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CHEMISTRYNOTES

FORM2NOTES

STRUCTUREOFTHEATOM ANDTHEPERIODICTABLE

Specificobjectives

Bytheendofthetopic,thelearnersshouldbeableto:

a)Describethestructureoftheatom andwriteelectronconfiguration.

b)Defineatomicnumber,massnumber,isotopeandrelativeatomicmass.

c)Determinerelativemassfrom isotopiccomposition.

d)Useelectronconfigurationtodeterminethepositionofanelementintheperiodictablethe

typeofionitforms.

e)Definevalencyandoxidationnumberofanelement.

f) Usevalencytodrivechemicalformulaeofcompounds.

g)Writebalancedchemicalequations.

Thestructureofanatom

 Matteriscomposedofthesimplestsubstance,theelements,whichcannotbebrokendown

intoanythingsimplerbyanychemicalprocess.

 Thesmallestparticleofanelementiscalledtheatom.

 Atomsareextremelysmall,fartoosmalltobeseen.

 Anatom hasaradiusofabout10-8cm withhydrogenatomsbeingthesmallest.
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Simpleststructureoftheatom

 Eachatom ismadeupoftworegions;

(i) Thenucleus

(ii) Theshells{energylevels}

[Diagram pg8,NM patelbk2]

 Thenucleusisverysmallcomparedtothevolumeoftheatom withapproximately10-5of

thediameteroftheatom.

 Theatom ismadeupofthreedifferentsub-atomicparticles:

(i) Protons

(ii) Neutrons

(iii) Electrons

(i) Protons

 Theyarepresentinthenucleusofeveryatom.

 Theyarepositivelychargedparticles.{oneunitpositivecharge,+1}

 Hasarelativemassof1.

(ii) Neutrons

 Theyarepresentinthenucleusofallatomsexcepthydrogen.

 Theyareparticleswithnocharge.

 Theyhavearelativemassof1.
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NB:Theparticles(protonsandneutrons)withinthenucleusarecollectivelycallednucleons.

(iii) Electrons

 Theenergylevelscontainthenegativelychargedparticlescalledelectrons.

 Theseparticlesspinaroundthenucleusindefiniteorbitscalledenergylevels.

 Theyareverylightcomparedtothenucleusandhavearelativemassof (almost0).
1

1840

 Theyhaveaunitnegativecharge(-1).

 Thetablebelowsummarizesthecharacteristicsofthesubatomicparticles;

Particles Symbol Massrelativeto

hydrogenatom

Relativecharge

Proton P 1 +1

Neutron n 1 0

Electron e
(almost0)

1

1840

-1

Electronenergylevelsinanatom

 Differentelementshavedifferentchemicalpropertiesbecause;

(i)Theyaredifferentnumberofelectrons.

(ii)Electronsarearrangeddifferentlyaroundthenucleusoftheiratoms.

 Electronsarearrangedinenergylevelsaroundthenucleusofanatom.

 Theenergylevelsorshellsarerepresentedascirclesaroundthenucleusandarelabeled1,

2,3etc.

Numberofelectronsinanenergylevel.

 Eachenergylevelcanholdacertainmaximum numberofelectrons.

 Itcanholdlessthanthemaximum butnevermore.

 Thefirstshell,nearesttothenucleus,isthelowestenergylevelandelectronsfillthisenergy

levelfirst.
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 Asummaryofthemaximum electronsthatcanbeheldbyeachenergylevelisgiveninthe

tablebelow;

Energylevels Maximum electrons

1 2

2 8

3 18

 Ingeneral,thenumberofmaximum electronsthatanenergylevelcanholdisgivenby2n2,

wherenisthenumberoftheenergylevele.g.forenergylevel3,n=3andthereforethe

maximum electronsthatcanresideinitare2(3)2=18electronse.g.theatom ofsodium with

atomicnumber11;

Fillingenergylevels

 Theelectronsfilltheenergylevelsstartingfrom thelowestenergyleveli.e.1whichcan

holdamaximum of2electrons.

Examples

1.Showdiagrammaticallytheelectronfillinginthefollowingatoms;

a)Hydrogen,Hwith1electron.

b)Helium,Hewith2electrons.

c)Potassium,Kwith19electrons.

d)Neon,Newith10electrons.

NB:

(i) The3rdenergylevelcanholdamaximum of18electrons.However,the4thenergylevel

beginstofillbeforethe3rdoneisfull.Elementswithatomicnumber1-20canholda

maximum of8electronsinthe3rdenergylevel.

(ii) From theexamplesaboveNe(2.8),itcanbeseenthattheoutermostenergylevel



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimarySoftcopyNotes 07144497530 Page5

containamaximum of8electrons.Thisshowsastableelectronarrangement.

Atomiccharacteristics

Atomicnumber

 Thisisthenumberofprotonsinanatom andisdenotedbyZ.

 Aneutralatom hasequalnumberofprotonsandelectronsandtheZrefersalsotom the

numberofelectronsinthatatom e.g.Hhas1protonandhenceitsatomicnumberis1;

Potassium has19protonsandhenceZ=19.

Massnumber

 Thetotalnumberofprotonsandneutronsinthenucleusofanatom iscalledthemass

numberandisdenotedbyAi.e.

 Massnumber,A=numberofprotons+numberofneutrons.

 A=atomicnumber+numberofneutrons.

 A=Z+N{whereNdenotesthenumberofneutrons.}

Examples

1.Aneutralhasmassnumber39andthenumberofelectronsis20.Whatistheatomic

number?Givethenumberofprotonsandneutronsinthenucleus.

Solution

 A=Z+N;39=20+N =>N=19neutrons,protons=20,electrons=20

2.Copyandcompletethefollowingtable.

Element Symbol Number

of

electrons

Number

of

protons

Number

of

neutrons

Atomic

number

Mass

number

Hydrogen H 1 1 0 1 1

Helium He 2 2 2 2 4

Lithium Li 3 3 4 3 7

Beryllium Be 4 4 4 4

Boron B 5 5 11
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Carbon C 6 12

Nitrogen N 7 7

Oxygen O 8 16

Fluorine F 9 19

Neon Ne 10 20

Sodium Na 12 11

Magnesium Mg 12 12

Aluminium Al 13 14

Silicon Si 14 28

Phosphorous P 15 16

Sulphur S 16 32

Chlorine Cl 17 18

Argon Ar 18 18 40

Potassium K 19 20

Calcium Ca 20 20

Symbols

 Theatomicmassnumberiswrittenasasuperscriptonthetoplefthandcornerofthe

symbolfortheatom i.e.

MassnumberSymbolse.g.12C

 Theatomicnumberiswrittenasasubscriptonthebottom lefthandcornerofthesymbol

fortheatom i.e.

AtomicnumberSymbole.g.6C

 Acombinationofthesetwonumbersisgivenas;

→ →Symbol
Massnumber

Atomicnumber
Symbol
A

Z
C

12

6

Examples
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1.Whatinformationcanyougetfrom thesymbol aboutthestructureofthephosphorousP
31

15

atom?

Solution

Massnumber=31

Atomicnumber=15

Numberofprotons=15

Numberofelectrons=15

Numberofneutrons=31-15=16

Electronarrangement{Electronconfiguration}

Thisisthedistributionofelectronsinenergylevelsofanatom.

Thiscanberepresentedas;1forhydrogen,2forhelium,2.1forlithium and2.8forneon.

Example

1.Writetheelectronarrangementoftheatomswiththefollowingatomicnumbers.

a)K=19 =>2.8.8.1

b)C=6 =>2.4

c)O=8 =>2.6

d)Ca=20 =>2.8.8.2

NB:

(i) Onecantellfrom theelectronarrangementthenumberofenergylevelsanelementhas.

(ii) Elementswiththesamenumberofoccupiedenergylevelsbelongtothesameperiod

e.g.intheaboveexample;KandCabelongtotheperiod4whileCandObelongto

period2.

Isotopes

 Theseareatomswhichhavethesameatomicnumberbutdifferentmassnumberi.e.they

havethesamenumberofprotonsbutdifferentnumberofneutrons.

Example
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1.WhichofthefollowingelementsX,YandZareisotopes?

, ,X
39

19
Y

40

19
Z

39

20

Solution

 XandY

Relativeatomicmass

 Thisistheaveragemassofalargenumberofatomsofanelementtothatofa

carbon-12atom.

 Itisnormallycalculatedfrom therelativeabundanceofisotopeofanelement.

Examples

1.CalculatetheR.A.M ofchlorinefrom itisotopegiventhatamixtureofchlorinehadtwo

isotopes,35Cland37Clintheratio3:1.

2.NaturallyoccurringGallium consistsoftheisotope69Gaand71Gaintheratio3:2.Calculate

theR.A.M ofGallium.

Periodictable

 Theperiodictableisagridofhorizontalandverticallinesofelements.

 Thehorizontallinesarecalledperiodsrepresentedbynumericalletters1,2etcandvertical

columncalledgroupsarerepresentedbyRomannumerals,ItoVII.

[Getaperiodictable]

 Themodernperiodictableisbasedontheatomicstructurei.e.thenumberofprotoninthe

atom ofanelement.

Buildingupoftheperiodictableforthefirsttwentyelements

 Elementswiththesamenumberofelectronsintheoutermostenergylevelform agroupe.g.

H,Li,Na,KhaveoneelectronsintheoutermostenergyhencebelongtogroupI.

 Elementswiththesameenergylevelcanbearrangedinthesameverticalcolumnwhich

representsagroup.

 ThereareeightgroupsnumberedinRomannumerals.

 ThefirsttwentyelementsarearrangedintotheirrespectivegroupswithgroupVIIIbeing

referredtoasgroupzerobecausetheseelementshavelittletendencytoloseorgain
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electronsduringreaction.

GroupI

1st

column

GroupII

2nd

column

GroupIII

3rd

column

Group

IV

4th

column

GroupV

5th

column

Group

VI

6th

column

GroupVII

7th

column

Group

VIII

8th

column

H Be B C N O F He

Li Mg Al Si P S Cl Ne

Na Ca Ar

K

 Thesimplifiedform oftheperiodictableisasshownbelow;

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca

Note

(i) A)Groups:Elementswhicharearrangedverticalintheperiodictableform groupsIto

VIII(or0).Elementsofthesamegrouphavethesamenumberofelectronsintheouter

shellandtheyhavesimilarchemicalproperties.

B)Periods:Elementswhicharearrangedhorizontallyfrom thelefttotherightacrossthe

tableform theperiods.Elementsinthesameperiodhavethesamenumberofenergy

levels(shells)

(ii) BetweengroupIIandIIIliesagroupofelementsreferredtoastheTransitionmetals

Whichhaveuniquecharacteristicsthatmakethem nottofitintheeightgroupsofthe

periodictable? [Therealperiodictable]

Ionformation

 Atomswithelectronconfigurationof2,2.8and2.8.8aresaidtobestable.

 Atomswithoutthiselectronconfigurationtendtoattainthisstabilitybyeitherlosingor

Transitionmetals
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gainingelectrons.

 Sodium forinstance,withatomicnumber11hasanelectronconfiguration2.8.1can

acquirethestableelectronarrangementof2.8bylosingoneelectronor2.8.8bygaining

sevenelectrons.

 Itrequireslessenergytoloseoneelectronthangainingsevenandthereforesodium forms

astableconfigurationbylosinganelectron.

 Theresultingsodium particlewillhaveonlytenelectronswhilethenucleusstillhas11

protonshencethenetchargeis+1writtenasNa+.

 Theionformationofsodium canberepresenteddiagrammaticallyasfollows;

Na → Na+ + e-

Furtherexamples

1.Showionformationofthefollowingatoms

a)Cl=17

b)Mg=12

c)O=8

 Thechargedparticlesformedwhenatomsgainorloseelectronsarecalledions.

 Thepositivelychargedionsarecalledcationswhilethenegativelychargedionsarecalled

anions.

 Metalsmostlyloseelectronstoform positivelychargedions(cations)whilenon-metals

gainelectronstoform negativelychargedions(anions).

 Duringchemicalreactionsatomsofmetalsreactbylosingelectronsfrom theiroutermost

energylevelwhilenon-metalsgenerallygainelectronsintotheiroutermostenergylevel.

 Thenumberofelectronsanatom losesorgainsduringachemicalreactionisthevalency

oftheatom andisalsoknownasthecombiningpowerofanelement.

 Thevalencygenerallycorrespondtothegroupinwhichtheelementisplacedintheperiodic

tablee.g.groupIandVIIhaveavalencyof1andgroupIIandVIhaveavalencyof2.

NB:Someelementshavevariablevalencese.g.Ironwhichhasavalencyofeither2or3,Copper

has1or2andleadhas2or4.

Radicals



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimarySoftcopyNotes 07144497530 Page11

 Thesearegroupsofatomswithanetchargethatexistandreactasaunitduringchemical

reactions.

 Thevalencyofaradicalisthesameasthevalueofitschargee.g.Sulphateion(SO4
2-)hasa

valencyof2,aNitrateion(NO3
-)hasavalencyof1,anammonium ion(NH4

+)hasavalency

of1.

