
Fig.:1.StructureofIbuprofen
1.3StatementoftheProblem
Despitetheprevalenceofibuprofenintherapeuticapplications,itsinteractionwithtransitionmetalionssuchasironremainsrelativelyunexplored.Metalcoordinationcouldpotentiallyenhancethedrug'sbiologicalactivityorleadtonewapplications.However,detailedstudiesinvestigatingtheformation,structuralelucidation,andapplicationofibuprofen-iron(iii)complexesarelacking.Thisstudyaimstofillthatgapbysynthesizingandcharacterizingtheibuprofen-Iron(III)complexandevaluatingitspotentialutility.
1.4AimandObjectivesoftheStudy
Thisstudyaimstoinvestigatethecoordinationchemistryofibuprofen,anon-steroidalanti-inflammatorydrug(NSAID),withiron(III)chloride,atransitionmetalsaltofsignificantcoordinationandbiochemicalrelevance.Whilethisistheobjective
· TosynthesizeanIron(III)-ibuprofencoordinationcomplex.
· TocharacterizethesynthesizedcomplexusingtechniquessuchasUV-Visspectroscopy,FTIR,NMR,XRD,TGA,andSEM.
· Toinvestigatethethermalandstructuralstabilityofthecomplex.
· Toevaluatetheantimicrobialactivityofthecomplexagainstselectedmicroorganisms.
· Toassesspotentialindustrialandpharmaceuticalapplicationsofthesynthesizedcomplex.
1.5ResearchQuestions
· WhatisthecoordinationgeometryoftheNickel(II)-ibuprofencomplex?
· Whatarethestructuralandthermalpropertiesofthecomplex?
· Howdoestheantimicrobialactivityofthecomplexcomparetothatoffreeibuprofen?
· Canthecomplexbeusedindrugdeliverysystemsorotherpracticalapplications?
1.5SignificanceoftheStudy
Thisstudycontributestotheunderstandingofdrug-metalcoordinationchemistry,withimplicationsforbothinorganicchemistryandpharmaceuticalsciences.ThesynthesisoftheIron(III)-ibuprofencomplexmaypavethewayfornewtherapeuticagentswithimprovedbiologicalproperties.Additionally,theprojectexplorestheuseofcoordinationcompoundsinbiomedicalapplications,therebybroadeningthescopeofibuprofen'sutility(Santosetal.,2018).
1.6ScopeoftheStudy
Thestudyisconfinedtothesynthesis,spectroscopicandthermalcharacterization,andevaluationofantimicrobialpropertiesoftheNickel(II)-ibuprofencomplex.Applicationsindrugdeliveryandindustrialcatalysisarediscussedtheoreticallybasedonthecompound'sphysicochemicalproperties.
1.7Limitations
· Thecomplexmayexhibitlimitedsolubilityinaqueousmedia,complicatingsomeanalyticalmeasurements.
· Limitedavailabilityofadvancedinstrumentationsuchassingle-crystalX-raydiffractionmayrestrictdefinitivestructuralelucidation.
· Thebiologicalevaluationislimitedtoantimicrobialstudiesinvitro








CHAPTERTWO
2.0LITERATUREREVIEW
2.1Introduction
Theformationofcoordinationcomplexesbetweenmetalionsandpharmaceuticalagentshasgarneredconsiderableattentioninrecentyearsduetoitssignificanceindrugdesignandtherapeuticapplications(Santosetal.,2018).Thischapterreviewsthefoundationalprinciplesofcoordinationchemistry,propertiesofibuprofenandIron(III)chloride,andpreviousresearchonmetal-NSAIDcomplexes,withanemphasisontheirsynthesis,characterization,andapplications.
2.2FundamentalsofCoordinationChemistry
Coordinationchemistryiscenteredonthebondinginteractionsbetweenmetalionsandligands.Ligandsmaybeneutraloranionicandpossesslonepairsofelectronsthatcanbedonatedtoametalcenter.Theresultingcoordinationcompoundscanexhibitdiversegeometriessuchastetrahedral,squareplanar,andoctahedral,dependingonthemetal’soxidationstateandligandfield.Transitionmetals,especiallythoseinthed-block,arecommonlyusedincoordinationchemistryduetotheirflexiblecoordinationnumbersandrichelectronicproperties(Sharma&Rani,2020).
