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PERIOD1:CARBON,ALLOTROPESANDTHEIRSTRUCTURES

Carbonisanon-metalfoundingroup4oftheperiodictable.Itoccursnaturallyas

diamondandgraphite.Thesephysicallydifferentformsofthesamechemicalelement

areknownasallotropes.Otherelementsthatexistindifferentformsintheirfreestates

includetin,Sulphurandphosphorus.Also,itoccursinanimpureform ascoalandin

thecombinestateaspetroleum,woodandnaturalgases.

Atomicstructureofcarbon

Carbonisthesixthelementintheperiodictable.thenucleusitsatom itcomposedof

sixprotonandsixneutronandsurroundedbysixelectron;2inthefirstenergylevel(k-

shell)and four in the 2nd energy level ( L-shell).its orbital configuration is

1S22S22P2.Carbonatom hasfourvalencyelectrons.Carbonatomsareabletocatenate,

i.e.jointooneanotherbycovalentbondsinacontinuousfashion.Thephenomenonis



calledcatenation.

Allotropesofcarbon

Allotropyistheexistenceofanelementinthesamephysicalstatebutindifferentforms.

Thevariousformsarecalledallotropes.Carbonexhibitsallotropy.Otherelementsthat

alsoexhibitallotropyaresulphur,Tin,OxygenandPhosphorus.Thetwocrystalline

allotropesofcarbonare:Diamondandgraphite.Charcoalisamorphousform ofcarbon.

Diamond

StructureandBonding

Indiamond,eachcarbonatom isatthecenterofaregulartetrahedronandcovalently

bondedtofourotheratomsinastrongcompactfashion.Thecovalentlinkingbetween

theatomsiscontinuoustoproduceasingleinfinitetightlylocked3-dimensionalgiant

(macro)molecule,whichhasanetworkoctahedralstructureseethediagram below:

Therigidityofthestructureisresponsibleforthehardnessofdiamond;itisthehardest

knownsubstance.Sincethecovalentbondsarestrongandthemoleculeiscompact,

themeltingpointofdiamondisveryhigh.



PHYSICALPROPERTIESOFDIAMOND

1.Purediamondishard,colourlessandtransparent.

2.Formsoctahedralcrystalswithhighrefractiveindex.

3.Itisveryhard;ithasadensityof3.5gcm-3,andmeltingpointof36000C.

4.Itdoesnotconductelectricity,becauseallthefourvalenceelectronspercarbonatom

areusedinbondingi.e.nomobileelectrons.

5.Itisinsolubleinanysolvent.

USESOFDIAMOND

1.Becauseofitshighrefractiveindexandamazingmetalliclusterwhencut,itisusedin

jewelries.

2.Becauseofitshardness,diamondisusedincuttingglasses,indrillingrocks;in

boringofholes;inmakingbearingsinengines;andasanabrasive,i.e.tosmoothen

roughsurfaces.

GRAPHITE

StructureandBonding

Ingraphite,eachcarbonatom iscovalentlybondedtothreeotheratomstoproducean

infinitetwo-dimensionalflathexagonallayerstructure,whichisstrongandhard.Seethe

diagram above.Theflathexagonallayersingraphiteareheldtogetherbytheweakvan

derWaalsattractiveforces,whichallowmovementoftheplanesparalleltoeachother,

andmakethegraphitetobesoftandslippery.Thefourthelectroninthevalenceshellof

eachcarbonatom ingraphiteismobile,becauseitisnotusedinbonding,andaccount

foritselectricalconductivity.



EVALUATION

1.Definetheterm allotropy.

2.Whatisthestructureof?(a)diamond(b)graphite.

3.Givethereasonwhydiamondishard,whilegraphiteissoft.

PERIOD2:PROPERTIES,DIFFERENCEBETWEENDIAMONANDGRAPHITE

Physicalpropertiesofgraphite

1.Graphiteform soft,blackandopaquehexagonalcrystals,whicharegreasytofeel.

Thesoftnessisduetotheabilityoftheadjacentlayerstoslideoveroneanother.

2.Itishard.Itsdensityis2.3gcm-3,andmeltsatabout35000c.

3.Itisgoodconductorofheatandelectricity-duetothepresenceofamobileelectron

percarbonatom.

4.Itissolubleinanysolvent.Graphiteisanexampleofanon–metallicconductor.itis

ametalloid.

USESOFGRAPHITE

1.Graphiteisusedasalubricant,becauseofitsflathexagonallayerwhichcanslide

overoneanother.

2.Usedasinertelectrodesduringelectrolysisandforbrushesofelectricmotorsbeena

goodconductorofelectriccurrent.

3.Whenmixedwithclay,graphiteformslead,whichisusedinmakingleadpencils.The

hardnessofapencildependsontheamountofclayinthemixture.Softpencilscontain

moreofgraphite,whilehardpencilscontainmoreofclay.



4.Usedinmakingcrucible,becauseofitshighmeltingpoint.

5.Usedinnuclearreactors;beingsoftandwithahighmeltingpoint.