 Thetablebelowsummarizesthevalencyofsomecommonelementsandradicals

a)Metals/Non-metals

ValencyI Valency2 Valency3

Metals Sodium

Potassium

Calcium

Barium

Magnesium

Zinc

Iron

Lead

Copper

Aluminium

Iron

Non-metals Nitrogen

Chlorine

Fluorine

Hydrogen

Nitrogen

Oxygen

Sulphur

Nitrogen

Phosphorous

b)Radicals

Valency1 Valency2 Valency3

Radicals Ammonium (NH4
+)

Hydroxide(OH-)

Nitrate(NO3
-)

Carbonate(CO3
2-)

Sulphate(SO4
2-)

Sulphite(SO3
2-)

Phosphate(PO4
3-)
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Hydrogencarbonate(HCO3

-)

HydrogenSulphate(HSO4
-)

Oxidationnumber

 Theoxidationnumberofanelementshowsthenumberofelectronswhichhavebeen

removedoraddedtoittogetthepresentstate.

 Therearepositiveandnegativeoxidationnumbers.

 Sinceatomsareelectricallyneutral,theyareassignedanoxidationofzero.

 Thetablebelowshowstheoxidationnumberofsomeions.

Particles Oxidation

number

Mg2+ +2

Fe2+ +2

Fe3+ +3

H+ +1

Cu+ +1

Cu2+ +2

Cl- -1

Cu 0

Mg 0

H 0

NB:Oxidationnumberiswrittenwiththesigncomingbeforethenumberwhilechargeiswrittenas

asuperscriptwiththenumbercomingbeforethepositiveornegativesigne.g.Mg2+orN3-.

Chemicalformulae

 Achemicalformulaisarepresentationofachemicalsubstanceusingchemicalsymbols.

 Itshowstheconstituentelementsandtheproportionsinwhichtheyarecombined.
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 Inordertowriteacorrectformula,itisnecessarytoknowthesymbolsandvalenciesofthe

elementswhichform thecompound.

 Whenwritingtheformula,alwaysstartwiththeelementwhichismorelikelytolosean

electronorelectronsthenfollowwiththeonethatgainse.g.

Theformulaofwater; H+ O2-

H2O

Examples

1.Writethechemicalformulaforthefollowingcompounds

(a)Calcium fluoride=>CaF2

(b)Carbon(II)oxide=>CO

(c)Carbon(IV)oxide=>CO2

(d)Lead(IV)oxide=>PbO

(e)Aluminium carbonate=>Al2(CO3)3

(f)Potassium nitrate=>KNO3

(g)Calcium hydrogensulphate=>Ca(HCO3)2

Chemicalequations

 Achemicalequationrepresentsachemicalchangebyuseofsymbolsandformulae.

 Theformulaofthereactantsonthelefthandsideandthoseoftheproductsontheright

handsidee.g.coppermetalreactswithoxygentoform copper(II)noxide;Theword

equationisgiveas;

Coppermetal+oxygengas→ Copper(II)oxide

 Theequationwhichrepresentsthereactioncanbewritteninform of

symbolsasfollows;-

2Cu+O2→2CuO

Balancingchemicalequations

 Anequationisbalancedwhenthenumberofatomsofeachtypeofreactantsisequalto
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thatoftheproductsside.

 Thefollowingguidelinesshouldbeobservedwhenbalancingchemicalequations.

(i) Writethechemicalequationinwords.

(ii) Writethecorrectchemicalformulaeforbothreactantsandproducts.

(iii) Checkwhetherthenumberofatomsofeachelementonthereactantsideisequalto

thatontheproductside.

(iv) Ifthenumberisnotequal,multiplythechemicalformulacontainingtheunbalanced

atomswiththelowestcommonmultiple.

(v) Checkagaintoensurethatalltheatomsarebalanced.NB:Thechemicalformulaeof

thereactantsandproductsshouldneverchangeduringbalancingoftheequations.

(vi) Achemicalequationiscorrectandcompleteifthephysicalstatesofthereactants

andtheproductsareindicated.Thefollowingsymbolsrepresentthephysicalstates

whicharewritteninbracketsaftereachreactantorproduct;

Solid(s),liquid(l),insolution/aqueous(aq),gas(g)

e.g.2Cu(s)+O2(g)→2CuO(s)

Examples

1.Writeabalancedchemicalequationbycompletingthefollowingequations;

a)Zincgranules+dilutehydrochloricacid→

b)Sodium hydroxide+dilutehydrochloricacid→

c)Zincoxide+diluteSulphuric(VI)acid→

d)Zincmetal+dilutenitric(V)acid→

e)Calcium hydroxide+Carbon(IV)oxide→

f) Sodium +water→

2.Balancethefollowingequations;

a)Mg(s)+HCl(aq)→ MgCl2(aq)+H2(g)

b)Na(s)+H2O(l)→ NaOH(aq)+H2(g)

c)NaOH(aq)+H2SO4(aq)→Na2SO4(aq)+H2O(l)
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d)CuCO3(s)+HNO3(aq)→Cu(NO3)2(aq)+CO2(g)+H2O(l)

e)H2S(g)+O2(g)→SO2(g)+H2O(l)

f) C2H6(g)+O2(g)→ CO2(g)+H2O(l)

3.Writeabalancedequationforeachofthefollowingreactions;

a)Heatingofsodium metalinoxygengastoobtainsodium oxide.

b)Magnesium metalwithsteam.

c)ActionofdilutehydrochloricacidonCalcium carbonate.

d)Calcium metalandwater.

e)Copper(II)oxidesolidwithdiluteSulphuric(VI)acid.

CHEMICALFAMILIES;PATTERNSAND

PROPERTIES
Specificobjectives

Bytheendofthistopic,thelearnersshouldbeableto:

a)Indentifyandwriteelectronarrangementofalkalimetals,alkalineearthmetals,halogens

andnoblegases.

b)StateandexplainthetrendsinphysicalpropertiesofelementsingroupI,II,VIIandVIII.

c)StateandexplainthetrendsinreactivityofelementsingroupI,II,VIIandVIII.

d)Explainthesimilaritiesinchemicalformulaeofcompoundsoftheelementsinagroup.

e)ExplainthereactivenatureofgroupVIIelements.

f) Indentifyandwriteelectronarrangementofperiod3elements.

g)Stateandexplainthetrendsinphysicalandchemicalpropertiesoftheelementsinperiod3.

Introduction

 Elementinthesamegrouparesaidtobelongtothesamechemicalfamily,theyinclude;

a)Alkalimetals{GroupI}
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b)Alkalineearthmetals{GroupII}

c)Halogens{GroupVII}

d)Noblegases{GroupVIII}

a)Alkalimetals

 TheseareelementsingroupIoftheperiodictable.

 Theyinclude;

- Lithium [Li]

- Sodium [Na]

- Potassium [K]

- Rubidium [Rb]

- Caesium [Cs]

- Francium [Fr]

 Theelectronarrangementsofthefirstthreealkalimetalsareasfollows;

3Li=2.1

11Na=2.8.1

19K=2.8.8.1

 Eachalkalimetalatom hasoneelectronintheoutermostenergylevel.

 Downthegroupthereisanincreaseinthenumberofoccupiedenergylevels.

Trendinpropertiesofalkalimetals

1.Gradationinsizeoftheatom andions

 Thetablebelowsummarizestheatomicandionicradiusofalkalimetals

Element Symbol Atomic

number

Atomicradius

(nm)

Ionicradius

(nm)

Lithium Li 3 0.133 0.060

Sodium Na 11 0.157 0.095
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Potassium K 19 0.203 0.133

 From thetableabove,thefollowingcanbenoted;

i. Atomicradius

 Definition:Thisisthedistancebetweenthecentreofthenucleusofanatom andthe

outermostenergyleveloccupiedbyanelectronorelectrons.

 Itincreasedownthegroup;Thisisbecauseeachalkalimetalhasonemoreoccupied

energylevelthantheprecedingmemberinthegroupi.e.Lihastwoenergylevels,

Na=3,K=4.Thereforetheoutmostelectroninasodium atom isfurtherfrom thenucleus

thantheoutermostelectroninalithium atom.

ii. Ionicradius

 Definition:Thisisthedistancebetweenthecentreofthenucleusofanionandthe

outermostenergyleveloccupiedbyanelectronorelectrons.

 Italsoincreasesdownthegroup;Thisisbecausethereisanincreaseinenergyleveljust

liketheatoms.

NB:Theatomicradiusisgreaterthanionicradiusofthesameelement;This

isbecausewhenanatomlosesanelectrontoformpositivelychargedion,the

remainingelectronsexperiencegreaternuclearattraction.Theremaining

energylevelsmoveclosertothenucleusresultinginareductionintheradius.

2.Physicalproperties

 Thetableshowssomephysicalpropertiesofalkalimetals.

Elements Appearance Ease

of

cutting

Melting

point

(0C)

Boiling

point

(0C)

Electrical

conductivity

Atomic

radius

(nm)

1st

ionization

energy

(Kj.mol-1)

Lithium Silvery

white

Slightl

yhard

180 1330 Good 0.133 520

Sodium Shinygrey Easy 98 890 Good 0.157 496

Potassium Shinygrey Easy 64 774 Good 0.203 419

 From thetablethefollowingphysicalpropertiescanbededuced;

a)Thealkalimetalshaveashinymetalliclusterwhenfreshlycut.However,thesurface

quicklytarnishedbecauseofreactingwithair.
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b)Thealkalimetalsaresoftandeasytocut.Thesoftnessandeasetocutincreasedownthe

group.Thisisduetothedecreaseinthestrengthoftheforcesholdingtheatomstogetheras

youmovedownthegroup.

c)Thealkalimetalshaverelativelylow meltingandboilingpoints.Theydecreasedownthe

group;Thisisduetotheweakeningoftheforcesholdingtheatomstogether.

d)Alkalimetalsaregoodconductorsofbothheatandelectricity.Conductivityinthischemical

familyisduetothepresenceofdelocalizedelectronsinthestructureofthemetal.Sincethey

allhaveoneelectronintheiroutermostenergylevel,theirconductivityissimilar.

e)Ionizationenergywhichistheminimum energyrequiredtoremoveanelectronfrom the

outermostenergylevelofanatom inthegaseousstate.

- Theionizationenergydecreasedownthegroup.Thismeansthatlessenergyis

requiredtoremoveanelectronfrom theoutermostenergylevelofpotassium than

lithium;Thisisbecausetheeffectiveforceofattractionontheoutermostelectronby

thepositivenucleusdecreasewithincreasingatomicsizeanddistancefromthenucleus.

3.Chemicalproperties

i. Grouponeelementsreactvigorouslywithbothairandwaterwiththereactivity

increasingdownthegroupi.e.potassiumismorereactivethansodiumand

lithium.

- Whensodiumisexplodedinair,itreactswithmoistureinairtoformsodiumhydroxide.

2Na(s)+2H2O(l)→2NaOH(aq)+H2(g)

- TheNaOHformedfurtherreactswithCO2intheairtoform Na2CO3;

2NaOH(aq)+CO2(g)→Na2CO3.H2O(s)

- Sodium burnsinairwithayellow flametoform ayellowishwhitesolidwhichis

mainlysodium oxide;

4Na(s)+O2(g)→2Na2O(s)

- Whensodium burnsinairenrichedwithoxygenitformsmainlysodium peroxide;

2Na(s)+O2(g)→Na2O2(s)

- Potassium burnsinairwithalilacflametoform awhitesolidwhichispotassium

oxide;

4K(s)+O2(g)→ 2K2O(s)
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 Thetablebelowshowsthereactionofalkalimetalswithwater.

Metal Observation when the

metalreactswithwater

Rateofreaction

Lithium Lithium floats in water.

Colourlessgasisproduced.

The gas does notignite

spontaneously. The

resultingsolutionturnsred

litmuspaperblue.

Vigorous

Sodium Sodium metaldartsonthe

surfaceofwaterasitmelts

intoasilveryball.Ahissing

sound is produced. A

colourlessgasisproduced

which may ignite

spontaneously. The

solutionformedisalkaline.

Morevigorous

Potassium Themetaldartsabouton

thesurfaceofwaterasit

meltsintoasilveryball.A

colourlessgasisproduced

whichspontaneouslyburst

into flame. Potassium

vapourburns with a lilac

flame. The resulting

solutionisalkaline.

Explosive

NB:-Alkalimetalsreactwithwatertoform alkalinesolutionandhydrogengasi.e.

Alkalimetals+water→metalhydroxide+hydrogengas

e.g. 2Li(s)+2H2O(l)→2LiOH(aq)+H2(g)

2Na(s)+2H2O(l)→2NaOH(aq)+H2(g)

2K(s)+2H2O(l)→ 2KOH(aq)+H2(g)

- Ofthethreealkalimetals,potassium isthemostreactivefollowedbysodium andthen
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lithium;Thisisbecausetheelectronintheoutermostenergylevelislooselyheldbythenucleus

andthereforeiseasilyremovedduringareaction.

ii. Alkalimetals reactwith chlorine gas to form the corresponding metal

chloridesi.e.

Alkalimetals+chlorinegas→ chloridesofalkalimetals

e.g.2Na(s)+Cl2(g)→2NaCl(s)

2Li(s)+Cl2(g)→2LiCl(s)

2K(s)+Cl2(g)→2KCl(s)

- Thereactivityofalkalimetalswithchlorineincreasesdownthegroup;Thisbecause

oftheincreaseinatomicradiuswhichleadstoincreaseineasetolosetheelectronin

theoutermostenergylevel.

