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UNIT1:ATOMICSTRUCTUREANDTHEPERIODICTABLE.
Checklist
1.Structureoftheatom
2.Thesubatomicparticles;
 Protons
 Neutrons
 Electrons;

3.Atomicnumberandmassnumber
4.Isotopes;
5.Energylevelsandelectronarrangements.
6.Theperiodictable;
 Groups
 Periods;

7.Relativeatomicmassandisotopes;
8.Ionformation;
 Ion;
 Cations;
 Anions;
 Ionizationenergy;
 Electronaffinity;

9.Valencyandoxidationnumbers;
10.Chemicalformula;
11.Chemicalequations
12.Balancingchemicalequations;
Theatom:
-Referstothesmallestparticleofanelementhatcantakepartinachemicalreaction;
-Ithasanaveragediameterof10-8cmwithanucleusofabout10-13cm;

Partsofanatom
-Theatomismadeoftwomainparts:
 Thenucleus
 Theenergylevels;

1.Thenucleus:
-Isthepositivelychargedpartofanatom;
-Thenucleuscontainstwosubatomicparticles;neutronsandprotons;
-Thepositivechargeisduetopresenceofprotons;
-Thenucleiofallatomscontainneutronsexceptthehydrogenatom;
-Theprotonsandtheneutronsaretogetherreferredtoasthenucleons;

2.Theenergylevels.
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-Theycontaintheelectrons;
-Electronsaresosmallandmovesofastthattheirpathcannotbetraceddirectly;
-Thustheenergylevelsimplerepresentstheregionwheretheelectronsaremostlikelytobefound;

Structureoftheatom.

Note:
-Theatomcanstillhoweverbesplitintosmallerparticlestermedthesub-atomicparticles;

Thesub-atomicparticles.
-Aregenerallythree:
 Protons;
 Neutrons;
 Protons;

1.Protons.
-Arethepositivelychargedsub-atomicparticles;
-Arefoundinthenucleusandthusformpartofthenucleons;
-Thenumberofprotonsinthenucleusisequaltothenumberofelectronsintheenergylevels;

2.Neutrons.
-Areneutrallychargedsub-atomicparticlesfoundinthenucleusoftheatom;
-Theyarethoughttoprobablypreventthepositivelychargedprotonsfromgettingtooclosetoeach
other;

3.Electrons.
-Arenegativelychargedsub-atomicparticlesfoundintheenergylevels;
-Thenumberofelectronsintheenergylevelsisequaltothenumberofprotonsinthenucleus;
-Thismakestheatomtobeelectricallyneutral;

Atomicnumberandmassnumber.
Atomicnumber.
-Referstothenumberofprotonsinthenucleusofanatom;
Examples.
 Sodiumhas11protonsIthenucleusandthussaidtohaveatomicnumber11;
 Chlorinehas17protonsinthenucleusandthussaidtohaveatomicnumber17;

Massnumber;
-Referstothesumofthenumberofprotonsandneutronsinanatomofanelement;
Examples:
 Sodiumhas2neutronsand11protonshenceamassnumberof23;
 Chlorinehas18neutronsand17protonshenceamassnumberof35.

Notationofatomicnumberandmassnumber;
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-Bothatomicnumberandmassnumberofanelementcanbewrittenalongwiththesymbolofan
element;

Massnumber;
-Isconventionallyrepresentedasasuperscripttotheleftofthesymbol;
Examples:
Sodium;23Na;
Magnesium24Mg;

Atomicnumber;
-Isconventionallyrepresentedasasuperscripttotheleftofthesymbol;
Examples:
Sodium;11Na;
Magnesium12Mg;

Thustheelementscanbeconventionallyrepresentedas:

Sodium23Na
Magnesium24Mg
Atomicpropertiesofthefirst20elements.

Element Symbol Number
ofelectrons

Number
ofprotons

Number
Ofneutrons

Atomic
number

Massnumber

Hydrogen H
Helium He
Lithium Li
Beryllium Be
Boron B
Carbon C
Nitrogen N
Oxygen O
Fluorine F
Neon Ne
Sodium Na
Magnesium Mg
Aluminium Al
Silicon Si
Phosphorus P
Sulphur S
Chlorine Cl
Argon Ar
Potassium K
Calcium Ca

Isotopes.
-Areatomsofthesameelementwithsameatomicnumberbutdifferentmassnumberduetodifferent
numberofneutrons.

Examplesofisotopes.

Element Isotope AtomicNo.Numberof
protons

Numberof
neutrons

Mass
number

Isotopic
representation

Hydrogen
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Carbon

Oxygen

Chlorine

Energylevelsandelectronarrangements.
 Energylevels:

-Aredefiniteorbitsinanatomthattheelectronsoccupy.
-Theenergylevelsarenumbered1,2,3……startingwiththeoneclosesttothenucleus.
-Electronsoccupyingthesameenergylevelhaveapproximatelythesameamountofenergy.
-Eachenergylevelcanonlyaccommodateagivenmaximumnumberofelectrons.

Maximumnumberofelectronsperenergylevel

Energylevel Maximumnumberofelectrons
1st 2
2nd 8
3rd 8(onlyforthefirst20elements)

Illustrations:
 Hydrogen

-Ithasonlyoneelectronandthusthiselectronoccupiesthefirstenergylevel.
-Sincethefirstenergylevelisnotyetfull,hydrogendoesnothavethesecondenergylevel;
-Theelectronarrangementofhydrogenisthus1.

 Helium:
-Heliumisatomicnumber2andhasonlytwoelectrons,whichoccupythefirstenergylevel.
-Thefirstenergylevelisthuscompletelyfull,butsincetherearenootherrelectronslithiumalsohas
onlyoneenergylevel;
-Theelectronarrangementisthus2.

 Chlorine:
-Chlorinehasatomicnumber17andthushas17electrons;
-Thefirsttwoelectronsoccupythefistenergylevelwhichisthuscompletelyfilledup;
-Theremaining15electronsoccupythesecondenergylevel,whichcanhoweveraccommodateonly8
tobecompletelyfilledup;
-Thustheremaining7electronsmovetothethirdenergylevel;whichneeds8tobecompletelyfilledup;
-Sincethethirdenergylevelisnotyetfullchlorinedoesnothaveafourthenergylevel;
-Theelectronarrangementisthus2.8.7.

Electronarrangement.
-Referstothedistributionofelectronsintheenergylevelsofanatom.

Example:electronarrangementforthefirst20elements.

Element Symbol Atomicnumber No.of
electrons

Electronarrangement

Hydrogen
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Helium
Lithium
Beryllium
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulphur
Chlorine
Argon
Potassium
Calcium

Dotandcrossdiagrams.
-Isadiagrammaticrepresentationoftheelectronarrangementsinanatominwhichtheenergylevels
arerepresentedbyconcentriclineswhileelectronsarerepresentedbydotsorcrosses.
-Howeverallelectronsarethesameregardlessofwhethertheyarerepresentedasdotsorcrosses.

Examples:
Lithium Magnesium Aluminium Carbon

No.ofelectrons= No.ofelectrons No.ofelectrons No.ofelectrons
No.ofprotons = No.ofprotons No.ofprotons No.ofprotons
No.ofneutrons= No.ofneutrons No.ofneutrons No.ofneutrons

Beryllium Nitrogen Chlorine Argon

No.ofelectrons= No.ofelectrons= No.ofelectrons= No.ofelectrons=
No.ofprotons = No.ofprotons = No.ofprotons = No.ofprotons =
No.ofneutrons= No.ofneutrons= No.ofneutrons= No.ofneutrons=
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Potassium Boron Silicon Phosphorus

No.ofelectrons= No.ofelectrons= No.ofelectrons= No.ofelectrons=
No.ofprotons = No.ofprotons = No.ofprotons = No.ofprotons =
No.ofneutrons= No.ofneutrons= No.ofneutrons= No.ofneutrons=
ThePeriodictable
-Isatableshowingthearrangementsofelementsinorderoftheirrelativeatomicmasses.
-IsbasedontheideasofDmitriIvanovichMedeleev.
-ThemodernperiodictableisbasedonMeneleev’speriodiclawwhichstatesthat:

“Thepropertiesofelementsareaperiodicfunctionsoftheirrelativeatomicmasses”
-Themodernperiodiclawitselfstatesthat:

“Thepropertiesofelementsareaperiodicfunctionsoftheiratomicnumbers”

Designofthemodernperiodictable.
Ithasverticalcolumnscalledgroupsandhorizontalrowscalledperiods.
 Groups:

-Aretheverticalcolumnsofaperiodictable.
-Areeightinnumber;adnumberedincapitalRomannumeralsIallthroughtoVIII.
Note:groupVIIIisalsocalledgroupzerobecausetheelementshavelittletendencytogainolose
electronsduringchemicalreactions
-Betweengroup2andgroup3isagroupofelementscalledthetransitionmetals;

 Periods:
-Arethehorizontalrowsinaperiodictable.
-Theyare8innumberinamodernperiodictable.

 Transitionmetals.
-AreelementsthatformashallowrectanglebetweengroupIIandgroupIII.
-Theseelementsaregenerallymetallicandhencethename“transitionmetals”
-Theyarenotfittedinanygroupbecausetheyhavevariablevalencies.
-Aresometimescalledthe“d-block”elements.
-TheyaremuchlessreactivethantheelementsingroupsIandII
-Theyhavesomeuniquecharacteristicsthatmakethemnotfitinthe8groupsoftheperiodictable
-Theseinclude:
 Havevariablevalencies;henceshowdifferentoxidationstatesintheircompounds;
 Theyformcolouredcompoundsassolidsandinaqueoussolutions;
 Haveveryhighmeltingandboilingpoints(thanmetalsingroupsIandII).
 Theydonotreactwithwater;
 Haveveryhighdensities(comparedtometalsingroupsIadII)

 LanthanidesandActinides.
-Theyformablockofelementswithinthetransitionmetals.
-Aresometimescalledtheinnertransitionmetals.
-Thelanthanidesconsistof14elementsfromCerium(Ce)toLutetium(Lu).
-TheActinidesarethe14elementsfromThorium(Tho)toLawrencium(Lr).
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Placinganelementsintheperiodictable
-Thepositionofanelementsintheperiodictableisgovernedbytheatomicnumberandhencethe
electronarrangement.

 Theperiod:
-Theperiodtowhichanelementbelongsisdeterminedbythenumberofenergylevels.
-Thenumberofenergylevelsisequaltotheperiodtowhichanelementsbelongs.

Examples:

Elements Symbol Atomic
number

Electron
arrangement

Numberof
energylevels

Period

Lithium Li 3 2.1 2 2
Sodium Na 11 2.8.1 3 3
Calcium Ca 20 2.8.8.2 4 4
Nitrogen N 7 2.5 2 2
Helium He 2 2 1 1

 Group:
-Thegrouptowhichanelementbelongstoisgovernedbythenumberofelectronsinthe
outermostenergylevel.
-Thenumberofelectronsintheoutermostenergylevelisequaltothegrouptowhichtheelement
belongs.

Examples:

Elements Symbol Atomic
number

Electron
arrangement

Outermost
electrons

Group

Potassium K 19 2.8.8.1 1 1
Aluminium Al 13 2.8.3 3 3
Silicon Si 14 2.8.4 4 4
Oxygen O 8 2.6 6 6
Chlorine Cl 17 2.8.7 7 7

Diagramofafullperiodictable.
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Note:Inthemodernperiodictableatomicmassesareusedinsteadofmassnumbers.Theatomic
massesarepreferablebecausetheytakecareofelementswithisotopesunlikemassnumbers.
Diagram:partoftheperiodictableshowingthefirst20elements

RelativeAtomicMassandIsotopes.
 Introduction:

-Themassesofindividualatomsofelementsareverynegligibleandthusquitedifficulttoweigh.
-Onaveragethemassofanatomisapproximately10-22gwhichcannotbedeterminedbyan
ordinarylaboratorybalance.
-Forthisreasonthemassofatomhasbeenexpressedrelativetothatofachosenstandardelement
hencethetermrelativeatomicmass.
-Theinitialreferenceelementwashydrogenwhichwaslaterreplacedwithoxygen.
-Latertheoxygenscalewasfoundunsuitable;
Reason:
OxygenexistsIseveralisotopesandthusledtoproblemswhendecidingthemassofanoxygenatom.
-Forthisreasonoxygenwasreplacedwithcarbonasthereferenceatomandtodaterelativeatomic
massesofelementsarebasedonanatomofcarbon-12(notethatcarbonisisotopicandexistsas
Carbon-12orcarbon-14).

 Definition:
Relativeatomicmass(R.A.M)ofanelementreferstotheaveragemassofanatomoftheelement
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comparedwithatwelfth(1/12)ofanatomofcarbon-12.

 MeasurementofRelativeatomicmass
-RAMofelementsisdeterminedbyaninstrumentcalledMassSpectrometer.
-Theinstrumentcanalsobeusedtodeterminetherelativeabundanceofisotopes.
-TheuseofamassspectrometerindeterminingtheRAMofelementsiscalledmassspectrometry.

 Howmassspectrometryworks.
-Inthemassspectrometeratomsandmoleculesareconvertedintoions.
-Theionsarethenseparatedasaresultofthedeflectionwhichoccursinamagneticfield.
-Eachion(fromanatom,isotopeormolecule)givesadeflectionwhichisamplifiedintoatrace.
-Theheightofeachpeakmeasurestherelativeabundanceoftheionwhichgivesrisetothatpeak.

Note:
-Generallytherelativeatomicmassofanelementisclosestinvaluetothemassofthemost
abundantisotopeoftheelement.

Example:DiagramofaspectrometertraceforLithium

 Explanations:
-Thetracehastwopeaksindicatingthattherearetwoisotopesforlithium.
-Thefistpeakoccursatarelativeisotopicmassof6andthesecondat7;thesearetheRAMofthetwo
isotopesrespectively.
-ThepercentageabundanceoftheisotopewithRAMof6(6Li)is9whiletheRAMoftheisotopewith
RAM7(7Li)is91.

Calculatingrelativeatomicmassesofisotopicelements.
-Informationformaspectrometertraceisusuallyextractedandusedincalculationtherelativeatomic
massofelements.

Workedexamples.
1.Themassspectrumbelowshowstheisotopespresentinasampleoflithium.

RAM=Averagemassofoneatomofan
element

1/12massofanatomofcarbon-12
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(i).Usethismassspectrumtohelpyoucompletethetablebelowforeachlithiumisotopeinthesample.
(3marks)

Isotope
Percentage
composition

Numberof
Protons Neutrons

6Li
7Li

(ii).Calculatetherelativeatomicmassofthislithiumsample.Youranswershouldbegiventothree
significantfigures. (3marks)

2.ElementXwithatomicnumber16hastwoisotopes.⅔of33Xand⅓of30X.Whatistherelativeatomic
massofelementX? (2marks)
3.Calculatetherelativeatomicmassofanelementwhoseisotopicmassesandrelativeabundancesare
shownbelow. (2marks)

4.Aneutralatomofsiliconcontains14electrons,92%ofsilicon-28,5%silicon–29and3%silicon–
30
(i).Whatistheatomicnumberofsilicon? (1mark)

(ii).Calculatetherelativeatomicmassofsilicon. (1mark)

5.Oxygenexistsnaturallyasisotopesofmassnumbers16,17and18intheratio96:2:2respectively.
CalculateitsR.A.M (2marks)

6.Calculatetherelativeatomicmassofpotassiumfromtheisotopiccompositiongivenbelow.

Isotope Relativeabundance
39K 93.1
40K 0.01
41K 6.89

7.Sulphurandsulphurcompoundsarecommonintheenvironment.
(a).Asampleofsulphurformavolcanocontained88%bymassof32Sand12%bymassof34S.
(i).Completethetablebelowtoshowtheatomicstructureofeachisotopeofsulphur.

Isotope Numberof
Protons Neutrons Electrons
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32S
34S

(ii).Definerelativeatomicmass. (2marks)

(iii).Calculatetherelativeatomicmassofthevolcanicsulphur. (2marks)

8.Iridium,atomicnumber77,isaverydensemetal.Scientistsbelievethatmeteoriteshavedeposited
virtuallyalltheiridiumpresentonearth.Afragmentofameteoritewasanalysedusingamass
spectrometerandasectionofthemassspectrumshowingtheisotopespresentiniridiumisshown
below.

(a).Explainthetermisotopes. (1mark)

(b).Usethemassspectrumtohelpyoucompletethetablebelowforeachiridiumisotopeinthe
meteorite.

Isotope
Percentage
composition

Numberof
Protons Neutrons

6Ir
7Ir

(c)(i).Definethetermrelativeatomicmass. (1mark)

(ii).Calculatetherelativeatomicmassoftheiridiuminthismeteorite. (3marks)

Ionformation.
 Introduction:

-Atomswhoseoutermostenergylevelscontainthemaximumpossiblenumberofelectronsaresaidto
bestable.
-Thusatomswithenergylevels2,2.8and2.8.8aresaidtobestable.
-Electronconfiguration2issaidtohaveastabledupletstatewhileelectronconfiguration2.8and2.8.8
issaidtohaveastableoctetstate.
-Theseelectronconfigurationsresemblethoseofnoblegasesandassuchtheyarestableanddonot
react.
-Atomswithoutthisstabilityacquireitbyeitherelectrongainorelectronloss.
-Whetheranatomlosesorgainselectro(s)dependonthenumberofelectronsintheoutermostenergy
level.

 Illustration.
-Takethecaseofsodium.
-Atomicnumberis11withanelectronconfigurationof2.8.1.
-Thussodiumhastwooptionsintobecomestable:
 tolosethesingleelectronandacquireastableelectronconfigurationof2.8.
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 togain7electronsinitsoutermostenergylevelandacquireastableelectronconfigurationof

2.8.8
-Gainingasingleelectronsandlosingasingleelectronsrequiresequalamountsofenergy.
-Thusitischeaperandfasterintermsofenergyforsodiumtolosethesingleelectronintheoutermost
energylevelthantogain7electronsintoitsoutermostenergylevel.
-Thussodiumacquiresastableelectronconfiguration2.8bylosingthesingleelectroninitsoutermost
energylevel.

Diagram

Sodiumatom Sodiumion.

Equation:
Na→Na++e-

Furtherexamples:

Element ElectronarrangementOptionsforstability Best(cheapest)option
Chlorine 2.8.7 2.8or2.8.8 2.8.8
Potassium 2.8.8.1 2.8.8or2.8.8.8 2.8.8
Aluminium 2.8.3 2.8or2.8.8 2.8
Magnesium 2.8.2 2.8or2.8.8 2.8
Carbon 2.4 2or2.8 2.or2.8
Oxygen 2.6 2.or2.8 2.8

 Ion:
Definition:anionisachargedparticleofanelement.
-Areformedwhenanatomofanelementeitherlosesorgainselectrons.

 Illustration:
-Foraneutralatomthenumberofelectronsintheenergylevels(negativecharges)isequalandthus
completelybalancesthenumberofprotonsinthenucleus(positivecharges).
-Thusthenetchargeinaneutralatomiszero(0).
-Whenanatomgainselectron(s),thenumberofelectronsbecomeshigherthanthenumberofprotons
resultingtoanetnegativechargehenceanion.
-Oppositelywhenanatomloseselectron(s)thenumberofprotonsbecomeshigherthanthenumberof
electronsresultingintoanetpositivechargehenceanion.
-Thechargeontheionisusuallyindicatedasasuperscripttotherightofthechemicalsymbol.
-Thusionsareoftwotypes:

 Cations
 Anions

 Cations:
-Arepositivelychargedions.
-Areformedwhenatomsloseelectronsresultingintothenumberofprotonsbeinghigherthanthe
numberofelectrons.
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-Aremostlyionsofmetallicelementssincemostmetalsreactbyelectronloss.

