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IntroductiontoStructureofanAtom

Atoms

Atomsarethebuildingblocksofmatter.Itisthesmallestunitofmatterthatis

composedofthreesub-atomicparticles:theproton,theneutronandtheelectron.

Cathoderayexperiment

 J.J.Thomsondiscoveredtheexistenceofelectrons.

 Hedidthisusinga cathoderay tube,whichisavacuum-sealedtubewith

a cathode andanodeononeendthatcreatedabeam ofelectronstravelling

towardstheotherendofthetube.

 Theairinsidethechamberissubjectedtohighvoltageandelectricityflows

throughtheairfrom thenegativeelectrodetothepositiveelectrode.

 Thecharacteristicsofcathoderays(electrons)donotdependuponthe

materialofelectrodesandthenatureofthegaspresentinthecathoderaytube.

 Theexperimentshowedthattheatom wasnotasimple,indivisibleparticleand

containedatleastonesubatomicparticle–theelectron.
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Electrons

 Electronsarethenegativelychargedsub-atomicparticlesofanatom.

 Themassofanelectronisconsideredtobenegligible,anditschargeis-1.

 Thesymbolforanelectronise–

 Electronsareextremelysmall.

 They arefoundoutsidethenucleus.

Thomson’smodelofanatom

 AccordingtoThomson,(i)Anatom consistsofapositivelychargedsphereand

theelectronsareembeddedinit.(ii)Thenegativeandpositivechargesare

equalinmagnitude.So,theatom asawholeiselectricallyneutral

 Thefirstmodelofanatom tobeputforwardandtakenintoconsideration.

 Heproposedamodeloftheatom besimilartothatofaChristmas

pudding/watermelon.

 Theredediblepartofthewatermeloniscomparedwiththepositivechargein



[STRUCTUREOFTHEATOM] |CHEMISTRY|STUDYNOTE

ODM EducationalGroupPage3

theatom.

 Theblackseedsinthewatermelonarecomparedwiththeelectronswhichare

embeddedonit.

Radioactivity

 Radioactivityistheterm fortheprocessbywhichanunstablenucleusofan

atom losesenergybygivingoutparticles.

 Itdoessobygivingoutparticlessuchasalphaandbetaparticles.

 Thisprocessisspontaneous.

 Anatom isunstableifthenucleushasanimbalance,meaningadifferencein

theprotonsandneutrons.

Rutherford’sexperimentandobservations

Inthisexperiment,fast-movingalpha(α)-particlesweremadetofallonathingoldfoil.

Hisobservationswere:

 Amajorfractionoftheα-particlesbombardedtowardsthegoldsheetpassed

throughitwithoutanydeflection,andhence mostofthespaceinanatom is

empty.

 Someoftheα-particlesweredeflectedbythegoldsheetbyverysmallangles,
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andhencethe positivecharge inanatom isnotuniformlydistributed.

 Thepositivecharge inanatom isconcentratedinaverysmallvolume.

 Veryfewoftheα-particlesweredeflectedback,thatisonlya fewα-particles

hadnearly180oangleofdeflection.Sothe volumeoccupiedbythepositively

chargedparticlesinanatom isverysmallascomparedtothetotalvolumeof

anatom.

Rutherford’smodelofanatom

Rutherfordconcludedthemodeloftheatom from theα-particlescatteringexperiment

as:

(i)Thereisapositivelychargedcentreinanatom calledthenucleus.Nearlyallthe

massofanatom residesinthenucleus.

(ii)Theelectronsrevolvearoundthenucleusinwell-definedorbits.

(iii)Thesizeofthenucleusisverysmallascomparedtothesizeoftheatom.

Rutherford’sModel
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DrawbacksofRutherford’smodel

 Heexplainedthattheelectronsinanatom revolvearoundthenucleusinwell-

definedorbits.Particlesinacircularorbitwouldexperienceacceleration.

 Thus,therevolvingelectronwouldloseenergyandfinallyfallintothenucleus.

 Butthiscannottakeplaceastheatom wouldbeunstableandmatterwouldnot

existintheform weknow.

Thingsyoumustknow

 TheMillikan’sOilDropExperimentwasanexperimentperformedbyRobertA.