Usesofalkalimetalsandtheircompounds

1.Sodium isusedinmanufactureofsodium cyanideforuseintheextractionofgold.

2.Lithium isusedinthemanufactureofspecialhighstrengthglassesandceramics.

3.Lithium compoundsareusedinthemanufactureofdrycellsforuseinmobilephones,

laptops,stopwatchesandzeroemissionelectricvehicles.

4.Amoltenmixtureofsodium andpotassium isusedasacoolantinnuclearreactors.

5.Sodium vapourisusedtoproducetheyellowglowinstreetlights.

6.Moltensodium isusedasareducingagentintheextractionoftitanium (IV)chloride;

TiCl4(g)+4Na(l)→Ti(s)+4NaCl(l)

7.Sodium chlorideisusedasafoodadditive.

8.AmixtureofNaOH (causticsoda)andcarbondisulphideisusedinthemanufactureof

artificialsilkcalledrayon.

b)Alkalineearthmetals

 ThesearemembersofgroupIIoftheperiodictable.

 Theyinclude;

- Beryllium [Be]
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- Magnesium [Mg]

- Calcium [Ca]

- Strontium [Sr]

- Barium [Ba]

- Radium [Ra]

 Theelectronarrangementofthefirstthreealkalineearthmetalsareasfollows;

- 4Be=2.2

- 12Mg=2.8.2

- 20Ca=2.8.8.2

 Anatom ofanalkalineearthmetalhastwoelectronsintheoutermostenergylevel.

Trendsinpropertiesofalkalineearthmetals

1.Gradationinsizeofatomsandions;

 Thetablebelowsummarizestheatomicandionicradiussizeofalkalineearthmetals.

Element Symbol Atomicno. Atomic

arrangement

Atomic

radius

(nm)

Ionic

radius

(nm)

Beryllium Be 4 2.2 0.089 0.031

Magnesium Mg 12 2.8.2 0.136 0.065

Calcium Ca 20 2.8.8.2 0.174 0.099
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 From thetable,thefollowingcanbenoted;

a)Atomicradius

- Theatomicradiusincreasesdownthegroupasmoreenergylevelsareoccupied.

b)Ionicradius

- Alkalineearthmetalsform ionsbylosingthetwoelectronsintheoutermostenergy

levelinordertoattainastableelectronarrangement.

- Thelossoftwoelectronsintheoutermostenergylevelaccountsforthesmaller

ionicradiuscomparedtotheatomicradiusofthecorrespondingatom.

2.Physicalpropertiesofalkalineearthmetals

 Thetablebelowsummarizesthephysicalpropertiesofalkalineearthmetals.

Element Atomic

no.

Melting

point(0C)

Boiling

point

(0C)

Atomic

radius

(nm)

1stI.E

(Kj.mol-1)

2ndI.E

(Kj.mol-1)

Beryllium 4 1280 2450 0.089 900 1800

Magnesium 12 650 1110 0.136 736 1450

Calcium 20 850 1140 0.174 590 1150

Strontium 38 789 1330 0.210 550 1060

Barium 56 725 1140 0.220 503 970

 Thefollowingcanbenotedfrom thetable;

a)Thealkalineearthmetalshaverelativelyhighmeltingandboilingpointsthanalkali

metals;Thisisbecauseasonemovesfromlefttoright,intheperiodictablethereis

additionofprotonsinthenucleusandhenceincreaseintheforceofattractionforthe

outermostelectrons.

b)Themeltingandboilingpointofberyllium areveryhighcomparedtootheralkaline

earthmetals;Thisisbecausetheberyllium atom isverysmallandtheforceof

attractionbetweentheatomsareverystrong.

c)Downthegroupthemeltingandboilingpointdecrease;Thisisbecauseinmetal

atomsareheldtogetherbyforcesofattractionbetweenpositivenucleusand

delocalizedelectrons.Astheatomicradiusincreases,thisattractiondecreases

becauseoftheincreasingdistancefrom thepositivenucleustothedelocalized
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electrons.

d)Thesecondionisationenergyisalwayshigherthanthefirstionizationenergy;Once

anelectronhasbeenlostfromtheatom,theoverallpositivechargeholdstheremaining

electronmorefirmly.Thisthenmeansthatremovingasecondelectronfromtheionrequire

moreenergythanthefirstelectron.

3.Chemicalpropertiesofalkalineearthmetals.

a)Alkalineearthmetalsburninairtoform whiteoxidesi.e.

Alkalineearthmetals+oxygen→ metaloxide

e.g. – magnesium burnsinairwithabrilliantwhitelightwhichhasablindingglare

formingawhitesolid; 2Mg(s)+O2(g)→2MgO(s)

{grey} {white}

- Calcium burnswithafaintorange-redlightformingawhitesolid;

2Ca(s)+O2(g)→2CaO(s)

b)Alkalineearthmetalsreactwithwatertogivecorrespondinghydroxidesandhydrogengas

i.e.Alkalineearthmetals+water→ metalhydroxide+hydrogengas.

e.g. –Magnesium reactsslowlywithcoldwatertoform smallbubblesofhydrogengas

whichstickonthesurfaceofthemetal;

Mg(s)+2H2O(l)→ Mg(OH)2(aq)+H2(g)

- Asteadystream ofhydrogenisevolvedwhencalcium reactswithcoldwaterandawhite

suspensionappearsinthebeakerduetoformationofcalcium hydroxidewhichissparingly

solubleinwater; Ca(s)+2H2O(l)→Ca(OH)2(aq)+H2(g)

NB: Reactingbetweenalkalineearthmetalsandwaterarefasterifwarm waterisusede.g.

Magnesium burnsinsteam withabrightwhitelightformingawhitesolidwhichis magnesium

oxide;Mg(s)+H2O(l)→MgO(s)+H2(g)

[Diagram pg40,klbbk2]

c)Alkalineearthmetalsreactwithchlorinetoform theircorrespondingchloridei.e.

Alkalineearthmetal+chlorinegas→ metalchloride.

e.g.-Magnesium burnswithabrilliantwhiteflametoform afinewhitesolidwhichis

magnesium chloride;Mg(s)+Cl2(g)→MgCl2(s)
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-Calcium maynotreactreadilywithchlorine;Thisisbecauseacoatofcalcium oxideis

formedfirstwhenthemetalisheated.However,calcium reactswithchlorinetoform

calcium chloride;Ca(s)+Cl2(g)→CaCl2(s)

d)Alkalineearthmetalsreactwithdiluteacidse.g.hydrochloricacidandsulphuric(VI)acidto

form thesaltsofthemetalandhydrogengas;

- Mg(s)+2HCl(aq)→MgCl2(aq)+H2(g)

- Mg(s)+H2SO4(aq)→MgSO4(aq)+H2(g)

- Ca(s)+2HCl(aq)→CaCl2(aq)+H2(g)

- Ca(s)+H2SO4(aq)→CaSO4(s)+H2(g)

{White}

NB:Whensulphuric(VI)acidisused,theinsolublecalcium sulphateformsacoatonthe

surfaceofcalcium metalpreventingfurtherreactionbetweenthemetalandtheacid.

UsesofsomeAlkalineearthmetalsandtheircompounds

1.Magnesium isusedinthemanufactureofmagnesium hydroxidewhichisusedasan

anti-acidmedicine.ThisisbecauseMg(OH)2isanon-toxicbase.

2.A low-densityalloyofmagnesium and aluminium is relativelyinert.Itis used in

aeroplaneconstruction.

3.Calcium isusedinthemanufactureofhydratedcalcium sulphate(plasterofParis)

whichisusedinhospitalstosetfracturedbones.

4.Cementismadebyheatingamixtureofcalcium carbonate(limestone),clayandsand.

5.Calcium carbonateisusedtoremovecertainimpuritiesduringextractionofiron.

6.Mortarismadebymixingslakedlime(calcium hydroxide)withsandandwater.

7.Calcium oxide(quicklime)isaddedto acidicsoilsto raisethepH foragricultural

purposes.

8.Calcium nitrateisusedasanitrogenfertilizer.

9.Magnesium oxideisusedintheliningoffurnaces.
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c)Halogens

 Halogensarenon-metalsfoundingroupVIIoftheperiodictable.

 Theyinclude;

- Fluorine[F]

- Chlorine[Cl]

- Bromine[Br]

- Iodine[I]

 Theelectronarrangementofthefirsttwoelementareasfollows;

- 9F=2.7

- 17Cl=2.8.7

 Eachhalogenhassevenelectronsintheoutermostenergylevel.

TrendsinpropertiesofHalogens.

1.Physicalproperties

a)Fluorineandchlorinearegasesatroom temperature.

b)Fluorineispale-yellow whilechlorineisgreen-yellow;bromineisbrownliquidwhile

iodineisshinydark-greysolid.

c)ChlorineandfluorinearesolubleinwaterandTetrachloromethane.Thesolubilityin

waterofhalogens decreases down the group butallhalogens are soluble in

Tetrachloromethane.

d)Halogensarenon-conductorsofelectricity.

 Thetablebelowgivesasummaryofthephysicalpropertiesofsomehalogens.

Halogens Formula Atomic

no.

Atomic

radius

(nm)

Ionic

radius

(nm)

Appearance Melting

point

(0C)

Boiling

point

(0C)

Fluorine F2 9 0.064 0.136 Pale-yellow

gas

-238 -188

Chlorine Cl2 17 0.099 0.181 Greenish- -101 -35
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yellowgas

Bromine Br2 35 0.114 0.195 Brown

liquid

-7 59

Iodine I2 53 0.133 0.216 Shiny dark-

greysolid

144 184

 Furtherphysicalpropertiescanbededucedfrom thetableabove;

e)Atomicandionicradius

- Theseradiusincreasedownthegroup;Thisisbecauseoftheincreaseinthenumberof

energylevelsdownthegroup.

f) Meltingandboilingpoints-increasesdownthegroup;Thisisbecause,asonemovesdown

thegroup,theforceofattractionbetweenmoleculesincreasewithincreaseinsizeofthemolecule.

g)Comparisonbetweentheatomicandionicradiusofthesameelement

- Theatomicradiusofahalogenatom islessthantheradiusofitsione.g.theatomic

radiusofchlorineatom islessthantheionicradiusofachlorideatom;Thisisbecause

thechlorineatomhas17protonsinthenucleusattracting17electronsintheenergylevels

whileachlorideionhas17protonsinthenucleusattracting18electronsintheenergylevels.

Theeffectivepullofelectronsintheenergylevelsbythepositivenucleusisthusreduced.The

electronsthereforetendtomoveawayfromthenucleushencemakingthesizeoftheionlarger

thantheatom.

2.ChemicalpropertiesofHalogens

i. Mosthalogens reactwith metals to form the corresponding metal-halogen

compoundse.g.withIron;

2Fe(s)+3Cl2(g)→2FeCl3(s)

2Fe(s)+3Br2(g)→2FeBr3(s)

Fe(s)+I2(g)→FeI2(s)

Withzinc;

Zn(s)+Cl2(g)→ZnCl2(s)

Zn(s)+Br2(g)→ZnBr2(s)

Zn(s)+I2(g)→ZnI2(s)
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 Othersaltsformedinthesamemethodare;

 MgCl2

 AlCl3

 NaCl

NB:Thereactivitywithmetalsdecreasedownthegroup;Theabilityofanatomtogainanextra

electroninitsoutermostenergyleveldecreaseasthesizeoftheatomsincreasedownthegroup.

ii. Chlorine dissolves in waterto form chlorine waterwhich is a mixture of

hydrochloricacidandchlorous(I)acidi.e.

Cl2(g)+H2O(l)→HCl(aq)+HOCl(aq)

Onexposingtosunlight,chlorinewaterdecomposestooxygenandhydrochloric

acid;

2HOCl(aq) → 2HCl(aq)+O2(g)

{Green-yellow} {Colourless}

Someusesofhalogenandtheircompounds

1.Fluorineisusedinthepreparationofasyntheticfibreknownaspolytetraflouroethene.

2.Somecompoundsoffluorineareaddedtowaterandsometoothpastesinsmallquantities

toreducetoothdecay.

3.Fluorineisusedtomanufacturehydrogenfluorideusedtoengravewordsorpictureon

glass.

4.Chlorineisusedtomakebleachesforuseinpaperpulpandtextileindustries.

5.Chlorineisaddedtowatertokillbacteriainwatertreatmentworks.

6.Chlorineisusedinthemanufactureofatypeofplasticknownaspolyvinylchloride(PVC).

7.Chlorineisusedinthelarge-scalemanufactureofhydrochloricacid.

8.Bromineisusedinthemanufactureofsilverbromidewhichisusedtomakelightsensitive

photographicpaperfilms.

9. Asolutionofiodineinalcohol(tinctureofiodine)isusedasamedicinetokillbacteriain

cutsonbrokenskin.
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d)Noblegases

 TheseareelementsingroupVIIIoftheperiodictable.