Examples:
(i).Magnesium:
-Ithasatomicnumber12,withelectronarrangement2.8.2.
-Ithas12protonsand12electronshenceanetchargeof“0”hencetheatomiswrittensimplyasMg.
-Itwillformitsionsbylosingthetwoelectronsfromtheoutermostenergylevel.
-Thusthenumberofelectronsdecreasesto10whilethenumberofprotonsremains12.
-Thisleadstoanetchargeof+2,givingtheionwiththeformulaMg2+.

 Diagrammaticillustration:

(ii).Phosphorus
-Ithasatomicnumber13,withelectronarrangement2.8.3.
-Ithas13protonsand13electronshenceanetchargeof“0”hencetheatomiswrittensimplyasAl.
-Itwillformitsionsbylosingthree(3)electronsoutoftheoutermostenergylevel.
-Thusthenumberofelectronsdecreasesbythreeto10whilethenumberofprotonsremains13.
-Thisleadstoanetchargeof+3,givinWORKeionwiththeformulaAl+3.

 Diagrammaticillustration:

 Anions:
-Arenegativelychargedions.
-Areformedwhenatomsgainelectronsresultingintothenumberofelectronsbeinghigherthanthe
numberofprotons.
-Aremostlyionsofnon-metallicelementssincemostnon-metalsionize(react)byelectrongain.

Examples.
(i).Chlorine:
-Ithasatomicnumber17,withelectronarrangement2.8.7.
-Ithas17protonsand17electronshenceanetchargeof“0”hencetheatomiswrittensimplyasCl.
-Itwillformitsionsbygainingasingleelectronintotheoutermostenergylevel.
-Thusthenumberofelectronsincreasesto18whilethenumberofprotonsremains17.
-Thisleadstoanetchargeof-1,givingtheionwiththeformulaCl-.

 Diagrammaticillustration:
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Note:theelectrosgainedmustberepresentedbyadifferentnotationfromtheinitialelectronsinthe
atom.E.g.iftheinitialelectronsarerepresentedwithcrosses(x)thenthegainedelectronsshouldbe
representedbydots(.)andviseversa.

(ii).Phosphorus
-Ithasatomicnumber15,withelectronarrangement2.8.5.
-Ithas15protonsand15electronshenceanetchargeof“0”hencetheatomiswrittensimplyasP.
-Itwillformitsionsbygainingthree(3)electronsintotheoutermostenergylevel.
-Thustheumberofelectronsincreasesbythreeto18whilethenumberofprotonsremains15.
-Thisleadstoanetchargeof-2,givingtheionwiththeformulaP-3.

 Diagrammaticillustration:

Electrontransferduringchemicalreactions.
-Atomsreacteitherbyelectrongainorelectronloss.
-Generallymetalsreactbyelectrongainwhilenon-metalsreactbyelectronloss.

 Illustration:
-Considerthereactionbetweensodiumandchlorine.
-Sodiumattainsstability//reactsbylosingthesingleelectronformitsoutermostenergylevel.
-Chlorineattainsstability//reactsbygainingasingleelectronintoitsoutermostenergylevel.
-Thusduringthereactionbetweenthetwoelementsthesingleelectronlostbythesodiumatomto
formthesodiumionisthesameonegainedbythechlorineatomtoformthechlorideion.

Somebasicconcepts.
 Valenceelectrons:

-Referstothenumberelectronsintheoutermostenergylevel.

Examples:
-Calcium,withelectronarrangement2.8.8.2has2valenceelectrons.
-Oxygenwithelectronarrangement2.6has6valenceelectrons.
-Phosphoruswithelectronarrangement2.8.5has5valenceelectrons.

 Valency:
-Referstothenumberofelectronsanatomlosesorgainsduringachemicalreaction.
-Valencyisalsoknownasthecombiningpowerofanelement.

Examples:
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-Calcium,withelectronarrangement2.8.8.2loses2electronsduringchemicalreactionsandhencehas
avalencyof2.
-Oxygenwithelectronarrangement2.6gains2electronsduringchemicalreactionsandthushasa
valencyof2.
-Phosphoruswithelectronarrangement2.8.5hasgains3electronsduringchemicalreactionsand
hencehasavalencyof3.
-Aluminium,withelectronarrangement2.8.3loses3electronsduringchemicalreactionsandhence
hasavalencyof2.

Note:Someelementshavevariablevalenciesandareusuallytermedthetransitionalelements(metals)

Examples:
-Ironcanhavevalency2or3;
-Coppercanhavevalency1or2
-Leadcanhavevalency2or4.

Summaryonvalenciesofcommonelements.

Valency1 Valency2 Valency3
Metals Sodium

Potassium
Calcium
Barium
Magnesium
Zinc
Iron
Lead
Copper

Aluminium
Iron

Non-metals Nitrogen
Chlorine
Fluorine
Hydrogen

Nitrogen
Oxygen
Sulphur

Nitrogen
Phosphorus

Radicals.
-Aregroupsofatomswithanetchargethatexistandreactasaunitduringchemicalreactions.
-Radicalsalsohaveavalency,whichisequivalenttothevalueofitscharge.

Summaryonvalenciesofsomecommonradicals.

Valency1 Valency2 Valency3
Radicals Ammonium(NH4

+)
Hydroxide(OH-)
Nitrate(NO3

-)
Hydrogencarbonate(HCO3
-)
Hydrogensulphate(HSO4

-)

Carbonate(CO3
2-)

Sulphate(SO4
2-)

Sulphite(SO3
2-)

Phosphate(PO4
3-)
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Oxidationnumber.
-Referstothenumberofelectronsanatomlosesorgainsduringachemicalreaction.
-Inwritingtheoxidationnumberthesign(+or-)toshowgainorlossiswrittenfollowedbythe
numberofelectronslostorgainedrespectively.

Illustration.
-Atomsareelectricallyneutralandarethusassignedanoxidationstateof0sincethenumberof
protonsinthenucleusisequaltothenumberofelectronsintheenergylevels.
-Howeverwhenatomsreacttheyeitherloseorgainelectronsandthusacquireanewstate.
-Thisnewstateisanewoxidationstateandtheatomthusacquiresanewoxidationnumber

Examples:

Atom E.arrangement Ionformula Valency Oxidationnumber
Sodium 2.8.1 Na+ 1 +1
Magnesium 2.8.2 Mg2+ 2 +2
Aluminium 2.8.3 Al3+ 3 +3
Nitrogen 2.5 N3- 3 -3
Sulphur 2.8.6 S2- 2 -2
Chlorine 2.8.7 Cl- 1 -1

Furtherexamples:

Particle Oxidationnumber
Coppermetal,Cu 0
Lead(II)ion,Pb2+ +2
Bromideion,Br- -1
Aluminiumion,Al2+ +2
Sulphideion,S2- -2
Magnesiummetal,
Mg

0

 Note:oxidationnumber(state)andchargeofanelement.
-Oxidationstateiswrittenwiththepositiveorthenegativesigncomingbeforetheelement.
Examples:-2,3,+1,-1etc.
-Chargeonanelementiswriteasasuperscriptoftheelementwiththenumbercomingbeforethe
positiverthenegativesign
Examples:Mg2+,Al3+,Na+,Cl-etc.

Chemicalformulae.
-Referstoarepresentationofachemicalsubstanceusingchemicalsymbols.
-Inasingleatomitisequivalenttothechemicalsymboloftheelement.
-Inacompounditshowstheconstituentelementsandtheproportionsinwhichtheyarecombined.

 Derivingthechemicalformulaofcompounds.
-Inordertowritethecorrectformulaofacompoundthefollowingmustbeknown:

 Thesymbolsoftheconstituentelementsorradicals.
 Thevalenciesoftheelementsorradicals

-Thechemicalformulashouldstartwiththeelementwhichismorelikelytoloseelectron(s)followed
bytheelementthatismorelikelytogain.
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Workedexamples.

1.Derivingtheformulaofsodiumchloride.

Elements Sodium Chlorine
Formula Na Cl
valencies 1 1
balancing x1 x1

Balancingratiosassubscripts:Na1Cl1
Formula:NaCl

Explanation:
-Forsodiumtocombinewithchlorinetoformsodiumchloride,sodiumlosesanelectronwhile
chlorinegainsanelectron.
-Thuseverysodiumatomneedsonlyasinglechlorineatomforbothtbefullystable

Note:
-Whenthebalancingratio//subscriptis1,itisusuallynotwrittensincethesymbolofthe
elementitselfrepresentsasingleatom.
2.Derivingtheformulaofmagnesiumchloride.

Elements Magnesium Chlorine
Formula Mg Cl
valencies 2 1
balancing X1 X2

Balancingratiosassubscripts:Mg1Cl2
Formula:MgCl2

3.Derivingtheformulaofmagnesiumoxide.

Elements Magnesium Oxygen
Formula Mg O
valencies 2 2
balancing X1 X1

Balancingratiosassubscripts:Mg1O1

Formula:MgO

Furtherworkedexamples.
1.Derivethechemicalformulaofeachofthefollowingcompounds.
 Calciumfluoride
 Carbon(II)oxide
 Carbon(IV)oxide
 Aluminiumnitrate
 Calciumhydrogencarbonate

2.CompletethetablebelowforelementsA,BandC

Element Valency
Chemicalformulaofvariouscompounds

hydroxides Sulphates carbonates nitrates phosphates Hydrogen
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carbonates

A 1
B 2
B 3

Chemicalequations.
-Referstorepresentationsofachemicalreactionbymeansofchemicalsymbolsandformula.

 Keyfeaturesofachemicalequation.
-Thecorrectformulaeofthereactantsareontheleftoftheequation.
-Thecorrectformulaeoftheproductsareontherightoftheequation.
-Thereactantsandproductsareseparatedbyanarrowpointingtotheright.
-Thestatesymbolsofthereactantsandproductsmustbestatedassubscriptstotherightofthe
symbols
-Thenumberofeachatomonthereactantssidemustbeequaltothenumberofthesameatomonthe
productsside.

Example.
Reactionbetweenhotcoppermetalsandoxygengas.
 Wordequation:Copper+oxygen→Copper(II)oxide.

 Chemicalequation:2Cu(s)+O2(g)→2CuO(s).

Balancingchemicalequations.
-Achemicalequationisonlyvalidifitisbalanced.
-Achemicalequationissaidtobebalancedifthenumberofeachatomonthereactantssideisequalto
thatontheproductsside.
-Thisisbecauseatomsareneithercreatednordestroyedduringachemicalreaction.

Rulesandguidelinesinbalancingchemicalequations.
 Step1:Writethechemicalequationinwords.

Example:Coppermetal+oxygengas.

 StepII:Writethecorrectformulaeofbothreactantsandproducts
Example:Cu+O2→CuO

 StepIII:Checkwhetherthenumberofatomsofeachelementonthereactantssideisequalto
thatontheproductsside.

-Ifequalproceedtostep(V);
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-Ifnotequalproceedtostep(IV).

Example:Cu+O2→CuO
-Inthiscasetherearetwooxygenatomsonthereactantssideyetthereisonlyoneoxygenatomonthe
productsside.ThusweproceedtostepIV

 StepIV:Multiplythechemicalformulacontainingtheunbalancedatomswiththelowestcommon
multiple.

Example:Cu+O2→CuO
-InthiscasethechemicalformulawiththeunbalancedatomisCuOontheproductsside.Wethus
multiplyitby2.
-Thenewequationnowreads:Cu+O2→2CuO

 StepV:checkagaintoensurethatallatomsarebalanced.
-IfallatomsarebalancedproceedtostepVI.
-IfnotthenrepeatstepIVuntilallatomsarebalanced.
Example:Cu+O2→2CuO
-InthiscasemultiplyingCuOby2offsetsthebalancingofCu;whichisnowunbalanced!
-WethereforerepeatstepIVinordertobalanceCu.
-Thereisonly1Cuatomonthereactantssideyetthereare2Cuatomsontheproductsside.
-Wethusmultiplytheformulawiththeunbalancedatom(s)bythelowestcommonmultiple,inthiscase
2.
-Thenewequationatthisstepthusbecomes:2Cu+O2→2CuO
-WethenrepeatstepV;inthiscaseallatomsarenowbalanced.

 StepVI:Thephysicalstatesofthereactantsandtheproductsarethenindicated.
-Ifthisisnotdonethechemicalequationisconsideredincorrect.

 Typesofstatesymbols.
-Therefourmainstatesymbols.
 Solid;denotedas(s)
 Liquid;denotedas(l)
 Aqueous(insolutioninwater);denotedas(aq)
 Gaseous;denotedas(g)

-Inachemicalequationthestatesymbolsarewrittenwiththeirdenotationsassubscriptstotherightof
thechemicalformulae.
Example:2Cu(s)+O2(g)→2CuO(s)

Thusthebalancedchemicalequationforthereactionbetweencoppermetaladoxygenis:
 2Cu(s)+O2(g)→2CuO(s)

Workedexamples:
1.Balanceequationsforeachofthefollowingreactions.
 Sodiumhydroxideanddilutehydrochloricacid

 Zincoxideanddilutesulphuric(VI)acid

 Zincmetalanddilutenitric(V)acid
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 Calciumcarbonateanddilutesulphuric(VI)acid

 Sodiumandwater

2.Balanceeachofthefollowingequations.
 Mg(s)+HCl(aq)→MgCl2(aq)+H2(g)

 Na(s)+H2O(l)→NaOH(aq)+H2(g)

 NaOH(aq)+H2SO4(aq)→Na2SO4(aq)+H2O(l)

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

 H2S(g)+O2(g)→O2(g)+H2O(l)

 C2H6(g)+O2(g)→CO2(g)+H2O(l)

 Pb(NO3)2(s)→PbO(s)+NO2(g)+O2(g)

 Fe(s)+Cl2(g)→FeCl3(s)

 Al(s)+H2SO4(aq)→Al2(SO4)3(aq)+H2(g).

UNIT2:CHEMICALFAMILIES;PATTERNSANDPROPERTIES.
Checklist.
-Meaningofchemicalfamilies.
-Mainchemicalfamilies;

 Alkalimetals
 Meaningandmembers
 Trendsdownthegroup

 Atomicradius
 Ionicradius
 Energylevels

 Physicalproperties
 Appearance
 Easeofcutting
 Meltingandboiling[points
 Electricalconductivity
 1stionizationenergy

 Chemicalproperties
 Burninginair
 Exposuretoair
 Reactionwithwater
 Reactionwithchlorine

 Similarityofionsandformulaofcompoundsofalkalimetals
 Usesofalkalimetals.

 Alkalineearthmetals
 Meaningandmembers
 Trendsdownthegroup

 Atomicradius
 Ionicradius
 Energylevels

 Physicalproperties
 Meltingandboiling[points
 Electricalconductivity
 1stionizationenergy
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 2ndionizationenergy

 Chemicalproperties
 Reactionwithairandwater
 Reactionwithsteam
 Reactionwithchlorine
 Reactionwithdiluteacids

 Similarityofionsandformulaofcompoundsofalkalineearthmetals
 Usesofalkalineearthmetals.

 TheHalogens
 Meaningandmembers
 Trendsdownthegroup

 Atomicradius
 Ionicradius
 Energylevels

 Physicalproperties
 Preparationandpropertiesofchlorine
 Appearanceandphysicalstatesofhalogensatroomtemperature
 Meltingandboilingpoints
 Electricalconductivity

 Chemicalproperties
 Ionformation
 Electronaffinity
 Reactionwithmetals
 Reactionwithwater
 Reactivitytrendofhalogens.

 Similarityofionsandformulaofcompoundsofalkalimetals
 Usesofalkalimetals.

 Thenoblegases
 Meaningandmembers
 Trendsdownthegroup

 Atomicradius
 Ionicradius
 Energylevels

 Physicalproperties
 Meltingandboiling[points
 Electricalconductivity
 1stionizationenergy

 Chemicalproperties
 Usesofthenoblegases
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Introduction:
-Elementsareclassifiedandhencepositionedintheperiodictablebasedonthenumberofvalence
electronsandthenumberofenergylevels.
-Thenumberofvalenceelectronsisequaltothegrouptowhichtheelementbelongs;whilethenumber
ofenergylevelsisequaltotheperiodtowhichtheelementbelongs.
-Elementsinthesamegrouparesaidtobelongtothesamechemicalfamily.

Characteristicsofachemicalfamily:
-havesamenumberofvalenceelectrons;
-Showauniformgradationinphysicalproperties;
-havesimilarchemicalproperties;

Mainchemicalfamilies.
-Fourmainchemicalfamilieswillbestudiesinthissection.
 TheAlkalimetals
 TheAlkalineearthmetals
 Thehalogens
 Thenoblegases

1.TheAlkalimetals.
-AretheelementswithonevalenceelectronandhenceingroupIoftheperiodictable.
-Allaremetallicinnature.
-Themembersofthefamilyinorderdownthegroupisasfollows:
 Lithium
 Sodium
 Potassium
 Rubidium
 Caesium
 Francium

Electronarrangementofthefirstthreealkalimetals.

Elements Electronarrangement
Lithium 2.1
Sodium 2.8.1
Potassium 2.8.81

Diagram:Partofperiodictableshowingthealkalimetals

Gradationinpropertiesofalkalimetals.
1.Atomicandionicradius.
 Atomicradius:

-Thusachemicalfamilyreferstoagroupofelementsinthesame
numberofvalenceelectronsadhenceinthesamegroupofthe
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-Referstothedistancebetweenthecentreofthenucleusofanatomandtheoutermostenergylevel
occupiedbyelectron(s)
 Ionicradius:

-Referstothedistancebetweenthecentreofthenucleusofanionandtheoutermostenergylevel
occupiedbyelectron(s)

Trend:
-Theionicradiusandtheatomicradiusofalkalimetalsincreasedownthegroup.
Reason:
-ThereisanincreaseinthenumberofenergylevelsdownthegroupfromlithiumtoFrancium.

Illustration:
-Lithium(2.1)hasonly2energylevels;sodium(2.8.1)has3energylevelswhilepotassium(2.8.8.1)has
4energylevels.
-Thustheoutermostelectroninpotassiumisfurtherfromthenucleusthantheoutermostelectronin
sodiumandlithium.

2.Atomicandionicradiusofthesameelement.
-Forthesamealkalimetalstheatomicradiusislargerthantheionicradius.
Reason:
-Alkalimetalsformionsbylosingthevalenceelectron,ladingtothelossofanentireoutermostenergy
level.Thustheatomshavemoreenergylevelsthanthecorrespondingionhencealargerradiusinthe
atomthanItheion.

Illustration
-Potassiumatomhaselectronarrangementof2.8.8.1hence4energylevels.
-Duringionformationpotassiumreactsbylosingthesinglevalenceelectrontoacquireanewelectron
arrangementof2.8.8hence3energylevels.
-Thustheionhasasmallerradiusthantheatom.

Diagrammatically:Potassiumatomandpotassiumion

Summary:changesinatomicandionicradiusamongalkalimetals.

Element Symbol Atomicnumber Atomicradius(nm) Ionicradius(nm)
Lithium Li 3 0.133 0.060
Sodium Na 11 0.157 0.095

Potassium K 19 0.203 0.133
Physicalpropertiesofalkalimetals.
1.Appearance.
-Alkalimetalshavemetalliclusterwhenfreshlycut.Thisreferstoashinyappearanceonthcutsurface.
-Thissurfacehowevertarnishesduetoreactiononexposuretoair.

