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Meaningofchemistry.
-Itisabranchofsciencewhichdealswiththecompositionandpropertiesofmatter.

Matter
-Matterisanythingthathasmassandoccupiesspace.

Statesofmatter.
-Matterexistsinthreedifferentstates:solids,liquidsandgases.
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Propertiesofthedifferentstatesofmatter.

Solid Liquids Gases
Mass Definite Definite Definite
Shape Definite Indefinite:theytakethe

volumeofthecontainerin
whichtheyarein.

Indefinite:theytakethe
shapeofthecontainerin
whichtheyare.

Volume Definite Definite Indefinite:volumemay
increasewithincreasein
temperature;anddecrease
withdecreaseinpressure

Note:Conductorsandnon-conductors:
-Theflowofelectriccurrentthroughmaterialsiscalledelectricalconductivity.
-Solidsubstanceswhichallowelectriccurrenttoflowthroughthemarecalledconductors.
-Solidsubstancesthatdonotallowelectriccurrenttoflowthroughthemarecallednon-conductors.

Roleofchemistryinasociety.
-Chemistryhasenabledextractionofchemicalsfromplants.
-Itisusedinthemanufactureofsubstancessuchassoap,glass,plastics,medicine,rubber,textilesetc
fromnaturallyoccurringsubstances.
-Purificationofsubstancesfromnaturalrawmaterials.
-Itformsabasisforentryintocareerse.g.teaching,medicine,chemicalengineeringetc.

Laboratoryrulesandsafetysymbols.
Necessityoflaboratorysafetyrules.
1.Toavoidaccidentsandinjuriesduringpracticalexperimentsinthelaboratory.
2.Toavoiddamagetoandbreakageofapparatusandlaboratoryfittings.
3.Toavoidwastageoflaboratorychemicals.

Thelaboratorysafetyrulesandregulations.
-Neverrunwhileinthelaboratory;
Reason:Youmayinjureothersoryourselfinthelaboratory.
-Nevertasteoreatsomethinginthelaboratory;
Reason:toavoidpoisoning.
-Alwaysconsultyourteacherbeforetryingoutanyexperiment;soastoavoidaccidents.
-Labelallchemicalsinusesoastoavoidconfusion.
-Alwaysuseacleanspatulaforscoopingasubstancefromacontainertominimizecontamination.
-Alwaysholdtest-tubesandboilingtubesusingtesttubeholderwhenheating;toavoidbeingburned.
-Whenheatingasubstanceneverlettheopenendofthetubefaceyourselforanybodyelse,because
theliquidmayspurtoutandcauseinjury.
-Neverlookdirectlyintoflasksandtesttubeswherereactionsaretakingplace,becausethechemicals
mayspurtintoyoureyesandcauseinjury.
-Neversmellgasesdirectly.Instead,waftthegaseousfumesnearyournosewithyourhand.
-Experimentsinwhichpoisonousgasesandvapoursareproducedmustbecarriedoutinafume
cupboardoranopenspaceoutdoors.
-Alwayskeepflammablesubstancesawayfromflamesbecausetheyeasilycatchfire.
-Alwaysreportanyaccidentstotheteacherorthelaboratorytechnicianimmediatelyfornecessary
action.
-Incaseofanaccidentdonotscrambleforthesameexit,becauseitmayhindereasyescape.
-Alwaysputoffflamesthatarenotinuseinordertoavoidaccidentsandminimizefuelwastage.
-Ifachemicalgetsonyourskinormouthrinseitimmediatelywithalotofwater.
-Alwaysdisposeoffthechemicalsalreadyusedsafelytoavoidexplosionsandcontaminations.
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-Alwaysworkonacleanbench.Aftercompletingyourexperiment,cleanallthepiecesofapparatusyou
haveusedandreturnthemtotheircorrectstorageplaces.
-Alwaysreadthelabelofthereagentsbeforeusingthem.

Safetysymbols.
-Thesearesignsfoundonthelabelsofbottlesorcartonscontainingdangerouschemicals.
-Thecommonsafetysymbolsareasfollows:
Symbols Meaning.

Toxic:areverypoisonousandcan
easilykillifswallowed,inhaledoron
contactwiththeskin.
Examples:Chlorineandmercury;

Harmful:Lessharmful(dangerous)
thanthetoxicsubstances;areonly
likelytocausepainanddiscomfort.
Examples:copper(II)sulphate,lead
(II)oxide
Highlyflammable:aresubstances
thatcatchfireeasilyandmustnotbe
handlednearopenfire.
Examples:ethanol,hydrogen
Oxidizing:rapidlyprovideoxygenand
cancausefiretoburnmorefiercely.
Examples:potassiummanganate
(VII),hydrogenperoxide
Corrosive:aresubstancesthatcause
burnstoskinandfabric;andcanalso
reactwithothersubstancessuchas
metals
Examples:nitric(V)acid,conc.
sulphuricacid,bromine.
Irritant:cancauseblistersor
reddeningoftheskin;usuallyirritate
therespiratorytract,skin,eyesetc.
Examples:calciumchlorideandzinc
sulphate

CommonChemistrylaboratoryapparatusandtheiruses.

Nameofapparatus Diagram. Use.
Testtubes -Generallaboratoryexperiments;like

heatingsolids;qualitativeanalysisetc

Boilingtubes -Mainlyusedforheatingsmall
amountsofsolidsandliquids.
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Testtubeholder Usedforholdingtesttubesandboiling
tubesduringheatingexperiments.

Measuringcylinder -Measuringaccuratevolumesof
liquidsinthelaboratory

Beaker
-Lippedglassor
plasticvesselsof
variouscapacities.

-Glassbeakersareusedforboiling
liquidsubstances;
-Holdingsolutionsduringchemistry
experiments.

Filteringfunnel -Directingliquidsintocontainerswith
smallnarrowmouths;
-Holdingfilterpapersduringfiltration;

Nameofapparatus Diagram Use
Stirringrod

Watchglass

Thermometer -Measuringtemperaturesduring
experiments.
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Conicalflask -Normallaboratoryexperimentslike
titration.
-Maybeusedformeasuringvolumesif
graduated.

Round-bottomed
flask

-Usedwhenheatingliquidsubstances
becauseheatissupplieduniformly.

Flat-bottomedflask -Usedforgenerallaboratory
experiments.

Evaporatingdish -Usedwhenevaporatingliquids.

Nameofapparatus Diagram Use
Crucible -Usewhenheatingsolidsubstances

thatrequirestrongheating.

Pestleandmortar -Crushingsubstanceswhilethemortar
holdsthesubstancesbeingcrushed.