 Theyinclude;

- Helium [He]

- Neon[Ne]

- Argon[Ar]

- Krypton[Kr]

- Xenon[Xe]

- Randon[Rn]

 Theelectronarrangementofthefirstthreenoblegasesareshowninthetablebelow

Elements Symbol Atomicnumber Electronic

arrangement

Helium He 2 2

Neon Ne 10 2.8

Argon Ar 18 2.8.8

 Itcanbeseenfrom thetablethatonlyHelium has2electronsintheoutermostenergylevel

andonlyoneenergylevel.

 Theresthaveeightelectronsintheiroutermostenergylevelandthustheyhavetheoctet.

 Undernormalconditionsnoblegasesneithergainsnorloseselectronsandthustheyare

thereforestableandnotreactive.

 Thetablebelowisasummaryofsomeofthephysicalpropertiesofnoblegases.

Elements Symbol Atomic

no.

Atomicradius

(nm)

1stI.E

(Kj.mol-1)

Melting

point

(0C)

Boiling

point

(0C)
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Helium He 2 0.128 2372 -270 -269

Neon Ne 10 0.160 2080 -249 -246

Argon Ar 18 0.192 1520 -189 -186

Krypton Kr 36 0.197 1350 -157 -152

Xenon Xe 54 0.217 1170 -112 -108

 Thefollowingphysicalpropertiescanbeseenfrom thetable;

a)The1stI.Eisveryhighascomparedtotheotherchemicalfamilies;Thisisbecause

theoutermostenergyleveliscompletelyfilledwithelectronsandhencetheirstabilityisvery

strong.

b)Theatomicradiusincreasesdownthegroupduetotheincreaseinthenumberof

energylevels;Thisexplainswhythefirstionizationenergyofthegasesdecreasedownthe

group.

c)Noblegaseshavelow meltingandboilingpoints;Thisisbecauseoftheweak

intermolecularforcesofattractionbetweentheatoms.Asonemovedownthegroup,

thisforceincreaseinstrengthandhencetheincreaseinthemeltingandboilingpoints.

Usesofnoblegases

1.Argonisusedinlightbulbstoprovideaninertenvironmenttopreventoxidation.

2.Argonisusedasaninsulatorinarch-welding.

3.Neongasisusedinstreetandadvertisinglights.

4.Helium mixedwithoxygenisusedindeepseadivingandmountaineering.Themixtureis

alsousedinhospitalsforpatientswithrespiratoryproblem andthoseundergoingcertain

formsofsurgery.

5.Helium canbeusedinsteadofhydrogeninballoonsformeteorologicalresearch.

6.Helium isusedinthermometerforthemeasurementofverylowtemperatures.

7.Liquidhelium isusedtokeepcertainmetalsalloysattemperaturelow enoughforthen

becomesuperconductors.

Propertiesandtrendsacrossaperiod

 Thoseelementsacrossaperiodshowagradualchangeinproperties.
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 Thesechangesareillustratedbyconsideringperiod3.

Trendsinphysicalpropertiesofelementsinperiod3

1.Sodium,magnesium andaluminium aregoodconductorsofelectricity,siliconisasemi-

conductorwhilephosphorous,Sulphur,chlorineandargonarepoorconductors;Thisis

becausesodium,magnesium,and aluminium havedelocalized electronsin theirstructure.

Phosphorous,Sulphur,chlorineandargonareallmade-upofmoleculesandthereforearenon-

conductorsofelectricity.

2.Theatomicradiioftheelementsgraduallydecreaseacrosstheperiodfrom lefttoright;

Thisisbecausethenuclearchargeincreaseasonemovesfromlefttorightduetotheincreaseinthe

numberofprotons.Althoughthereareadditionsofelectrons,theyenterinthesameenergylevel.Asa

result,theelectronsintheoutermostenergylevelarepulledclosertothenucleus,therebydecreasing

thesizeoftheatomsacrosstheperiodfromsodiumtochlorine.

 Thefollowingtablegivesasummaryofsomephysicalpropertiesoftheelementsin

period3.

Elements/

properties

Na Mg Al Si P

(white)

S

(Monoclinic

)

Cl Ar

Physical

state and

appearance

Silvery

solid

Silvery

solid

Silvery

solid

Black

solid

White

solid

Yellowsolid Greenish-

yellowgas

Colourless

gas

Electron

arrangemen

t

2.8.1 2.8.2 2.8.3 2.8.4 2.8.5 2.8.6 2.8.7 2.8.8

Valency 1 2 3 4 3or5 2 1 0

Atomic

radius(nm)

0.157 0.136 0.125 0.117 0.110 0.104 0.09 0.192

Melting

point(0C)

98 650 660 1410 44 119 -110 -189

Boilingpoint

(0C)

890 1110 2470 2360 280 445 -35 -186

Structure Giant

metallic

Giant

metallic

Giant

metallic

Giant

atomic

Molecula

r

Molecular Molecular Existasan

atom

Bondtype Metallic Metallic Metallic Covalent Covalent Covalent Covalent Van der

Waal
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Thefollowingcanbeseenfrom thetableabove;

3.Sodium,magnesium andaluminium havegiantmetallicstructuresandthereforehave

strongmetallicbonds.Thesebondsrequirealotofenergytobreakhencetheyhavehigh

meltingandboilingpoints.

4.Siliconhasagiantatomicstructureinwhichalltheatomsareheldtogetherbystrong

covalentbonds.Theseneedalotofheatenergytobreak,hencethehighmeltingand

boilingpointsofsilicon.

5.Phosphorous,Sulphur,andchlorinearemolecular.Theatomsofthemoleculesareheldby

strongcovalentbondswhilethemoleculesthemselvesareheldtogetherbyvanderWaal

forceswhichrequirelittleenergytobreakandhencetheirmeltingandboilingpointsare

low.

6.ChlorineandArgonexistasgasesatroom temperature.Theyhavelowmeltingandboiling

pointsduetothepresenceofweakvanderWaalforces.

Trendsinchemicalpropertiesoftheelementsofperiod3

1. Sodium reactsvigorouslywithoxygentoform awhitesolid;

4Na(s)+O2(g)→2Na2O(s)

-Magnesium burnswithabrightwhitelighttogiveawhitesolid,

2Mg(s)+O2(g)→2MgO(s)

-Aluminium foilisusuallycoatedwithalayerofaluminium oxide.Thisoxideprevents

furtherreactionwithoxygen.Whenpolished,Aluminium reactsslowlywithoxygentoform

awhitesolid;

4Al(s)+3O2(g)→ 2Al2O3(s)

NB:Na2OandMgOaresolubleinwatertoform analkalinesolution,whileAl2O3isinsoluble.

-Siliconpowdercanonlyburninoxygenathightemperature(about4500C)toform solid

Silicon(IV)oxide.

Si(s)+O2(g)→SiO2(s)

NB:SiO2isinsolubleinwater.

-Phosphorousreadilyburnsinoxygenwithabrightorangeflametoform awhitesolid,

phosphorous(V)oxide.
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P4(s)+5O2(g)→2P2O5(s)

-Sulphurburnsinoxygenwithablueflametoform agas,SO2

S(s)+O2(g)→SO2(g)

NB:P2O5andSO2dissolvesinwatertoform acidicsolutions.

-Chlorineburnsinoxygenundercertainconditionstoform acidicoxideswhileArgon

isnotreactive.

 Thefollowingcanbededucedfrom theabovediscussions;

i. Alltheelementsacrossperiod3,withtheexceptionofArgon,burninoxygen

toform oxides.

ii. Thereactivityofthemetalswithoxygendecreasefrom lefttorightacrossthe

period;Thisisbecauseoftheincreaseinnuclearchargefromsodiumtoaluminium,

whichmakesiteasiertoremoveanelectronfrom asodium atom thanfrom an

aluminiumatom.

iii. Metallicelementsburn in oxygen to form basicoxides.Solublemetallic

oxidesdissolveinwatertoform alkalinesolutions.

iv. Thereactivityofthenon-metallicelementswithoxygenincreasefrom leftto

rightacrossthethirdperiod;Thisisbecausetheeaseofgainingelectronsincreases

fromlefttoright.

v. The non-metallic elements burn in oxygen to form acidic oxides which

dissolveinwatertoform acidicsolution.

2.-Sodium reactsviolentlywithcoldwatertoform sodium hydroxideandhydrogengas

2Na(s)+H2O(l)→2NaOH(aq)+H2(g)

-Magnesium reactsveryslowlywithcoldwatertoform magnesium hydroxideandhydrogen

gas

Mg(s)+2H2O(l)→Mg(OH)2(aq)+H2(g)

-Aluminium doesnotnormallyreactwithcoldwaterorsteam duetothepresenceofa

coatingofaluminium oxide,whichpreventsanyreaction.

NB:Ingeneral,thereactivityofmetalswithwaterdecreasesfrom sodium toaluminium.Sodium is

morereactivebecauseitlosesitsvalenceelectronmorereadilythanmagnesium andaluminium.

-Non-metalsdonotdisplacehydrogenfrom water.However,Chlorineisanexceptionalsince

itdissolvesinwatertoform chlorinewaterwhichisamixtureofhydrochloricacidandchloric(I)

acid.
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Cl2(g)+H2O(l)→HCl(aq)+HOCl(aq)

 Thefollowingtablesummarizesthereactionofelementsofperiod3withair,waterand

diluteacids.

Element Na Mg Al Si P S Cl

Reaction

with air or

oxygen

Readilyreacts

withair.Burns

brightly in

oxygen to

form Na2O.

Reactslowly

with air.

Burns in

oxygen with

a bright

flame to

form MgO.

Forms a

protective

layer of

Al2O3

when it

burns in

oxygen.

Silicon

powder

burns at a

temperature

above

9500C to

form SiO2

White

phosphorous

Smouldersin

air.Burnsin

air to form

P2O5 and

P2O3

Burns in

air or

oxygen

to form

SO2

No reaction

with air or

oxygenunder

normal

conditions.

Reaction

withwater

Vigorous

reaction

producing H2

andNaOH

Slow

reaction

with cold

water but

reacts with

steam

rapidly.

No

reaction

Noreaction Noreaction No

reaction

Dissolves in

watertoform

chlorine

water.

Reaction

with dilute

acids

Violent

reaction

givingH2 and

salt.

Rapid

evolution of

H2 and salt

formed.

Reacts

slowly to

form H2

Noreaction Noreaction No

reaction

Noreaction

3.Itcanbeseenfrom thetable;

i. Magnesium reactswithbothdilutehydrochloricandsulphuric(VI)acidtofrom a

saltandhydrogengas

Mg(s)+2HCl(aq)→MgCl2(s)+H2(g)

Mg(s)+H2SO4(aq)→MgSO4(aq)+H2(g)

ii. Aluminium doesnotreadilyreactwithdiluteacidduetothepresenceofAl2O3

coating.However,onremovingtheoxidecoating,themetalreacts.

2Al(s)+6HCl(aq)→2AlCl3(aq)+H2(g)

2Al(s)+3H2SO4(aq)→Al2(SO4)3(aq)+3H2(g)

iii. Thereactionbetweensodium anddiluteacidsisexplosiveandthereforeshould

neverbetried.

iv. Silicon,phosphorous,Sulphurandchlorinedonotreactwithdiluteacids
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STRUCTUREANDBONDING
Specificobjectives

Bytheendofthistopic,thelearnersshouldbeableto:

a)Statethesignificanceofvalenceelectronsinbonding.

b)Explainqualitativelytheformationofionic,covalentandmetallicbonds.

c)Diagrammaticallyillustrateionic,covalent,dative,hydrogenbondsandVanderWaalforces.

d)Predictthebondtypeandstructureofagivensubstancefrom itsphysicalproperties.

e)Explainthechangesinbondtypeacrossperiod3.

f) Selectmaterialsforusebasedonbondtypesandstructure.

g)Predictthepropertiesofagivensubstanceonthebasisofthebondspresent.

Bondtypes

 Therearemanytypesofchemicalbondsbetweenatom inagivenstructure,ofmost
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importanceare;

(i) Ionicbond

(ii) Covalentbond

(iii) Dativebond

(iv) Hydrogenbond

(v) Metallicbond

(i) Ionicbond

 Itinvolvestotal/completetransferofelectronsfrom oneatom toanother.

 Itinvolvesthereactionofmetalswithnon-metalse.g.

- Thereactionbetweensodium andchlorinetoform sodium chloride.

Na + Cl → Na+Cl-

2.8.1 2.8.7

 Anionicbondisthereforeformedwhenthereiscompletetransferofvalenceelectronfrom

oneatom toanotherresultingintwoionswithoppositecharges.

- OtherexamplesofioniccompoundsincludeKF,MgOandMgCl2

[Diagramsoftheseexamples]

Exercise

1.Drawtheionicbondformationofmagnesium oxide[AtomicnumberofO=8;andMg=12]

NB:ThistypeofbondedcompoundhaveonlyonestructurewhichisGiantionicstructure.

GiantIonicstructure

 Sodium chloridestructureconsistsasmanysodium ionsandchlorideionsthatare

arrangedandpackedinaregularpattern.

 Eachsodium ionissurroundedbysixchlorideionsthatareequidistantfrom itandthe

sameistrueforeachchlorideion.[Diagram ofNaCl]
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 Thepatternrepeatsitselfmanytimesinalldirectionsresultingintheformationofagiant

ionicstructure.