2.Easeofcutting.
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-Theyaresoftandeasytocut.
-Thesoftnessandeaseofcuttingincreasedownthegroup.
Reason:
-Alkalimetalshavegiantmetallicstructuresheldtogetherbymetallicbonds.
-Metallicbondisduetoattractionbetweenthepositivelychargednucleusofoneatomandthe
electronsintheoutermostenergylevelofthenextatom.
-Thustheforceofattractionisstrongerissmalleratomsthaninlargeratoms.
-Theincreaseinatomicradiusdownthegroupimpliesthatthestrengthofmetallicbondsalsodecrease
downthegroup(henceeaseofcuttingandsoftness).

3.Theyhaverelativelylowmeltingandboilingpoints(incomparisontoothermetals).
Reason:theyhaverelativelyweakermetallicbonds.
-Themeltingandboilingpointsdecreasedownthegroup.
Reason:-Thesizeoftheatomsincreasedownthegroupduetoincreasingnumberofenergylevels
hencedecreaseinthestrengthofthemetallicbonds(downthegroup).

4.Electricalconductivity.
-Alkalimetalsaregoodconductorsofheatadelectricity.
Reason:theyhavedelocalizedelectronsintheoutermostenergylevel.
-Theelectricalconductivityissimilarforallalkalimetals.
Reason:allalkalimetalshavethesamenumberofdelocalizedelectron(asingleelectron)inthe
outermostenergylevel.
Note:
-Inmetalstheelectronsintheoutermostenergyleveldonotremaininonefixedposition.Theymove
randomlythroughoutthemetallicstructureandarethussaidtobedelocalsised.

5.Ionizationenergy.

-Thenumberofionizationenergiesanelementmayhaveisequivalenttothenumberofvalence
electrons.
-Thefirstionizationenergyistheminimumenergyrequiredtoremovethefirstelectronfromthe
outermostenergylevelofanatominitsgaseousstate.
-Thefirstionizationamongalkalimetalsdecreasesdownthegroup.
Reason:
-Theeffectiveforceofattractionofontheoutermostelectronbythepositivenucleusdecreaseswith
increasingatomicsizeanddistancefromthenucleus.
-Notethattheatomicradiusincreasesdownthegroupduetoincreaseinthenumberofenergylevels.

SummaryonphysicalpropertiesofAlkalimetals.

Element Appearance Easeof
cutting

Melting
point(oC)

Boiling
point(oC)

Electrical
conductivity

Atomic
radius
(nm)

Ionic
radius
(nm)

Lithium Silver
white

Slightly
hard

180 1330 Good 0.133 520

Sodium Shiny
white

Easy 98 890 Good 0.157 496

Potassium Shiny Easy 64 774 Good 0.203 419

Ionizationenergyistheminimumenergyrequiredtoremovean
electronfromtheoutermostenergylevelofanatominits
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grey

Chemicalpropertiesofalkalimetals.
1.Reactionwithair.
-Whenexposedtoairalkalimetalsreactwithatmosphericmoisturetoformthecorrespondingmetal
hydroxideandhydrogengas.

 Generalequation:
Metal+Water→Metalhydroxide+hydrogengas.

-Themetalhydroxidefurtherreactswithatmosphericcarbon(IV)oxidetoformhydratedmetal
carbonate.

 Generalequation:
Metalhydroxide+carbon(IV)oxide→Hydratedmetalcarbonate.

Examples:
 Lithium

Withmoisture:2Li(s)+2H2O(l)→2LiOH(aq)+H2(g);
Thenwithcarbon(IV)oxide:2LiOH(aq)+CO2(g)→Li2CO3.H2O(s);

 Sodium
Withmoisture:2Na(s)+2H2O(l)→2NaOH(aq)+H2(g);
Thenwithcarbon(IV)oxide:2NaOH(aq)+CO2(g)→Na2CO3.H2O(s);

 Potassium
Withmoisture:2K(s)+2H2O(l)→2KOH(aq)+H2(g);
Thenwithcarbon(IV)oxide:2KOH(aq)+CO2(g)→K2CO3.H2O(s);

2.Burninginair.
-Alkalimetalsburninairwithcharacteristicflamecolourstoformcorrespondingmetaloxides.

Examples:
 Lithium.

-Burnsinairtoformlithiumoxideastheonlyproduct.

Equation:
4Li(s)+O2(g)→2Li2O(s)

 Sodium.
-Burnsinairtowithayellowflametoformsodiumoxideastheonlyproduct.
Equation:
4Na(s)+O2(g)→2Na2O(s)

Note:
-Whenburnedinairenrichedwithoxygenorpureoxygensodiumburnswithayellowflametofom
sodiumperoxide(insteadofsodiumoxide).
Equation:2Na(s)+O2(g)→Na2O2(s)

 Potassium.
-Burnsinairwithalilacflametoformpotassiumoxideastheonlyproduct.
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Equation:
4K(s)+O2(g)→2K2O(s)

3.Reactionwithwater.
-Alkalimetalsreactwithwatertoformthecorrespondinghydroxidesandhydrogengas.

Examples:
 Potassium.

Procedure:
-Asmallpieceofpotassiummetaliscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;

Diagramofapparatus:

Observationsandexplanations:
-Themetalfloatsonthewatersurface;becauseitislessdensethanwater;
-Ahissingsoundisproduced;duetoproductionofhydrogengas;
-Itexplosivelymeltsintoasilveryballthendisappearsbecausereactionbetweenwaterandpotassium
isexothermic(producesheat).Theresultantheatmeltsthepotassiumduetoitslowmeltingpoint.
-Itdartsonthesurface;duetopropulsionbyhydrogen;
-Themetalburstsintoalilacflame;becausehydrogenexplodesintoaflamewhichthenburnsthesmall
quantitiespotassiumvapourproducedduringthereaction;
-Theresultantsolutionturnsblue;becausepotassiumhydroxidesolutionformedisastrongbase;

(b).Reactionequations.
EquationI
2K(s)+2H2O(l)→2KOH(aq)+H2(g);

EquationII
4K(s)+O2(g)→2K2O(s);
EquationIII:
K2O(s)+H2O(l)→2KOH(aq)

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperturnsblue;sodiumhydroxideformedishighlysolubleinwater;releasingalargenumber
ofhydroxylionswhichresultintoalkalineconditions//highpH;

 Sodium.
Procedure:
-Asmallpieceofsodiummetaliscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;
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Diagramofapparatus:

Observationsandexplanations:
-Themetalfloatsonthewatersurface;becauseitislessdensethanwater;
-Ahissingsoundisproduced;duetoproductionofhydrogengas;
-Itvigorouslymeltsintoasilveryballthendisappearsbecausereactionbetweenwaterandsodiumis
exothermic(producesheat).Theresultantheatmeltsthesodiumduetoitslowmeltingpoint.
-Itdartsonthesurface;duetopropulsionbyhydrogen;
-Themetalmayburstintoagoldenyellowflame;becausehydrogenmayexplodeintoaflamewhich
thenburnsthesodium;
-Theresultantsolutionturnsblue;becausesodiumhydroxidesolutionformedisastrongbase;

(b).Reactionequations.
EquationI
2Na(s)+2H2O(l)→2NaOH(aq)+H2(g);

EquationII
4Na(s)+O2(g)→2Na2O(s);

EquationIII:
Na2O(s)+H2O(l)→2NaOH(aq)

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperturnsblue;sodiumhydroxideformedishighlysolubleinwater;releasingalargenumber
ofhydroxylionswhichresultintoalkalineconditions//highpH;

 Lithium.
Procedure:
-Asmallpieceoflithiummetaliscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;

Diagramofapparatus:

Observationsandexplanations:
-Themetalfloatsonthewatersurface;becauseitislessdensethanwater;
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-Ahissingsoundisproduced;duetoproductionofhydrogengas;
-Itreactslessvigorouslythansodiumanddesnotmeltsincethemeltingpointoflithiumisrelatively
higher.
-Itdartsonthesurface;duetopropulsionbyhydrogen;
-Thegasdoesnotignitespontaneously;
-Theresultantsolutionturnsblue;becauselithiumhydroxidesolutionformedisastrongbase;

(b).Reactionequations.
EquationI
2Li(s)+2H2O(l)→2LiOH(aq)+H2(g);

EquationII
4Li(s)+O2(g)→2Li2O(s);

EquationIII:
Li2O(s)+H2O(l)→2LiOH(aq)

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperturnsblue;sodiumhydroxideformedishighlysolubleinwater;releasingalargenumber
ofhydroxylionswhichresultintoalkalineconditions//highpH;

Summaryonreactionrate.

Metal Reactionrate
Lithium Vigorous
Sodium Morevigorous
Potassium Explosive

4.Reactionwithchlorine
-Allalkalimetalsreactwithchlorinetoformcorrespondingmetalchlorides.

 Generalprocedure:
-Asmallpieceofthealkalimetaliscutandplacedinadeflagratingspoon;
-Itisthenwarmedandquicklyloweredintoagasjarcontainingchlorine.

 Precautions.
-Theexperimentshouldbedoneinaworkingfumechamberorintheopen
Reason:Chlorinegasispoisonous.
-Thisexperimentshouldnotbeattemptedinthelaboratorywithpotassium
Reason:thereactionistooexplosiveandverydangerous.

 Observations:
Sodium:
-Themetalburstsintoayellowflame.
-Whitefumesofsodiumchlorideareformed.
Equation:2Na(s)+Cl2(g)→2NaCl(s)

Lithium:
-Themetalreactslessvigorouslythansodiumwithoutburstingintoaflame.
-Whitefumesoflithiumchlorideareformed.
Equation:2Li(s)+Cl2(g)→2LiCl(s)
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Potassium:
-Themetalburstsintoalilacflame.
-Whitefumesofpotassiumchlorideareformed.
Equation:2K(s)+Cl2(g)→2KCl(s)

Thegeneraltrendinreactivityofalkalimetals.
-Thereactivityofalkalimetalsincreasedownthegroup.
Reason:
-Alkalimetalsreactbylosingthesinglevalenceelectron.Theeaseoflossofthevalenceelectron
increasesdownthegroupduetodecreaseinattractionofthevalenceelectrontowardsthepositive
nucleus.Thisinturnisduetotheincreaseinatomicradiusdownthegroupasaresultofincreasein
numberofenergylevels.

SimilarityofionsandformulaeofsomecompoundsofAlkalimetals.
-Alkalimetalshaveasimilarchargeontheirionssincetheyallhaveasinglevalenceelectron.
-Thustheyhavethesamegeneralformulaintheirionsandcompounds.

Examples.

Alkalimetalion Hydroxide(OH-) Oxides(O2-) Chloride(Cl-) Sulphates(SO4
2

-)
Li+

Na+

K+

Note:
-Alkalimetalsareusuallynotfoundasfreeelements;butratherintheircombinedstatesintheearth’s
crust.
Reason:
-Theyhavehighreactivities.

UsesofAlkalimetalsandtheircompounds.
1.Sodiumisusedinthemanufactureofsodiumcyanideforgoldextraction.
2.Lithiumisusedinthemanufactureofspecialhighstrengthglassesadceramics.
3.Lithiumcompoundsareusedinthemanufactureofdrycellsforuseinmobilephones,laptops,
stopwatches,andzeroemissionelectricvehicles.
4.Amoltenmixtureofsodiumandpotassiumisusedasacoolantinnuclearreactors.
5.Sodiumvapourisusedtoproducetheyellowglowinstreetadadvertisementlights.
6.Moltensodiumisusedasareducingagentintheextractionoftitanium.
Equation:Na(l)+TiCl4(g)→Ti(s)+4NaCl(l)
7.Sodiumchlorideisusedasafoodadditive.
8.Amixtureofsodiumhydroxide(causticsoda)andcarbondisulphideisusedinthemanufactureof
artificialsilkcalledrayon.

TheAlkalineEarthmetals.
-AretheelementswithtwovalenceelectronsandhenceingroupIIoftheperiodictable.
-Allaremetallicinnature.
-Themembersofthefamilyinorderdownthegroupisasfollows:
 Beryllium
 Magnesium
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 Calcium
 Strontium
 Barium
 Radium

Electronarrangementofthefirstthreealkalineearthmetals.

Elements Electronarrangement
Beryllium 2.2
Magnesium 2.8.2
Calcium 2.8.8.2

Diagram:Partofperiodictableshowingthealkalineearthmetals

DotandcrossdiagramsforthefirstthreeAlkalineEarthmetals

Gradationinpropertiesofalkalimetals.
1.Atomicandionicradius.
 Atomicradius:

-Referstothedistancebetweenthecentreofthenucleusofanatomandtheoutermostenergylevel
occupiedbyelectron(s)
 Ionicradius:

-Referstothedistancebetweenthecentreofthenucleusofanionandtheoutermostenergylevel
occupiedbyelectron(s)

Trend:
-Theionicradiusandtheatomicradiusofalkalineearthmetalsincreasedownthegroup.
Reason:
-ThereisanincreaseinthenumberofenergylevelsdownthegroupfromBerylliumtoradium.

Illustration:
-Beryllium(2.2)hasonly2energylevels;Magnesium(2.8.2)has3energylevelswhilecalcium(2.8.8.2)
has4energylevels.
-Thustheoutermostelectronincalciumisfurtherfromthenucleusthantheoutermostelectronin
magnesiumandberyllium.

2.Atomicandionicradiusofthesameelement.
-Forthesamealkalineearthmetaltheatomicradiusislargerthantheionicradius.
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Reason:
-Alkalineearthmetalsformionsbylosingthevalenceelectrons,leadingtothelossofanentire
outermostenergylevel.Thustheatomshavemoreenergylevelsthanthecorrespondingionhencea
largerradiusintheatomthanItheion.

Illustration
-Calciumatomhaselectronarrangementof2.8.8.2hence4energylevels.
-Duringionformationitreactsbylosingthe2valenceelectronstoacquireanewelectronarrangement
of2.8.8hence3energylevels.
-Thustheionhasasmallerradiusthantheatom.

Diagrammatically:calciumatomandcalciumion

Summary:changesinatomicandionicradiusamongalkalimetals.

Element Symbol Atomic
number

Electron
arrangement

Atomic
radius(nm)

Ionicradius
(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

Physicalpropertiesofalkalimetals.
1.Appearance.
-Alkalineearthmetalsacquireametalliclusterwhenpolished.Thisreferstoashinyappearanceonthe
cutsurface.
-Theyhoweverlosethismetalliclusterwhenexposedtoairduetooxidation.
 Note:

-Thepurposeofpolishingalkalineearthmetalsbeforeusingtheminexperimentistoremovetheoxide
coatingthatslowsdownandpreventsthemfromreacting.
2.Easeofcutting.
-Magnesiumishardtocutwithaknife;butishowevermalleableandductile.
-Calciumcannotalsobecutwithaknifebecauseitisbrittle.
Note:
 Malleability:

-Referstotheabilityofamaterialtobehammeredintosheets.
Example:Ironsheetsarepossibletobemadebecauseironmetalismalleable.

 Ductility:
-Theabilityofamaterialtoberolledintowires.
Example:electriccablesaremadeofaluminiumbecausealuminiummetalisductile.

 Brittle:
-Referstoasubstancewhichishardandlikelytobreak.

3.Theyhaverelativelyhighmeltingandboilingpointsincomparisontoalkalimetals.
Reason:theyhaverelativelystrongermetallicbonds(thanalkalimetals).
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-Themeltingandboilingpointsdecreasedownthegroup.
Reason:-
-Thesizeoftheatomsincreasedownthegroupduetoincreasingnumberofenergylevels.Asthe
atomicradiusincreasetheforceofattractionbetweenthepositivenucleusandthedelocalized
electronsdecrease.Thisleadstoadecreaseinthestrengthofthemetallicbonds(downthegroup).

4.Electricalconductivity.
-Alkalineearthmetalsaregoodconductorsofheatandelectricity.
Reason:theyhavedelocalizedelectronsintheoutermostenergylevel.
-Theelectricalconductivityissimilarforallthealkalineearthmetals.
Reason:allalkalineearthmetalshavethesamenumberofdelocalizedelectron(twovalenceelectrons)
intheoutermostenergylevel.

5.Ionizationenergy.

-Thenumberofionizationenergiesanelementmayhaveisequivalenttothenumberofvalence
electrons.
-Thusalkalineearthmetalshavetwoionizationenergies.
-Thefirstionizationenergyistheminimumenergyrequiredtoremovethefirstelectronfromthe
outermostenergylevelofanatominitsgaseousstate.
-Thesecondionizationenergyistheminimumenergyrequiredtoremovethesecondelectronfromthe
outermostenergylevelofanatominitsgaseousstate.
-Thefirstandsecondionizationenergiesamongalkalineearthmetalsdecreasesdownthegroup.
Reason:
-Theeffectiveforceofattractionofontheoutermostelectronbythepositivenucleusdecreaseswith
increasingatomicsizeanddistancefromthenucleus.
-Notethattheatomicradiusincreasesdownthegroupduetoincreaseinthenumberofenergylevels.

 Variationbetween1stand2ndIonizationenergies.
-Thefirstionizationenergyisalwayslowerthanthesecondionizationenergyforthesameelement.
Reason:
-Afterlosingthefirstelectronfromanatom,theoverallpositivechargeholdstheremainingelectrons
morefirmly.Thusremovingasecondelectronfromtheionrequiresmoreenergythanthefirstelectron
Note:
-Thethirdionizationenergywillalsobehigherthathesecondionizationenergyforthesamereason.

Example:
Magnesium.
 Firstionizationenergy:Mg(g)→Mg+(g)+e-(1

stI.E=736kJpermole)
 Secondionizationenergy:Mg+(g)→Mg2+(g)+e-(2

ndI.E=1450kJpermole)

Summaryonphysicalpropertiesofalkalineearthmetals.

Element Atomic
number

Meltingpoint
(oC)

Boilingpoint
(oC)

Atomic
radius(nm)

1stI.E
(kJmol-1)

2ndI.E
(kJmol-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

Ionizationenergyistheminimumenergyrequiredtoremovean
electronfromtheoutermostenergylevelofanatominits
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ChemicalpropertiesofAlkalineearthmetals.
1.Burningalkalineearthmetalsinair.
-Alkalineearthmetalsreactburninairtoformcorrespondingoxides.
-Morereactivealkalineearthmetalsmayalsoreactwithatmosphericnitrogentoformcorresponding
nitrides.

Examples:
 Magnesium.

-Burnsinairwithablindingbrilliantflameformingawhitesolid.
-Thewhitesolidisamixtureofmagnesiumoxideadmagnesiumnitride.

Equations:
Reactingwithoxygen:2Mg(s)+O2(g)→2MgO(s)

Reactingwithnitrogen:3Mg(s)+N2(g)→Mg3N2(s)

 Calcium.
-Burnsinairwithafaintorangeflameformingawhitesolid.
-Thewhitesolidisamixtureofcalciumoxideadcalciumnitride.

Equations:
Reactingwithoxygen:2Ca(s)+O2(g)→2CaO(s)

Reactingwithnitrogen:3Ca(s)+N2(g)→Ca3N2(s)

Note:
-Thetrendinthereactivityofalkalineearthmetalswhenburninginairisnotclear;duetotheoxide
coatingonthecalciumthattendstoslowdownthereactionofcalciuminair.
-Forthisreasonitisimportanttopolishthesurfacesofalkalineearthmetalsbeforeusingthemin
experiments.

2.Reactionofalkalineearthmetalswithcoldwater.
-Alkalineearthmetalsreactslowlywithcoldwatertoformcorrespondinghydroxidesandhydrogengas.