Millikan and HarveyFletcher in1909tomeasurethechargeofanelectron.

 Intheexperiment,Millikanallowedchargedtinyoildropletstopassthrougha

holeintoanelectricfield.

 Byvaryingthestrengthofelectricfield,thechargeoveranoildropletwas

calculated, whichalwayscameasanintegralvalueof ‘e.’

 Theconclusionofthisisthatthechargeissaidtobequantized,i.e.thecharge

onanyparticlewillalwaysbeanintegralmultipleofewhichis1.6*10-19

NeilBohrModel

Propertiesofelectrons,protonsandneutrons
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Bohr’sModelofanatom

Bohrcameupwiththesepostulatestoovercometheobjectionsraisedagainst

Rutherford’smodel:

 Electronsrevolvearoundthenucleusinstableorbitswithoutemissionof

radiantenergy.Eachorbithasadefiniteenergyandiscalledanenergyshellor

energylevel.

 AnorbitorenergylevelisdesignatedasK,L,M,Nshells.Whentheelectronis

inthelowestenergylevel,itissaidtobeinthegroundstate.

 Anelectronemitsorabsorbsenergywhenitjumpsfrom oneorbitorenergy

leveltoanother.

 Whenitjumpsfrom ahigherenergyleveltolowerenergylevel,itemitsenergy

whileitabsorbsenergywhenitjumpsfrom lowerenergyleveltohigherenergy

level.

Orbits

Orbitsareenergyshellssurroundingthenucleusinwhichelectronsrevolve.
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Electrondistributionindifferentorbits

ThedistributionwassuggestedbyBohrandBury;

 Themaximum numberofelectronspresentinashellisgivenbytheformula

2n2,where‘n’istheorbitnumberorenergylevelindex,1,2,3….

 Themaximum numberofelectronsindifferentshellsareasfollows:thefirst

orbitwillhave2*12=2,thesecondorbitwillhave2*2Msup>2=8,thethirdorbit

willhave2*32=18,fourthorbit2*42=32andsoon.

 Theshellsarealwaysfilledinastep-wisemannerfrom thelowertohigher

energylevels.Electronsarenotfilledinthenextshellunlesspreviousshellsare

filled.

Valency

 Theelectronspresentintheoutermostshellofanatom areknownasthe

valenceelectrons.

 Thecombiningcapacityoftheatomsortheirtendencytoreactandform

moleculeswithatomsofthesameordifferentelementsisknownas valencyof

theatom.

 Atomsofelements,havingacompletelyfilledoutermostshellshowlittle

chemicalactivity.

 Theircombiningcapacityorvalencyiszero.

 Forexample,weknowthatthenumberofelectronsintheoutermostshellof

hydrogenis1,andinmagnesium,itis2.

 Therefore,thevalencyofhydrogenis1asitcaneasilylose1electronand

becomestable.

 Ontheotherhand,that ofmagnesium is2asitcanlose2electronseasilyand

alsoattain stability.
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AtomicNumber

Thenumberofprotonsfoundinthenucleusofanatom istermedastheatomic

number.Itisdenotedbytheletter‘Z’.

Massnumberandrepresentationofanatom

Protonsandneutronsarepresentinthenucleus,sothemassnumberisthetotalof

theseprotonsandneutrons.

IsotopesandIsobars

Isotopesaredefinedastheatomsofthesameelement,havingthesameatomic

number(numberofprotons)butdifferentmassnumbers(numberofprotons

+neutrons).

Forexample:InthecaseofHydrogen,wehave:
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Atomsofdifferentelementswithdifferentatomicnumbers,whichhavethesame

massnumber,areknownasisobars.

Forexample,Calcium andArgon:bothhavethesamemassnumber–40

20Ca40 and 18Ar40

Calculationofmassnumberforisotopicelements

Whenanelementhasanisotope,themassnumbercanbecalculatedbythedifferent

proportionsitexistsin.

Forexample,take98%Carbon-12uand2%Carbon-13u

ThisdoesnotmeanthatanyCarbonatomsexistswiththemassnumberof12.02u.If

youtakeacertainamountofCarbon,itwillcontainbothisotopesofCarbon,andthe

averagemassis12.02u.