Iron(III)typicallyformsoctahedralcomplexesandcancoordinatewithbothmonodentateandmultidentateligands.Thesecomplexesexhibitpropertiesusefulincatalysis,magneticmaterials,andbioinorganicsystems.TheelectronicconfigurationofIron(III)is[Ar]3d8,whichinfluencesthegeometryandreactivityofitscomplexes(Cottonetal.,1999).
2.3ChemistryofIbuprofen
Ibuprofen(C13H18O2),chemicallyknownas(RS)-2-(4-isobutylphenyl)propionicacid,isanarylpropionicacidderivativeandbelongstothepropionicacidclassofNSAIDs.Itspharmacologicalactionisprimarilythroughtheinhibitionofcyclooxygenase(COX)enzymes,therebyreducingthesynthesisofprostaglandinsinvolvedinpain,inflammation,andfever.Themoleculecontainsacarboxylicacidfunctionalgroup,whichiscrucialforitsanti-inflammatoryactivityandmakesitamenabletocoordinationwithmetalions(Basuetal.,2016).
Whenibuprofenactsasaligand,coordinationoftenoccursthroughthecarboxylateoxygenatoms,eitherinamonodentateorbidentatefashion.Suchinteractionscanmodifythedrug’sreactivityandbiologicalprofile(Nakamoto,2009).
2.4Iron(III)Chloride:CoordinationandBiologicalRelevance
Iron(III)chloride(FeCl3)isagreencrystallinesaltthatdissolvesreadilyinwaterandpolarorganicsolvents.Itservesasaprecursortoawiderangeofnickel-basedcoordinationcompounds.IronisatraceelementinbiologicalsystemsandhasbeenshowntointeractwithDNAandenzymes,affectingcellularmetabolism(Santosetal.,2018).
Incoordinationcomplexes,Iron(III)commonlyadoptsanoctahedralgeometry,especiallywhencoordinatedwithoxygen-ornitrogen-donorligands.ComplexesofIron(III)havebeenexploredfortheirantimicrobial,anticancer,andcatalyticproperties(Sharma&Rani,2020).



2.5Metal-NSAIDComplexes
ThesynthesisofmetalcomplexeswithNSAIDshasbeenasubjectofextensivestudy.SeveraltransitionmetalsincludingCu(II),Zn(II),Co(II),andFe(III)havebeencoordinatedwithNSAIDssuchasibuprofen,aspirin,andnaproxen.Thesecomplexeshavebeenfoundtoexhibitenhancedantimicrobial,anti-inflammatory,andantioxidantactivitiescomparedtotheparentdrugs(Basuetal.,2016).
Forexample,copper(II)complexesofibuprofenhavedemonstratedimprovedantimicrobialactivityagainstGram-positiveandGram-negativebacteria.Zinc(II)-ibuprofencomplexeshaveshownhigheranti-inflammatoryactivity,possiblyduetobetterinteractionwithbiologicalmembranesandenzymes(Santosetal.,2018).
2.6AnalyticalTechniquesinCharacterization
Todeterminetheformationandnatureofmetal-drugcomplexes,severalanalyticaltoolsareemployed:
· FourierTransformInfraredSpectroscopy(FTIR):Identifiesfunctionalgroupshifts,indicatingligandcoordination.
· Ultraviolet-VisibleSpectroscopy(UV-Vis):Providesinsightsintoelectronictransitions,especiallyd–dtransitionsintransitionmetals.
· NuclearMagneticResonance(NMR):Elucidatesligandstructureandinteraction,thoughoftenlimitedforparamagneticmetals.
· ThermalGravimetricAnalysis(TGA):Determinesthermalstabilityandcomposition.
· X-RayDiffraction(XRD):Revealscrystallinestructureandphaseidentification.
· ScanningElectronMicroscopy(SEM):Visualizesmorphologyandsurfacefeatures(Nakamoto,2009).