Examples
 Magnesium:

-Reactsslowlywithwatertoformmagnesiumhydroxideandhydrogengas.
-Thereactionisveryslowandtheamountfhydrogengasevolvedisverylowhencethehydrogengas
bubblesstickonthesurfaceofthemetal.
-Themagnesiumhydroxideformeddissolvesslightlyinwatertoformmagnesiumhydroxide.
-Thustheresultantsolutionisslightlyalkaline.

Equation:
Mg(s)+2H2O(l)→Mg(OH)2(aq)+H2(g).

 Calcium:
Diagramofapparatus:
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Observationsandexplanations:
-Calciumsinkstothebottomofthebeaker;becauseitisdenserthanwater;
-Sloweffervescenceofacolourlessgas;duetoslowevolutionofhydrogengas;
-Soapysolutionformed;duetoformationofalkalinecalciumhydroxide;
-Awhitesuspensionisformed;becausecalciumhydroxideisslightlysolubleinwater;

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

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperslowlyturnsblue;calciumhydroxideformedisslightlysolubleinwater;releasingasmall
numberofhydroxylionswhichresultintoalkalineconditions//highpH;

3.Reactionwithsteam.
-Alkalineearthmetalsreactwithsteamtoproducecorrespondingmetaloxideandhydrogengas.
-Thereactivitywithstem isfasteradmorevigorousforeachalkalineearthmetalsascomparedto
reactionwithcoldwater.

Examples:
 Magnesium

Procedure:
-Asmallamountofwetsandisputatthebottomofaboilingtube;
-Asmallpieceofmagnesiumribboniscleanedandputinthemiddleofthecombustiontube;
-Thewetsandisheatedgentlyfirstthenthemagnesiumribbonisheatedstronglyuntilitglows.
Reason:
-Togeneratesteamthatdrivesouttheairthatwouldotherwisereactwiththemagnesium(preventing
reactionwithsteam)
-Thedeliverytubeisremovedfromthewaterbeforeheatingstops.
Reason:
Topreventsuckingback(ofthegas)astheapparatuscools
-Thegasproducedistestedusingaburningsplint.

Diagramofapparatus:

Observationsandexplanations.
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-Magnesiumburnswithawhiteblindingflame;
-Greysolid(magnesium)formsawhitesolid;duetoformationofmagnesiumoxide;
-Evolutionofacolourlessgasthatproducesapopsoundwhenexposedtoaburningsplint;confirming
itishydrogen;

Reactionequation.
Magnesium+Steam→Magnesiumoxide+Hydrogengas;
Mg(s)+H2O(g)→MgO(s)+H2(g);

 Calcium
-Reactionbetweencalciumandsteamwouldproducecalciumoxideandhydrogengas.
-Howeverthereactionistooexplosivetobedoneunderlaboratoryconditions.

4.Reactionwithchlorine.
-Alkalineearthmetalsreactwithchlorinetoformcorrespondingchloridesastheonlyproducts.
Condition:presenceofheat,hencethemetalmustbeheatedfirst.
Precaution:reactionshouldbedoneinaworkingfumechamberbecausechlorinegasispoisonous).

Examples:
 Magnesium.

Procedure:
-Apieceofburningmagnesiumisloweredintoagasjarcontainingchlorine.

Observations:
-Themetalcontinuestoburnwithabrilliantwhiteflame.
-Theygreysolidformsawhitepowder.

Explanation.
-Reactionbetweenmagnesiumandchlorineisexothermic.
-Theheatproducedkeepsthemetalburning;thusfacilitatesthereactionbetweenmagnesium and
chlorinetoformmagnesiumchloride,whichisthewhitepowder.

Equation:
Mg(s)+Cl2(g)→MgCl2(s)

 Magnesium.
Procedure:
-Apieceofburningcalciumisloweredintoagasjarcontainingchlorine.

Observationsandexplanations.
-Themetalburnsshortlywithanorangeflamebutsoonsmoldersoff.
-Thereisnosteadyreactionbetweencalciumandchlorine.
Reason:
-Whencalciumisheatedacoatingofthemetaloxideisformedfirstwhichpreventsfurtheerreaction
betweenthemetalandchlorine.
-Howeverundersuitableconditionscalcium reactswithchlorinetoform awhitepowderofcalcium
chloride.

Equation:
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Ca(s)+Cl2(g)→CaCl2(s)

5.Reactionofalkalineearthmetalsanddiluteacids
-Generallyalkalineearthmetalsreactwithdiluteacidstoformsaltsandhydrogengas.

Examples:
 Withhydrochloricacid.

 Beryllium:
-Whenapieceofberylliumisdroppedintoabeakercontaininghydrochloricacid,thereiseffervescence
ofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofberylliumchlorideremainsinthetesttube//boilingtube.

Equation:Be(s)+2HCl(aq)→BeCl2(aq)+H2(g)

 Magnesium:
-Whenapieceofmagnesium isdroppedintoabeakercontaininghydrochloricacid,thereis
effervescenceofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofmagnesiumchlorideremainsinthetesttube//boilingtube.

Equation:Mg(s)+2HCl(aq)→MgCl2(aq)+H2(g)

 Calcium:
-Whenapieceofcalciumisdroppedintoabeakercontaininghydrochloricacid,thereiseffervescence
ofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofcalciumchlorideremainsinthetesttube//boilingtube.

Equation:Ca(s)+2HCl(aq)→CaCl2(aq)+H2(g)

 Withsulphuric(VI)acid.
 Beryllium:

-Whenapieceofberyllium isdroppedintoabeakercontainingsulphuric(VI)acid,thereis
effervescenceofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofberylliumsulphateremainsinthetesttube//boilingtube.

Equation:Be(s)+H2SO4(aq)→BeSO4(aq)+H2(g)

 Magnesium:
-Whenapieceofmagnesium isdroppedintoabeakercontainingsulphuric(VI)acid,thereis
effervescenceofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
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-Acolourlesssolutionofmagnesiumsulphateremainsinthetesttube//boilingtube.

Equation:Mg(s)+H2SO4(aq)→MgSO4(aq)+H2(g)

 Calcium:
-Whenapieceofcalcium isdroppedintoabeakercontainingsulphuric(VI)acid,thereisslight
effervescenceofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Thereactionhoweverquicklystopsandthereisformationofawhiteprecipitateinthetesttubeor
boilingtube.
Reason:
-Whencalcium reactswithdilutesulphuric(VI)cidthereisformationofcalcium sulphatewhichis
insolublehencetheformationofawhiteprecipitate.Theinsolublecalciumsulphatecoatsthesurfaceof
the(calcium)metalstoppingfurtherreaction.

Equation:Ca(s)+H2SO4(aq)→CaSO4(s)+H2(g)

 Withnitric(V)acid.
 Beryllium:

-Whenapieceofberylliumisdroppedintoabeakercontainingnitric(V)acid,thereiseffervescenceofa
colourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofberylliumnitrateremainsinthetesttube//boilingtube.

Equation:Be(s)+2HNO3(aq)→Be(NO3)2(aq)+H2(g)

 Magnesium:
-Whenapieceofmagnesiumisdroppedintoabeakercontainingnitric(V)acid,thereiseffervescence
ofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofmagnesiumnitrateremainsinthetesttube//boilingtube.

Equation:Mg(s)+2HNO3(aq)→Mg(NO3)2(aq)+H2(g)

 Calcium:
-Whenapieceofcalcium isdroppedintoabeakercontainingnitric(V)acid,thereisslight
effervescenceofacolourlessgas.
-Thecolourlessgasproducesapopsoundwhenexposedtoaburningsplintconfirmingthatitis
hydrogengas.
-Acolourlesssolutionofcalciumnitrateremainsinthetesttube//boilingtube.

Equation:Ca(s)+2HNO3(aq)→Ca(NO3)2(aq)+H2(g)

Trendinreactivityinalkalineearthmetals.
-Thereactivityofthealkalineearthmetalsincreasesdownthegroup.
Reason:
-Theatomicradiusincreasesdownthegroupduetoincreasingnumberofenergylevels.Theattraction
ofthetwovalenceelectronstowardsthepositivenucleusthusdecreasesdownthegroup.Sincealkaline
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earthmetalsreactbylosingelectronstheeasewithwhichthevalenceelectronsarelosttherefore
decreasesdownthegroup

SimilarityofionsandformulaeofsomecompoundsofAlkalineearthmetals.
-Alkalineearthmetalshavethesamevalency(2)andasimilarcharge(2+)ontheirionssincetheyall
haveasinglevalenceelectron.
-Thustheyhavethesamegeneralformulaintheirionsandcompounds.

Examples.

Alkalimetalion Hydroxide(OH-) Oxides(O2-) Chloride(Cl-) Sulphates(SO4
2-)

Be2+

Mg2+

Ca2+

Usesofsomealkalineearthmetalsandtheircompounds
1.Magnesium isusedinthemanufactureofmagnesium hydroxidewhichisusedasananti-acid
medicine.
Reason:magnesiumhydroxideisanon-toxicbase.
2.Alow-densityalloyofmagnesiumandaluminiumisusedinaeroplanesconstruction.
3.Hydratedcalciumsulphate(plasterofParis)isusedinhospitalstosetfracturedbones.
4.Cementismadebyheatingamixtureofcalciumcarbonate(limestone),clayandsand.
5.Calciumcarbonateisusedintheextractionofiron.
6.Calciumoxide(quicklime)isaddedtomacidicsoilstoraisepHforagriculturalpurposes.
7.Calciumnitrateisusedasanitrogenousfertilizer.
8.Magnesiumoxideisusedintheliningoffurnaces.
9.Bariumsulphateisusedinthediagnosisofulcers.
10.Bariumnitrateisusedtoproducethegreenflameinfireworks.
11.Calciumcarbonateismixedwithoiltomakeputty.
TheHalogens.
-AretheelementswithsevenvalenceelectronsandhenceingroupVIIoftheperiodictable.
-Allarenon-metallicinnature.
-Themembersofthefamilyinorderdownthegroupisasfollows:
 Fluorine.
 Chlorine
 Bromine
 Iodine
 Astatine

Electronarrangementofthefirstthreehalogens.

Elements Electronarrangement
Fluorine 2.7
Chlorine 2.8.7
Bromine 2.8.18.7

Note:
-HalogenisaderivativeoftwoGreekwords:haloandgen.

Diagram:Partofperiodictableshowingthehalogens
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Gradationinpropertiesofhalogens.
1.Atomicandionicradius.
 Atomicradius:

-Referstothedistancebetweenthecentreofthenucleusofanatomandtheoutermostenergylevel
occupiedbyelectron(s)
 Ionicradius:

-Referstothedistancebetweenthecentreofthenucleusofanionandtheoutermostenergylevel
occupiedbyelectron(s)

Trend:
-Theionicradiusandtheatomicradiusofhalogensincreasedownthegroup.
Reason:
-ThereisanincreaseinthenumberofenergylevelsdownthegroupfromFluorinetoiodine.
Illustration:
-Fluorine(2.7)hasonly2energylevels;Chlorine(2.8.7)has3energylevelswhilebromine(2.8.18.7)has
4energylevels.
-Thustheoutermostelectroninbromineisfurtherfromthenucleusthantheoutermostelectronin
chlorineandfluorine.

2.Atomicandionicradiusofthesameelement.
-Forthesamehalogentheionicradiusislargerthantheatomicradius.
Reason:
-Halogensformionsbygaining(an)electronintotheoutermostenergylevel.Thisincreasesthe
electron-electronrepulsionintheoutermostenergylevelhencedecreasingthenuclearattractionofthe
outermostelectronstowardsthenucleus.

Illustration
-Chlorineatomhaselectronarrangementof2.8.7hence3energylevels.
-Duringionformationitreactsbygaininganelectronintothethirdenergyleveltoacquireanew
electronarrangementof2.8.8.
-Intheatom17protonsareattracting17electrons;whileinthechlorideionthereare17protons
attracting18electronsintheoutermostenergylevel.
-Thusintheiontheeffectofthepositivenucleusislower.
-Thisisduetoincreasedrepulsiveeffectbetweentheexistingelectronsintheoutermostenergylevel
andtheincomingelectron(electron-electrorepulsion)

Diagrammatically:chlorineatomandchlorideion
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Summary:changesinatomicandionicradiusamongalkalimetals.

Element Symbol Atomic
number

Electron
arrangement

Atomic
radius(nm)

Ionicradius
(nm)

Fluorine F 9 2.7 0.064 0.136
Chlorine Cl 17 2.8.7 0.099 0.181
Bromine Br 35 2.8.18.7 0.114 0.195
Iodine I 53 2.8.18.18.7 0.133 0.216
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Laboratorypreparationofchlorine.
Note:Itisusuallypreparedbyoxidationofconcentratedhydrochloricacidbyremovalofhydrogen.

Equation:
2HCl(aq)+[O] Cl2(g)+H2O(l)

-The[O]isfromasubstancecontainingoxygen(anoxidizingagent).
-Themainoxidizingagentsnormallyusedforpreparationofchlorineare:
 Potassiummanganate(VII);KMnO4.
 Manganese(IV)oxide;MnO2

(a).PreparationofchlorinefromMnO2andHCl.
(i).Apparatus:

(ii).Conditions:
-Heating;
-Presenceofanoxidizingagent;inthiscaseitismanganese(IV)oxide.

(iii).Procedure:
-Hydrochloricacidisreactedwithmanganese(IV)oxide(dropwise);
Equation:
MnO2(s)+4HCl(aq)

Heat MnCl2(aq)+2H2O(l)+Cl2(g)

(iv).Explanation:
-Manganese(IV)oxideoxidizeshydrochloricacidbyremovinghydrogenresultingintochlorine.
-Themanganese(IV)oxideisreducedtowaterandmanganesechloride.
-Theresultantchlorinegasispassedthroughabottlecontainingwater.
Reason:
-Toremovehydrogenchloridefumes(gas)whichisverysolubleinwater.
-Nextitispassedthroughconcentratedsulphuricacidoranhydrouscalciumchloride;todrythegas.

(v).Collection:
(a).Wetchlorineiscollectedoverbrine(saturatedsodiumchloridesolution)orhotwater.
Reason:
-Itdoesnotdissolveinbrineandislesssolubleinwater

(b).Drychlorineiscollectedbydownwarddelivery(upwarddisplacementofair)
Reason:
-Itisdenserthanair(2.5times).
Note:
-Chlorinemayalsobedriedbyaddingcalciumchloridetothejarofchlorine.
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(c).Thefirstbottlemustcontainwaterandthesecondconcentratedsulphuricacid.
Reason:
-Ifthegasisfirstpassedthroughconcentratedsulphuricacidinthefirstbottlethentothewater;itwill
bemadewetagain.

PhysicalpropertiesofHalogens.
1.Physicalstateandappearanceatroomtemperature.

Halogen Stateandappearance
Fluorine Paleyellowgas
Chlorine Green-yellowgas
Bromine Volatilebrownliquid
Iodine Shinydarkgreysolid.

2.Solubility
(a).Inwater
Experiment:Toinvestigatesolubilityofhalogensinwater.
 Procedure:

-Aboilingtubecontainingchlorinegasisinvertedintoabeakercontainingwater.
-Theexperimentisrepeatedwithfluorine,bromineandafewcrystalsofiodine.

 Diagram:

 Observations:
 Fluorine:

-Thelevelofsolutionrisesintheboilingtube.
-Thepaleyellowcolouroffluorinedisappears.

 Fluorine:
-Thelevelofsolutionrisesintheboilingtube.
-Thegreen-yellowcolouroffluorinedisappears.

 Bromine
-Thelevelofsolutionrisesintheboilingtube.
-Thebrowncolouroffluorinedisappears.

 Iodine:
-Thelevelofsolutionremainsthesameintheboilingtube.
-Theshinydarkgreycrystalsremaininthebeaker.

 Theriseinwaterlevelishigherinfluorinethaninchlorinewhiletheriseinchlorineis
higherthaninbromine.

Diagrams:observationsaftersometime
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 Explanations:
-Fluorine,chlorineandbromineareallsolubleinwater,whileiodineisinsolubleinwater.
-Whenaboilingtunecontainingthesolublehalogensisinvertedintoabeakercontainingwater,the
halogendissolvesinthewater.
-Thiscreatesapartialvacuumandthewaterinthebeakerthusrisestooccupythespaceleftbythe
dissolvedgas.
-Thehalogensdissolveinwatertoformacidicsolutions.
-Themoresolublethehalogen,thehighertheriseinwaterlevelintheboilingtube.
-Thusthesolubilityofhalogensdecreasesdownthegroupfromfluorinetobromine.
Reason:
-Allhalogenshavemolecularstructureswithwreakvanderwaalsforcesbetweenthemolecules.
DuringthedissolutiontheVanderWaalsmustbebroken.ThestrengthofVanderWaalsincreaseasthe
atomicsizeandhencethemolecularsizeincreaseswhichoccursdownthegroup.

(b).Intetrachloromethane.
-Thesameprocedure(ofdissolvinghalogensinwater)isfollowedwithtetrachloromethane.

 Observations:
-Allhalogensaresolubleintetrachloromethane.
-Thesolubilityofeachhalogenishigherintetrachloromethanethaninwater.
Reason:Halogensaremolecularthusnon-polarandthusaremoresolubleinpolarorganicsolventslike
tetrachloromethanethaninpolarsolventslikewater.

3.Effectofheat.
-Fluorineandchlorinearegasesatroomtemperatureandsimplyexpandandincreaseinvolumewhen
heated.
-Bromineisabrownliquidatroomtemperatureandevolvesbrownfumeswhenheated.
-Iodineexistsasshinydarkgreysolidatroomtemperatureandsublimestogivebrownfumeswhen
heated.

4.Electricalconductivity.
-Allhalogensareonconductorsofheatandelectricity.
Reason:
-Halogensaremolecularandthushaveneitherdelocalizedelectronsnorfreemobileionsforelectrical
conductivity.
5.Trendinmeltingandboilingpoints.
-Themeltingandboilingpointsofhalogensincreasedownthegroup.
Reason:
-Halogensexistasdiatomicmoleculesandthushavemolecularstructures;
-ThemoleculesareheldtogetherbyintermolecularforcescalledtheVanderWaalswhichhavetobe
brokenduringmeltingandboiling;
-ThestrengthoftheVanderWaalsincreasesasthesizeoftheatomsandhencemoleculesincreases



Highschoolnotes~0714497530(isabokemicah@gmail.com)
whichoccursdownthegroup.

Summaryonsomephysicalpropertiesofhalogens>

Halogen Formula Atomicnumber Appearance
Melting
point(oC)

Boiling
point(oC)

Fluorine F 9 Paleyellowgas -238 -188
Chlorine Cl 17 Greenyellowgas -101 -35
Bromine Br 35 Brownliquid -7 59
Iodine I 53 Shinydarkgrey

solid
114 184

ChemicalpropertiesofHalogens.
Note:Itisnoteasyfornon-metalslikehalogenstoformcations.
Reason:theionizationenergy(amountofenergyrequiredtoloseanelectron(s)from theoutermost
energylevelofagaseousatom)isverylarge.
-Thusmostnon-metalsreactbyforminganions(negativelychargedions)byelectronloss.

1.Ionformation.
-Halogensreactbygainingasingleelectronintotheoutermostenergyleveltoformastableelectron
configurationandcorrespondinganions.
-Duringionformationbyelectronlossenergyisreleased,andtheenergychangeforthisprocessis
calledelectronaffinity

Note:Definition.