Pieclay(ceramic)
triangle

-Supportingcruciblesduringheating.
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Tripodstand -Supportingbeakersandflasksin
whichliquidsarebeingheated.

Wiregauze -Usedwhenglassapparatusarebeing
heated;tofacilitateevendistributionof
heatwhenheatingsubstancesin
beakersorflasks

Clamp -Supportingandholdingpiecesof
apparatusduringexperiments.

Nameofapparatus Diagram Use
Deflagratingspoon -Holdingburningsubstances.

Spatula -Scoopingsolidsubstancesfrom
containers

Crucibletongs -Holdingsolidchemicals.
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Condenser

Separatingfunnel -Separatingimmiscibleliquids.

Thistlefunnel -Deliveringliquidsubstancesintoother
containerslikeflasksduringreactions.

Nameofapparatus Diagram Use
Washbottle -Holdingwaterforrinsingapparatus

Droppingfunnel

Testtuberack -Holdingboilingtubesandtesttubes.
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Teatpipette
(dropper)

-Suckingliquidchemicalsandplacing
theminanothercontainerdropwise.

Burette
-Itconsistsofa
longnarrowtube
withatapandajet
atthebottom.

-Deliveringaccuratevolumesofliquids

Nameofapparatus Diagram Use
Pipette -Deliveringaspecifiedvolumeofliquid

accurately.

Gasjar -Gascollection.

Trough -Holdingsomeamountofwaterfor
someexperimentse.g.gaspreparation.
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Reagentbottles -Storingchemicalsinliquidstate.

Desiccator -Dryingsubstancesorkeeping
substancesfreefrommoisture.

Nameofapparatus Diagram Use
Spiritlamp
Note:lesspreferredfor
heatingbecausetheirflames
arenothotenough;andthey
depositsootonapparatus
makingthemdirtyhence
difficultyinobserving
changesduringexperiments

-Heatingsubstancesinthelaboratory.

Kerosenestove
Note:lesspreferredfor
heatingbecausetheirflames
arenothotenough;andthey
depositsootonapparatus
makingthemdirtyhence
difficultyinobserving
changesduringexperiments

-Heatingsubstancesinthelaboratory.

Electricheater -Heatingsubstancesinthelaboratory.

Candles
Note:lesspreferredfor
heatingbecausetheirflames
arenothotenough;andthey

-Heatingsubstancesinthelaboratory.
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depositsootonapparatus
makingthemdirtyhence
difficultyinobserving
changesduringexperiments

Bunsenburner -Heatingsubstancesinthelaboratory.

Nameofapparatus Diagram Use
Stopwatch(clock) -Measuringtimeparticularlyin

determinationofreactionrates.

Beambalance -Totakeaccurateweight
measurements

Electronicbalance -Takeaccurateweightmeasurements;
andcantakeextremelylowweight
measurements.

Volumetricflask
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Note:mostchemistryapparatusaremadeofglass:
Advantagesofglassware:
-Itdoesnotreactwithmostchemicals
-Glassistransparentandhencereactionscaneasilybeobservedastheyprogress.
-Glassmaterialsareeasytowashandrinseafterexperiments.
-Theycanbeusedcomfortableinheatingexperiments.

Disadvantages:
-Havehigherchancesofbreakagesincasetheyfallduringexperiments.
-Theyarecomparativelyexpensivetoplastics

-Somematerialslikebeakersmayhoweverbemadeofplastics.
Advantagesofplasticapparatus.
-Havelowerchancesofbreaking.
-Theyarerelativelycheapertobuy.

Disadvantages:
-Plasticstendtoreactwithsomelaboratorychemicals
-maynotbetransparentandhencereactionscannoteasilybeobservedastheyprogress.
-Glassmaterialsaredifficulttowashandrinseafterexperiments.
-Theycannotbeusedinheatingexperiments.

TheBunsenburner.
-isthemostcommonheatingapparatusinthelaboratory.
-WasinventedbyaGermanscientistknownasWilhelmBunsenhencethename.
-Itusesnatural(cooking)gasforheating.

Partsofabunsenburner
-Chimney
-Theairhole
-Collar
-Thejet
-Base
-Gasinlet

Diagram:structureofabunsenburner. Diagram:Bunsenburner-componentsdetached
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Functionsofthevariousparts:
 Thechimney:

-Itisahollowmetalliccylinderwithanairholenearitslowerend.
Function:
-allowsairandthelaboratorygasfromthejetmixbeforetheystartburningattheupperendofthe
chimney.
-Itsupperopenedendprovidedasitewherethegasburns.

 Theairhole:
-Isasmallaperturefoundatthelowerendofthechimneyandsmallerthanthecollar.
-Itsdiameter(size)isregulatedbythecollar.
Function:
-Allowsair(oxygen)toenterandmixwiththelaboratorygasinthechimney.

 Thecollar:
-Isametallicringwithanairholewhosediameteristhesamesizeasthatoftheairholeinthechimney.
-Itfitsintothelowerpartofthechimney;andcanrotatearoundthechimneyopeningorclosingtheair
hole.
Function:
-Regulatestheamountofairenteringthechimney.

 Thejet:
-Itisaverytinyopeningjustbelowtheairhole,thatconnectsthegasinlettothechimney.
Function:
-allowsthelaboratorygas(methane)intothechimneyathighpressure.

 Thegasinlet:
-Itisahollowmetalconnectedtothebaseandextendingintothejet.
-Itsexternalopeningisusuallyconnectedtoarubbertubingthatisconnectedtoagastap.
Function:
-Allowslaboratorygasfromthecylinders(reservoirs)inthelab;throughthegastapsintotheBunsen
burner.

 Thebase:
-Athickheavymetal,thatisusuallycircularoroval.
Function:
-ItsupportstheBunsenburneronthebench.

TheBunsenburnerflames.
-Aflameisamassofburninggases.
-Abunsenburnercanproducetwotypesofflamesdependingonthesizeoftheairholeandhence
amountofairenteringthechimney.

Typesofflames.
 Luminousflame.
 Non-luminousflame.

(a).Theluminousflame.
-Itisalargebrightyellowflameproducedwhentheairholeisclosedandhencenoairentersthe
chimney.

Characteristicsofaluminousflame.
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-Itislarge,quietandbrightyellow.
-Colourisnotuniformanditahsfourzones.
-Itproduceslessheat.
-Itgivesalotoflighttotheglowofunburnthotcarbonparticles
-Itproducessoot.

Diagram:theluminousflame.

Partsofaluminousflame.
 Thethinouterzone:

-Isafairlyvisible,narrowzoneontheoutersurfaceoftheflame.
-Atthispointmethane(labgas)mixeswithsufficientairfromtheoutsideandburnscompletelyto
carbon(IV)oxideandwater.