 Otherexamplesofionicsubstanceswithgiantionicstructureinclude;KNO3,NaI,KBrand

Ca(NO3)2

Physicalpropertiesofioniccompounds

 Thetablebelowsummarizessomephysicalpropertiesofioniccompounds.

Compounds

Properties

NaF NaCl NaBr NaI

Solubility Soluble Soluble Soluble Soluble

Mpt(0C) 993 801 747 661

Bpt(0C) 1695 1413 1390 1304

Electrical

conductivity

Solid Doesnot Doesnot Doesnot Doesnot

Meltorsolution Conducts conducts Conducts Conducts

 Thefollowingphysicalpropertiescanbeseenfrom thetable

a)Ioniccompoundsdissolveinpolarsolventslikewater.

b)Ioniccompoundsconductelectricityonlyinmoltenorsolutionstate;thisisbecausein

solidstatetheionsarerigid/fixedwhileinmoltenorsolutionstatetheyarefreetomove

withinthemoltenliquidorsolutionandthereforeconductingelectricity.

(ii) Covalentbond

 Whenatomscombinebysharingelectronsandtheirrespectivenucleiattracttheshared

electrons,thisconstitutesthecovalentbondholdingthetwoatomstogether.

 Itismostlyformedbyatomsofthesameelementoragroupofatomsofdifferent

elementscombiningtoform amolecule.

 Substancesconsistingofmoleculesincludewater,mostgases,sugaroils,fats,

naphthalene,kerosene,waxandSulphurandarecalledmolecularsubstances.

 Thecovalentbondcanberepresenteddiagrammaticallyasfollows;{ineachcaseonly

Valencyelectronsareshown}
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[Diagram ofwatermolecule,Chlorinemolecule]

Exercise

Usingadot(.)andcrossdiagram,drawthechemicalbondforthefollowingmolecule;

(i)O2(ii)N2(iii)NH3(iv)CO2

(iii) Co-ordinate/Dativebond

 Thisatypeofcovalentbondinwhichthesharedpairofelectronsformingthebondis

contributedbyonlyoneoftheatomsformingthebond.

 Examplesofmoleculesthathaveco-ordinatebondsareNH4
+ionandCO.

[Diagram showingbothmolecules]

(iv) Hydrogenbond

 Hydrogenbondisanattractionbetweenslightlypositivehydrogenononemoleculeanda

slightlynegativeatom onanothermolecule.

 Inthisbond,thepairofelectronsthatissharedcomesfrom bothatoms.

 Oneatom attracts(pulls)thepairofelectronstowardsitselfmorethantheother,it

becomespartiallynegative(δ-)leavingtheotheratom partiallypositive(δ+).

 Whenthisoccurs,themoleculeissaidtobepolar.

 Exampleofpolarmoleculesincludeswater.

 Theattractionbetweenthepartiallynegativeatom andthepartiallypositivehydrogen

constitutethehydrogenbondandisrepresentedbyadottedlineasshownbelow.

[Diagram ofhydrogenbondinwater]

NB:Substanceswhichhavecovalentbondshaveeithermolecularorgiantcovalent(Atomic)

structures.

Molecularstructure

 Generally,molecularsubstancesaregasesorliquidsatroom temperatures.

 MolecularsubstancesincludeSulphur,sugar,ice,dryice,iodine,fats,paraffinwaxand

naphthalene.
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 Theatomsformingthemoleculesareheldtogetherbystrongcovalentbonds.

 Themoleculesinthesolidsubstancesareinturnheldtogetherinaregularpatternbyweak

VanderWaalforcesinapatternthatrepeatsitselfmanytimesregularlyresultingtoa

molecularstructureasshownbelow;

[Diagram ofthestructureofiodinemolecule]

Physicalpropertiesofmolecularsubstances

 Thetablebelowsummarizessomephysicalpropertiesofmolecularstructures.

SUBSTANCES

PROPERTIES

Sugar

(Sucrose)

Naphthalene Iodine Rhombic

Sulphur

Solubilityinwater Soluble Insoluble Insolubl

e

Insoluble

Molecularmass 183 128 186 256

Mpt(0C) 200 80.2 114 113

Bpt(0C) - 218 183 444

Electricalconductivity(insolidor

melt)

Poor Poor Poor Poor

 Thefollowingpropertiescanbededucedfrom thetable;

(i) Molecularsubstancesarepoorconductorsofbothheatandelectricity;thisis

becausetheyhavestructurescomposedofmoleculesandthereforedonothaveelectric

carrierslikeionsorelectrons.

(ii) Molecularsubstanceshavelowmeltingandboilingpoints;althoughtheatoms

formingamoleculeareheldbystrongcovalentbonds,theintermolecularforcesare

usuallytheweakVanderWaalforcesorhydrogenbond.

(iii) Meltingandboilingpointsofmolecularsubstancesincreasewithincreaseinrelative

molecularmass.

(iv) Mostmolecularsubstancesareinsolubleinwaterbutsugarissolubleduetothe

presenceofhydrogenbondinginit.
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GiantAtomicstructure

 Thisstructureconsistsofanindefinitenumberofatomswhichareallcovalentlybonded

together.

 Thepatternrepeatsitselfandextendsinalldirections.

 Agoodexampleofsuchsubstancesinclude;Diamond,GraphiteandSilicon(IV)oxide.

Diamond

- Thisisanallotropeofcarbon

- Initsstructure,eachcarbonatom isbondedtoothercarbonatomsbystrong

covalentbonds.

- Thecarbonatomsindiamondform anoctahedralstructureasshownbelow;

[Diagram pg77,klbbk2]

- Thepatternrepeatsitselfinalldirectionsresultingtoagiantatomicstructure.

- Intheprocessaboveallthevalenceelectronsofeachcarbonatom areusedin

bondingandthereforenodelocalizedelectronsarefoundinthestructure.

Graphite

- Eachcarbonatom ingraphiteisbondedtothreeothercarbonatoms.

- Becauseonlythreeofthefourvalencyelectronsareusedinbonding,theforth

valencyelectronisdelocalizedinthestructure.

- Thestructureofgraphiteconsistsoflayersinwhichthecarbonatomsareheldby

strongcovalentbondsforminghexagonalringsasshownbelow;

[Diagram pg78,klbbk2]

- EachlayerisheldtotheotherbyweakVanderWaalforces.

(v) Themetallicbond

 Inthisbondtherearemanyatomssurroundinganyoneatom andthereforethevalency

electronsaremutuallyattractedtomanynuclei.

[Diagram pg79,klbbk2]

 Theelectrostaticforcesofattractionbetweenthepositivelychargednucleiandthe

negativelychargeddelocalizedelectronsholdtheatomstogetherinthemetallicstructure.
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 Themutualelectrostaticforcesconstitutemetallicbondswhicharestrongbonds.

 Thefollowingtablesummarizesthephysicalpropertiesofmetalswhichhavemetallic

bonds;

Metals Valency Mpt(0C) Bpt(0C) Atomicradii

(nm)

Electrical

conductivity

Lithium 1 180 1330 0.133 Good

Sodium 1 98 890 0.155 Good

Potassium 1 64 774 0.203 Good

Magnesium 2 651 1110 0.136 Good

Aluminium 3 1083 2582 - Good

 Thefollowingpropertiescanbededuced;-

1.Allmetalsaregoodconductorsofbothheatandelectricity;thisisbecausethereare

delocalizedelectronsinthemetallicstructure.

2.Thermalandelectricalconductivityincreaseswiththeincreasesnumberofdelocalized

electronsfrom eachatom inthestructure;thisexplainswhyaluminiumisthebestconductor.

3.Metalshaverelativelyhighmeltingandboilingpoints;thisisbecausethemetallicbondisa

verystrongbond.

Typesofbondsacrossaperiod

 Thetypeofbondformeddependsontheelectronintheoutermostenergylevel.

Oxideofelementsinperiod3

 Thetablebelowsummarizesthebondtypeandpropertiesofoxideofelementsinperiod3.

Oxide Na2O MgO Al2O3 SiO2 P2O5 SO2 Cl2O5

Physical

state

Solid Solid Solid Solid Solid Gas Gas

Mpt(0C) 1193 3075 2045 1728 563 -76 -60

Bpt(0C) 1278 3601 2980 2231 301 -10 -9

Structur Giant Giant Giantionic Giant Molecula Molecula Molecula
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e ionic ionic Atomic r r r

Typeof

bond

Ionic Ionic Ionic Covalen

t

Covalent Covalent Covalent

Nature

ofoxide

Basic

(Alkaline

)

Basic

(Alkaline

)

Amphoteri

c

Acidic Acidic Acidic Acidic

Reactio

nwith

acids

Reactto

form

saltand

water

Reactto

form

saltand

water

Reactto

form salt

andwater

No

reaction

No

reaction

No

reaction

No

reaction

 Thefollowingcanbeseenfrom thetable;

(i) Alltheoxidesofelementsinperiod3exceptthoseofSulphurandchlorinearesolid

atroom temperature.

(ii) Bothsodium oxideandmagnesium oxidehaveagiantionicstructure,however,the

meltingpointofMagnesium oxideishigherbecausetheelectrostaticforcesof

attractionbetweenmagnesium ionsandoxideionsarestrongersinceithasa

chargeof+2andissmallerthansodium ion.

(iii) Silicon(IV)oxidehasagiantatomicstructure.Eachsiliconatom isattractedtotwo

siliconatoms.

 Ingeneraltherefore;

(a)Thebondtypechangefrom ionictocovalentacrosstheperiod

(b)Thestructureoftheoxidechangesfrom giantionictogiantatomicandfinallyto

molecularwhichexplainsthetrendinpropertiesofoxides.

Chloridesofelementsinperiod3

 Mostelementsofperiod3form stablechlorides.

 Thetrendsinbondingtypeandpropertiesofchloridesofelementsofperiod3isasshown

below;

Chlorides NaCl MgCl2 AlCl3 SiCl4 PCl5 SCl2



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimarySoftcopyNotes 07144497530 Page42

Physical

state

Solid Solid Solid Liquid Liquid Liquid

Mpt(0C) 1074 987 451 203 435 195

Bpt(0C) 1686 1685 - 331 - 332

Structure Giant

ionic

Giant

ionic

Molecular

(Dimer)

Molecular Molecular Molecular

Bondtype Ionic Ionic Ionic/

Covalent

Covalent Covalent Covalent

pHof

solution

7 7 3 3 3 3

Effecton

water

Soluble Soluble Hydolysed Hydolysed Hydolysed Hydolysed

Temperature

Change

during

dissolving

Slightly

drop

Small

change

High High Veryhigh High

 Thepropertiesfrom thetableareasfollows;

(i) NaClandMgCl2registersmallchangesintemperaturewhendissolvedinwaterto

form neutralsolutions.Theyarealsoionicandthereforeexpectedtodissociate

fullyintoions.

(ii) AnhydrousAlCl3existinmolecularform anditdiffersfrom (Al2Cl6).TheAlCl3

molecularpairthroughco-ordinate(dative)bondasshownbelow

Cl Cl Cl

Al Al

Cl Cl Cl

 AlCl3ishydrolysedbywatertoform anacidicsolutionandthereforebehaveasacovalent

ratherthananacidicchloride.

(iii) Alltheotherchloridehydrolysesinwateri.e.breakingdownsomesubstancein

watere.g.
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SiCl4(l)+2H2O(l)→ SiO2(s)+4HCl(aq)

 Thefollowingarecharacteristicsofbondssummarized.

Property

Substanceswith

Covalentbonds Ionicbonds Metallicbonds

Electrical

conductivity

Non-conductors,

exceptgraphite

Solidsdonotconduct.

Aqueoussolutionsand

moltenstateconduct

Conduct

Thermal

conductivity

Non-conductors,

exceptgraphite

Donotconduct conduct

Meltingpoint

(0C)

Lowfor

molecular

Highforgiant

structures

Usuallyhigh Generallyhigh

Boilingpoint

(0C)

Lowifmolecular

Highifgiant

structure

Usuallyhigh Generallyhigh

Solubility Generally

insolublein

waterbutsoluble

inorganic

solvents

Generallysolublein

water

Somemetals

reactwithwater
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SALTS
Specificobjectives

Bytheendofthelessonthelearnersshouldbeableto:

(a)Selectanduseappropriatemethodsofpreparingparticularsalt.

(b)Explainthetermssaturatedsolution,crystallization,neutralizationandprecipitation.

(c)Writeionicequationsforthepreparationofsalts.

(d)Statetypesofsalts.

(e)Identifysolubleandinsolublesalts.

(f)Describeandexplainfrom experimentalobservationstheactionofheatonvarioussalts.

(g)Stateuseofsomesalts.

SALT.

 Asaltisacompoundformedwhenmetalatomsorammonium ionscombinewithnon-

metallicatomsorradicalsexceptoxidesandhydrides.

 Therearefourtypesofsaltsnamely;

(1)Normalsalts

(2)Acidsalts

(3)Basicsalts

(4)Doublesalts

Normalsalt

Thesearesaltswhichdonotcontainahydrogenatom e.g.NaCl,K2SO4,Na2CO3andCa(NO3)2.

Acidsalts

Thesearesaltsthatcontainareplaceablehydrogenatom e.g.NaHCO3,KHSO4,NaH2PO4(sodium

dihydrogenphosphate).