 Trendinelectronaffinityofhalogens:
-Generallytheelectronaffinityofhalogensdecreasesdownthegroup.
Reason:
-Thesizeoftheatomsincreases(duetoincreasingnumberofenergylevels)downthegroupandthus
theforceofattractionoftheelectronsintheoutermostenergyleveltowardsthenucleusdecreases.
-Thusdownthegrouptheeasewithwhichelectronsaregaineddecreasesandthefastertheeaseof
electrongain,themoretheenergyreleasedhencethemoretheelectronaffinity.

Summary:
Element Ionizationequation Electronaffinity(kJpermole
Fluorine F(g)+e→F-(g) -322
Chlorine Cl(g)+e→Cl-(g) -349
Bromine Br(g)+e→Br-(g) -325
Iodine I(g)+e→I-(g) -295
2.Reactionwithmetals.
(a).Chlorine.
 Reactionofchlorinewithiron.

(i).Apparatus.

-Electronaffinityisthustheenergyreleasedwhenanatomingaseousstategains
anelectrontoformanegativeion(anion)
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Note:
-Thesetupcanalsobemodifiedbyusingsodiumhydroxidetoabsorbexcesschlorinegasasshown
below.

(ii).Precaution.
-Experimentshouldbedoneinafunctionalfumecupboardorintheopen.
Reason:
-Chlorinegasispoisonousandwillthusbeharmfultothehumanbody.

(iii).Procedure:
-Astreamofdrychlorinegasispassedoverheatedironwoolasperthediagram.

(iv).Conditions.
 Chlorinegashastobedry(donebytheanhydrouscalciumchlorideintheU-tube)

Reason:
Topreventhydrationhenceoxidationofiron(whichwillthenformFe2O3.5H2O)hencepreventing
reactionbetweenironandchlorine.

 Ironmetalmustbehot;andthisisdonebyheating.
Reason:
Toprovideactivationenergyi.e.theminimumkineticenergywhichthereactantsmusthavetoform
products.
 Anhydrouscalciumchloride.

-IntheU-tube;todrythechlorinegas.
-Inthethistlefunnel;topreventatmosphericwatervapour(moisture)fromgettingintotheapparatus
andhencereactingwithiron(III)chloride.

Note:Intheguardtube,calciumoxideispreferabletoanhydrouscalciumchloride.
Reason:
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-Otherthanpreventingatmosphericwatervapourfromgettingintotheflaskwithironwool;italso
absorbsexcesschlorinethuspreventingenvironmentalpollution

(v).Observations:
-Ironmetalglowsred-hot.
-Redbrownfumes(FeCl3(g))areformedinthecombustiontube.
-Ablacksolid(FeCl3(s))iscollectedintheflask.
Note:
-Iron(III)chloridecannotbeeasilycollectedinthecombustiontube.
Reason:
-Itsublimeswhenheatedandhencethehottercombustiontubecausesittosublimeanditsvapouris
collectedonthecoolerpartsoftheflask.

(vi).Reactionequation.
2Fe(s)+3Cl2(g) →2FeCl3(g)

(vii).Conclusion.
-Iron(III)chloridesublimesonheating;theblacksolidchangestored-brownfumesonheating.
Equation:
FeCl3(s) FeCl3(g)
(black) (Red-brown)

 Reactionwithaluminium.
-ChlorinereactswithaluminiumIasimilarmannertoirontofromaluminiumchloride.
Equation:
2Al(s)+3Cl2(g)→2AlCl3(s)
2Al(s)+3Cl2(g)→Al2Cl6(s)

Note:
-Aluminiumchloridealsosublimesonheating.
Equation:
AlCl3(s) AlCl3(g)
(White) (White)

 Reactionwithburningmagnesium.
(i).Procedure:
-Burningmagnesiumisloweredintoagarjarofchlorinegas.

(ii).Observations:
-Themagnesiumcontinuestoburnwithabrightblindingflame;
-Formationofwhitefumes(MgCl2);whichcoolsintoawhitepowder.

(iii).Equation:
Mg(s)+Cl2(g)→MgCl2(s)

-Generallychlorinereactswithmostmetalswhenhottopformcorrespondingchlorides.
Note:
Whereametalformstwochlorideswhenitreactswithchlorine,thehigherchlorideisusuallyformed.
Reason:
Thehigherchlorideisstable.Thisexplainswhyreactionsofchlorinewithironresultsintoiron(III)
chlorideandnotiron(II)chloride.
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(b).Bromine.
 Reactionofbrominewithiron

Apparatus

(ii).Precaution.
-Experimentshouldbedoneinafunctionalfumecupboardorintheopen.
Reason:
-Brominegasispoisonousandwillthusbeharmfultothehumanbody.

(iii).Procedure:
-Bromineliquidisheatedtogeneratebrominevapour(fumes).
-Theironwoolisthenheatedandastreamofthebrominegasispassedoverheatedironwoolasper
thediagram.

(iv).Conditions.
 Brominemustbeheatedtogeneratefumesbeforeheatingtheiron.

Reason:
Sothatbrominevapourwilldriveoutairfromtheboilingtubetopreventoxidationofironwithoxygen
whichwouldotherwisepreventreactionbetweenironandbromine.

 Ironmetalmustbehot;andthisisdonebyheating.
Reason:
Toprovideactivationenergyi.e.theminimumkineticenergywhichthereactantsmusthavetoform
products.

(v).Observations:
-Brownfumesofbromineareproducedonheatingbromineliquid.
-Theironwoolglowsred-hotuponheating
-Theironwoolformsdarkredcrystals(ofiron(III)bromide)

(vi).Reactionequation.
Word:Iron+bromine→Iron(III)bromide.
Chemical:2Fe(s)+3Br2(g)→2FeBr3(s)

Darkredcrystals.

 Reactionofbrominewithzinc
-Usingthesamesetupbrominealsoreactswithzinctoformzincbromide.
Equation:Zn(s)+Br2(g)→ZnBr2(s).

 Reactionofbrominewithmagnesium
-Usingthesamesetupbrominealsoreactswithzinctoformmagnesiumbromide.
Equation:Mg(s)+Br2(g)→MgBr2(s).
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 Reactionofbrominewithsodium

-Usingthesamesetupbrominealsoreactswithzinctoformsodiumbromide.
Equation:2Na(s)+Br2(g)→2NaBr(s).

(c).Iodine.
 Reactionofiodinewithiron

Apparatus

(ii).Precaution.
-Experimentshouldbedoneinafunctionalfumecupboardorintheopen.
Reason:
-Iodineispoisonousandwillthusbeharmfultothehumanbody.

(iii).Procedure:
-Iodinecrystalsareheatedtogenerateiodinevapour(fumes).
-Theironwoolisthenheatedandastreamoftheiodinegasispassedoverheatedironwoolasperthe
diagram.

(iv).Conditions.
 Iodinemustbeheatedtogeneratefumesbeforeheatingtheiron.

Reason:
Sothatiodinevapourwilldriveoutairfromtheboilingtubetopreventoxidationofironwithoxygen
whichwouldotherwisepreventreactionbetweenironandiodine.

 Ironmetalmustbehot;andthisisdonebyheating.
Reason:
Toprovideactivationenergyi.e.theminimumkineticenergywhichthereactantsmusthavetoform
products.
(v).Observations:
-Purplevapour(fumes)ofiodineisproducedonheatingiodinecrystals.
-Theironwoolglowsred-hotuponheating
-Theironwoolformsgreyblackcrystals(ofiron(II)iodide)

(vi).Reactionequation.
Word:Iron+iodine→Iron(II)iodide.
Chemical:Fe(s)+I2(g)→FeI2(s)

Grey-blackcrystals.

 ReactionofIodinewithzinc
-Usingthesamesetupbrominealsoreactswithzinctoformzinciodide.
Equation:Zn(s)+I2(g)→ZnI2(s).

 ReactionofIodinewithmagnesium
-Usingthesamesetupbrominealsoreactswithzinctoformmagnesiumiodide.
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Equation:Mg(s)+I2(g)→MgI2(s).

 ReactionofIodinewithsodium
-Usingthesamesetupbrominealsoreactswithzinctoformsodiumiodide.
Equation:2Na(s)+I2(g)→2NaI(s).

Note:
-Thereactivityofchlorinewithmetalsismorevigorousthanthatofbromine,whichismorethanthatof
iodine.
-Thusreactivityofhalogenswithmetalsdecreasesdownthegroup.
Reason:
-Halogensreactbygainingelectrons;theeaseofgainingelectronsdecreasedownthegroupasthe
atomicsizeincreaseswhichleadstoprogressivedecreaseintheforceofattractionofelectronsinthe
outermostenergylevelsbythepositivelychargednucleus.

3.Reactionwithwater.
-Halogensthatdissolveinwaterformamixtureoftwoacids.

Reactionofchlorinewithwater.
-Chlorinedissolvesinwatertoformchlorinewater,whichisamixtureoftwoacids:chloric(I)acidand
hydrochloricacid.

Equation:
Cl2(g)+H2O(l)→HOCl(aq)+HCl(aq)

Chloric(I)acid Hydrochloricacid

 Effectsofsunlightonchlorinewater.
(i).Procedure:
-Chlorinewaterismadebydissolvingthegasinwater.
-Alongtubefilledwithchlorinewaterisinvertedoverabeakercontainingwater.
-Itisthenexposedtosunlight(brightlight)asshownbelow.

(ii).Apparatus:

(iii).Observations:
-Aftersometimeagascollectsinthetubeandonapplyingaglowingsplint,thesplintisrekindles
showingthatthegascollectedisoxygen.

(iv).Explanation:
-Chlorinewaterhastwocomponents.
Equation:
Cl2(g)+H2O(l)═HCl(aq)+HOCl(aq)
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-TheHOClbeingunstablewilldissolveonexposuretosunlight,givingoutoxygen.
Equation:
2HOCl(aq)→2HCl(aq)+O2(g)(slowreaction)

Overallreaction:
2H2O(l)+2Cl2(g)→4HCl(aq)+O2(g)

 Effectofchlorinewateronlitmuspapers
(i).Procedure:
-Astripofblueadastripofredlitmuspapersaredroppedintochlorinewaterinabeaker.

(ii).Observations:
-Thebluelitmuspaperturnsred;thenbothlitmuspapersaredecolourised.

(iii).Explanations.
-Chlorinewatercontainsamixtureofchloric(I)acidadhydrochloricacid.
Equation:
Cl2(g)+H2O(l)═HCl(aq)+HOCl(aq)

-Thetwoacidscausethelitmuspapertoturnred(fromblue)whiletheredlitmuspaperremainedred.
-Thelitmuspapersarethendecolourisedduetobleachingactionofchlorinewater,whichisduetothe
activityofchloric(I)acid.
-Thechloric(I)acidisunstableandthusdecomposestogivehydrochloricacidandoxygenatom.
Equation:
HOCl(aq)→HCl(aq)+[O]

-Theoxygenatomcombineswiththechemicalofthenaturaldyeinthelitmusthusdecolourisingit.
Equation:
Dye+HOCl(aq)→HCl(aq)+(Dye+[O])
Coloured Decolourised

Note:solutionsofbromineandfluorineinwaterwillbehaveinasimilarmanner.

Examples:
 Fluorinedissolvinginwater

F2(g)+H2O(l) ═HF(aq)+HOF(aq)
Hydrofluoricacid Fluoric(I)acid

-Themixtureisflourinewater

 Brominedissolvinginwater
Br2(g)+H2O(l)═HBr(aq)+HOBr(aq)

Hydrobromicacid Bromic(I)acid

-Themixtureisbrominewater.

Someusesofhalogensandtheircompounds.
1.Fluorineisarawmaterialinthepreparationofasyntheticfibreknownaspolytetrafluoroethane.
2.Somecompoundsoffluorineareaddedtowaterandsometoothpastesinsmallquantitiestoreduce
toothdecay.
3.Fluorineisusedinthemanufactureofhydrogenfluorideusedtoengravewordsorpicturesonglass.
4.Chlorineisusedtomakebleachesusedinpaperandtextileindustries.
5.Chlorineisaddedtowatertokillmicro-organismsinwatertreatmentworks.
6.Chlorineisusedinthemanufactureofaplasticknownaspolyvinylchloride(PVC).
7.Chlorineisusedinlargescalemanufactureofhydrochloricacid.
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8.Bromineisusedinthemanufactureofsilverbromidewhichisusedtomakethelightsensitive
photographicpaperandfilms.
9.Asolutionofiodineinalcohol(tinctureofiodine)isusedasadisinfectant.

TheNoblegases.
-AretheelementswiththemaximumpossiblenumberofvalenceelectronsandhenceingroupVIIIof
theperiodictable.
-Allaregaseousinnature.
-Themembersofthefamilyinorderdownthegroupisasfollows:
 Helium
 Neon
 Argon
 Krypton
 Xenon
 radon

-Theyarefoundasfreeatomsinnatureandformabout1%ofairwithargonbeingthemostabundant

Electronarrangementofthefirstthreenoblegases.

Elements Electronarrangement
Helium 2.
Neon 2.8.
Argon 2.8.8.

Note:-Heliumwithonlytwoelectronshasoneoccupiedenergylevel;whichiscompletelyfullandhence
issaidtohaveadupletelectronconfiguration
-Therestofthenoblegaseshaveeightelectronsintheiroutermostoccupiedenergylevelhenceare
saidtohavetheoctetelectronconfiguration.
Diagram:Partofperiodictableshowingthenoblegases

DotandcrossdiagramsforthefirstthreeAlkalineEarthmetals

Physicalpropertiesofnoblegases
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1.Atomicandionicradius.
 Atomicradius:

-Referstothedistancebetweenthecentreofthenucleusofanatomandtheoutermostenergylevel
occupiedbyelectron(s)
 Ionicradius:

-Referstothedistancebetweenthecentreofthenucleusofanionandtheoutermostenergylevel
occupiedbyelectron(s)

Trend:
-Theatomicradiusofnoblegasesincreasedownthegroup.
Reason:
-ThereisanincreaseinthenumberofenergylevelsdownthegroupfromHeliumtoradon.

Illustration:
-Helium(2.)hasonly1energylevel;Neon(2.8)has2energylevelswhileArgon(2.8.8)has3energy
levels.
-ThustheoutermostelectroninArgonisfurtherfromthenucleusthantheoutermostelectroninneon
andhelium.

Note:
-Undernormalcircumstancethenoblegasesneitherlosenorgainelectronsandarethusstablehence
unreactive.
-Duetothistheyrarelyformionsandhencecomparativestudiesofionicradiiamongnoblegasesare
notfeasible.

2.Ionizationenergies.
-Noblegaseshaveveryhighionizationenergies.
Reason:
-Noblegasesarecolourlessmonoatomicgaseswithverystableelectronarrangements,eitherdupltet
(helium)oroctet(therest).
-Thenuclearattractionforceofelectronsintheoutermostenergyleveltowardsthenucleusisthusvery
strong.
Trend:
-Theionizationenergydecreasedownthenoblegasesgroup.
Reason:
-Asthesizeoftheatomsincreasedownthegroup(duetoincreaseinthenumberofenergylevels),the
forcewithwhichtheelectrosintheoutermostenergylevelsareattractedtowardsthenucleusdecrease
henceincreaseintheeaseofelectronloss(fromtheoutermostenergylevel).

3.Meltingandboilingpoints.
-Generallynoblegaseshaveverylowmeltingandboilingpoints.
Reason:
-Theyexistasmonoatomicgaseswithsimplemolecularstructureswithweakvanderwaalsforcesthat
areeasytobreak.
Trend:
-Meltingandboilingpointsamongthenoblegasesincreasedownthegroup.
Reason:
-Noblegasesexistasmonoatomicmoleculesandthushavesimplemolecularstructures;
-Themolecules(atoms)areheldtogetherbyintermolecular(inter-atomic)forcescalledtheVander
Waalswhichhavetobebrokenduringmeltingandboiling;
-ThestrengthoftheVanderWaalsincreasesasthesizeoftheatomsandhencemoleculesincreases
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whichoccursdownthegroup.

Summary:changesinatomicandionicradiusamongalkalimetals.

Element Symbol Atomic
numbe

r

Atomicradius
(nm)

1stIonization
energy(kJmol-

1)

Meltingpoint
(oC)

Boilingpoint
(oC)

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

ChemicalpropertiesofNoblegases.
-Generallythenoblegasesneitherlosenorgainelectronsandarethusstablehenceunreactive.
-Duetothistheyrarelyformionsandhencehavenofeasiblechemicalreactions.
-Howeverxenonandradonwithverylargeatomicradiiandsmallerionizationenergiestakepartin
somereactionsandthusdisplaycomechemicalproperties.

Usesofsomenoblegases.
Note:Theapplicationofnoblegasesisironicallycenteredontheirinertnature.
1.Argonisusedinlightbulbstoprovideaninertenvironmenttopreventoxidation.
2.Argonisusedasaninsulatorinarch-welding.
3.Neongasisusedinstreetsandadvertisementlights.
4.Heliummixedwithoxygenisusedindeepseadivingandmountaineering.
5.Heliummixedwithoxygenalsoisusedinhospitalsforbreathinginpatientswithrespiratoryproblems
andthoseundergoingcertainformsofsurgery.
6.Heliumcanbeusedinsteadofhydrogeninballoonsformeteorologicalresearch.
Reason:
-HydrogenisexplosiveIpresenceofairandmayexplodecausingseriousaccidents.
-Heliumislessdensethanhydrogen.
7.Heliumisusedinthermometersformeasurementsfverylowtemperatures.
8.Liquidheliumisusedtokeepcertainmetalalloysattemperatureslowenoughforthemtobecome
superconductors.
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UNIT3:PROPERTIESANDTRENDSACROSSAPERIOD.
Checklist.
1.Introduction
2.Trendsinphysicalpropertiesofelementsinperiod3

 Electricalconductivity
 Atomicandionicradii
 Meltingandboilingpoints

3.Trendsinchemicalpropertiesofelementsinperiod3
 Reactionwithoxygen
 Reactionwithwater
 Reactionwithacids

Introduction:
-Aperiodisaverticalrowofelementsintheperiodictable.
-Elementsinthesameperiodhavesamenumberofenergylevels.
-Thereare7periodsintheperiodictableexceptforlanthanidesandactinideswhicharenotassigned
periods.
-Periods1–3havefewerelementsbecausetheylackthed-blockelementsandhaveonlythes-block
elementsandthep-blockelements.
Note:
 s-blockelements:group1and2
 d-blockelements:transitionalelements
 p-blockelements:groupsIIItoVIII.

-Tounderstandtrendsandpropertiesacrossatypicalperiodoftheperiodictable,weshalluseperiod3
asthereference.

ThePeriodthreeoftheperiodictable.
-Consistsofelementswiththreeenergylevels.
-Consistsofthe8elementsfromsodiumtoargon.
-Itisonlymadeofs-blockandp-blockelementsadlacksanyelementinthed-blockgroupofelements.

Partofperiodictableshowingperiod3oftheperiodictable.
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Trendsinphysicalpropertiesofelementsinperiod3.
1.Electricalconductivity.
-Sodium,magnesiumandaluminiumaregoodconductorsofelectricity.
Reason:
Theyallhavegiantmetallicstructureswithdelocalizedelectroswhichconductelectricity;
-Theelectricalconductivityincreasesfromsodiumtoaluminium.
Reason:
Electricalconductivityincreaseswithincreaseinthenumberofdelocalizedelectrons;thusaluminium
withthehighestnumberofdelocalizedelectrons(3)ineachatom willhavethehighestelectrical
conductivity;
-Inthemetalstheelectricalconductivitydecreaseswithincreaseintemperature.
Reason:
-Increaseintemperaturedistortsthealignmentofelectronsthuspreventingtheireasyflowandhence
poorconductivity;
-Phosphorus,sulphur,chlorineandargondonotconductelectriccurrent.
Reason:
Theyallhavemolecularstructuresandalltheelectronsintheatomsareusedinbonding;thustheylack
delocalizedelectronorfreeionsforelectricalconductivity.
-Siliconconductselectriccurrent,anditselectricalconductivityincreaseswithincreaseintemperatures.
Reason:
-Itisasemi-conductor;makingitaveryuniqueelementinthisperiod.
Note:
-Asemi-conductorisacrystallinematerialwhichonlyconductselectricityundercertainconditions.

