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LawsofChemicalCombination

ChemicalReactions

 Inachemicalreaction,twoormoremoleculesinteracttoproducenew

compoundsandarecalledreactants,whereasthenewlyformedcompoundsare

calledproducts.

 Inachemicalreaction,achemicalchangemustoccur,whichisgenerally

observedwithphysicalchangeslikeprecipitation,heatproduction,colour

change,etc.

AnumberofLawsareproposedbytheexperimentalstudies.

Thelawsofchemicalcombinationare:-

 Thelawofconservationofmass.

 Thelawofconstantproportion.

 Thelawofmultipleproportion.

Lawofconservationofmass

 Accordingtothelawofconservationofmass,mattercanneitherbecreatednor

destroyedinachemicalreaction.Itremainsconserved.

 Massofreactantswillbeequaltothemassofproducts.

 ItwasproposedbyAntoineLavoisierintheyear1774.

 ThislawcanbeverifiedexperimentallybythereactionbetweenBarium Chloride

andSodium Sulphate.

 Inachemicalreactionif,4gOFSodium Sulphatereactswith10gOFBarium Chloride,
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resultsintheformationof11.5gofBarium sulphatealiongwith2.5gofSodium chloride

 Theabovereactionsatisfiesthelawofconservationofmass.

 Thechemicalreactioncanbewrittenasfollows:-

 Na2SO4+BaCl2------------ BaSO4+ 2NaCl

4g 10g 11.5g 2.5g

MassofReactant-4g+10g=14g

MassofProduct-11.5g+2.5g=14g

Hence,MassofReactant=MassofProduct

Lawofconstantproportions

 Apurechemicalcompoundcontainsthesameelementscombinedtogetherina

fixedproportionbymassisgivenbythelawofdefiniteproportions.

 Fore.g.,Ifwetakewaterfrom ariverorfrom anocean,bothhaveoxygenand

hydrogeninthesameproportion.

 ItwasproposedbytheChemistJosephProustintheyear1779.

 ForExample,Carbondioxidecanbeproducedbyvariouswaysbuttheratio

betweenmassofcarbonandoxygenremainsfixedalways.

 RatiobymassinCO2=12:32OR3:8
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Atoms

Anatom isthedefiningstructureofanelement,whichcannotbebrokenbyany

chemicalmeans.

Theatomicsymbolhasthreeparts:-

 ThesymbolX:theusualelementsymbol

 TheatomicnumberA:equaltothenumberofprotons

 ThemassnumberZ:equaltothetotalnumberofprotonsandneutronsinan

element.

Dalton’sAtomicTheory

1.Thematterismadeupofindivisibleparticlesknownasatoms.

2.Thepropertiesofalltheatomsofagivenelementarethesame,includingmass.

Thiscanalsobestatedasalltheatomsofanelementhaveidenticalmassand

chemicalproperties;atomsofdifferentelementshavedifferentmassesand

chemicalproperties.

3.Atomsofdifferentelementscombineinfixedratiostoform compounds.

4.Atomsareneithercreatednordestroyed.Theformationofnewproducts

(compounds)resultsfrom therearrangementofexistingatoms(reactants)ina

chemicalreaction.

5.Therelativenumberandkindsofatomsareconstantinagivencompound.
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DRAWBACKSOFDALTONSATOMICTHEORY

• Atomscanbefurtherdividedintosub-atomicparticleslike-Electrons,Protons

andNeutrons.

• Atomsofthesameelementsmayhavedifferentmassnumber.Theexistenceof

isotopesprovesthat(6C12and6C14)

• Atomsofthedifferentelementsmayhavesamemassnumber.Theexistenceof

isobarsprovesthat(18Ar40and20Ca40)

Atomsofthedifferentelementsmaynotcombinealwayswithsamewhole

numberratiotoform compounds.ExampleSucrose(C12H22O11)intheratio

12:22:11whichisnotawholenumber.

Valency

• Valenceelectronsarethoseelectronswhicharepresentintheoutermostorbitof

theatom.

 Thecapacityofanatom tolose,gainorshare valenceelectronsinorderto

completeitsoctetdeterminesthevalencyoftheatom.

 Examples:-Thevalencyofhydrogenisone

 Inhydrogenchloridemolecule(HCl)oneatom ofchlorinecombineswithone
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atom ofhydrogen,hencevalencyofchlorineis1

VariableValency

 Someelementsshowmorethanonevalencyorsimplyvariablevalency.

 Thesuffixousisusedforthelowervalencyandthesuffixicisusedforthe

highervalency

 Forexample,IRON(II)isknownasFerrouswithvalency2andIRON(III)isknown

asFerricwithvalency3.

SYMBOLS

Radicals

 ARadicalisanatom ofanelementoragroupofatomsofdifferentelements

thatbehaveslikeasingleunit.

 Radicalsareoftwotypes:-

 BasicRadical:-TheyhavepositivechargeandarealsocalledCations.

 AcidRadical:-TheyhavenegativechargeandarealsocalledAnions.

POSITIVERADICALS
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NEGATIVERADICALS

Ions
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 Anionisdefinedasanatom ormoleculewhichhasgainedorlostoneormoreof

itsvalenceelectrons,givingitanetpositiveornegativecharge.

 Anegativelychargedparticleiscalledananion,andapositivelychargedparticle

iscalledacation.

ELECTROVALENCY

• Thepropertyofanelementtoloseorgainelectronstoform positiveornegative

ionsisknownasElectrovalency.