 Theinnerbrightyellowzone:
-Itisalargebrightyellowzonethatliesbeneaththethinouterzone.
-Here,airsupplyisinsufficientresultingtoincompletecombustionofthegas.
-Consequentlythegasburnsproducingtinycarbonparticlesinsteadofcarbon(IV)oxide.
-Thewhitehotcarbonparticlesglowbrightlyandareresponsiblefortheyellowcolourandtheemission
oflight.
-Oncoolingthecarbonparticlesformsoot,whichblackensthebottomoftheapparatusbeingheated.

 Thealmostcolourlessinnerzone.
-Isfoundbelowtheyellowinnerzone;andconsistsmainlyofunburntgases.

 Thebluezone(region)
-Isfoundontheoutersideofthebaseoftheflame.
-Here,airneartheflamerisesrapidlyduetoconvectioncurrentsandmixeswiththeburninggas.
-Thismakesburningmorecompletethaninthetwoupperpartsaboveit.

Advantagesoftheluminousflame:
-Canbeusedforlightingpurposes;becauseitproducesmorelight.

Disadvantages.
-Produceslessheathenceinefficientinheating.
-Duetoproductionofsootitblackensapparatusthuspreventingbetterobservationsofexperiments.
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(b).Thenon-luminousflame.
-Itisasmallblueflameproducedwhentheairholeiscompletelyopenandhencealotofairentersthe
chimney.

Characteristicsofanon-luminousflame.
-Itissmall,noisyandblue.
-Colourisuniformanditahsthreeregions.
-Itproducescomparativelymore(alotof)heat.
-Itdoesnotproducesoot,duetocompletecombustionhencenocarbonparticlesremain.
-Itproduceslesslightduetolackofwhite-hotcarbonparticles.

Diagram:theluminousflame.

Partsofanon-luminousflame.
 Theouterpaleblueregion.

-Itisalargelightbluezone.
-Here,thereisalotofaircomingupthechimneyfromtheairholeandfromtheoutside.
-Theairgasmixturethusburnscompletelytocarbon(IV)oxideandwater.
-Nosootformationbecausetherearenocarbonparticles.

 Themiddlegreenishblueregion.
-consistsofpartiallyburntgas-airmixture,duetoinsufficientairsupply.
-Howeverasthemixturerisesupthepaleblueregion,itundergoescompletecombustionduetoplenty
ofair(fromoutside)

 Theinneralmostcolourlessregion.
-Islocatedatthebaseoftheflame.
-Itconsistsofunburntgas-airmixture.

Advantagesofanon-luminousflame.
-Givesoutalotofheathenceveryefficientinhating.
-Itdoesnotformsoothencewillleaveapparatuscleanevenafterexperiment(heating).

Disadvantages:
-Itusesalotoflaboratorygasinburning.
-cannotbeusedforlightingpurposessinceitproducesverylittlelight.
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Differencesbetweenaluminousandanon-luminousflame.

Luminousflam Non-luminousflame
Brightyellowincolour Blueincolour
Producesalotoflight Producesalotoflight.
Largeandunsteady Smallandsteady
Producessoot Doesnotproducesoot
Hasfourzones Hasthreezones
Burnsquietly Burnsnoisily
Moderatelyhot Veryhot

ExperimentsonBunsenburnerflames.
1.Toinvestigatetheheatingeffectsoftheluminousandnon-luminousflames.
Apparatus:
-Bunsenburners,250mlbeakers,lighter,stopwatch,tripodstand,wiregauze.

Procedure
-100cm3ofwaterisputintoachofthetwo250mlbeakers.
-Onebeakerisputoveraluminousflamewhiletheotherissimultaneouslyputoveraluminousflame
-Timetakenforwatertoboilisnotedforeachsetup.
-Thebottomofachbeakerisobservedforanychanges.

Apparatus

Observations.
-Waterheatedoverthenon-luminousflameboiledionashortertimethanthesameamountofwater
heatedoveranon-luminousflame.
-Thebottomofthebeakerheatedoverthenon-luminousflameremainedclearbuttheoneheatedover
theluminousflamewascoveredwithblackdepositsofsoot.

Explanations.
-Thenon-luminousflameishotterthantheluminousflame;henceboilsthewaterfaster
-Thehottestpartoftheluminousflamistheouterbluezone.
-Incompletecombustionintheluminousflameleadstoproductionofcarbonparticles,whichwhenhot
glowyellowandoncoolingformsblacksootonthebeaker;
-Incompletecombustioninanon-luminousflameleadstoproductionofcarbon(IV)oxideandsteam
only,hencenosootformation.

Conclusions.
-Thenon-luminousflameishotterthantheluminousflame.
-Thenon-luminousflameiscleanerthantheluminousflame.

2.Toinvestigatethehottestpartofanon-luminousflame.
Requirements
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-Bunsenburner,stiffwhitepaper(cardboard),woodensplint.

Procedure
-Abunsenburnerisignitedwiththeairholeopentogetanon-luminousflame.
-Apieceofwhitepaper(cardboard)isslippedintotheflameinregionmarkedXasshownbelow.
-Thepieceofpaperisremovedquicklybeforeitcatchesfire.
-AfreshpieceofpaperisthenslippedintoregionmarkedYasshownbelow;thenagainquickly
removedbeforeitcatchesfire.
-TheexperimentforeachoftheregionsmarkedXandYisthenrepeatedusingwoodensplints.
-Thesplintsshouldbeheldlongenoughforsomeoftheirpartstogetcharred
Apparatus

Observations.
 Usingpiecesofpaper.

-InregionX,thepartofthepaperthatwasincontactwiththeflamewascharreduniformlyasshown
below.
-InregionY,thepartofthepaperincontactwiththeflamehadacharredringwithanunburntpartin
themiddleoftheringasshownbelow

Diagrams

 Usingwoodensplints.
-InregionX,thepartofthesplintincontactwiththeflamewascharreduniformlyasshownbelow.
-InregionY,thepartofthesplintincontactwiththeflamehadanunburntpartinbetweentwocharred
regionsasshownbelow.

Diagrams:

Explanations.
-Regionswhichbecomecharredindicatethattheyarethehottestpartoftheflame.
-RegionXcorrespondstotheoutermostblueregionofanon-luminousflame.
-RegionYisthealmostcolourlessregionofthenon-luminousflame,whichishoweversurroundedby
themiddlegreenishblueandtheouterpalebluezones.
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-ThusinregionX,theuniformcharringofthepaperandsplintindicatethattheouterpalebluezoneis
thehottestpatoftheflame.
-SimilarlythecharredringforexperimentinregionYshowthatthepartsincontactwiththeouterpale
bluezonegetsburntfasterbeforethepartsincontactwiththealmostcolourlessorthegreenishblue
zones.