NB:Theacidicpropertyisduetothepresenceofthehydrogen.
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Basicsalts

Thesearesaltsthatcontainhydroxyl(OH-)ionse.g.Mg(OH)Cl{basicmagnesium

chloride},Pb(OH)2.2PbCO3{basiclead(II)carbonate},Zn(OH)Cl{basiczincchloride}and

(CuCO3).Cu(OH)2{basiccopper(II)carbonate.

NB:Thepresenceofthehydroxylionmakesthesaltsbasic.

Doublesalts

Thesearesaltsinwhichtherearetwodifferentanionsorcationse.g.hydratedaluminium

sulphate{KAl(SO4)2.12H2O},hydrateddiammonium iron(II)sulphate{Fe(NH4)2(SO4)2.6H2O}.

NB:Theyarenormallycrystallinesolidswithspecificshapes.

METHODSOFPREPARINGSALTS

Thereareseveralgeneralmethodsofpreparingsalts,thechoiceofwhichmethodtouselargely

dependsonwhetherthesaltissolubleornotinwater.

Thosesaltsthatdissolveinwateraretermedassolublesaltswhilethosethatdonotarecalled

insolublesalts.

Solubilityofsaltsinwater

Thesolubilityofsaltscanbesummarizedasinthetablebelow;

Carbonates AllareinsolubleexceptNa,KandNH4
+

carbonates

Chlorides AllaresolubleexceptAgandPbchlorides

withleadchloridebeingsolubleinhot

water.

Sulphates AllaresolubleexceptBaandPbsulphates

whilecalcium sulphateisslightlysoluble.

Nitrates Allaresoluble.

NB:a)AllcompoundsofNH4
+,NaandKaresoluble.

b)ThecarbonatesofAlandFedonotexist.

Solubilityofbasesinwater.

Thesolubilityofbasesinwaterandtheeffectoftheresultantsolutioncanbesummedupasper

thetablebelow.
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CATIONS

SOLUBILITY EFFECTSOFRESULTING

SOLUTIONONREDLITMUS

PAPER

Oxide Hydroxide Oxide Hydroxide

K Soluble Soluble Turnsblue Turnsblue

Na Soluble Soluble Turnsblue Turnsblue

Ca Slightlysoluble Slightlysoluble Turnsblue Turnsblue

Mg Slightlysoluble Slightlysoluble Turnsblue Turnsblue

Zn Insoluble Insoluble Noeffect Noeffect

Al Insoluble Insoluble Noeffect Noeffect

Cu Insoluble Insoluble Noeffect Noeffect

NB:Solubleoxidesandhydroxidesturnsredlitmuspaperbluewhilethosethatareinsolublehave

noeffectonthelitmuspaper.

Termsusedinthistopic

 SATURATEDSOLUTION:isasolutionthatcannotdissolveanymoreofthesoluteatgiven
temperatureandcontainsundissolvedsolute.

 CRYSTALLIZATION:

 NEUTRALIZATION:

 PRECIPITATION:

Themethodsofpreparationofsaltsinclude:

(1)Actionofanacidonametal

(2)Actionofanacidonaninsolublebase(metaloxideorhydroxide)

(3)Actionofanacidonaninsolubleorsolublecarbonateandhydrogencarbonate.

(4)Actionofanacidonanalkali

(5)Directcombinationofelements/directsynthesis.

(6)Preparationofinsolublesaltsbyprecipitationmethod.

1)Actionofanacidonametal
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Exp:Preparationofasolublesalt

Aim

 ToprepareZnSO4asanexampleofasolublesalt.

Apparatusandchemicals

1)Beakers(100cm3)

2)Filterfunnel

3)Filterpapers

4)Evaporatingdish

5)Conicalflasks

6)Bunsenburner

7)DiluteH2SO4(2M)

8)Zincgranules

Procedure

1)Pour50cm3ofdiluteH2SO4intoabeaker.

2)Addzincgranules.Whatdoyouobserve?bubbleofagasproduced

3)Ifthereactionistooslow,addalittleCuSO4solutionandwarm gently,butdonotboil.What

doyouobserve?thereactionbecomefast

4)Whenallzinchasreacted,addmoreuntilithasallreacted.Addmoreagainuntilsome

remainunreacted.Giveareasonwhywemustkeeponaddingzincuntilnomorecanreact.

Toensurethatalltheacidhadreacted

5)Filterofftheexcesszincandsolidimpuritiesandcollectthefiltrateinaconicalflask.What

isthecolourofthefiltrate?colourless

6)Evaporatethefiltratetodryness.Whatdoyouobserve?Whitesaltcrystalsareformed

7)Recordyourobservationsinyourbooks.

Conclusion

ThesolublesaltZnSO4waseffectivelyobtainedinthisexperiment.
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NB:MgpowdercouldbeusedinthisexperimentinsteadofZngranules.

Theequationfortheaboveprocessis;

Zn(s)+H2SO4(aq) ZnSO4(aq)+H2(g)

Otherexamplesinclude:

Mg(s)+H2SO4(aq) MgSO4(aq)+H2(g)

Zn(s)+2HCl(aq) ZnCl2(aq)+H2(g)

2Al(s)+6HCl(aq) 2AlCl3(aq)+H2(g)

2Fe(s)+6HCl(aq) 2FeCl3(aq)+3H2(g)

Thegeneralequationcanthereforebewrittenasfollows:

Metal+diluteacid solublesalt+hydrogengas.

2)Reactionofadiluteacidwithaninsolublemetaloxideorhydroxide

Anacidisreactedwithaninsolubleoxideorhydroxidetogivesolublesalt.

CuO(s)+H2SO4(aq) CuSO4(aq)+H2O(l)

Mg(OH)2(s)+H2SO4(aq) MgSO4(aq)+H2O(l)

PbO(s)+2HNO3(aq) Pb(NO3)2(aq)+H2O(l)

Zn(OH)2(s)+H2SO4(aq) ZnSO4(aq)+2H2O(l)

3)Actionofacidsoninsolublecarbonates

Inthismethod,anacidisreactedwithaninsolublemetalliccarbonatee.g.

CaCO3(s)+2HNO3(aq) Ca(NO3)2(aq)+CO2(g)+H2O(l)

CuCO3(s)+H2SO4(aq) CuSO4(aq)+H2O(l)+CO2(g)

CuCO3(s)+2HNO3(aq) Cu(NO3)2(aq)+H2O(l)+CO2(g)

ZnCO3(s)+H2SO4(aq) ZnSO4(aq)+H2O(l)+CO2(g)

(NH4)2CO3(aq)+H2SO4(aq) (NH4)2SO4(aq)+H2O(l)+CO2(g)

Thereforethegeneralequationcanbewrittenasfollows;

Carbonate+Acid Salt+Carbon(IV)oxide+water.
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4)Actionofacidsonalkalis

Thisreactionisknownastheneutralizationreaction.

Themethodisusedforthepreparationofverysolublesaltswhichdonotform crystalseasilyi.e.
mainlysaltsofsodium,potassium andammonium e.g.

NH4OH(aq)+HCl(aq) NH4Cl(aq)+H2O(l)

NaOH(aq)+HCl(aq) NaCl(aq)+H2O(l)

2KOH(aq)+H2SO4(aq) K2SO4(aq)+2H2O(l)

Thereforethegeneralequationcanbewrittenasfollows;

Alkali+Acid Salt+water

5)Preparationofsaltsbydirectcombinationofelements(directsynthesis)

Usedforthepreparationofbothsolubleandinsolublesalts.

Exp:Howcaniron(II)Sulphidebeprepared?

Procedure:

1.Toaspatulafulofironfillinginacrucible,addaspatulafulofsulphurandmixthem well.

2.Heatthemixturestronglyuntilthereactioniscomplete.

3.Allowtheproductstocool.

Observations:

Thecolourofiron(grey)andthatofsulphur(yellow)changedtoblack(iron(II)Sulphide).

Theequationinvolvedisgivenas;

Fe(s)+S(s) FeS(s)

Othersaltsthatcanbepreparedbythismethodare;NaCl,FeCl3

6)Preparationofinsolublesaltsbyprecipitationmethod.

Exp:Howislead(II)sulphateprepared?

Aim

Toprepareaninsolublesalte.g.PbSO4

Apparatusandreagents.
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 Beaker

 Filterpapers

 Stirringrod

 Testtube

 Distilledwater

 Lead(II)nitrate

 Magnesium sulphate

Procedure.

1.To10cm3ofPb(NO3)2inabeaker,addexcessMgSO4solution{about14cm3}andmix.

2.Letthesolidtosettle,andthenpourofftheliquid.

3.Washthesolidwithdistilledwater.

4.Filteranddrythesolidsbetweenfilterpapers.

Whenthetwosolublesaltsaremixed,theyreacttoform lead(II)sulphateandMagnesium nitrate

salts.

Inthisreaction,themetalionsofthesaltsexchangeionsoftheirsalts.Thisreactioniscalled

doubledecomposition.

Pb(NO3)(aq)+MgSO4(aq) PbSO4(s)+Mg(NO3)(aq)

Pb2+
(aq)+SO4

2-
(aq) PbSO4(aq)

Stoichiometricequation;Thesearechemicalequationsshowingallthereactantsandtheproduct.

Ionicequations;Thisisanequationobtainedbywritingonlythoseionsthatundergochange

duringthechemicalreaction.

Spectatorions;Theseareionsthatremainunchangedduringachemicalreactione.g.Mg2+
(aq)and

NO3
-
(aq)intheaboveequation.Theyareusuallyomittedwhenwritingionicequations.

NB:Intheprecipitationreaction,tworeactantsmustbesolublesaltsandoneoftheproductsisan

insolublesalts.

Example;WritetheStoichiometricandionicequationleadingtotheformationoflead(II)chloride

salt.
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Solution

Stoichiometricequation;Pb(NO3)2(aq)+MgCl2(aq) Mg(NO3)2(aq)+PbCl2(s)

Pb2+
(aq)+2NO3

-
(aq)+Mg2+

(aq)+2Cl-
(aq) Mg2+

(aq)+2NO3
-
(aq)+PbCl2(s)

Ionicequation;Pb2+
(aq)+2Cl-

(aq) PbCl2(s)

WHATHAPPENSWHENSALTSAREEXPOSEDTOTHEATMOSPHERE

1.Deliquescentsalts;Thosesaltsthatabsorbsomuchwaterfrom theatmospherethatthey

form solutionse.g.anhydrouscalcium chloride,zincchloride,sodium hydroxide,

magnesium chloride,iron(III)chlorideandpotassium hydroxide.Theprocessiscalled

deliquescence.

2.Hygroscopicsalts;Whenexposedtotheatmosphere,theyabsorbwaterfrom the

atmosphere,butdonotform solutionse.g.anhydrouscopper(II)sulphate,potassium

nitrateandcommontablesalt(puresodium chlorideisnothygroscopic,butcommontable

saltisbecauseitcontainothersaltssuchasmagnesium chloridewhichmakesitbehave

likeahygroscopicsalt).Theprocessiscalledhygroscopy.

3.Efflorescentsalts;Thesesaltslosesomeoftheirwaterofcrystallizatione.g.crystalsof

sodium carbonatedecahydrate(Na2CO3.10H2O),Iron(II)sulphateheptahydrate(FeSO4.7H2O)

andsodium decahydrate(Na2SO4.10H2O).Thisprocessiscalledefflorescence.

ACTIONOFHEATONSALTS

CARBONATES.

1.Carbonateofpotassium andsodium:Purecarbonateofpotassium andsodium arenot

affectedbyheat.Theyarestabletoheatbutlosetheirwaterofcrystallization.

Na2CO3.10H2O(s) Na2CO3(s)+10H2O(l)
heat

2.Othermetalcarbonates:Theygivecarbon(IV)oxideandthecorrespondingmetaloxide.

Metalcarbonate Metaloxide+Carbon(IV)oxide.e.g.

CaCO3(s) CaO(s) + CO2(g)
heat

(White) (white)

ZnCO3(s) ZnO(s) +CO2(g)
heat

(Yellow-hot;
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White-cold)

PbCO3(s) PbO(s) + CO2(g)
heat

(Red/Orange-hot;

Yellow-cold)

CuCO3(s) CuO(s)+CO2(g)
heat

(Black)

NB:a)Carbon(IV)oxideformsawhitesuspension(cloudy)withcalcium hydroxide,lime

water.

b)Thelowerthemetalinthereactivityseries,themoreeasilyitscarbonateis

decomposed.

3.Decompositionofammonium carbonate;Decomposestoform ammoniagas,carbon

(IV)oxideandsteam.

(NH4)2CO3(s) 2NH3(g)+CO2(g)+H2O(g)
heat

Thepresenceofammoniagasisconfirmedbytheturningofamoistredlitmuspaper

blue.

NITRATES.