2.Theatomicandionicradii.
-Theatomicradiiofperiod3elementsdecreaseacrosstheperiod.
Reason.
-Forthesamenumberofenergylevelsthenumberofprotonsinthenucleusincreasesacrossthe
period;thisleadstotheincreaseinnuclearchargewhiletheshieldingeffectremainsthesamehence
decreaseinatomicradiusacrosstheperiod.

3.Meltingandboilingpoints
-Sodium,magnesiumandaluminiumhaveveryhighmeltingandboilingpoints.
 Reason:
-Theyhavegiantmetallicstructureswithstrongmetallicbondswhichneedalotofenergytobreak.

-Theboilingandmeltingpointsincreasefromsodiumtoaluminium.
 Reason:
-Asyoumoveacrosstheperiodfromsodiumtoaluminium,thenuclearchargeincreaseswhilethe

energylevelsremainthesamehencedecreaseinatomicradius;thesmallertheatomicradius(for
metals)thestrongerthemetallicbonds.
-Silicon,thoughanon-metalalsohasaveryhighmeltingandboilingpoints.
 Reason:
-Siliconhasagiantatomicstructurewithstrongcovalentbondsthroughoutthestructure,which
needalotofheatenergytobreak.

-Phosphorus,Sulphur,Chlorineandargonhavelowmeltingandboilingpoints.
 Reason:
-Theyallhavemolecularstructureswithstrongcovalentbondsbetweentheatoms(exceptinargon)
butweakvanderwaalsforcesbetweenthemoleculeswhichareeasytobreak.
-Notethatargonexistasatomsandthusamonoatomicmolecule.

-Themeltingandboilingpointsdecreasesfromphosphorustoargon.
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 Reason.
-Aswemoveacrosstheperiodfromphosphorustoargon,thesizeoftheatomsdecreasesleading
tosmalleratomsandhencemolecules,whichleadtodecreaseinthestrengthofthevanderWaals
(acrosstheperiod)

Note:
-Phosphorusandsulphurexistsassolidsatroomtemperaturewhilechlorineandargonexistsasgases
atroomtemperature.
Reason:phosphorusandsulphurhavegiantmolecularstructureswhilechlorineandargonhavesimple
molecularstructures.
-Summary:Somephysicalpropertiesfelementsinperiod3.

Property Na Mg Al Si P(white)
S

(monoclinic)
Cl Ar

Physical
stateand
appearance

Silver
Silver
solid

Silver
solid

Black
solid

White
solid

Yellowsolid
Green
yellow
gas

Colourless
gas

Electron
arrangement

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 5or5 6 7 8
Atomic
radius

0.157 0.136 0.125 0.117 0.110 0.104 0.09 0.192

MP(oC) 98 650 660 1410 44 119 -101 -189
BP(oC) 890 1110 2470 2360 280 445 -35 -186

Structure
Giant
metallic

Giant
metallic

Giant
metallic

Giant
atomic

Molecular Molecular
Simple
molecular

Simple
molecular
/atomic

Bondtype metallic metallic metallic Covalent Covalent Covalent Covalent
Van
derwaals

Trendsinchemicalpropertiesoftheelementsinperiod3.
Note:Trendsinreactivity.
-Thereactivityamongthemetallicelementsdecreasesacrosstheperiodfromsodiumtoaluminium.
Reason:
-Thereisacontinuousincreaseinnuclearchargefromsodiumtoaluminiumwhichleadstoincreasein
ionizationenergieshenceincreasingdifficultyinremovinganelectronfromtheoutermostenergylevel.
-Amongthenon-metallicelements,thereactivityincreasesacrosstheperiodfrom phosphorusto
chlorine.
Reason:
-Thereisincreaseinnuclearchargefromphosphorustochlorine,henceanincreaseineaseofelectron
gain(electroaffinity)sincenon-metalsreactbygainingelectrons.
-Argoisunreactiveandcanonlyreactunderveryspecialconditions.
Reason:
-It’sanoblegaswithastableoctetconfiguration.

1.Reactionofperiod3elementswithoxygen.
-Allperiodthreeelementsreactwith(burnin)oxygenwiththeexceptionofargon.

Experiment:Toinvestigatethereactionsbetweenperiod3elementsandoxygen
Procedure:
-Asmallpieceoftheelementisplacedinadeflagratingspoonandwarmedgentlyuntilitcatchesfire.
-Itisthenloweredintoagasjarfullofoxygen.
-Theflamecolourandthecolouroftheproductarenoted.
-10cm3ofwatercontaininguniversalorlitmusindicatorisaddedintothegasjarwiththeproducts.
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 Sodium:

-Burnsvigorouslyinoxygenwithagoldenyellowflame;toproducewhitesolidofsodiumoxide.
Equation:
Na(s)+O2(s)→Na2O(s)

-Theresultantsodiumoxidedissolvesinwatertoformsodiumhydroxide.
Equation:
Na2O(s)+H2O(l)→2NaOH(aq);
-Thesodiumhydroxideisalkalineinnatureandthusturnslitmusindicatorblue;

 Magnesium:
-Burnsvigorouslyinoxygenwithabrightwhitelight;toproducewhitesolidofmagnesiumoxide.
Equation:
2Mg(s)+O2(s)→2MgO(s)

-Theresultantmagnesiumoxideisslightlysolubleinwatertoformmagnesiumhydroxide.
Equation:
MgO(s)+H2O(l)→Mg(OH)2(aq);
-Themagnesiumhydroxideisalkalineinnatureandthusturnslitmusindicatorblue;

 Aluminium:
Note:
-Aluminium(foil)isusuallycoatedwithathinlayerofaluminiumoxide,Al2O3;whichpreventsreaction
withtheoxygen.
-Whenpolished,itreactsslowlywithoxygentoformawhitesolidofaluminiumoxide.
Equation:
Al(s)+3O2(s)→Al2O3(s)

-Theresultantaluminium(III)oxideisinsolubleinwater.

 Silicon:
-Siliconpowdercanonlyburinoxygenatveryhightemperaturesofabout450oCtoformsolidsilicon
(IV)oxide.
Equation:
Si(s)+O2(s)→SiO2(s)

-Theresultantsilicon(IV)oxideisinsolubleinwater.

 Phosphorus.
-Burnsreadilyinoxygenwithabrightorangeflame;toproducedensewhitefumes(solid)of
phosphorus(V)oxide
Equation:
P4(s)+5O2(s)→2P2O5(s)

Note:sulphurexistsandthereforereactsasmoleculesofP4.
-Theresultantphosphorus(V)oxidereadilydissolvesinwatertoformphosphoric(V)acid.
Equation:
P2O5(s)+3H2O(l)→2H3PO4(aq);
-Thephosphoricacidisacidicinnatureandthusturnslitmusindicatorpink/red;

 Sulphur.
-Burnsinoxygenwithablueflame;toformacolourlessgasofsulphur(IV)oxide
Equation:
S(s)+O2(s)→SO2(s)

-Theresultantsulphur(IV)oxidereadilydissolvesinwatertoformsulphuric(IV)acid.
Equation:
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SO2(s)+H2O(l)→H2SO3(aq);
-Thephosphoricacidisacidicinnatureandthusturnslitmusindicatorpink/red;

-Thesulphuric(IV)acidisunstableandthuseasilygetsoxidizedbyoxygentothestablesulphuric(VI)
acid.
Equation:
H2SO3(aq)+O2(g)→H2SO4(aq);

 Chlorine.
-Burnsinoxygenonlyundercertainconditionstoformacidicoxides.
Equation:
2Cl2(s)+O2(s)→2Cl2O(s)

 Argon.
-Argonisunreactive.

Conclusion:
-Metallicelementsburninoxygentoformbasicoxides.
-Non-metallicoxidesburninoxygentoformacidicoxides.

2.Reactionofperiod3elementswithwater.
 Sodium.

Procedure:
-Asmallpieceofsodiummetaliscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;

Diagramofapparatus:

Observationsandexplanations:
-Themetalfloatsonthewatersurface;becauseitislessdensethanwater;
-Ahissingsoundisproduced;duetoproductionofhydrogengas;
-Itvigorouslymeltsintoasilveryballthendisappearsbecausereactionbetweenwaterandsodiumis
exothermic(producesheat).Theresultantheatmeltsthesodiumduetoitslowmeltingpoint.
-Itdartsonthesurface;duetopropulsionbyhydrogen;
-Themetalmayburstintoagoldenyellowflame;becausehydrogenmayexplodeintoaflamewhich
thenburnsthesodium;
-Theresultantsolutionturnsblue;becausesodiumhydroxidesolutionformedisastrongbase;

Reactionequations.
EquationI
2Na(s)+2H2O(l)→2NaOH(aq)+H2(g);

EquationII
4Na(s)+O2(g)→2Na2O(s);
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EquationIII:
Na2O(s)+H2O(l)→2NaOH(aq)

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperturnsblue;sodiumhydroxideformedishighlysolubleinwater;releasingalargenumber
ofhydroxylionswhichresultintoalkalineconditions//highpH;

 Magnesium.
Procedure:
-Asmallpieceofmagnesiumribboniscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;

Diagramofapparatus:

Observationsandexplanations:
-Themetalsinksintothewatersurface;becauseitisdenserthanwater;
-Itreactsslowlywithwaterleadingtoslowevolutionofhydrogengas.
-Theresultantsolutionturnsblue;becausesodiumhydroxidesolutionformedisastrongbase;

Reactionequation.
Mg(s)+2H2O(l)→Mg(OH)2(aq)+H2(g);

Effectofresultantsolutiononlitmuspaper;
-Litmuspaperturnsblue;magnesium hydroxideformedishighlysolubleinwater;releasingalarge
numberofhydroxylionswhichresultintoalkalineconditions//highpH;

 Aluminium.
-Aluminiumdoesnotnormallyreactwithcoldwaterorsteam.
Reason:
-Aluminiumisusuallycoatedwithathincoatingofaluminiumoxidewhichpreventsfurtherreaction.
-Howeveratveryhightemperaturesofabout700oCsteamcanreactwithaluminiumtoformaluminium
oxideandhydrogengas.
Equation:
2Al(s)+3H2O(g)→Al2O3(s)+3H2(g);

Note:
-Duetoitsinabilitytreactwithwaterandairaluminiumispreferableformakingcookingutensilslike
sufuriasandcokingpans.

 Silicon,phosphorusandsulphur.
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-Thesenon-metalsdonotdisplacehydrogenfromwaterandthusdonotreactwithwater.

 Chlorine.
-Dissolvesinwatertformchlorinewater,whichisamixtureofchloric(I)acidadhydrochloricacid.

Equation:
Cl2(g)+H2O(l)→HOCl(aq)+HCl(aq)

Chloric(I)acid Hydrochloricacid

3.Reactionofperiod3elementswithacids
Procedure:
-Apieceoftheelementisdroppedinto5cm3ofanacidinatesttube.
-Anygasproducedistested.

 Sodium:
-Reactsexplosivelywithacidstoform saltsandhydrogenandthusreactionsofsodium withacids
shouldnotbetriedinthelaboratory.

 Magnesium:
-Reactswithbothdilutehydrochloricanddilutesulphuricacidtoformmagnbsiumsaltsandhydrogen
gas.

 Withhydrochloricacid:
Mg(s)+2HCl(aq)→MgCl2(aq)+H2(g)

 Withsulphuricacid:
Mg(s)+H2SO4(aq)→MgSO4(aq)+H2(g)

 Aluminium:
Note:
-Itdoesnotreadilyreactwithdiluteacids.
Reason:
-Thisisduetopresenceofathinaluminiumoxidecoatingthatpreventscontacthencereactionwiththe
acids.
-Whenpolishedtremovetheoxidecoatingitreactswithbothdilutehydrochloricanddilutesulphuric
acidtoformaluminiumsaltsandhydrogengas.

 Withhydrochloricacid:
2Al(s)+6HCl(aq)→3AlCl3(aq)+3H2(g)

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

 Silicon,phosphorus,sulphurandchlorine.
-Theydonotreactwithdiluteacids.

Summary:Chemicalpropertiesofperiod3elements.

Element Na Mg Al Si P S Cl
Reaction
withair

Readily
reactswith

Reacts
slowlywith

-Formsa
protective

Sipowder
burnsat

White
phosphorus

Burnsinair
oroxygen

Nreaction
withairor



Highschoolnotes~0714497530(isabokemicah@gmail.com)
or
oxygen

air.
-Burns
brightlyin
oxygen
witha
golden
yellow
flameto
formNa2O

air.
-Burnsin
oxygen
witha
brightwhite
flameto
formMgO

coatingof
Al2O3when
itburnsin
oxygen.

temperatures
above950oC
toformSiO2

smoldersin
air;
-Pburnsin
airwitha
bright
orange
flameto
formP2O3

andP2O5

withablue
flameto
formSO2

gas

oxygen
under
normal
conditions.

Reaction
with
water

Reacts
vigorously
toproduce
H2and
NaOH

Slow
reaction
withcold
waterto
form
Mg(OH)2
andH2;
-Reacts
fasterwith
steamto
formMgO
andH2

Noreaction Noreaction Noreaction Noreaction Dissolves
inwaterto
form
chlorine
water

Reaction
with
dilute
acids

Violent
reaction
givingout
H2anda
sodiumsalt

Rapid
evolutionof
H2gasand
aMgsaltis
formed

Reacts
slowlyto
giveH2and
anAlsalt

Noreaction Noreaction Noreaction Noreaction

UNIT4:STRUCTUREANDBONDING.
1.Meaningofstructureandbond.
2.Natureofthechemicalbond.
3.Typesofbonds.
 Ionicbonds

o Meaning
o Formation
o Dotadcrossdiagrams.
o GiantIonicstructures

 Examples
 Meaning
 Propertiesofgiantionicstructures

 Covalentanddativebonds
o Meaning
o Formation
o Dotadcrossdiagrams.
o Giantcovalent(atomic)structures

 Examples
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o Meaning
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o Formation
o Dotadcrossdiagrams.
o GiantMetallicstructures

 Examples
 Meaning
 Propertiesofgiantmetallicstructures

3.Bondtypesacrossperiod3
 Oxidesofperiod3elements

o Nature
o Meltingandboilingpoints
o Generaltrendsinbondtypes

 Chloridesofperiod3elements
o Nature
o Meltingandboilingpoints
o Generaltrendsinbondtypes

4.Summaryonbondcharacteristics

1.Meaningofstructureandbond.
 Bond:

-Themutualforceofattractionthatholdsparticlestogetherwhenatoms(similarordifferent)combine
duringchemicalreactions.
 Structure:

-Aregularpatternofparticlesinasubstanceheldtogetherbychemicalbonds.

2.Natureofthechemicalbond.
-Atomsaremadeupofenergylevelsandnucleus.
-Theenergylevelscontainelectronswhilethenucleuscontainsprotonsandneutrons.
-Theelectronsarenegativelycharged,protonsarepositivelychargedwhileneutronsareelectrically
neutral.
-Thenoblegasesarechemicallyinertsincetheiroutermostenergylevelsarecompletelyfilledwiththe
maximumpossiblenumberofelectrons.
-Thusnoblegaseshaveeitherastabledupletstate(2)likeinheliumoratableoctetconfiguration(2.8
or2.8.8)asinneonandargonrespectively.
-Otheratomsareunstablebecausetheoutermostenergylevelsarenotyetcompletelyfilledwiththe
maximumpossiblenumberofelectrons.
-Toattainthestabledupletoroctetnoblegasconfiguration,suchatomslose,gainorsharetheir
valanceelectrons.
-Itistheactoflosing,gainingorsharingvalenceelectronsthatleadtothechemicalbonds.
-Whenatomsgainorlosevalenceelectron(s)theybecomechargedforminganionsandcations
respectively.
-Particlesofthesamechargerepeleachotherwhileparticlesofdifferentchargesattractoneanother.

3.Typesofbonds.
-Therearethreemaintypesofchemicalbonds:
 Ionicbonds
 Covalentbond
 Metallicbond
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(a).Ionicbonds/electrovalentbond.
 Meaning

-Isabondformedduetocompletetransferofelectronsfromoneatomtoanotherresultingintotwo
oppositelychargedions.

Formationofanionicbond.
-Formedduetocompletetransferofelectronsfromoneatomtoanother;andmainlyformedbetweena
metalandanon-metal.
-Thisoccursinabidforbothatomstoacquireastablenoblegasconfiguration.
-Oneatomlosesallitsvalenceelectronsthusformingacation(positivelychargedions).
-Theotheratomgainsallthelostvalenceelectronsformingananion(negativelychargedion).
-Thecationandtheanionareoppositelychargedandthusdevelopamutualforceofattractionbetween
themwhichistheionic/electrovalentbond.

Illustration:formationofionicbondbetweensodiumandchlorinetoformsodiumchloride.
-Sodiummetal(atomicnumber11)haselectronicconfiguration2.8.1andthusunstablewith1valence
electron.
-Chlorinegas(atomicnumber17)haselectronicconfiguration2.8.7andthusunstablewith7valence
electrons.
-Sodiumismoreelectropositive(thetendencytoloseelectronstoformcations)thanchlorinewhile
chlorineismoreelectronegative(thetendencytogainelectronstoformanions).
-Sodiumlosesitssinglevalanceelectrontoformsodiumionwithelectronicconfiguration2.8andanet
chargeof+1(Na+)
-Chlorineatom acceptsthesingleelectronlostbysodium toform achlorideionwithelectronic
configuration2.8.8withanetchargeof-1(Cl-).
-Thepositivelychargedsodiumionandthenegativelychargedchlorideionattracteachother.
-Theelectrostaticforcesofattractiondevelopbetweenthetwooppositelychargedionsandthis
constitutestheionicbond.
-Compoundsformedduetoionicbondingarethuscalledioniccompounds.

Diagrammatically:

Examplesofioniccompounds.
 Sodiumchloride.
 Potassiumfluoride.
 Magnesiumoxide
 Aluminium(III)oxide.

Dotandcrossdiagramsforioniccompounds
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1.Potassiumfluoride.

2.Magnesiumoxide

3.Sodiumoxide.

4.Magnesiumchloride.

5.Aluminium(III)oxide.

GiantIonicstructures
-Ionicbondingresultsintoonetypeofstructure,thegiantionicstructure.
-Thisisatypeofstructureinwhichallionsarebondedwithstrongionicbondsthroughoutthestructure.
-Eachioninthegiantionicstructureissurroundedbyseveralothersresultingintogiantpatternof
severalions,hencegiantionicstructure.
-Mostionicsubstanceswiththegiantionicstructurearecrystallineinnature,madeupcrystals.
 Note:

Acrystalisasolidformofasubstanceinwhichtheparticlesarearrangedinadefinitepattern
repeatedregularlyin3dimensions.

Illustrationofthegiantionicstructure:sodiumchloridestructure.
-TheNaClstructureconsistsofmanyNa+andCl-arrangedandpackedinaregularpattern.
-EachNa+issurroundedbysixCl-thatareequidistantfromit.
-SimilarlyeachCl-issurroundedbysixNa+thatareequidistantfromit.
-Thispatternoccursrepeatedlyinalldirections.
-Theresultisagiantofionsinalldirectionshencegiantionicstructure.