DIFFERENCEBETWEENDIAMONDANDGRAPHITE

DIAMONDPROPERTIES GRAPHITEPROPERTIES

1.Diamondisatransparentsolid

that sparkles when cut and

polished

Graphite is an opaque solid,with a

metallicluster

2.Itisoctahedralinshape Itishexagonalinshape

3.Itsdensityis3.53.5gcm-3 Itsdensityis2.33.5gcm-3

4.It is a poor conductor of

electricity

Itisagoodconductorofelectricity

5.Itisaninertsubstancebutat

9000c,itburns in airto form

carbon(iv)oxideand combines

withfluorine

Itisamorereactivesubstanceburnsin

airtoform carbon(iv)oxideat7000c,it

also reacts with oxidizing agents to

form oxides,italsoreactswithfluorine

andtetraoxosulphate(vi)acid

6.It is the hardest substance Itisoneofthesoftestmineralsknown.



known

EVALUTION

1.List3usesofgraphitewithreasons.

2.Givefourdifferencesbetweendiamondandgraphite.

PERIOD3:CHEMICALPROPERTIESOFCARBONANDTYPESOFCOAL

CHEMICALPROPERTIESOFCARBON

1.Combustionreaction

Carbonburnsinlimitedsupplyofairtoform carbon(II)oxideequationforthe

reactionisgivenas

2C(s)+O2(g) 2CO(g)

Inexcessair,completecombustiontakesplaceandcarbon(Iv)oxideisformed.

Equationforthereactionisgivenas.

C(s)+O2 CO2(g)

Whencharcoalisusedasfuel,itburnsreleasedisusedforcooking(exothermic

reaction)

NOTE:Carbonoccursmostabundantlybothnaturallyasdiamondandgraphiteandin

numerouscompoundsincludingpetroleum coal,naturalgasamongothers.

2.Combinationreaction:

CarboncombinesdirectlywithcertainelementssuchasSulphur,hydrogen,calcium and

aluminium ataveryhightemperature.



C +2S→ CS2

2C +Ca→ CaC2

3.Asareducingagent.

Carbonisastrongreducingagent.Itreducestheoxidesofalessactivemetals.

Fe2O3 +3C→ 2Fe +3CO

4.Reactionwithstrongoxidizingagent.Trioxonitrate(v)acidoxidizescarbontocarbon

(iv)oxide

4HNO3+C→ CO2 + 4NO2 +2H2O

COALANDTYPESOFCOAL

COAL:Thisisonethetwomostprincipalsourcesoffuelandenergy,theotherbeing

petroleum.Coalwasfoundasaresultofcomplexchemicalandphysicalchangeswhen

theremainsofforestwereburiedundertheearthmillionsofyearsagoundergreat

pressureintheabsenceofair.

CoalisfoundingreatabundanceinverymanypartsoftheworldincludingNigeria.Coal

isacomplexmixtureofhydrocarbons(compoundsofcarbonandhydrogen)andother

organicandinorganiccompoundscontainingsmallamountsofnitrogen,sulphurand

phosphorusasimpurities.

TypesofCoal

Coalisderivedfrom wood;itnaturallycontainsalotofcarbon.Therearefourmain

typesofcoal,arisingfrom theprogressivevariationintheircarboncontent.Theyare:

1.Peat-likecoal:containsabout60%ofcarbon.

2.Lignitecoal:containsabout70%ofcarbon.

3.Bituminouscoal:containsabout85%ofcarbon.Thisisthetypethatismostlyused

foroureverydaydomesticapplication.



4.Anthracitecoal:containsabout94%ofcarbon.

Thecarboncontentofeachtypeofcoalreflectsitsrankordegreeofclassification.

Basedoncarboncontent,thedifferenttypesofcoalsareputintoranksasfollows:Peak

→ Lignite → Bituminous → Anthracite

Coalisusedmainlyasafueltogeneratepowerforstationengines,factoriesand

electricparts.Itisalsousedformakingvariouschemicals.

EVALUATION1.Carbonoccursmostabundantlybothnaturallyas_________and______

2.Withtwoequationsonly,describethecombustionofcarbonallotropes.

3.Mentionfourtypesofcoal

PERIOD4:DESTRUCTIVEDISTILLATIONOFCOALANDGASIFICATIONOFCOAL

DESTRUCTIVEDISTILLATIONOFCOAL

Destructivedistillationofcoalinvolvesheatingofcoaltoaveryhightemperature(600---

1200oC)intheabsenceofair.Duringtheprocess,coaldecomposestogivecoalgas,

coaltar,ammoniacalliquorandcokeasthemainproducts.

Coal +heat→coalgas+coaltar+ammoniacalliquor+ coke

Theprocessisalsoknownasindustrialdistillationofcoal.Thedestructivedistillation

ofcoalcanbecarriedinthelaboratoryusingthesetupbelow.



Usesofproductofdestructivedistillationofcoal

1.Coalgas:Coalgasisagaseousmixtureofhydrogen,methane,carbon(ii)oxideand

smallamountofethane,hydrogensulphideandSulphur(iv)oxide.Themainuseofcoal

gasisasfuel.Itiscleanerandmoreefficientthancoalandsolidorliquidfuel.