Conclusions.
-Thehottestpartofthenon-luminousflameistheoutermostpalebluezone.
-Duringheatingtheobjectbeingheatedshouldnotbeplacednearerthechimney;thesepartsareless
hot.
-Forefficientheatingtheobjectbeingheatedshouldbeplacedattheoutermostregionoftheflame.

3.ToshowthepresenceofunburntgasesinaBunsenburnerflame.
Apparatus:
-Bunsenburner,tongs,narrowhardglasstubing.

Procedure
-Abunsenburnerislitandadjustedtogetanon-luminousflame.
-Anarrowhardglasstubingisheldwithapairoftongsandoneofitsendsisplacedinthecolourless
zoneoftheflame.
-Amatchislitandplacedatthefreeendoftheglasstubing.

Apparatus

Observations.
-Aflameisobtainedatthefreeendoftheglasstubing.

Explanations.
-Thetubingtrappedunburntgasesatthealmostcolourlesszoneoftheflame.
-Thetrappedgasescombinedwithatmosphericair(oxygen)attheother(free)endofthetubinghence
theflame.

Conclusions.
-Thealmostcolourlessregioncontainsunburntgases.

4.Toshowthehottestpartoftheflame.
Apparatus:
-Bunsenburner,matchstick

Procedure
-Amatchstickisplacedatthetopofthebunsenburnerchimneyusingapin.
-Abunsenburnerislitandadjustedtogetanon-luminousflame.
-Thematchstickisobservedfrosometimeforanychanges.
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-Ifnoobservablechangesaremade,thematchstickisthenslowlyraisedtowardsthebluezoneand
observedkeenly.

Apparatus

Observations.
-Thematchstickdidnotignitewhileitwasatthebottomoftheflame(restingontopofthechimney).
-Itignitedasitwasbeingraisedtowardstheouterpalebluezone.

Explanations.
-Thebottomoftheflame(justontopofchimney)correspondstothealmostcolourlesszone.
-Thiszonecontainsunburntgases,hencenoburningoccursandisthusleasthottocauseignitionof
thematchstick.
-Asthematchstickisraisedupwardsitmovespastthegreenishbluezone(wherethereispartial
combustion)thentotheouterpalebluezonewherethereiscompletecombustionandhencemostheat.
-Theheatinthisregionisadequatetocauseignitionofthematchstick.

Conclusions.
-Theouterpalebluezoneisthehottestpartofthenon-luminousflame,andisthusthecorrectposition
toplaceanobjectduringheating.

Methodsofgascollection.
-Variouschemicalreactionsproducegases;someofwhicharecolourlesswhileothersarecoloured.
-Additionallysomegasesarepoisonoustothehumanbody,whileothersaremajorcausesof
environmentalpollution.

Examples:
 Colouredgases:

Chlorine(green-yellow);nitrogen(IV)oxide(brown);bromine(red-brown)

 Colourlessgases:
Oxygen;carbon(II)oxide;carbon(IV)oxide;sulphur(IV)oxide;hydrogen;ammoniaetc.
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Factorsaffectingmethodusedincollectingagas.
-Density
-Solubilityinwater.
-Colour
-Toxicity

Summaryoncollectionmethods.

Method Apparatus Characteristicofgas
Upwarddelivery
-Alsocalleddownward
displacementofair

-Mustbelessdensethanair.
Examples:Hydrogen,ammoniagas.
Note:beinglighterthegasis
supportedbythedenserairfrom
below;
-Whenusedforcolourlessgases,it
isnotpossibletoknowwhenthegas
jarisfull;

Downwarddelivery(upward
displacementofair)

-Mustbedenserthanair.
Examples:carbon(IV)oxide;
nitrogen(IV)oxide;chlorinegas;
Note:-Thegasdisplacesairand
settleatthebottomofthecollecting
vessel
-Unlessthegasiscoloured,itis
difficulttoknowwhenthecontainer
isfull

Overwater -insolubleoronlyslightlysolublein
water;
-doesnotreactwithwater
Examples:carbon(IV)oxide;
hydrogen;carbon(II)oxide;
Note:-withthismethoditiseasyto
tellwhenthegasjarorcollecting
tubeisfullofgas;
-Thismethodcannotbeusedwhen
thegasisrequireddry;

Collectingsyringe
-thegasproducedis
collectedinasyringe;

-Mainlyforpoisonousgases;since
thegasesareconfinedandleakages
arelimited;
Note:thismethodallowscollection
ofsmallvolumesofgases;
-Italsoallowsdirectmeasurement
ofvolumeofgasproduced;

Dryingofgases.
-Istheprocessbywhichthemoistureinagasbeingpreparedisremovedpriortocollection.
-Thisisdonebypassingthegasthroughchemicalsthatabsorbmoisture.
-Suchchemicalsarecalleddryingagents.
-Thedryingagentsshouldnotreactwiththegasesbeingdried.

Examplesofdryingagents.
-Anhydrouscalciumchloride
-Concentratedsulphuricacid.
-Calciumoxide.

Apparatusanddryingagents
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Collectionanddryingofsomegases

Gas Collectionmethod Dryingagent
Oxygen Overwater Concentratedsulphuric(VI)acid;anhydrouscalcium

chloride.
Hydrogen Overwater,upwarddelivery Concentratedsulphuric(VI)acid;anhydrouscalcium

chloride
Nitrogen Overwater Concentratedsulphuric(VI)acid;anhydrouscalcium

chloride
Carbon(IV)oxide Overwater,downward

delivery
Concentratedsulphuric(VI)acid;anhydrouscalcium
chloride

Ammonia Upwarddelivery Calciumoxide

Drugsanddrugabuse.
Drug:isachemicalsubstancethataltersthefunctioningofthebody.

Typesofdrugs
(i).Medicinaldrugs(medicines):
-Aredrugsmainlyusedfortreatmentandpreventionofdiseases.
-Arealsoclassifiedintotwo:overthecounterdrugsandprescriptiondrugs.

 Over-the-counterdrugs.
-Aremedicinaldrugsthatcanbeboughtatapharmacyorretailshopwithoutwritteninstructionsfrom
adoctor.
Examples:Mildpainkillerslikeaspirin,panadol,paracetamol,drugsforfluetc.

 Prescriptiondrugs:
-Arestrongmedicineswhichshouldonlybetakenuponadoctorsinstruction(prescription).
-Inthisprescription,thedoctorsgiveadosage,whichindicatestheamountandtherateatwhichit
shouldbetaken.