Diagramofthecubicstructureofsodiumchloride.

Propertiesofgiantionicstructures.
1.Theyarehardandbrittle.
 Reason:

-Ionicsolidsarehardbecauseeachionisheldinthecrystalbystrongattractionsfromtheoppositely
chargedionsaroundit.
-Theyarebrittleandthusmaybesplitcleanly(cleaved)usingasharp-edgedrazor.
 Explanation:

-Whenacrystalistappedsharplyalongaparticularplaneitispossibletodisplaceonelayerofions
relativetothenext.
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-Duetothedisplacement,ionsofsimilarchargecometogetherleadingtorepulsiveforcesbetweenthe
portionsofthecrystals.
-Thisforcesthetwoportionsofthecrystalstosplitapart.

Diagram:crystalcleavageinioniccompounds.

2.Theyhavehighmeltingandboilingpoints.
 Reason:

-Theyhavestrongelectrostaticforces/ionicbonds/electrovalentbondsbetweentheoppositely
chargedionsthroughoutthestructurewhichrequirelargeamountsofenergytobreak.

3.Solubility.
(i).Theyaresolubleinpolarsolventslikewater,ethanolandacetone(propanone)
 Reason:

-Watercontainshighlypolarmolecules.
-Thepositiveendsofthepolarwatermoleculesareattractedtothenegativeionsinthecrystal,andthe
negativeendsofthewatermoleculesareattractedtothepositiveionsinthecrystal.
-Thisresultstotheformationofion-solventbondswhichleadstoreleaseofenergy.
-Thisenergyissufficienttocausethedetachmentofionsfromthecrystallatticehencedissolution.
Note:
-Thisdetachmentofionsiscalledsolvation,andtheenergyrequiredforthisiscalledsolvationenergy.
-Wherethesolventiswatertheionsaresaidtohavebeenhydrated,andtheenergyinvolvedinthe
processiscalledhydrationenergy.

Diagrams:hydratedpositiveandnegativeions.

(ii).Theyareinsolubleinnon-polarorganicsolventsliketetrachloromethane,benzeneandhexane.
 Reason:

-Non-polarmoleculesareheldtogetherbyweakintermolecularforces,theVanderWaalsforces.
-TheVanderWaalsaremuchsmallerinmagnitudecomparedtotheionicbondsintheionicsolid
crystallattice.
-Thustheion-ioninteractionsintheionicsolidarestrongerthanthesolvent-solventinteractionsinthe
solventorthesolvent-ioninteractionsbetweenthesolidandthesolvent.
-Thusthenon-polarsolventmoleculescannotpenetratetheioniclatticetocausesalvation.

4.Electricalconductivity.
-Ionicsubstancesdonotconductelectriccurrentinsolidstate.
 Reason:
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Theionsareheldinstaticpositionsinthesolidcrystallatticeandthuscannotmovetoconductelectric
current.
-Theyconductelectriccurrentinmoltenandsolution(aqueous)states.
 Reason:

-Inmoltenandaqueousstatestheionsarefreeandmobileandthusmoveaboutconductingelectric
current.

Gradationinpropertiesofsomeioniccompoundsofsodium.

Propertyofcompound
Compoundofsodium

Sodiumfluoride Sodiumchloride Sodiumbromide Sodiumiodide
Solubilityinwater Soluble Soluble Soluble Soluble
Meltingpoint(oC) 993 801 747 661
Boilingpoint(oC) 1695 1413 1390 1304

Electrical
conductivity

Solid Doesnot Doesnot Doesnot Doesnot
Molten/
solution

Conducts Conducts Conducts Conducts

Note:
-Solubilityofthecompoundsdecreasefromsodiumfluoridetosodiumiodide.
-Meltingandboilingpointsdecreasefromsodiumfluoridetosodiumiodide.

2.Thecovalentbond.
 Meaning:

-Referstoabondformedwhentwoatomsofthesameorofdifferentelementsshareelectronsto
becomestable.
-Formationofcovalentbondbetweenatoms(similarordissimilar)resulttotheformationofamolecule.
-Covalentbondsareusuallyformedbytheassociationofnon-metals.

 Note:
-Amoleculeisagroupofatoms(twoormore)ofthesameordifferentelementsthatareheldtogether
bystrongcovalentbonds.

Formationofacovalentbond.
-Covalentbondingisbroughtaboutbythefactsthattheelectro-positivityandtheelectro-negativityof
theelementsinvolvedareveryclose.
-Forthatreason,noneoftheatomscancompletelyloseitsvalenceelectronstothenextatom.
-Forthisreason,bothatomsdonateelectronswhicharethensharedbetweenthem.
-Bothatomsthusattainastablenoblegas(dupletoroctet)configuration.

Illustrations:
 Formationofchlorinemolecule.

-Eachchlorideatomhaselectronicconfiguration2.8.7andthusneedtogainasingleelectroninthe
outermostenergyleveltoattainastablenoblegasconfiguration.
-Sincebothchlorideatomshavesameelectro-negativities,nonewilleasilyloseanelectrontotheother.
-Forthisreason,bothdonatethenumberofelectronsrequiredbytheotheratom(inthiscase1),which
theysharebetweenthem.
-Thuschlorinemoleculeisformedbysharing2electronsbetweentwochlorineatoms,henceasingle
covalentbond.
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Diagram:formationofchlorinemolecule.

Dotandcrossdiagramforchlorinemolecule.

Formationofoxygenmolecule.
-Eachoxygenatom haselectronicconfiguration2.8.6andthusneedtogain2electronsintothe
outermostenergyleveltoattainastablenoblegasconfiguration.
-Sincebothoxygenatomshavesameelectro-negativities,nonewilleasilyloseanelectrontotheother.
-Forthisreason,bothdonatethenumberofelectronsrequiredbytheotheratom(inthiscase2),which
theysharebetweenthem.
-Thusoxygenmoleculeisformedbysharing4electrons(2from eachatom)betweentwochlorine
atoms,henceadoublecovalentbond.

Diagram:theoxygenmolecule.

Note:
-Asinglecovalentbondisrepresentedindot(.)andcross(x)diagramsusingtwodots,twocrosses,a
dotandacrossorasingleline(–)betweentheatomsinvolvedinthebond.
-ThusasinglecovalentbondlikeinchlorinecanberepresentedasCl–Cl,adoublecovalentbondlike
inoxygencanberepresentedasO=Owhileatriplecovalentbondlikeinnitrogencanberepresentedas
N≡N.

Dot(.)andcross(x)diagramsforvariouscovalentcompounds.
1.Hydrogen,H2

2.Hydrogenchloride,HCl

3.Nitrogen,N2

4.Water

5.Carbon(IV)oxide,CO2
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6.Ammoniagas,NH3

7.Phosphene,PH3

8.Methane,CH4

9.Ethane.CH2CH2

10.Ethyne,C2H2

10.Ethanol,C2H5OH

12.Bromoethane,C2H4Br.

Thecoordinatebond.
-Referstoatypeofcovalentbondinwhichthesharedpairofelectronsformingthebondiscontributed
byonlyoneoftheatomsformingthebond.
-Itisalsocalledthedativebond.

Examples:
 Formationofammoniumion.

-Occurswhenanammoniagasmoleculecombineswithahydrogenion(proton).
-Alltheatomsintheammoniamoleculehaveastablenoblegasconfigurationandthusthemoleculeis
stable.
-Howeverthenitrogenintheammoniamoleculehasalonepairofelectrons(electronsthathavenotyet
beenusedinbondformation)
-Thehydrogenionhaslostitsoutermostsinglevalenceelectrontoformthehydrogenion.
-Thusthehydrogenionhasnoelectron(s)initsoutermostenergylevel.
-Tobestablethehydrogenneedstwoelectronsinitsoutermostenergylevel.
-Thehydrogenionthusacceptsbondswiththelonepair(2)ofelectronsinthenitrogenoftheammonia
moleculeformingadativebond.
-Thetotalnumberofelectronsintheammoniumionis11whilethetotalnumberofelectronsis10
leadingtoanetpositivechargeof+1

Note:
-Inadot(.)andcross(x)diagramwherethecovalentbondisrepresentedbyhorizontallines(–),the
dative//coordinatebondisrepresentedbyanarrow(→)pointingtheatomthat“accepts”theelectrons.

Diagram:formationofammoniumion.
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Formationofhydroxoniumion(H3O

+)
-Occurswhenawatermoleculecombineswithahydrogenion(proton).
-Alltheatomsinthewatermoleculehaveastablenoblegasconfigurationandthusthemoleculeis
stable.
-Howevertheoxygenintheammoniamoleculehas2lonepairsofelectrons//fourelectrons(electrons
thathavenotyetbeenusedinbondformation)
-Thehydrogenionhaslostitsoutermostsinglevalenceelectrontoformthehydrogenion.
-Thusthehydrogenionhasnoelectron(s)initsoutermostenergylevel.
-Tobestablethehydrogenneedstwoelectronsinitsoutermostenergylevel.
-Thehydrogenionthusacceptsandbondswithtwoofthefourelectronsintheoxygenofthewater
moleculeformingadativebond//coordinatebond.
-Thetotalnumberofelectronsinthehydroxoniumionis11whilethetotalnumberofelectronsis10
leadingtoanetpositivechargeof+1

Diagram:formationofthehydroxoniumion.

Note:
-Thehydroxoniumion(H3O

+)canstillfurtherreactwithanotherhydrogeniontoformanotherionofthe
formulaH4O

2+.
-Thisisduetothepresenceofasinglelonepairofelectronsinthestructureofthehydroxoniumion
(H3O

+).

Diagram:formationofH4O
2+fromH3O

+andH+

Note:
-TheH4O

2+cannothoweverreactfurthersinceallthevalenceelectronsinallitsatomshavebeenused
inbondingleavingnolonepairs.

Furtherexamplesofdativecovalentbondsinothercompounds.
1.Carbon(IV)oxide
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2.FormationofPH4
+

3.Aluminiumchlorinedimer(Al2Cl6).

4.Ammonia-aluminiumchloridevapourscomplex,AlCl3.NH3

Note:
-Substanceswithcovalentbondsformtwomaintypesofstructures:
 Molecularstructures
 Giantatomic//Giantcovalentstructures.

1.TheMolecularstructures.
-Referstoastructureinwhichcovalentbondsholdsatomstogethertoform moleculesandthe
resultantmoleculesareheldtogetherbyintermolecularforces.
-Substancewithmolecularstructuresareusuallygasesorliquidsatroomtemperature.
-Fewsolidssuchassulphur,iodine,fats,sugar,naphthaleneandparaffinwaxalsohavemolecular
structures.
-Theintermolecularforcesinmolecularstructuresareoftwotypes:
 VanderWaals
 Hydrogenbonds

(a).TheVanderWaals.
-Aretheweakestform ofintermolecularforcesduetoinduceddipole-induceddipoleattractions
betweenmolecules.
-Asthesizeofthemoleculeincreases,thenumberofconstituentelectronsincreasesleadingto
increaseinstrengthoftheinduceddipole–induceddipoleinteractions.
-ThestrengthoftheVanderWaalsthusincreasesasthemolecularsizeincreases.

Note:
Thisexplainsthetrendinboilingpointsforthehalogens,whichincreasefromfluorinetoiodine.
 Reason:

-Fromfluorinetoiodinethesizeoftheatomsandhencethemoleculesincreasesleadingtoincreasein
molecularmassesthatleadtostrongerinduceddipole–induceddipoleinteractionshenceincreasing
strengthoftheVanderWaals(fromF2toI2)
-Thisalsoappliesfortheincreaseinboilingpointsforthehomologousseriesofalkanes.

Diagram:IllustrationofVanderWaalsforces
(i).Iodine

(ii).Graphite.



Highschoolnotes~0714497530(isabokemicah@gmail.com)

(b).Thehydrogenbonds.
-Isanintermolecularforceinwhichtheelectropositivehydrogenatomofonemoleculeisattractedtoan
electronegativeatomofanothermolecule.
-Theessentialrequirementsfortheformationofahydrogenbond(H–bond)are:
 Ahydrogenatomattachedtoahighlyelectronegativeatom.
 Anunsharedpairofelectronsontheelectronegativeatom.

Note:
Thisexplainswhyhydrogenbondsarecommoninmoleculesinwhichhydrogenarebondedtohighly
electronegativeatomslikenitrogen,oxygenandfluorine.

Theformationofhydrogenbonds
-Occurswhenhydrogenatom isbondedtoahighlyelectronegativeatom likenitrogen,oxygenand
fluorine.
-Theelectronsinthecovalentbond(betweenhydrogenandthemoreelectronegativeatom)aredrawn
towardstheelectronegativeatom.
-Hydrogenatomhasnoelectronsotherthantheoneitcontributestothecovalentbond,whichisalso
beingpulledawayfromit(bythemoreelectronegativeatom).
-Hydrogenatom hasnoouterenergylevelofelectronsmakingthesingleprotoninthenucleus
unusually“bare”.
-Theprotonisthusreadilyavailableforanyformofdipole-dipoleattractions.
-The“bare”protonofthehydrogenatomthusattractsthemoreelectronegativeatom(e.g.N,OandF)
oneitherside.
-Itthusexertsanattractiveforceonthemoreelectronegativeatomhencebondingthemtogether.
-Thetwo(moreelectronegative)largeratomsaredrawncloserwithahydrogenatomeffectivelyburied
intheirelectronclouds.
-ThisconstitutestheHydrogenbond.

Illustration:formationofhydrogenbondsinwater.
-Inwatertwohydrogenatomsarebondedtoanoxygenatomwhichhighlyelectronegative.
-Theelectronsinthecovalentbond(betweeneachhydrogenandoxygenatom)aredrawntowardsthe
moreelectronegativeoxygenatom.
-Thehydrogenatomshavenoelectronsotherthantheirshareofthoseinthecovalentbond,whichare
alsobeingpulledawayfromthembytheoxygenatom.
-Hydrogenatomshavenoouterenergylevelofelectronsmakingthesingleprotonintheirnucleus
unusually“bare”.
-Theprotonisthusreadilyavailableforanyformofdipole-dipoleattractions(withoxygeninthiscase).
-The“bare”protonofeachofthehydrogenatomsinonemoleculethusattractsthemore
electronegativeoxygenatomoftheneighboringmolecule.
-Eachhydrogenatomthusexertsanattractiveforceontheoxygenatomofthenextmoleculehence
bondingthemtogether.
-Theelectronegativeoxygenatomofonemoleculeisdrawntotheelectropositivehydrogenatomofthe
nextmoleculewiththehydrogenatomseffectivelyburiedintheelectroncloudsofoxygen.
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-ThisconstitutestheHydrogenbondinthewatermolecule.

Diagram:hydrogenbondsinwatermolecules.

Note:
-Othercompoundswithhydrogenbondsincludeethanol,ammonia,hydrogenfluorideetc.
-HydrogenbondsaremuchstrongerthantheweakVanderWaalsforcesbutstillweakerthanthe
covalentbonds.

Effectofhydrogenbondingonpropertiesofmolecularsubstances.
-Hydrogenbondingtendstodisruptthegradationinphysicalpropertiesofmolecularsubstancesin
relationtomolecularweights.
-Theeffectonmolecularmassesonthemeltingandboilingpointsonlyapplywhentheintermolecular
forceisthesame.

Examples.
1.Bothethanol(C2H5OH)anddimethylether(C2H6O)havethesamerelativemolecularmassof46.
Howevertheboilingpointofethanolishigherat78.5oCthanthatofdimethyletheratonly-24oC.
Reason:
-Even though both have molecularstructures with covalentbonds between the atoms,the
intermolecularforcesinethanolarehydrogenbondswhicharemuchstrongerthantheintermolecular
forcesindimethyletherwhichareweakVanderWaalsforces.

2.Ethanol(C2H5OH)hasamolecularmassof46whilebutane(C4H10)hasamolecularmassof58,yet
theboilingpointofethanolishigherthanthatofbutane.
Reason:
-Bothhavemolecularstructureswithcovalentbondsbetweentheatoms.However,theintermolecular
forcesinethanolarehydrogenbondswhicharemuchstronger(andrequiremoreenergytobreak)than
theintermolecularforcesindimethyletherwhichareweakVanderWaalsforces.
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-Molecularsubstancesaregenerallyinsolubleinpolarsolventslikewater.Howeverthosewith
hydrogenbondingastheintermolecularforcesaresolubleinwatersincethehydrogenbondingconfers
themsomepolarity.
Examples:
-Sugar,ethanol,ethanoicacidetc

Propertiesofmolecularstructures.
1.Meltingandboilingpoints.
-Thegenerallyhavelowmeltingandboilingpoints.
Reason:
-Althoughtheatomsformingthemoleculesareheldtogetherbystrongcovalentbonds,the
intermolecularforcesareweakVanderWaalsforceswhichrequirelowamountsofenergytobreak.

2.Heatandelectricalconductivity
-Theyarepoorconductorsofheatandelectricityatanystate.
Reason:
-Theyhaveneitherdelocalizedelectronsnorfreemobileionsforelectricalconductivity.

3.Solubility
-Molecularsubstancesaregenerallyinsolubleinpolarsolventslikewaterbutsolubleinnon-polar
organicsolventslikebenzene.
Reason:
-Inpolarsolventslikewatertherearestrongwater–waterattractionswhichareconsiderablestronger
thantheintermolecularforces(VanderWaals)attractionsormolecule–water(solvent)attractions,
makingthemoleculesunabletopenetratethewater(solvent)structurefordissolutiontooccur.
-Innon-polarsolventslikebenzene,thebenzene-benzeneattractionsaresimilarinstrengthtothe
intermolecularforcesorthemolecule–benzene(solvent)attractions,enablingthemoleculesto
penetratethesolventthusallowingdissolution.

Note:
-Molecularsubstanceswithhydrogenbondsastheintermolecularforcesaresolubleinpolarsolvents
likewater.
Reason:
-Thehydrogenbondsinthemoleculesareequalinstrengthtothewater–waterinteractionswhichare
alsohydrogenbonds,thusthemoleculesareabletopenetratethestructureofwaterleadingtosalvation
//dissolution//hydrationi.e.theyarepolarlikethewatermolecules.

Summary:Propertiesofsomemolecularsubstances.

Propertyofcompound
Molecularsubstance

Sugar
(Sucrose)

Naphthalen
e

Iodine
Rhombic
sulphur

Water Hydrogen
sulphide

Solubilityinwater Soluble Insoluble
Insolubl
e

Insoluble
- Slightly

soluble
Molecularmass 183 128 186 256 18 34
Meltingpoint(oC) 186 82 113 114 0 -85
Boilingpoint(oC) - 218 183 444 100 -60
Electrical Solid Doesnot Doesnot Doesnot Doesnot Doesnot Doesnot
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conductivity
Molten/
solution

Doesnot Doesnot Doesnot Doesnot
Doesnot Doesnot

2.Giantcovalentstructures//Giantatomicstructures.
-Aremolecularsubstancesinwhichatomsarelinkedthroughoutthewholestructurebyverystrong
covalentbondsfromoneatomtothenext.
-Theresultisanindefinitenumberofatomswhichareallcovalentlybondedtogether.
-Thispatternoccursrepeatedlythroughoutthestructureleadingtoa“giant”ofatomsallcovalently
bonded.

Examples:
(a).Diamond.
-Isanallotropeofcarbon.
 Note:allotropesaredifferentcrystallineformsofthesameelementinthesamephysicalstate.