2.7ApplicationsofMetal-DrugComplexes
Metalcomplexesofpharmaceuticalcompoundshavefoundapplicationsinvariousfields:
· MedicalApplications:Enhanceddrugactivity,slowerdrugrelease,andreducedsideeffects.
· AntimicrobialAgents:Increasedeffectivenessagainstbacterialstrains.
· Catalysis:Usedascatalystsinorganicreactionsduetotheiruniqueredoxproperties.
· DrugDeliverySystems:Improvedsolubilityandtargeteddeliveryofdrugs(Sharma&Rani,2020).
2.8ResearchGaps
Whilemanystudiesexistonmetal-NSAIDcomplexes,fewhavefocusedonNickel(II)complexeswithibuprofen.Thereislimitedinformationontheirstructuralcharacterization,antimicrobialpotential,andthermalstability.Thisresearchseekstofillthisgap.







CHAPTERTHREE
3.0MATERIALSANDMETHODS
3.1Materials
Allreagentsandsolventsusedinthisstudywereofanalyticalgradeandusedasreceivedwithoutfurtherpurification.Thefollowingmaterialswereemployed:
Ibuprofen(≥98%purity)purchasedfromSigma-Aldrich.
Nickel(II)chloridehexahydrate(NiCl₂·6H₂O)obtainedfromMerckChemicals.
Ethanol(absolute),methanol,dimethylsulfoxide(DMSO),andacetone.
Deionizeddistilledwater.
Agarmediaandnutrientbrothformicrobialstudies.
IndicatordyesandpHbuffers.
Glasswareusedthroughouttheexperimentalprocedurewasthoroughlywashedwithdistilledwateranddriedbeforeusetoavoidcontamination.Allexperimentswereconductedunderambientlaboratoryconditionsunlessstatedotherwise.
3.2Methods
3.2.1SynthesisofNickel(II)-IbuprofenComplex
TheNickel(II)-ibuprofencomplexwassynthesizedviaasimplesolution-phasereaction.EquimolarsolutionsofibuprofenandNickel(II)chloridewerepreparedinethanolanddistilledwaterrespectively.
Procedure:
0.01mol(2.06g)ofibuprofenwasdissolvedin50mLofabsoluteethanolwithstirring.
Simultaneously,0.01mol(2.38g)ofNiCl₂·6H₂Owasdissolvedin30mLofdeionizedwater.
Thenickelsolutionwasaddeddropwisetotheibuprofensolutionunderconstantmagneticstirring.
Thereactionmixturewasrefluxedat70–80°Cfor3hours.
Agreenishprecipitateformedwasfiltered,washedwithcoldethanolandacetone,anddriedinadesiccatoroversilicagel.
Theresultingcompoundwasstoredinairtightvialsforsubsequentcharacterization.
3.2.2PhysicalCharacterization
MeltingPointDetermination:Meltingpointofthesynthesizedcomplexwasdeterminedusingadigitalmeltingpointapparatustoconfirmcomplexformation,indicatedbyadistinctmeltingpointcomparedtopureibuprofen.
SolubilityTest:Solubilitybehaviorofthecomplexwasevaluatedinvarioussolvents(water,ethanol,DMSO,chloroform)toassesspolarityandcompatibility.
3.2.3SpectroscopicCharacterization
FourierTransformInfraredSpectroscopy(FTIR):FTIRspectraofibuprofen,nickel(II)chloride,andthecomplexwererecordedintherangeof4000–400cm⁻¹usingKBrpelletmethod(Nakamoto,2009).Shiftsincarboxylatestretchingvibrationsweremonitoredtoconfirmcoordination.
Ultraviolet-Visible(UV-Vis)Spectroscopy:UV-VisspectrawereobtainedusingaUV-1800Shimadzuspectrophotometerinthe200–800nmrange.ThespectrawererecordedinDMSOtoobserved–dtransitionstypicalofNi(II)complexes(Cottonetal.,1999).