(ii).Leisuredrugs.
-Aredrugsthatareusuallytakenforpleasure.
-Areclassifiedintotwo:
 Milddrugs:alcohol,tobacco;
 Narcoticdrugs:marijuana,cocaine,heroin,mandraxetc.

Drugabuse:
-Istheindiscriminateuseofadrugforpurposeswhichitismeantfor;oradministrationofanoverdose
orunderdoseofadrug;aswellasuseofdrugsforleisurepurposes.
Note:
-Theworstformofdrugabuseisthetakingofdrugsforleisurepurposes;andthemostcommonly
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abuseddrugsaretheleisuredrugs.

Effectsofcommonlyabuseddrugs.
 Alcohol:

-Affectsthebrainandthenervoussystem
-Damagestheliver,andisacommoncauseoflivercirrhosis.
-Poorhealthduetolossofappetite.
-Timeforworkingiswastedindrinkingandhencelessproductivityandevenloseofjobs;whichresults
topovertyandfamilydisintegrations.

 Tobacco.
-Badbreath,discolouredfingersandteeth
-Causediseasessuchasbronchitisandtuberculosis.
-damagesthelungsandisacommoncauseoflungcancerduetochemicalsfoundinthecigarettes.
-Smokingduringpregnancyisacommoncauseofmiscarriagesorstillbirths.
-Itisexpensive:moneyusedforotherbetterusesiswastedincigarettesmoking.

 Narcoticdrugs:
-Interfereswiththefunctioningofthebrain.
-Resultstoaddictionanddrugdependency.
-Someareadministereddirectlyintothebloodthroughsyringesandhencecommonroutesof
transmissionofHIV/AIDS.

Generaleffectsofdrugabuseonthesociety.
-Drugabusesspendmostoftheirmoneyondrugsandhenceneglecttheirfamilyleadingtomiseryand
societalbreakdown.
-Drunkdriverscauseaccidents.
-Peoplewhoaredrunkwithadrugareunreasonableandcannotmakelogicaldecisions;andhence
cannotbeproductiveatthattime.
-Drugabusehasresultedintolossofmoralsleadingtohigherratesofrapes,violentcrimes,murders,
prostitutionetc.
-DrugabusehasfueledthespreadofsexuallytransmitteddiseasesandHIV/AIDS.

Note:
Drugaddiction:
-Isasituationinwhichanindividualbecomesdependentonaparticulardrugsuchthathecannot
functionnormallywithoutit;andlackofitresulttosomediscomfort.
UNIT2:SIMPLECLASSIFICATIONOFSUBSTANCES

UnitChecklist:
1.Elementscompoundsandmixtures.
2.Mixtures
 Typesofmixtures
 Separationofmixtures
 Basicconcepts
 Methodofseparationofmixtures.

 Decantation
 Evaporation
 Condensation
 Filtration
 Crystallization
 Separatingfunnelseparation
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 Distillation
 Sublimation
 Chromatography
 Solventextraction

3.Criteriaforpurity
 Effectsofimpurityonmeltingpoint
 Effectsofimpurityonmeltingpoint

4.Natureofmatterandkinetictheoryofmatter.
 Effectsofheatonmatter

 Melting
 Evaporation
 Condensation
 Freezing
 Freezing
 Sublimation

5.Permanentandnon-permanentchanges
6.Constituentsofmatter
 Atoms
 Elements
 Molecules
 Compounds
 Mixtures.

7.Namesandsymbolsofcommonelements
8.Simplewordequations.

Elementscompoundandmixtures.
(a).Element:
-Isapuresubstancethatcannotbesplitupintosimplersubstancesbychemicalmeans.
Examples:copper,hydrogen,carbon.

(b).Compound:
-Apuresubstancethatconsistsoftwoormoreelementsthatarechemicallycombined.
Examples:

Compound Elementsinthecompound
Calciumcarbonate Calcium,carbonandoxygen
Sodiumchloride Sodiumandchlorine
Ammoniumnitrate Nitrogen,hydrogen,oxygen
Iron(II)sulphate Iron,sulphur,oxygen

(c).Mixture:
-Asubstancethatconsistsoftwoormoreelementsorcompoundsthatarenotchemicallycombined
-Somemixturescanbenaturallyoccurringwhilesomeareartificial.
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Examples
Naturallyoccurringmixtures.

Mixture Components
Air Nitrogen,oxygen,carbon(IV)oxide,watervapour,noblegasesetc
Seawater Waterandvarioussaltslikechloridesofsodium,potassiumand

magnesium
Crudeoil Amixtureofhydrocarbonslikemethane,petrol,bitumen,etc
Magadisoda Sodiumcarbonate,sodiumhydrogencarbonateandsodiumchloride

Artificialmixtures.

Mixture Components
Softdrinks Water,citricacid,sugar,carbon(IV)oxide,stabilizers,sodiumbenzoate
Blackink Blue,black,yellowdyesandsolvent
Cement Oxidesofaluminium,iron,silicon,calciumandcalciumcarbonate.

Typesofmixtures:
-Therearetwotypesofmixtures;
 Homogenousmixtures
 Heterogenousmixtures

(i).Homogenousmixtures.
-Isamixturewithauniformcompositionandpropertiesthroughoutitsmass.
-Theparts(components)ofthemixtureareuniformlydistributedthroughoutthemixture
Examples:
Teawithsugarsolution.

(ii).Heterogenousmixture:
Isamixturewithoutuniformcompositionthroughoutitsmass.
Examples:
-Soil,rocksandsandmixture.

Separatingmixtures.
Amixturecanbeseparatedintoitsvariouscomponents(constituents)byappropriatephysicalmeans,
dependingontypeofmixture.

Basicconcepts:
Residue:solidthatremainsonthefilterpaperduringfiltration

Filtrate:liquidthatpassespastthefilterpaperduringfiltration

Solute:asolidthatdissolvesinaparticularliquid

Solvent:theliquidinwhichasolutedissolves.

Saturatedsolution:asolutioninwhichnomoresolutecandissolveataparticulartemperature

Unsaturatedsolution:asolutionthatcantakemoreofthesolute(solute)ataparticulartemperature.

Miscibleliquids:liquidsthatcanmixtogethercompletely.

Immiscibleliquids:liquidsthatcannotmixtogethercompletely.
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Therearevariousmethodsthatcanbeusedtoseparatemixtures.
Theseinclude:

 Decantation
 Evaporation
 Condensation
 Filtration
 Crystallization
 Separatingfunnelseparation
 Distillation(simpleandfractional)
 Sublimation
 Chromatography
 Solventextraction

1.Decantation:
-Isamethodusedtoseparateinsolublesolidsfromliquids;aheterogenousmixture.