2.Coaltar:Coaltar,a thickbrownish-blackliquid,isa mixtureofmanyorganic

chemicals including benzene,toluene,phenol,naphthalene and anthracene.The

components can be separated by fractionaldistillation and are used for the

manufacture of commercialproducts including drugs,dye,paints,insecticides,

explosives,etc.

3.Ammoniacalliquor:Thisanaqueoussolutioncontainingmainlyammoniaandisused

inthemanufactureofammonium tetraoxosulphate(iv),(NH4)2SO4.

4.Coke:Cokeisnon-volatileresiduewhichcontainsabout90%ofamorphouscarbon

andischemicallysimilartohardcoal.Cokeisusedinthemanufactureofcarbide,asa

fuelandasareducingagentintheextractingofmetals.Cokeisusedtomakeproducer

gasandwatergasthroughaprocesscalledgasification.

UsesofCoke



1.Itisusedasfuelbothindustriallyanddomestically

2.Itisusedtomanufacturecarbideusedinproductionofethyne.

3.Itisareducingagentintheextractionofmetalsfrom theirores.

4.Itisusedintheproductionofgraphite.

GASIFICATIONOFCOKE:

Gasificationofgasistheconversionofcoketocombustiblegasesbyincomplete

oxidationwithsteam andairat1000oC.Partialoxidationofcokewithairandsteam

givesproducergasandwatergasrespectively.

GASIFICATIONOFCOKE

Producergas:Thisisamixtureofone-thirdofcarbon(II)oxideandtwo-thirdsnitrogen

byvolume.Itisobtainedbyheatingcokeinafurnaceinalimited.Thisisachievedby

passingairthroughredhotcoke.Duringtheprocess,cokeisoxidizedtocarbon(IV)



oxidewhichissubsequentlyreducedbythehotcoketocarbon(II)oxide,acombustible

gas.Theprocesscanberepresentedbythefollowingequations.

O2 +4N2 + 2C → 4N2(s) + 2CO(s)+ heat

Usesofproducergas

1.Producergasisusedasfuelinfurnaces,retortsandlimekilns.

2.Itisusedasasourceofnitrogenforthemanufactureofammonia.

Watergas

Watergasisproducedbypassingsteam throughhotcokeat1000oC.Thisresultsin

reductionofthesteam;carbon(II)oxideandhydrogenareformed.Watergasismixture

containinghydrogenandcarbon(II)oxideinequalvolume.

C(s) + H2O(l)→ CO(s) + H2

Watergashasahighcalorificvaluebecausebothcarbon(II)0xideandhydrogenare

combustible,whereasthecalorificvalueofproducergasislowbecausenitrogenwhich

isoneofitsconstituentsisnotcombustible

Uses

1.Watergasisusedasafuel.

2.Itisusedasasourceofhydrogenandotherorganiccompounds.

EVALUATION

1.Differentiatebetweenwatergasandproducergas.

2.Whatisgasificationofcoke?

3.Highlight4mainproductsofdestructivedistillationofcoal.Statetheiruses.



4.Explainbriefly,howdestructivedistillationofcoalisobtained.

GENERALEVALUATION

OBJECTIVETEST:

1.Carbonisoftendepositedintheexhaustpipesofcarsbecauseofthe(a)Presenceof

carbon(b)Incompletecombustionofpetrol(c)excessiveuseofpetrol.(d)useof

impurefuel.

2.Destructivedistillationofcoalmeans---------(a)heatingcoalinplentifulsupplyofair(b)

heatingcoalintheabsenceofair.(c)conversionofcoaltogas(d)destroyingcoalto

producegas.

3.An aqueous sodium trioxocarbonate(vi)solution is alkaline because the saltis

__________(a)solubleinwater(b)abasicsalt(c)fullyionizedinwater(d)hydrolyzedin

water

4.Thefollowingstatementsaboutgraphitearecorrectexceptthatit____________.(a)

hasoctahedralstructure(b)issoft(c)isusedasalubricant(d)hasanetworkstructure

5.Thefollowingcanbeobtaineddirectlyfrom thedestructivedistillationofcoalexcept.

(a)ammoniacalliquor(b)producergas(c)coalgas(d)tar

6.WatergasisamixtureofA.CO2 andH2 B.CO2andH2O C.CO2 D.CO andH2

7.Theliquidproductfrom thedestructivedistillationofcoalis A.ammoniacalliquor

B.CoalfumeC.DyestuffD.coalplasma

8.ProducergasiswithalowheatingpowerbecauseitcontainsmoreA.CO2thanO2 B.

nitrogenthancarbon(II)oxide C.CO2thannitrogen D.nitrogenthanCO



ESSAYQUESTIONS

1.Whatdoyouunderstandbytheterm allotropy?

2.Mentiontwomaintypesofallotropesofcarbon.

3.Differentiatethetwomaintypesofallotropesofcarbonwiththeirdiagramsonly

4.Inatabularform,differentiatebetweenthetwomaintypesofallotropesofcarbon.

5.Mentionthreeamorphousornon-crystallineformsofcarbon

6.Whatdoyouunderstandbytheterm gasificationofcoke?

7.Givetheproductsofgasificationofcoke..