1.Decompositionofnitratesofpotassium andsodium;Theydecomposetoform oxygenand

awhiteresidue.2KNO3(s) 2KNO2(s)+O2(g)
heat

2NaNO3(s) 2NaNO2(s)+O2(g)
heat

2.Othermetalnitrate;Othernitratedecomposetogivetheoxide,nitrogen(IV)oxideand

oxygene.g.2Ca(NO3)(s) 2CaO(s)+4NO2(g)+O2(g)
heat

Metaloxide metal+Nitrogen(IV)oxide+oxygen
heat

3.Decompositionofnitrateofsilverandmercury;Theydecomposetogivenitrogen(IV)oxide,

oxygenandthecorrespondingmetale.g.2AgNO3(s) 2Ag(s)+2NO2(g)+O2(g)
heat
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MetalnitrateheatMetal+Nitrogen(IV)oxide+oxygengas

4.Decompositionofammonium nitrate;Decomposesonheatingtogivesteam andnitrogen(I)

oxidei.e.NH4NO3(s) 2H2O(g)+N2O(g)
heat

SULPHATES

1.Actionofheatonsulphateofpotassium,sodium,calcium andmagnesium;These

sulphatesarestableandarethusnotaffectedbyheat.However,ifhydrated,theylose

waterofcrystallizationonheatingwhichcondenseshighupintheboilingtube.e.g.

Na2SO4.10H2O(s) Na2SO4(s)+10H2O(l)
heat

2.Actionofheatonsulphatesofzincandcopper;Decomposeonstrongheatingtoform

metaloxide,waterandsulphur(VI)oxide.

ZnSO4.7H2O(s) ZnO(s) +SO3(g)+7H2O(l)
heat

(white) (Yellow-hot;

white-cold)

CuSO4.5H2O(s) CuO(s)+SO3(g)+5H2O(l)
heat

(blue) (black)

3.Actionofheatoniron(II)sulphatecrystals;DecomposetogiveIron(II)oxide,Sulphur(IV)

oxide,Sulphur(VI)oxideandwater.

2FeSO4.7H2O(s) Fe2O3(s)+SO2(g)+7H2O(l)+SO3(g)
heat

NB:Allammonium saltsdecomposeonheating.

Usesofsalts

1.Sodium nitrateandpotassium areusedasfertilizers.

2.Sodium chlorideisusedasfoodaddiditive.

3.Sodium hydrogencarbonateisusedinmakingbakingpowder.

4.Calcium sulphate(plasterofparis)isusedinhospitalsasplasteronpeoplewith

flacturesordislocation.

5.Calcium chlorideisusedinextractionofsodium metalbyelectrolysis.
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6.Potassium nitrateisusedinmakingfireworksandgunpowder.

7.Sodium carbonateisusedinsofteningofwater,makingofglassanddetergents.

8.Saltsareusedforde-ionisingsnowincoldcountriesduringwinterbyloweringits

freezingpoint(REM:impuritieslowerthemeltingpoints).

9.Someleadsaltsareusedinthemanufactureofleadpaints.

10.Milkofmagnesia(magnesiunhydroxide)isusedtoreduceexcessacidinthe

stomach,asitneutralisestheexcessacid.

11.Lime(calcium hydroxide)isusedtoneutralizesoilhavingexcessacidity.
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CARBONANDSOMEOFITSCOMPOUNDS

Specificobjectives

Bytheendofthetopic,thelearnersshouldbeableto:

(a)Defineallotropyandallotrope.

(b)Explainthephysicalpropertiesofthecarbonallotropesintermsofbondingandhowthe

propertiesarerelatedtotheusesoftheallotrope.

(c)Describesomechemicalpropertiesofcarbon.

(d)Describelaboratorypreparationandpropertiesofcarbon(IV)oxide.

(e)Stateandexplainthephysicalandchemicalpropertiesofcarbon(IV)oxide.

(f)Describelaboratorypreparationandsomepropertiesofcarbon(II)oxide.

(g)Describethechemicalreactionsofcarbonateandhydrogencarbonate.

(h)Describethemanufactureofsodium carbonate.

(i)Explaintheadvantagesanddisadvantagesofcarbon(IV)oxidegasintheatmosphere.

(j)Explaintheimportanceofcarboncompoundsinthenaturalenvironmentandindustry.

INTRODUCTION.

 Carbonisthefirstelementingroup(IV)andperiodtwooftheperiodictable.

 Ithasanatomicnumberofsixhenceitelectronarrangementis2.4.

 Itformsfourcovalentbonds.

 Itoccursinpurestateasdiamondandgraphiteandimpurestateasamorphouscarbone.g.

charcoal,soot,cokeandcoal.

Allotropesofcarbon.

 Allotropy;Thisistheexistenceofanelementinmorethanoneform,inthesamephysical

state.
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 Thedifferentformsarecalledallotrope.Carbonhasfourallotropes,namely;

 Diamond

 Graphite

 Fullerenes

 Amorphouscarbon

Amorphouscarbon;

 Amorphouscarbondoesnotconductelectricityorheatbecauseoftheirregular

arrangementofatomsinthecrystalsintheirstructure.

Usesofamorphouscarbon.

1.Charcoalisusedingasmaskstoabsorbpoisonousgasesbecauseithastheability

toabsorbgases.

2.Charcoalisalsousedtoabsorbcolouredimpuritiesinsugarrefiningindustries.

3.Sootismixedwithrubberasadyeinmakingofmotorvehicletyres.

4.Activatedcharcoalisusedasacatalystbecauseitprovideslargesurfaceareafor

reactantinsomereaction.

Diamond;

 Itisacolourless,transparentandshinycrystallinesolid.

 Itdoesnotconductbothheatandelectricity.Thisbecausecarbonatomsindiamonduses

allthefourvalenceelectrontoform covalentbondsi.e.inthecrystal,eachcarbonatom is

bondedtofourothercarbonatoms.

 Diamondhashighdensityof3.51gcm-3.Thisisduetocontinuousclosepackingofcarbon
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atoms.

 Diamondhasahighmeltingpoint(37000C)andboilingpoint(48270C).Thisisduetothe

strongcovalentbonds.

 Itisthehardestsubstanceinnature.Thisisduetotheuniformityofcovalentbonds

betweentheatomsthrough-outthestructure.

 Ithasagiantatomicstructure;eachatom isbondedtofourothercarbonsarrangedina

regulartetrahedronshape.Italsoextendsinalldirectionsformingarigidmassofatoms.

Usesofdiamond

i. Inmanufactureofglasscuttersanddrillingbitsbecauseofitshardness.

ii. Usedasajewelbecauseofitsshinnyappearancewhenpolished.

Graphite;

 Graphiteiscomposedofblack,slipperyandhexagonalcrystals.Thisisbecauselayerscan

slideovereachother.

 Graphitehasalowdensityof2.3gcm-3.Thisisduetothespacesbetweenthelayer.

 Graphiteconductsbothelectricityandheat.Thisisbecause,ingraphite,acarbonatom

usesonlythreeelectronsinthehighestenergyleveltoform covalentbondswiththree

carbonatom neighboringit.Sooneelectroninthehighestenergylevelofeachatom isnot

usedinbondingandhenceleadstoitbeingdelocalized.Thedelocalizedelectronsare

responsibleforconductionofbothelectricityandheat.

 Graphitehasagiantatomicstructure(aplanarstructureofhexagonalrings).Thisstructure

containsweakvanderWaalforceswhichholdthelayerstogether.Theseforcesbetween

thelayersallowthelayerstoslideovereachotherwhenpressed.
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Usesofgraphite

i. Graphiteismixedwithclaytomakepencil“leads”becausethecarbonlayercanslideover

eachother.

ii. Itisusedasalubricantinmovingmachinepartswherealotofheatisproduced.Thisis

becausegraphitehasslipperynature,highmeltingpointandboilingpoint.

iii. Graphiteisusedaselectrode;thisisbecauseithasdelocalizedelectronswithinits

structurewhichconductselectriccurrent.

iv. Usedinmakingmouldsforcastingmetals;becauseofithighmeltingpoint.

Fullerenes;

 Fullerenesaresyntheticallotropeofcarbon.

 Theyarefoundindifferentshapessuchasspherical,tubularorelliptical.

 ThebestknownfullereneisthesphericalC60molecule.[Diagram pg117,klbbk2]

 Itconsistofhexagonallyarrangedcarbonatomssimilartothepanelsofsomesoccerball

Chemicalpropertiesofcarbon

1.Carbonreactswithexcessoxygentoproducecarbon(IV)oxide;

C(s)+O2(g) CO2(g)

2.Carbonremovescombinedoxygenfrom metalslowerinthereactivityseries.Thecarbonis

oxidizedtocarbon(IV)oxideandthemetaloxidesarereducedtometals.

Metaloxide+Carbon Carbon(IV)oxide+Metal

E.g.2CuO(s)+C(s) 2Cu(s)+CO2(g)

3.Athightemperaturescarboncombineswithmanymetalsandnon-metals.

WithAluminium;3C(s)+4Al(s) Al4C3(s)(Aluminium tricarbide).

WithSilicon;Si(s)+C(s) SiC(s)(Siliconcarbide).

WithSulphur;C(s)+2S(l) CS2(l)(Carbondisulphide).

4.Carbonreduceshotconcentratednitric(V)acidtobrownNitrogen(IV)oxideandwater

whileitselfisoxidizedtocarbon(IV)oxide.
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C(s)+4HNO3(l) CO2(g)+4NO2(g)+2H2O(l)

5.Hotconcentratedsulphuric(VI)acidisreducedtosulphur(IV)oxideandwaterwhilecarbon

isoxidizedtocarbon(IV)oxide.

C(s)+2H2SO4(l) 2SO2(g)+CO2(g)+2H2O(l)

NB:Bothsulphur(IV)oxideandcarbon(IV)oxidereactwithlimewatertoform white

precipitateofcalcium sulphiteandcalcium carbonate;

SO2(g)+CaCO3(aq) CaSO3(s)+H2O(l)

CO2(g)+CaCO3(aq) CaCO3(s)+H2O(l)

6.Atatemperatureofabout12000C,carbonreducessteam tohydrogenandisitselfoxidized

tocarbon(II)oxide.Amixtureofcarbon(II)oxideandhydrogeniscalledwatergas.C(s)+

H2O(g) CO(g) + H2(g)

Watergas

SOMEOFTHECOMPOUNDSOFCARBON.

CARBON(IV)OXIDE,CO2

 Carbon(IV)oxideoccursinairtoabout0.03%.Itisalsopresentinmineralsprings,natural

drinkingwaterandvolcanicregions.

 Thisisthemoststableoxideofcarbon.Itformsstrongcovalentbondswithtwooxygen;O-

C-O,thusitisamolecularsubstance.

Laboratorypreparationofcarbon(IV)oxide

 Carbon(IV)oxideispreparedbyreactingcalcium carbonatewithdilutehydrochloricacid.

Effervescenceoccursreleasingcarbon(IV)oxidegas.

CaCO3(s)+2HCl(aq) CaCl2(aq)+CO2(g)+H2O(l)

 NaHCO3orwaterisusedtoremovetracesofhydrochloricacidfumes.

 Fordrycarbon(IV)oxidegas,itispassedthroughconcentratedsulphuric(VI)acidor

anhydrouscalcium chloride.
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NB:i)Anyothercarbonatecanbeusedinsteadofcalcium carbonate.

ii)Acidswhichform insolublesaltsofthemetalarenotsuitableforthepreparationofcarbon

(IV)oxide.Thisisbecausetheinsolublesaltsformedcoatsthesecarbonatespreventingfurther

reactionandtheevolutionofcarbon(IV)oxidee.g.Sulphuric(VI)acidshouldnotbereactedwith

calcium carbonate,barium carbonateandleadcarbonate;hydrochloricacidshouldnotbereacted

withsilvercarbonateandleadcarbonate.

Physicalproperties

1)Colourlessgas

2)Odourless

3)Itisdenserthanairandhencecollectedbydownwardsdelivery.

4)Neitherburnsnorsupportscombustions

5)Thegasisacidicandturnsuniversalindictorsolutionred.

Chemicalproperties



isabokemicah@gmail.com

Novels,UpdatedKASNEB,ICT,College,HighSchool,PrimarySoftcopyNotes 07144497530 Page61

1)Carbon(IV)oxidedissolvesslightlyinwatertoform carbonicacid

CO2(g)+H2O(l) H2CO3(aq)

2)LimitedsupplyofCarbon(IV)oxideisacidicandreadilyreactswithsodium hydroxide

solutiontoform sodium carbonate;CO2(g)+2NaOH(aq) Na2CO3(aq)+H2O(l);Excess

supplyofcarbon(IV)oxideleadstoformationofsodium hydrogencarbonate; CO2(g)+

NaOH(aq) NaHCO3(aq)

3)Awhiteprecipitateisformedwhencarbon(IV)oxideisbubbledthroughlimewater;

Ca(OH)2(aq)+CO2(g) CaCO3(s)+H2O(l)(Thisistheconfirmatorytestforthe

gas).

4)Thoughthegasdoesnotsupportcombustion,burningmagnesium continuestoburninitto

produceawhitepowderofmagnesium oxideandblackspecks;

Mg(s)+CO2(g) MgO(s)+C(s);ThisbecauseburningMagnesium hasenoughheatto

decomposeCarbon(IV)oxideintocarbonandoxygenatom.Theadditionofdilutenitric(V)

aciddissolvesmagnesium oxideleavingblackspecksofcarbon.

Usesofcarbon(IV)oxide

I. Usedasarefrigeratingagentforperishablegoods(Thisisbecausesolidcarbon(IV)oxide

sublimesonheatingleavingnoresidue).