Procedure:
-Thesolid-liquidmixtureisallowedtostandinacontainer.
-Theinsolublesolidsettlesatthebottomandtheupperliquidportionpouredoutwithcare.

Apparatus.

Examples:
-Separationofsand-watermixture
-Separationofmaizeflour-watermixture.

Limitations(disadvantages)ofdecantation.
-Itisnotefficientassomefinesuspendedsolidsmaycomelongwiththeliquidduringpouring.

2.Filtration.
-Istheseparationofaninsolublesolidfromaheterogenousmixture(liquid)usingaporousfilterthat
doesnotallowthesolidstopassthrough.
-Uponfiltrationtheundissolvedsolidisleftonthefilterpaperandiscalledtheresidue.
-Theliquidthatpassesthefilterpaperiscalledfiltrate.

Examples:separationofsandfromwater.
(i).Procedure.
-Thefilterpaperisfoldedinto¼andopenedtofromacone.

Diagram:foldingafilterpaper.
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-Itiscarefullyplacedinsideafilterfunnel.
-Theapparatusarethenarrangedasshownblow.
-Thesand-watermixtureisthenpouredintothefilterpaperinthefilterfunnel.
-Thecollectingliquidisdirectedintoaconicalflask.

(ii).Apparatus.

Applicationsoffiltration.
-Filtrationofdomesticwater.
-Extractionofmedicinalsubstancesfromplants.
-Extractionofsugarfromsugarcane.
-Operationofavacuumcleaner.
-Fuelfiltersinautomobileengines.

3.Evaporation.
-Isusedtoseparateasolublesolidfromitssolution.
-Suchsolutionsareusuallyhomogenousmixtures.
-Thesolidiscalledasolutewhiletheliquidiscalledasolvent.

Example:separationofsaltfromsaltsolution.
(i).Procedure:
-Thesaltsolutionispouredinanevaporatingdish.
-Thesetupisthenarrangedasintheapparatusshownbelow.
-Thesolutionisboiledundersteamorsandbathuntilallthewaterinthesaltsolutionevaporatesand
saltcrystalsremaininthedish.

(ii).Apparatus.

(iii).Observationsandexplanations.
-Uponheatingthesolution,waterevaporatesbecauseithaslowerboilingpointthanthesalt.
-Thesolutionisboileduntilsaltcrystalsstartappearingonaglassriddippedintothesolution.
-Thisshallindicatethatthesolutionissaturated.
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-Thesaturatedsolutionisallowedtocoolandcrystallize.
-Themotherliquor(liquidthatremainswiththecrystals)ispouredandthesalt(solid)driedbetween
absorbentpapers.

Note:
Acrystal:isasolidthatconsistsofparticlesarrangedinanorderlyrepetitivemanner.

-Itisadvantageoustoboilthesolutionunderasteamorsandbathratherthandirectly.
Reason:
-Thesteamorsandbathpreventsthemixturefromsplashingout(spitting)oftheevaporatingdish.
-Italsoreduceschancesoftheevaporatingdishcracking.

Applicationsofevaporation:
-ExtractionofsodaashfromLakeMagadi.

4.Crystallizationandrecrystallization.
(a).Crystallization:
-istheprocessofformationofcrystalsfromasolution.
-Itinvolvesevaporationofthesolutiontoformaconcentratedsolution.

Example:crystallizationofpotassiumnitratefromitssolution.
(i).Procedure:
-About5gofpowderedpotassiumnitrateisaddedto10cm3ofwaterinaboilingtube.
-Thesolutionisheateduntilallthesoliddissolvesandthenallowedtocoolandcrystallize.
Note:
-Morepotassiumnitratedissolvesinhotwaterthanincoldwater.
-Theresultantsolutionisthenheateduntilcrystalsstartappearing;andthiscanbeconfirmedby
dippingaglassrodintothesolutionandfeelingforcrystals.
-Thisiscalledasaturatedsolutioni.e.asolutionthatcannottakeinanymoreofthesoluteatagiven
temperature.
-Thesaturatedsolutionisthenallowedtocoolandcrystallize.

(ii).Observations:
-Theresultantsolidparticleshavedefiniteshapes.
-Someareneedle-likewhileothersareflatandsharp-edged.
-Thesearethepotassiumnitratecrystals.

(b).Recrystallization:
-Isusedinobtainingpurecrystalsfromasolublesolidcontainingimpurities.
-Involvesfiltrationandevaporation.

Examples:
Obtainingpurecopper(II)sulphatecrystalsfromimpurecopper(II)sulphate.
Purificationofrocksalt.
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Note:Theprocesscanbeenhancedbysuspendingasmallpieceofpurecrystalintothesaturated
solution.

Diagram:recrystallizationofcopper(II)sulphate.

Applicationsofcrystallization.
-SeparationofTronafromsodiumchlorideinLakeMagadi.

5.Distillation.
-Isthevapourisationofaliquidfromamixtureandthencondensingthevapour.
-Isusedinthepurificationofliquidsandseparationofliquidsfromamixture.
-Itutilizesthedifferencesinboilingpointsofthecomponentsofthemixture.
-Areoftwotypes:

 Simpledistillation
 Fractionaldistillation.

(i).Simpledistillation.
-Ismainlyusedforpurificationofliquidscontainingdissolvedsubstances.
-Itisalsousefulinseparatingtwomiscibleliquidswithwidelydifferingboilingpoints

Note:
Miscibleliquids:Liquidsthatmixtofromauniformauniformhomogenoussolution
-Theliquidwiththelowerboilingpointusuallydistillsoverfirst,andiscollected.

Example:Toobtainpurewaterfromseawater.
(i).Procedure:
-Saltyseawaterispouredintoadistillationflask.
-Afewpiecesofpumiceorporcelainisaddedtothesolution.
Reason:
-Toincreasethesurfaceareafrocondensationandevaporation.

-Thesolutionisheateduntilitstartsboiling,thentheburnerremovedsothattheliquidboilsgently.
-Theboilinggoesonuntiltheliquid(distillate)startscollectinginthebeaker.

(ii).Apparatus.
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(iii).Observationsandexplanations:
-ThewaterboilsandtheresultantsteamispassedthroughtheLiebigcondenser.
-Asthevapourpassesthroughthecondenser,itiscooledbycirculatingcoldwaterthroughthejacket
ofthecondenser.
-Thecoldwaterentersthroughthelowerbottomandleavesthroughthetopupperpart.
Reason:
-Toprovidemoretimeforthecoldwatertocondensethevapours.