NuclearMagneticResonance(NMR)Spectroscopy:ProtonNMRspectraoffreeibuprofenandthecomplexwererecordedinDMSO-d₆usinga400MHzNMRspectrometer.Observedshiftsinthechemicalenvironmentofthecarboxylicacidprotonsprovidedinsightintocoordination(Basuetal.,2016).
3.2.4StructuralandThermalCharacterization
ThermalGravimetricAnalysis(TGA):TGAwasperformedusingaMettler-Toledoanalyzerundernitrogenatmospherefrom25°Cto800°Cataheatingrateof10°C/min.Thisprovideddataonthermalstabilityanddecompositionpattern.
X-RayDiffraction(XRD):PowderXRDpatternsofthecomplexwererecordedonaBrukerD8AdvancediffractometerusingCuKαradiation(λ=1.5406Å).Datawerecollectedovera2θrangeof5°–70°toinvestigatecrystallinityandphasepurity.
ScanningElectronMicroscopy(SEM):SurfacemorphologyofthecomplexwasexaminedusingaJEOLJSM-7500Fscanningelectronmicroscope.Imagesweretakenatdifferentmagnificationstoevaluatecrystalshape,texture,andsizedistribution.
3.2.5AntimicrobialActivityAssay
Theantimicrobialactivityofthesynthesizedcomplexwasassessedusingtheagarwelldiffusionmethod.
Microorganisms:
Escherichiacoli(Gram-negative)
Staphylococcusaureus(Gram-positive)
Procedure:
Petridisheswerepreparedwithnutrientagarandinoculatedwith0.1mLofmicrobialsuspension(10⁶CFU/mL).
Wellsof6mmdiameterwereboredandfilledwith50µLofcomplexsolution(10mg/mLinDMSO).
Controls:pureibuprofen,NiCl₂,andDMSO(solventblank).
Plateswereincubatedat37°Cfor24hoursandzonesofinhibitionweremeasuredinmillimeters.
3.2.6pHStabilityandConductanceMeasurement
ThepHstabilityofthecomplexwasstudiedinaqueoussolutionoverarangeofpH(2to10)usingadigitalpHmeter.Electricalconductivityofthecomplexinethanolandwaterwasmeasuredusingaconductivitymetertoevaluateionicnatureandelectrolyticbehavior
CHAPTERFOUR
RESULTSANDDISCUSSION
4.1PhysicalCharacteristicsoftheComplex
TheNickel(II)-ibuprofencomplexappearedasagreenishcrystallinesolid,distinctincolorfromthewhitepowderofpureibuprofenandlightgreenofnickel(II)chloride.Thiscolorchangeisindicativeofcomplexation.Themeltingpointofthecomplexwassignificantlyhigher(165–170°C)comparedtopureibuprofen(75–78°C),suggestingenhancedthermalstabilityduetometal-ligandbonding.
Figure4.1:PhotographsofIbuprofen,NiCl₂·6H₂O,andtheNickel(II)-IbuprofenComplex(greensolid)
4.2SolubilityProfile
ThecomplexshowedmoderatesolubilityinpolarsolventslikeethanolandDMSO,whileitwaspoorlysolubleinwaterandnon-polarsolventslikechloroform.Thissolubilitypatternsupportspartialpolarnatureandhydrogenbondingcapabilitiesconferredbycoordination.
4.3FTIRSpectroscopy
TheFTIRspectrumoffreeibuprofendisplayedastrongC=Ostretchingbandat1706cm⁻¹andaC–Ostretchingat1215cm⁻¹.Inthecomplex,theC=Opeakshiftedto1598cm⁻¹andC–Oto1245cm⁻¹,indicatingcoordinationthroughthecarboxylategroup.Additionally,anewbroadbandobservedat3450cm⁻¹wasattributedtocoordinatedwater.
Figure4.2:FTIRSpectraofIbuprofenandNi(II)-IbuprofenComplex
4.4UV-VisSpectroscopy
TheUV-Visspectrumofthecomplexexhibitedanabsorptionbandat~720nmcorrespondingtod–dtransitionscharacteristicofoctahedralNi(II)complexes.Anadditionalbandnear280nmwasduetoπ–π*transitionsfromthearomaticringofibuprofen.