-Indiamond,eachcarbonatomisbondedtofourothercarbonatomsbystrongcovalentbonds.
-Thecarbonatomsindiamondarecovalentlybondedintoanoctahedralpattern,whichrepeatsitselfin
alldirectionsresultingintoagiantatomicstructure.
-Sinceeachcarbonatomisbondedtofourothers,allthefourvalenceelectronsineachcarbonareused
inbondinghencenodelocalizedelectronsinthestructureofdiamond.
-Diamondisthehardestsubstanceknownduetothefactthatalltheatomsarecovalentlybonded
togetherandarecloselypackedtogether.

Diagram:Structureofdiamond:

Propertiesofdiamond.
i.Havehighmeltingandboilingpoints.
Reason:
-Ithasagiantatomicstructurewithstrongcovalentbondsthroughoutthestructurewhichrequirelarge
amountsofenergytobreak.

ii.Itisinsolubleinwater.
Reason:
-Itisnon-polarandthuscannotdissolveinpolarwatermoleculessincetherearenointermolecular
interactionswhichwouldfacilitatepenetrationintothewatermoleculesfordissolutiontooccur.
iii.Doesnotconductheatandelectricity.
Reason:
-Eachcarbonatominthestructureofdiamondisbondedtofourothershenceusesallitsfourvalence
electronsinbondingandthuslacksanydelocalizedelectronsforelectricalconductivity.

iv.Itisthehardestsubstanceknown.
Reason:
-Allcarbonatomsarecompactlybondedinacontinuousoctahedralpatternwithstrongcovalentbonds
throughoutthestructurewhichareverydifficulttobreak.

(b).Graphite.
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-Isalsoanallotropeofcarbon.
-Ingraphite,eachcarbonatomisbondedtothreeothercarbonatomsbystrongcovalentbonds.
-Sinceeachcarbonatomisbondedtoonlythreeothers,onlythreeofthefourvalenceelectronsineach
carbonareusedinbondinghencepresencedelocalizedelectronsinthestructureofgraphite.
-Thisexplainstheelectricalconductivityofgraphite.
-Thecarbonatomsingraphitearecovalentlybondedintohexagonallayers,whicharejoinedtoeach
otherbyweakVanderWaalsforces.
-ThepresenceofweakVanderWaalsforcesexplainstheslipperynatureofgraphite.

Diagram:Structureofgraphite.

PropertiesofGraphite.
i.Havehighmeltingandboilingpoints.
Reason:
-Ithasagiantatomicstructurewithstrongcovalentbondsthroughoutthehexagonallayerswhich
requirelargeamountsofenergytobreak.EventhoughthereareVanderWaalsbetweenthelayersthe
effectofthelargenumberofcovalentbondsstillcontributetohighmeltingandboilingpointsin
graphite

ii.Insolubleinwater.
Reason:
-Itisnon-polarandthuscannotdissolveinpolarwatermoleculessincetherearenointermolecular
interactionswhichwouldfacilitatepenetrationintothewatermoleculesfordissolutiontooccur.

iii.Itisagoodconductorheatandelectricity.
Reason:
-Eachcarbonatominthestructureofgraphiteisbondedtothreeothershenceusesonlythreeofits
fourvalenceelectronsinbonding.Thisleadstopresenceofdelocalizedelectronsinthestructureof
graphitewhichconductsheatandelectricity.

iv.Itissoftandslippery.
Reason:
-Thecarbonatomsingraphitearecovalentlybondedintohexagonallayerswhicharejoinedtoeach
otherbyweakVanderWaalsforces.
-TheweakVanderWaalsforceseasilyslideovereachotherwhenpressedhencethesoftandslippery
feel.

(c).Silicon(IV)oxide.
-Isacovalentcompoundofsiliconandoxygen.
-Siliconhasfourelectronsinitsoutermostenergylevelwhileoxygenhassix.
-Eachsiliconatomisbondedtofouroxygenatomsbystrongcovalentbonds.
-Eachoxygenatomisbondedtotwosiliconatomsbystrongcovalentbonds.
-Thismeanstherearenodelocalizedelectronsinthestructureofsilicon(IV)oxidemakingitunableto
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conductelectriccurrent.
-Thesiliconandoxygenatomsareallcovalentlybondedtogether(bystrongcovalentbonds)ina
repeatedmannerleadingtoagiantofcovalentbondsthroughoutthestructure.
-Theextraordinarilystrongcovalentbondsinsilicon(IV)oxidethrououtthestructurecontributetothe
veryhighmelting(1728oC)andboiling(2231oC)points.

Diagram:structureofsilicon(IV)oxide.

Propertiesofgiantatomic//giantcovalentstructures.
i.-Havehighmeltingandboilingpoints
ii.-Theyarenon-conductorsofheatandelectricitywiththeexceptionofgraphite
iii.-Theyareinsolubleinwater
iv.-Mostaregenerallyveryhard,withtheexceptionofgraphite

 Note:forexplanationsoftheaboveproperties,refertoindividualexplanationsofeachcompound.
3.Themetallicbond.
-Isabondformedduetoelectrostaticattractionbetweenthepositivelychargednucleiandthe
negativelychargeddelocalizedelectronsthatholdatomstogether.

Formationofametallicbond.
-Inametalthereareusuallymanyatomssurroundinganyoneatom.
-Thevalenceelectronsofanyoneatomarethereforemutuallyattractedtomanynuclei.
-Thisleadstoasituationinwhichthepositivenucleiappeartobeimmersedinaseaofmobile
electrons.
-Theseaofmobileelectronsaresaidtobedelocalizedwhichexplainstheabilityofsubstanceswith
metallicbondstoconductelectriccurrent.
-Thispatternofpositivenucleiinaseaofelectronsisrepeatedmanytimesthroughoutthestructure
leadingtoagiantmetallicstructure,theonlystructureduetometallicbonds.

Diagram:modelofthegiantmetallicstructure.

Propertiesofthegiantmetallicstructure.
1.Theyhavehighmeltingandboilingpoints.
Reason:
-Theyhavestrongmetallicbondsthroughoutthestructurewhichneedlargeamountsofenergytobreak.



Highschoolnotes~0714497530(isabokemicah@gmail.com)
-Thestrengthofthemetallicbondincreaseswithdecreaseinatomicsize,aswellaswithincreaseinthe
numberofdelocalizedelectrons.
-Thusmetalswithsmalleratomsandmoredelocalizedelectronstendtohavestrongermetallicbonds
hencehighermeltingandboilingpoints.
-Thisexplainswhythemeltingandboilingpointsofmetallicelementsinperiodthreeincreasefrom
sodiumtoaluminium.

2.Theyaregoodconductorsofheatandelectricity.
Reason:
-Thehavedelocalizedelectronswhichheatandelectriccurrent.
Note:
-Theelectricalconductivityofmetalsincreaseswithincreaseinthenumberofdelocalizedelectronsin
eachatominthestructure.
-Thisexplainswhyaluminiummetalisabetterconductorofheatandelectricitythanbothmagnesium
andsodium.

3.Theyareinsolubleinwater.
Reason:
-Therearenodipolesinthegiantmetallicstructureandarethusnon-polar,socannotdissolveinpolar
watermolecules.
Summary:somephysicalpropertiesofmetals

Metal Valency Meltingpoint
(oC)

Boilingpoint
(oC)

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 0.125 Good

Summary:Comparingvarioustypesofstructures.

Attribute Giantmetallic
Giantatomic/giant
covalent

Giantionic Giantmetallic

1.Structure
i.Examples Na,Fe,Cu. Diamond,SiC,SiO2. Ca2+O2-,(K+)2SO4

2-,
Na+Cl-,

I2,S8,C10H8,HCl,
CH4.

ii.Constituent
particles

Atoms Atoms Ions Molecules

iii.Typeof
substance
compound

Metalelementwith
low
electronegativity

Non-metalelement
ingroupIVorits
compound.

Metal/non-metal
compound(a
compoundof
elementswitha
largedifferencein
electronegativity)

Non-metalelement
ornon-metal/non-
metalcompound
(elementswithhigh
electronegativity)

2.Bonding:
Inthesolid

Attractionofouter
mobileelectronsfor
positivenuclei
bindsatoms
togetherbystrong
metallicbonds

Atomsarelinked
throughthewhole
structurebyvery
strongcovalent
bondsfromone
atomtothenext.

Attractionof
positiveionsfor
negativeions
resultsinstrong
ionicbonds

Strongcovalent
bondsholdatoms
togetherwithinthe
separatemolecules;
separatemolecules
areheldtogetherby
weak
intermolecular
forces.



Highschoolnotes~0714497530(isabokemicah@gmail.com)
3.Properties.
i.Volatility:

Stateatroom
temp.

Non-volatile.Very
highmeltingand
veryhighboiling
points.
Usuallysolid

Non-volatile.Very
highmeltingand
veryhighboiling
points.
Solid

Non-volatile.Very
highmeltingand
veryhighboiling
points.
Solid

Volatile.Low
meltingandlow
boilingpoints.
Usuallygasesor
volatileliquids

ii.Hardness//
malleability

Hard,yetmalleable. Veryhardand
brittle

Hardandbrittle Soft

iii.Conductivity: Goodconductors
whensolidor
molten.

Non-conductorsin
anystate(except
graphite)

Non-conductors
whensolid;good
conductorswhen
moltenorin
aqueoussolution
(electrolytes)

Non-conductors
whensolid,molten
andinaqueous
solution.
(AfewlikeHClreact
withwatertoform
electrolytes)

iv.Solubility: Insolubleinpolar
andnon-polar
solventsbutsoluble
inmoltenmetals

Insolubleinall
solvents

Solubleinpolar
solvents(e.g.H2O),
insolubleinpolar
solventslike
tetrachloromethane,
CCl4.

Polarmolecules
e.g.HClaresoluble
inpolarsolvents
likewater;but
insolubleinnon-
polarsolventslike
CCl4andvise-versa.

Typesofbondsacrossaperiod.
-Thenumberofvalenceelectronsplayanimportantroleindeterminationofchemicalbonding.
-Acrossaperiodintheperiodictable,thenatureofthebondsvariesfrommetallictocovalent.
-Thestructurealsothusvariesfromgiantmetallictosimplemolecular.
-Thussimilarcompoundsoftheelementsinperiod3willalsoexhibitvariationinbondtypes,structures
andproperties.

Variationinbondtypesinoxidesofperiodthreeelements.

Oxide Na2O MgO Al2O3 SiO2 P2O5 SO2 Cl2O7

Physical
state

Solid Solid Solid Solid Solid Gas Gas

M.P(oC) 1193 3075 2045 1728 563 -76 -60

B.P(oC) 1278 3601 2980 2231 301 -10 -9

Structure Giantionic Giantionic Giantionic Giant
atomic

Molecular Molecular Molecular

Bonding Ionic Ionic Ionic Covalent Covalent
withVan
derWaals

Covalent
withVan
derWaals

Covalent
withVan
derWaals

Natureof
oxide

Basic
(alkaline)

Basic
(weakly
alkaline)

Amphoteric Acidic Acidic Acidic Acidic

Solubilityin
water

Dissolves
toforms
analkaline
solution

Dissolves
toforms
analkaline
solution

Insoluble Insoluble Dissolves
inwaterto
formacidic
solution.

Dissolves
inwaterto
formacidic
solution.

Dissolves
inwaterto
formacidic
solution.

Reaction
withacids

Reactsto
formsalt
andwater.

Reactsto
formsalt
andwater.

Reactsto
formsalt
andwater.

No
reaction.

No
reaction.

No
reaction

No
reaction
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Note:
1.-Themeltingandboilingpointsofthemagnesiumoxideishigherthanthatofsodiumoxide
Reason:
-Bothhavegiantionicstructures.Howevertheelectrostaticforcesofattractionbetweenmagnesium
ionsandoxideionsarestrongerduetothefactthatmagnesiumionhasachargeof+2andissmallerin
sizethanthesodiumion.

Effectofbondtypesofpropertiesofchloridesofperiod3elements
-Mostperiod3elementsformstablechlorides.
-Thetrendinbondtypes,structuresandpropertiesofchloridesofperiod3elementsshowvariation
acrosstheperiod.

Properties:
i.Reactionwithwater.
Procedure:
-Atesttubeishalffilledwithwaterandinitialtemperatureofthewaterrecorded.
-Aspatulaendfullofsodiumchlorideisaddedandstirreduntilitdissolves.
-Thehiughesttemperatureattainedwhenallthesoliddissolvesisrecoredandthetemperaturechange
calculated.
-Two–threedropsofuniversalindicatorareaddedandthepHofthesolutionnotedandrecorded.

Observations:

Chloride
Observations

Solubility Temperaturechange(oC) pHofsolution
Sodiumchloride Dissolves Dropintemperature 7
Magnesiumchloride Dissolves Slightincrease 6.5
Aluminiumchloride Hydrolyzed Increases 3
Silicon(IV)oxide Hydrolyzed Increases 2
Phosphorus(III)
chloride

Hydrolyzed Increases 2

Phosphorus(V)chloride Hydrolyzed Increases 2

Explanations.
 Sodiumandmagnesiumchlorides.

-Sodiumchloridedissolvesinwatercausingaslightdropintemperature.
-Magnesiumdissolvesreadilywithasmallincreaseintemperature.
-Bothchloridesareionicandwhenaddedtowaterthereisanimmediateattractionofpolarwater
moleculesforionsinthechlorides.
-ThesolidthusreadilydissolvesformingaquatedionssuchasNa+(aq)andCl

-
(aq).

-Theseareseparatemetalandnon-metalionssurroundedbypolarwatermolecules.
-SincethereisnoproductionofeitherH+orOH-ionsthesolutionsareneutral.

Equations:
NaCl(s)+H2O(l)→Na+(aq)+Cl

-
(aq)+H2O(l).

MgCl2(s)+H2O(l)→Mg2+(aq)+2Cl
-
(aq)+H2O(l).

 Anhydrousaluminiumchloride.
-ItexitsinmolecularformasadimericmoleculeofAl2Cl6.
-Thedimericmoleculeisformedwhenaluminium chloride(AlCl3)moleculesvapourcondenseand
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combineforminglargermoleculesofAl2Cl6.

Diagram:Formationofadimerinaluminiumchloride.

-Whenaddedtowateraluminiumchlorideishydrolyzedtoformanacidicsolution.
-Bysodoingitbehaveslikeacovalentchlorideratherthananionicchloride.
-Thehydrolysisisanexothermicreactionaccompaniedbyreleaseofheathencetheincreasein
temperature.

Explanations.
-Thehydrolysisisduetotheverysmallbuthighlychargedaluminiumion,Al3+.
-TheAl3+drawselectronsawayfromitssurroundingwatermoleculesandcausesthemtogiveupH+
ions.
-Thisreactionusuallyinvolvesaluminiumionscombiningwithsixwatermoleculestoformhexa-aqua-
aluminium(III)ionswhichdissociatetogiveH+.

Equation:
[Al(H2O)6]

3+
(aq)→[Al(H2O)5(OH)]

2+
(aq)+H

+
(aq)

Note:
Thisreactioncanbesimplifiedasfollows:
-AluminiumchloridereactingwithwaterandhydrolyzingtogiveHCl(aq)asoneoftheproducts.
 Equation:Al2Cl6(s)+6H2O(l)→2Al(OH)3(aq)+6HCl(aq)

-ThentheHCldissociatestogiveH+andCl-
 Equation:6HCl(aq)→H+

(aq)+Cl
-
(aq)

-ItistheresultantH+thatconferthesolutionitsacidicproperties.

 Silicon(IV)chloride
-Undergoeshydrolysisinwaterinanexothermicreactionproducingalotofheat.
-Theproductsofthehydrolysisaresilicon(IV)oxidesolidandhydrogenchloridegas.
-Thehydrogenchloridegasimmediatelydissolvesinthewatertoformhydrochloricacid.
-ThehydrochloricaciddissociatedtoliberateH+whichleadstoacidicconditions.

Equations:
SiCl4(s)+2H2O(l)→SiO2(s)+4HCl(aq)
Then:4HCl(aq)→4H+

(aq)+4Cl
-
(aq).

 Phosphorus(III)chlorideandphosphorus(V)chloride
-Bothundergohydrolysisinwaterinanexothermicreactionproducingalotofheat.
-Theproductsofthehydrolysisarephosphorus(III)acidandphosphoric(V)acidrespectively,and
hydrogenchloridegas.
-Thehydrogenchloridegasimmediatelydissolvesinthewatertoformhydrochloricacid.
-ThehydrochloricaciddissociatedtoliberateH+whichleadstoacidicconditions.

Equations:
 Withphosphorus(III)chloride:

PCl3(s)+2H2O(l)→H3PO3(s)+3HCl(aq)
Then:3HCl(aq)→3H+

(aq)+3Cl
-
(aq).
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 Withphosphorus(V)chloride:
PCl5(s)+4H2O(l)→H3PO4(s)+5HCl(aq)
Then:5HCl(aq)→5H+

(aq)+5Cl
-
(aq).

Trendsinbondtypesandpropertiesofchloridesofelementsinperiod3

Property
Period3chloride

Formula NaCl MgCl2 Al2Cl6 SiCl4 PCl3&PCl5 SCl2

Physical
stateatRT

Solid Solid Solid Liquid Liquid Liquid

M.P(oC) 801 714 Sublimesat
180oC

-70 Sublimesat-
94oC

-78

B.P(oC) 1467 1437 - 57 - Decomposes
at57oC

Conductivity Good Good V.poor nil nil Nil

Structure Giantionic Giantionic Molecular
dimer

Molecular Molecular Molecular

Bondtype Ionic Ionic Ionic/
covalent

Covalent Covalent Covalent

Effecton
water

Readily
dissolves

Readily
dissolves

Hydrolyzed
togiveHCl
fumes

Hydrolyzed
togiveHCl
fumes

Hydrolyzed
togiveHCl
fumes

Hydrolyzed
togiveHCl
fumes

pHof
solution

7 6.5 3 2 2 2

Summary:Characteristicsofbonds

Property Substanceswith
Covalentbonds Ionicbonds Metallicbonds

Electricalconductivity Non-conductorsexcept
graphite

-Solidsdonotconduct.
-Aqueoussolutionsand
moltenstateconduct

-Conducts

Thermalconductivity -Non-conductorsexcept
graphite

-Donotconduct -Conducts

Meltingpoint(oC) -Lowformolecular
substances
-Highforgiantatomic
structures

-Usuallyhigh. -Generallyhigh

Boilingpoint(oC) -Lowformolecular
substances
-Highforgiantatomic
structures

-Usuallyhigh -Generallyhigh

Solubility -Generallyinsolublein
waterbutsolublein
organicsolvents

-Generallysolublein
water

-Somemetalsreactwith
water
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UNIT5:SALTS.
1.Meaning.
2.Typesofsalts:
 Normalsalts
 Acidsalts
 Basicsalts
 Doublesalts.

3.Solubilityofsaltsinwater
 Sulphates
 Chlorides
 Nitrates
 Carbonates
 Sodium,potassiumandammoniumsalts

4.Solubilityofbasesinwater.
5.Obtainingcrystals
6.Preparationofsalts
 Insolublesalt

 Doubledecomposition
 Solublesalts

Asodium,potassiumandammoniumsalts

Anon-potassium,sodiumandammoniumsalt.
Thatreactswithwater
Directsynthesis
Thatdoesnotreactwithwater
Acidandmetalmethod
Acid+basemethod
Neutralization
7.Usesofsalts
8.Actionofheatonsalts
 Carbonates
 Nitrates
 Sulphates.
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