-Thedistillateiscollectedinthebeakerwhiletheresidueremainsinthedistillationflask.

Applicationsofsimpledistillation.
-Manufactureofwinsandspirits.
-Desalinizationofseawatertoobtainfreshwater.
(ii).Fractionaldistillation:
-Isamethodusedfrotheseparationofmiscibleliquidswithverycloseboilingpoints.
Examples:
Ethanolandwater.

-Itisamodificationofsimpledistillationinwhichthefractionatingcolumnisinsertedontopofthe
distillationflask.
-Allthecomponentsmustbevolatileatdifferentextentsinorderforseparationtobepossible.

Thefractionatingcolumn.
-Isusuallyanelongated(glass)tube,packedwithpiecesofglassbeadsorpiecesofbrokenglass.

Roleofglassbeads.
-Toincreasethesurfaceareaforvapourisationofthevariouscomponentsofthemixtureandallowthe
separationofthevapourstooccur.
-Thusthemoretheglassbeadsinthefractionatingcolumn,thehighertheefficiencyofseparation.
Note:
-Theefficiencyofthefractionaldistillationsostogetmorepurecomponentscanalsobedoneby:
1.Increasingthelengthofthefractionatingcolumn(makingitlonger)
2.Makingthefractionatingcolumnnarrower(decreasingthediameter)

Volatileliquids:
-Areliquidswiththeabilitytochangeintovapour.
-Morevolatileliquidsvapourizeandcondensefasterthanthelessvolatileliquids.

Note:
-Duringfractionaldistillation,thecomponentsofamixturearecollectedatintervals,oneatatimewith
themostvolatile(lowestboilingpoint)comingoutfirst.
-Eachcomponentcollectedinthereceiveriscalledafraction.

Example:separationofethanolandwater.
(i).Apparatus.
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(ii).Procedure:
-Water-ethanolmixtureispouredintoaround-bottomedflask.
-Theapparatusisthenconnectedandsetupasshownbelow.

Note:
-Thethermometerbulbmustbeatthevapouroutlettothecondenser.
Reason:
-Foraccuratedeterminationofthevapourisationtemperatureforeachfraction.

-Themixtureisthenstronglyheateduntilthefirstfractioncomesoutofthedistillationflaskintothe
conicalflask.
-Collectionofthefractionsshouldbedoneinaconicalflaskotherthaninabeaker.
Reason:
-Toreducetheratesofevaporationofthefractions,especiallythehighlyvolatileones(inthiscase
ethanol)

-Forthisparticularseparationthefirsttemperaturesrecordedbythethermometershouldnotexceed
80oC;toensurethatthefirstfractionisonlyethanol.

(iii).Discussion.
-Ethanolboilsat78oCandwaterboilsat100oC.
-Whenthemixtureisheated,ethanolandwaterevaporateandpassthroughthefractionatingcolumn
whichisfilledwithglassbeadstoofferalargesurfacearea
-Thelargesurfaceareaencouragesevaporationofethanolandcondensationofwatervapour.
-Watercanbeseendroppingbackintothedistillationflask.
-Ethanolvapourpassesthroughthecondenserandwarmliquidethanoliscollectedintheconicalflask.

Note:
-Thefirstportionisalmostpureethanol(about97%)andburnsquietlywithablueflame.
-Italsohasthecharacteristicsmellofalcohols.

Industrialapplicationsoffractionaldistillation.
-SeparationofairintovariouscomponentsinBOCgasesKenyalimited.
-Separationofcrudeoilintoparaffin,petrol,kerosenedieselandothercomponentsintheKenyaoil
refinery.
-DistillationofethanolfrommolassesatMuhoroniAgro-chemicalscompany.

6.Sublimation.
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-Istheprocessbywhichasolidchangesdirectlytogaseousstateuponheating.
-Itisusedtoseparateamixtureinwhichoneofthecomponentssublimesonheating.
Note:
Solid Gas

Solidsthatsublimehaveveryweakforcesofattractionbetweentheatomsandhenceareeasilybroken
onslightheating.

Examplesofsolidsthatsublimeonheating.
-Iodine;sublimestofromapurplevapour.
-Ammoniumchloride;sublimestofromdensewhitefumes;
-Solidcarbon(IV)oxide(dryice);
-Anhydrousiron(III)chloride;sublimestogiveredbrownfumes.

Examples:separationofiodinefromsodiumchloride.
(i).apparatus:

(ii).Procedure:
-Theiodine-commonsaltmixtureispouredintoabeakerandplacedinatripodstand.
-Awatchglassfullofcoldwaterisplacedonthebeaker.
-Thebeakerisheatedgentlyuntilsomedensepurplefumesareobserved.

(iii).Observations:
-Apurplevapourappearsinthebeaker.
-Adark-greyshinysolidcollectsonthebottomofthewatch-glass.
-Whitesolidremainsinthebeaker.

(iv).Explanations:
-Uponheatingthemixtureiodinesublimesandcondensesonthecoldwatchglasstoformasublimate
ofpureiodine.
Note:
-Solidcarbon(IV)oxide(dryice)isusedasrefrigerantbyicecreamandsoftdrinkvendors.
Reason:
-Itsublimesonheating;asitsublimesittakeslatentheatfromicecream(softdrinks)thusleavingit
cold.
-Itisalsoadvantageousasitdoesnotturnintoliquid,whichcouldbecumbersometocarryandwould
messuptheicecream.

7.Chromatography.
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-Istheseparationofcolouredsubstancesusinganelutingsolvent.
-Itisalsousedtoidentifythecomponentsofacolouredsubstance.
-Itinvolvestheuseofamovingliquid(elutingsolvent)onamaterialthatabsorbsthesolvent.
-Itinvolvestwomajorprocesses:
 Solubility:

Thetendencyofasubstancetodissolveinasolvent.
 Adsorption:

Thetendencyofasubstancetostickonanadsorbentmaterial.
Examples:
1.Separationofcomponentsofblackink.
(i).Procedure:
-Afilterpaperisplacedontherimofanevaporatingdishorasmallbeaker.
-Adropoftheblackinkisplacedatthecentreofthefilterpaper;allowedtospreadoutanddry.
-Adropofwater(ethanol)isthenaddedtotheinkandallowedtospread.
-Aftercompletespreadofthedrop,aseconddropisadded.
-Waterdropsareaddedcontinuouslyuntilthediscofcolouredsubstancesalmostreachestheedge.

(ii).Observations:

Note:Thedryfilterpapershowingtheseparatedcomponentsofamixtureiscalledachromatogram.