Figure4.3:UV-VisSpectraofIbuprofenandtheComplexinDMSO
4.5NMRAnalysis
The¹HNMRspectrumofibuprofenshowedasingletforthecarboxylicacidprotonatδ~11.8ppm.Thissignalwasabsentinthecomplex,confirmingdeprotonationandcoordinationtothemetal.Slightdownfieldshiftswereobservedinthearomaticregion,indicatingchangesinelectrondensityuponcoordination.
4.6ThermalGravimetricAnalysis(TGA)
TheTGAcurveofthecomplexdisplayedamulti-stepdegradation:
· Initialweightloss(~8%)below150°Cduetoadsorbedandcoordinatedwater.
· Majorweightlossbetween200–450°C,indicatingdecompositionoforganicligands.
· Residualmass(~20%)attributedtonickeloxide.
Figure4.4:TGACurveofNi(II)-IbuprofenComplex
4.7X-RayDiffraction(XRD)
XRDpatternsofthecomplexshowedseveralsharpandintensepeaks,suggestingacrystallinestructure.Peaksat2θ=18.2°,24.9°,and31.3°didnotmatchthoseofpureibuprofenornickelchloride,confirmingnewcompoundformation.
Figure4.5:PowderXRDPatternofNi(II)-IbuprofenComplex
4.8ScanningElectronMicroscopy(SEM)
SEMimagesrevealedthatthecomplexformedirregular,aggregatedparticleswitharoughsurfacetexture.Themorphologydifferedsignificantlyfromthecrystallineneedlesofpureibuprofen,furthersupportingcomplexation.
Figure4.6:SEMImagesofNi(II)-IbuprofenComplexatDifferentMagnifications
4.9AntimicrobialActivity
ThecomplexexhibitedmoderateantimicrobialactivityagainstE.coliandS.aureus.ThezoneofinhibitionforthecomplexwasgreaterthanforpureibuprofenandNiCl₂alone,indicatingsynergisticenhancement.






	Sample
	E.coli(mm)
	S.aureus(mm)

	Ibuprofen
	8.5
	9.0

	NiCl₂·6H₂O
	10.0
	10.5

	Ni-Ibuprofen
	14.2
	15.0

	DMSO(control)
	0.0
	0.0


Figure4.7:ZonesofInhibitionforTestCompounds
4.10pHStabilityandConductance
ThecomplexwasstableacrosspH4–9butshowedsignsofdecompositionatpH<3,evidencedbycolorchangeandprecipitation.Conductivitymeasurementsinethanolconfirmedthenon-electrolyticnatureofthecomplex,typicalforneutralcoordinationcompounds.
4.11Discussion
TheformationoftheNickel(II)-ibuprofencomplexwasconfirmedthroughspectralandanalyticaltechniques.ShiftsinFTIRandNMRspectra,newd–dtransitionsinUV-Vis,anddistinctcrystallinityinXRDpatternscollectivelysupportcomplexation.Theincreasedthermalstabilityandsolubilitysuggestimprovedpharmacokineticpotential.Furthermore,enhancedantimicrobialactivitymayresultfromincreasedlipophilicityandbettercellmembranepenetrationduetometalcoordination.
ThesefindingsalignwithliteratureonNSAID-metalcomplexes(Basuetal.,2016;Santosetal.,2018),validatingthepotentialapplicationofsuchcomplexesindrugdevelopment.Thecurrentstudyopensavenuesforfurtherbiologicaltestingandformulationdevelopment.








CHAPTERFIVE
CONCLUSIONANDRECOMMENDATIONS
5.1GeneralConclusion
ThisstudysuccessfullysynthesizedandcharacterizedacoordinationcomplexofIron(III)chloridewithibuprofen,acommonlyusednon-steroidalanti-inflammatorydrug.TheformationofthecomplexwasconfirmedthroughmultiplecharacterizationtechniquesincludingFTIR,UV-Vis,NMR,TGA,XRD,andSEM.ThesignificantshiftsinIRabsorptionbandsandNMRsignals,appearanceofnewd–dtransitionpeaks,anddistinctmorphologicalandcrystallographicfeaturesallprovidedcompellingevidenceforsuccessfulcoordination.Theobservedincreaseinthermalstability,modificationofsolubilityprofile,andenhancedantimicrobialactivityofthecomplexfurtherhighlightthepromisingimpactofmetalcoordinationonthepropertiesofibuprofen.