• AnionwithapositivechargeisknownasCation,Example,Calcium (Ca2+),

Sodium (Na+)etc.

• AnionwithanegativechargeisknownasAnion,Example,Chlorine(Cl-)and

Oxygen(O2-)

• Theseelementsalwaysform IonicBondorElectrovalentBond.

• ThenumberofelectronspresentintheoutermostshellisknownasValence

Electrons.

COVALENCY

• Thepropertyoftheelementtoshareelectronstoform covalentbondisknown

asCovalency.

• CovalentCompoundshavelowMeltingpoint.

• Forexample,carbonshareitsfourelectronswithfourhydrogenatomstoforms

methane(CH4)

Ioniccompounds:chemicalformula

 Ioniccompoundsarechemicalcompoundsinwhichionsareheldtogetherby

specialisedbondscalledionicbonds.

 AnIoniccompoundalwayscontainsanequalamountofpositiveandnegative

charge.

Forexample:InCalcium chloride,theionicbondisformedbyoppositelycharged

calcium andchlorideions.
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Calcium atom loses2electronsand attainstheelectronicconfigurationofthe nearest

noblegas(Ar).Bydoingso,itgainsa netchargeof+2.

 ThetwoChlorineatomstakeoneelectroneach,thusgainingachargeof-1(each)

andattaintheelectronicconfigurationofthenearestnoblegas(Ar).

Compounds
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 Whentwoormoreelementschemicallycombineinafixedratiobymass,the

obtainedproductisknownasacompound.

 Compoundsaresubstancesconsistingoftwoormoredifferenttypesof

elementsinafixedratioofitsatoms.

WRITINGACHEMICALFORMULAOFACOMPOUND

Towritethechemicalformula,thefollowingstepsmustbefollowed.

1.WritetheSymbols

2.Interchangethevalencenumber

3.Writethevalencyofthesymbols.

4.Writetheinterchangednumbersatthebase.

5.Writetheformulaofthecompound

Forexample,thestepwisemethodforwritingtheformulaofCALCIUM OXIDEisgiven

below

Atomicmassandatomicmassunit

 Atomicmassisthetotalofthemassesoftheelectrons,neutrons,andprotonsin

anatom,orinagroupofatoms,theaveragemass.
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 Massofanatomicparticleiscalledtheatomicmass.

 Thisiscommonlyexpressedaspertheinternationalagreementintermsofa

unifiedatomicmassunit(AMU).

 Itcanbebestdefinedas1/12ofthemassofacarbon-12atom initsground

state.

Molecularmass

Molecularmassofanelementisdefinedasthesum ofthemassesoftheelements

presentinthemolecule.

 Molecularmassisobtainedbymultiplyingtheatomicmassofanelementwith

thenumberofatomsinthemoleculeandthenaddingthemassesofallthe

elementsinthemolecule.

 Molecularmassisthealgebraicsum ofthemassesofalltheatomspresentina

givenmolecule.

 MolecularmassofH2O(water)canbecalculated

 (2XAtomicMassofHydrogen)+(1XAtomicMassofOxygen)

 (2X1)+(1X16)=18Units

 Forexample,insulphuricacid(H2SO4),theratioofhydrogen,Sulphurandoxygen

is2:1:4

MOREEXAMPLES

• Forexample,molecularmassofammoniaNH3=(1X14)+(3X1)=17Unit

• Forexample,molecularmassofwaterH2O=(2XAt.MassofH)+(1XAt.Mass

ofOxygen)=(2X1)+(1X16)=18Unit

• Forexample,molecularmassofSO2=(1X32)+(2X16)=64Unit(u)

• Forexample,molecularmassofCO2=(1X12)+(2X16)=44u
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MoleConcept

Moleconcept&AvogadroNumber

 Inasubstance,thenumberofentitiespresentfore.g.,atoms,molecules,ions,is

definedasamole.Amoleofanysubstanceis6.022×1023 molecules.

 Moleconceptisoneofthemostconvenientwaysofexpressingthenumberof

reactantsandproductinthereaction.

ThevalueofAvogadro’snumberisapproximately6.022×1023.Thedefinitionof

Avogadro’snumberisthatittellsusthenumberofparticlesin1mole(ormol)ofa

substance.Theseparticlescouldbeelectronsormoleculesoratoms.

• AMoleofasubstanceisdefinedastheaggregateof6.022X1023numberof

atoms/molecules/particlesorions.

• Thevalueof6.022X1023isknownasAvogadro'sConstantorAvogadro's

Number.

• Thedifferentrelationshipintermsofotherquantitieswithmoleisgivenas

follows:

Molarmass

Asubstanceissomethingwhichhasmassandoccupiesspace.Themolar

mass/molecularweightisactuallythesum ofthetotalmassingramsoftheatoms

presenttomakeupamoleculepermole.Theunitofmolarmassisgrams/mole.

FORMULAINVOLVINGMOLECONCEPT

• NumberofMoles(n)=Massingrams/MolarMass
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• n=m/M

• Wheren=NumberofMoles

m=Massingrams

M=MolarMass/MolecularMass

NumberofMoles(n)=Numberofparticles/Avogadro'sNumber.

n=N/NA

Where-

n=NumberofMoles

N=Numberofparticles/Atoms/Ions

NA=Avogadro'sNumber6.022X1023

Finally,theexpressioncanbegivenasfollows:

m/M =N/NA