II. Usedtoextinguishfire(Thisisbecausecarbon(IV)oxideisnon-flammableandhasa

higherdensitythanairandhenceformsa‘blanket’onfirecuttingofoxygensupplywhichis

usedforburning).

III. Usedinthemanufactureofsodium carbonateintheSolvayprocess.

IV. Itisaddedtowatertomakeaerateddrinkstherebyaddingtastetothedrink.

V. Usedinmakingofbakingpowder.

CARBON(II)OXIDE,CO

Incarbon(II)oxide,acarbonatom formsthreecovalentbonds(twoperfectcovalentandone

dative)withonoxygenatom.Thus,itisamolecularsubstance.

Laboratorypreparationofcarbon(II)oxide
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a)From reactionbetweenmethanoicacidandconcentratedsulphuric(VI)acid.(diagram

pg140)

Carbon(II)oxideispreparedbymeltingHCOOHwithConc.H2SO4;

HCOOH(s) CO(g)+H2O(l)
Conc.sulphuric acid(VI)

Thegaseousmixtureshouldbepassedthroughaconcentratedsolutionofsodium

hydroxidetoremovecarbon(IV)oxide.

Thegasisthencollectedoverwatersinceitisinsolubleinwater.

NB:Ethanedioicacidmaybeusedinplaceofmethanoicacid;

H2C2O4(s) CO(g)+CO2(g)+H2O(l)
conc.Sulphuric acid(VI)

b)Bypassingcarbon(IV)oxideoverheatedcharcoal.(diagrampg140)

Whencarbon(IV)oxideispassedoverheatedcharcoalasshown,Carbon(II)oxideis

evolved;CO2(g)+C(s) 2CO(g)
heat

Physicalpropertiesofcarbon(II)oxide

1.Colourlessgas.

2.Odourless

3.Combustible

4.Lowboilingpointof-111oC:Becauseoftheweakforcesofattractionbetweenthe

molecule.

5.Slightlydissolvesinwaterforminganeutralsolution.

6.Extremelypoisonousasitcombineswithhaemoglobininthebloodtoform astable

compoundknownacarboxyl-haemoglobin.Thisbeingstable,onesuffocatesanddies

withinashorttime.

Chemicalpropertiesofcarbon(II)oxide

1.Carbon(II)oxideburnsinairtoform carbon(IV)oxide;

2CO(g)+O2(g) 2CO2(g)
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[Diagram pg141,klbbk2]

2.Carbon(II)oxideisastrongreducingagent.Itreducesmetalsoxidestothemetals;

CuO(s)+CO(g) Cu(s)+CO2(g)

Fe2O3(s)+3CO(g) 2Fe(s)+3CO2(g)

[Diagram pg142,klbbk2]

NB:Itisthispropertyofcarbon(II)oxidethatmakesthegasusefulintheextractionof

somemetalsfrom theiroxides.

BURNINGOFCHARCOAL(inaJiko)

[Diagram pg144,klbbk2]

 Threereactionoccurs;

1)RegionA

Oxidationofcarbontocarbon(IV)oxide;

C(s)+O2(g) CO2(g)

2)RegionB

Thecarbon(IV)oxideproducedinregionArisesupregionBwhereitisreduced;

CO2(g)+C(s) 2CO(g)

3)RegionC

Thereisenoughoxygeninthisregionthereforecarbon(II)oxideproducedin

regionBburnstoform carbon(IV)oxide;

2CO(g)+O2(g) 2CO2(g)

HYDROGENCARBONATEANDCARBONATES,HCO3
-andCO3

2-

 Carbonatesaresaltsobtainedwhenmetalionsorammonium ionscombinewithcarbonate

ions.

 Theyoccurnaturallyinrockssuchaslimestone,chalk,malachiteanddolomite(MgCO3).

 Hydrogencarbonatesaresaltsderivedfrom carbonicacidformedbypartialdisplacement

ofhydrogenbyametalofammonium radical.

 Sodium,potassium andammonium carbonateexistassolidatroom temperature,whereas
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thoseofcalcium andmagnesium existinsolutionform.

 Othermetalhydrogencarbonatesdonotexist.

Propertiesofcarbonates

1.AllCarbonatesgiveoffcarbon(IV)oxidewhenreactedwithdiluteacidse.g.

Exp:Whathappenswhendiluteacidsareaddedtocarbonateandhydrogencarbonate?

i) Setuptheapparatusasshownbelow.[Diagram pg,kbl145]

ii) PlaceasmallamountofCaCO3inatesttube.

iii) Adddilutehydrochloricacidusingadropper.

iv) RepeattheexperimentusingCuCO3,ZnCO3,Na2CO3andNaHCO3inplaceofCaCO3.

v) Recordyourresultsinthetablebelow.

Results

CO3
2-

and

HCO3
2-

HCl HNO3 H2SO4

CaCO3  Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

CuCO3  Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

ZnCO3  Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

Na2CO3  Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

NaHCO

3

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

 Agasthatturns

limewaterwhite

precipitate.

Theequationsinvolvedareasfollows;
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CaCO3(s)+2HCl(aq) CaCl2(aq)+H2O(l)+CO2(g)

ZnCO3(s)+2HNO3(aq) Zn(NO3)2(aq)+H2O(l)+CO2(g)

Na2CO3(s)+2HCl(aq) 2NaCl(aq)+H2O(l)+CO2(g) etc.

NB:ReactionbetweenCaCO3andPbCO3withdiluteH2SO4doesnotgotocompletion.Thisisdue

toformationofinsolubleCaSO4andPbSO4respectivelywhichformsacoatingonthecarbonate

andpreventfurtherreaction.

2.Allcarbonatesexceptthoseofpotassium andsodium decomposewhenheatedtoproduce

ametaloxideandcarbon(IV)oxide.Theeaseofdecompositiondependsonthepositionof

themetalinthereactivityseriesi.e.thoselowerintheseriesareeasilydecomposede.g.

CuCO3(s) CuO(s)+CO2(g)
Heat

(Black)

PbCO3(s) PbO(s)+CO2(g)
Heat

ZnCO3(s) ZnO(s)+CO2(g)
Heat

(Yellow-hot;White-cold)

CaCO3(s) CaO(s)+CO2(g)
Heat

 Ammonium carbonatedecomposewhenheatedtoproduceammonia,carbon(IV)

oxideandwater;

(NH4)2CO3(s) 2NH3(g)+CO2(g)+H2O(l)
Heat

 Hydrogencarbonatesdecomposeonheatingtoproducecarbon(IV)oxide,CO2and

watere.g.

2NaHCO3(s) Na2CO3(s)+CO2(g)+H2O(l)
Heat

2KHCO3(s) K2CO3(s)+CO2(g)+H2O(l)
Heat

SODIUM CARBONATEANDSODIUM HYDROGENCARBONATES.
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 Sodium carbonateandsodium hydrogencarbonateareobtainedintwoways;

i) Extractionfrom Trona

ii) PreparationbySolvayprocess.

i) Extractionfrom trona

 TronaisadoublesaltcontainingNa2CO3,NaHCO3andwaterofcrystallization

{Na2CO3.NaHCO3.2H2O}

 ItisfoundinsomelakesintheriftvalleypartofeastAfricawhichhaveonlyin-lets

butnoout-letse.g.LakeMagadiinKenya.

 TheflowchartbelowshowhowextractionofTronaisdonefrom saltywater

[Diagram pg150,klbbk2]

 LakeMagadicontainslargeamountsofsolidTronaandsmallamountsofNaCl.

 Thewaterispumpedintoshallowbasinswhereevaporationtakesplaceuntilthe

solutionisabout14%NaCl.

 Thenitistransferredtoanotherbasinforcrystallization.

NB:1)Duringthedaywhenthetemperatureisabout400C,Na2CO3crystallizesout

andisremoved.

2)Duringthenightwhenthetemperatureisabout210C,NaClcrystallizesoutand

isremoved.{Containsabout4%Na2CO3}

 TheTronaisdugbybucketsdredgesandtakentothewasherywhereitiswashedin

watertoremovemudandsmallrocks.

 ThewetTronaisthencentrifugedtoremovewaterandtopurifyitfurther.

 Itisthenheatedtoabout3000CinakilntodecomposeittoNa2CO3.

Na2CO3.NaHCO3.2H2O(s) Na2CO3.NaHCO3(s)+2H2O(g)
Heat

Na2CO3.NaHCO3(s) 3Na2CO3(s)+CO2(g)+H2O(g)
Heat

 TheNa2CO3obtainedisgrounded,sievedandbaggedreadyforstorageand

transportationtotheconsumers.
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ii) Solvayprocess

 Thisprocessisusedtoproducesodium carbonateandsodium hydrogencarbonate

inplaceswhereTronaisnotavailable.

[Diagram pg]

Rawmaterial

 Sodium chloride,NaCl

 Calcium carbonate,CaCO3

 Coke,C

 Ammoniagas,NH3

StepI

 Ammoniaisdissolvedinbrine(ConcentratedNaCl)intheSolvaytowertoproduce

Ammoniacalbrine.

 TheformationofAmmoniacalbrineishighlyexothermicleadingtotheheat

producedbeingcontrolledbyregulatingtheflowofbrineintotheSolvaytower.

StepII

 TheAmmoniacalbrineisthenpumpedintothecarbonatorfrom thetopwhereit

tricklesdownthecarbonatorwhilecarbon(IV)oxidefrom thekilnispumpedfrom

thebase.

 Thecarbonatorhastobecooledregularlytoreducetheamountofheatproducedin

it.

 Theequationinvolvedinthecarbonatorisasfollows;

NH3(g)+NaCl(aq)+CO2(g)+H2O(l) NaHCO3(s)+NH4Cl(aq)

 Sodium hydrogencarbonatebeinglesssolublethanammonium chlorideatlow

temperatures,itformscrystalsinthelowercooledpartsofthecarbonator.

 Sodium hydrogencarbonateisthereforeseparatedoutfrom ammonium chlorideby

Ammoniac

albrine

from stepI
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filtration.

 Sodium hydrogencarbonateisdriedanddecomposedbyheatat3000Ctoproduce

sodium carbonate.

2NaHCO3(s) Na2CO3(s)+CO2(g)+H2O(l)

ProcessintheKiln

 Theinitialcarbon(IV)oxideusedintheprocessismainlyfrom thedecomposed

calcium carbonateandtheburningofcoke;

CaCO3(s) CaO(s)+CO2(g)
Heat

C(s)+O2(g) CO2(g)
Heat

 Thecalcium oxideproducedinthekilnisslaked(combined)withwater;

CaO(s)+H2O(l) Ca(OH)2(s)

 Thecalcium hydroxideformedisthenmixedwithammonium chloridefrom the

carbonatortoform ammoniagas,waterandcalcium chloride;

Ca(OH)2(s)+2NH4Cl(aq) CaCl2(s)+H2O(l)+2NH3(s)

Recycledmaterials

 Carbon(IV)oxidegasproducedasaresultofheatingsodium hydrogencarbonate.

 Ammoniagasproducedwhencalcium hydroxideisreactedwithammonium chloride.

 Waterproducedintheheatingofsodium hydrogencarbonateandthereactionof

calcium hydroxideandammonium chloride.

By-products

 Theonlyby-productinthisprocessiscalcium chloride.

Efficiencyoftheprocess

 Allby-productsexceptcalcium chloridearerecycledtominimizecost.

 Theprocessdoesnotinvolvelargeconsumptionofenergybecausethecokeburnedin

thekilnsupplythenecessaryheatintheprocess.

 Theonlyby-productinthisprocessiscalcium chloridewhichhasawiderangeofuses.
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NB:Potassium carbonatecannotbepreparedusingSolvayprocesssincepotassium hydrogen

carbonateisfairlysolubleinwaterandthereforecannotprecipitateout.

Usesofsodium carbonate[Na2CO3]

1.Watersoftening.

2.Glassmaking.

3.Papermaking.

4.Makingofsodium silicateusedinmakingofdetergents.

Usesofsodium hydrogencarbonate[NaHCO3]

1.Makinghealthdrinks.

2.Makingbakingpowderinfoodindustry.

Effectsofcarbon(IV)oxideandcarbon(II)oxideontheenvironment.

 Highlevelsofcarbon(IV)oxideintheatmosphereisthecauseofglobalwarmingwhich

resultsinthemeltingoficecapsleadingtoriseinleveloftheseas.

 Carbon(II)oxideisoxidizedtocarbon(IV)oxideinpresenceofabundantoxygenbutina

poorlyventilatedroom,itmaycausedeaththroughsuffocation.

Carboncycle

 Theamountofcarbon(IV)oxideintheatmosphereremainsfairlyconstantat0.03%owing

tothedelicatebalancebetweentheprocessesthatabsorbthegasandthosethatevolveit.
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 Thewaysinwhichcarboncompoundscirculateinnatureconstitutethecarboncyclewhich

isshowninthediagram above.

 Processesthatincreasecarbon(IV)oxideintheatmosphereinclude;

 Combustionoffuels

 Respirationinbothanimalsandplants

 Fermentation

 Decompositionofcarbonatesandhydrogencarbonates

 Thoseprocessesthatreducetheamountofcarbon(IV)oxideintheatmosphereinclude;-

 Photosynthesisinplants

 Dissolvingofcarbon(IV)oxideinseasandoceans