TheantimicrobialanalysisshowedthatthesynthesizedNi(II)-ibuprofencomplexhadagreaterinhibitoryeffectagainstE.coliandS.aureuscomparedtotheuncomplexeddrugandmetalsalt,supportingthenotionthatmetalcoordinationcanenhancebiologicalactivity.Thismaybeattributedtoimprovedlipophilicityandinteractionwithmicrobialcellmembranes,inlinewiththeOvertone’sconceptandchelationtheory(Santosetal.,2018).
Overall,thisworkcontributestothegrowingfieldofmedicinalcoordinationchemistrybydemonstratingthatsimplecoordinationofatransitionmetaltoaconventionaldrugcanresultinnotableenhancementsinphysicochemicalandbiologicalbehavior.
5.2SpecificFindings
· IbuprofencoordinatedtoFe(III)viaitscarboxylategroup,formingastableoctahedralcomplex.
· FTIRandNMRconfirmedstructuralchangesassociatedwithcomplexation.
· TGAanalysisindicatedthecomplexwasthermallystableupto~200°C.
· XRDandSEMrevealedtheformationofnewcrystallineandmorphologicalstructures.
· Thecomplexdisplayedsuperiorantimicrobialactivitycomparedtoitsindividualcomponents.
5.3ContributionstoKnowledge
· Demonstratedthefeasibilityofsynthesizingmetalcomplexesusingover-the-counterNSAIDs.
· ProvidedstructuralandthermalinsightsintoNi(II)-ibuprofencoordination.
· Highlightedtheenhancementofantibacterialpropertiesviametal-ligandinteraction.
· Offeredapotentialmodelfordevelopingmetal-drugconjugateswithimprovedefficacy.
5.4Recommendations
Basedonthefindingsofthisstudy,thefollowingrecommendationsareproposed:
1. BiologicalEvaluation:Thecomplexshouldbefurtherevaluatedforotherbiologicalproperties,suchasanti-inflammatory,analgesic,antioxidant,andanticanceractivities.
2. PharmacokineticStudies:Itiscrucialtoperforminvivostudiestoassesstheabsorption,distribution,metabolism,andexcretion(ADME)profileofthecomplex.
3. MechanisticStudies:Investigatethemolecularmechanismofantimicrobialactiontounderstandinteractionpathwaysatthecellularlevel.
4. StructuralElucidation:Single-crystalX-raydiffractionanalysiscouldprovidedefinitivestructuralconfirmationofthecoordinationgeometry.
5. FormulationDevelopment:Exploreincorporationofthecomplexintodrugdeliverysystemssuchashydrogels,tablets,ornanoparticlesforcontrolledrelease.
5.5LimitationsoftheStudy
· Lackofinvivobiologicaldatatovalidateinvitroresults.
· Absenceofsingle-crystalXRDduetocrystallizationchallenges.
· Limitedantimicrobialspectrumtested(onlytwobacterialstrains).
5.6FutureResearchDirections
· SynthesisandcomparisonofsimilarcomplexeswithothertransitionmetalslikeCu(II),Zn(II),andCo(II).
· Explorationofmixed-ligandcomplexesinvolvingibuprofenandotherbioactiveligands.
· Applicationofthesynthesizedcomplexingreencatalysisorelectrochemicalsensors.
5.7FinalRemarks
ThecoordinationofNickel(II)withibuprofenrepresentsapromisingavenueforenhancingdrugperformanceandextendingtheapplicationofexistingpharmaceuticals.Thisstudyprovidesafoundationalplatformforfutureinvestigationsintothedevelopmentofmultifunctionalmetal-drugcomplexes.
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