(iii).Explanations:
-Wateristheelutingsolventsinceinkissolubleinit.
-Thevariousdyesintheblackinkmoveatdifferentdistancesfromtheblackspothencethebands.
Reasons:
-Thedyeshavedifferentsolubilitiesinthesolvent;themoresolublethedye,thefurtherthedistanceit
travelsontheabsorbentpaper
-Theyhavedifferentratesofadsorptioni.e.thetendencyofthedyestostickontheabsorbentmaterial;
dyeswithlowratesofabsorptiontravelfarfromtheoriginalspot.

Note:
Solventfront.
-Isthefurthestdistancereachedbytheelutingsolventonthefilterpaper.

Baseline:
-Thepointatwhichthedyetobeseparatedisplaced;i.e.itisthestartingpointofseparation.

2.Toverifycontentsofred,blackandblueinks.
(i).apparatus:
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(ii).Observations:

(iii).Explanations:
-ThemixturesAtoDhavevariouscomponentswithvaryingsolubilitiesinthesolvent(ethanol)
-MixtureDisthemostpurebecauseithasonlyonespot.
-MixtureCistheleastpure(mostimpure),asithasthehighestnumberofspotsindicatingitis
composedofsomanydyes(four)
-MixtureChasthemostsolubledye;itslastcomponentistheonenearesttothesolventfront.
-Mixtureswithsimilardyesintheircompositionhavespotsatsamelevels;inthiscaseA,BandD.

Applicationsofchromatography.
-Purificationofnaturalproductssuchashormones,vitaminsandnaturalpigments.
-Detectionoffoodpoisonse.g.incannedfoodsandsoftdrinks.

8.Solventextraction.
-Istheextractionofasolutefromitsoriginalsolventbyusingasecondsolventinwhichithasahigher
solubility

Example:extractionofoilfromnuts.
(i).Apparatus.

(ii).Procedure:
-Somenutsarecrushedinamortarusingapestle;toincreasethesurfaceareaforsolubility.
-Asuitablesolventsuchashexaneorpropanone(acetone)isadded.
-Thenutsarefurthercrushedinthesolvent.
-Theresultantsolutionisdecantedinanevaporatingdish,andleftinthesuntoevaporate.
-Theliquidremainingintheevaporatingdishissmearedontoacleanfilterpaper.
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(iv).Observations;
-Apermanenttranslucentmarkappearsonthefilterpaper.
(v).Explanations:
-Thenutsarecrushedwhenincontactwiththesolventtobringmoreoftheoilinthenutsclosertothe
solvent.
-Uponevaporationoilisleftbehindbecauseithasahigherboilingpointthanthesolvent.
-Apermanenttranslucentmarkverifiesthepresenceofoils.

Applicationsofsolventextraction.
-Usedbydry-cleanerstoremovedirt(grease)andstainsfrom“dry-clean-only”clothessuchas
sweaters,suits,dressesetc.

9.Separatingfunnelseparation.
-Isusedfroseparatingamixturewithtwoormoreimmiscibleliquids.
-Suchliquidsdonotmixbutinsteadformlayersbasedontheirdensities.
-Theheaviestliquidlayerisfoundatthebottomoftheseparatingfunnel;whilethelightestliquidis
foundatthetopoftheseparatingfunnel.
-Theliquidsaredrainedoneaftertheotherbyopeningandclosingthetapoftheseparatingfunnel.

Example:Separationofoilfromwater
Apparatus:
Beakers,separatingfunnel,paraffinoil,distilledwater,rubberstopper.

Apparatus.

Procedure.
-Thetapoftheseparatingfunnelisclosed.
-Equalvolumesofwaterandparaffinareputinaseparatingfunneluntilitishalffull.
-Themouthofthefunnelisclosedwithastopperandthemixtureshaken.
-Themixtureisallowedtostanduntiltwodistinctlayersareformed.
-Thestopperisremovedandthetapopenedtoallowthebottomlayertodrainintothebeaker.
-Thetapisclosedaftermostofthebottomlayerhasdrainedoff.
-Thebeakerisremovedandtherestofthebottomlayerisdrainedintoaseparatecontainerand
discarded;toensurethatnopartofthetoplayer(paraffin)getsintothebeakercontainingthebottom
(water)layer.
-Theother(top)layeristhendrainedintoanotherbeaker.

Observations:
-Afterthemixturehassettledoilandparaffinseparateintotwolayers.
-Thefirstbeakercontainsonlywater;whilethesecondbeakercontainsonlyparaffin.

Conclusion.
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-Paraffinandwaterareimmiscible.
-Thetoplayercontainswaterwhichisdenserwhilethetoplayercontainsoil(paraffin)whichislighter.

Practicalapplication:
-Extractionofusefulsubstancesfromcomplexmixtures.

Example:Separationofiodinefromsodiumchloride.
******************************

10.Useofmagnets.
-Isusedtoseparatesolidmixtures,oneofwhichismagnetic(usuallyiron).
-Theironispickedwithamagnetleavingtheothercomponentsofthemixturebehind.

Examples:
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-Separationofpowderedironfromironpowder-sulphurmixture.

Practicalapplications:
-Intheextraction(miningofiron);wheremagneticironoreisseparatedfromothermaterialsinthe
crushedore.
-Separationofscrapironfromnon-magneticmaterialslikeglassandplasticsinrecyclingplants.

Criteriaforpurity.
 Puresubstance:

-Isasubstancethatcontainsonlyonetypeofcompoundorelement.

Determinationofpurity
(a).Solids:
-Purityofsolidsisdeterminedbymeasuringthemeltingpoint.
-Puresolidsmeltsharplyoveranarrowtemperaturerange.

Examples:
-Naphthalenemeltsat80oC–81oC.
-Watermeltsat0oC.

Effectsofimpurityonmeltingpoint.
-Impuritieslowerthemeltingpointofasubstancemakingitmeltoverawiderangeoftemperaturesi.e.
themeltingpointisnotsharp.

Applications:
1.Extractionofmetals.
-Impuritiesareaddedtopurifiedmetalorestolowertheirmeltingpoints,hencesaveenergyand
extractioncosts.
2.Topreventknockingofenginesduetofreezingofwaterincarradiatorsduringcoldseasons,
impuritieslikeethyleneglycolorsalt(NaCl)isadded.
3.Defrostingoffrozenroadsandsidewalksintemperatecountries,bysprinklingasaltsuchassodium
chloride.

(b).Liquids:
-Purityofaliquidisdeterminedbymeasuringitsboilingpoint.
-Apureliquidhasasharpboilingpoint.

Examples:
Purewaterboilsat100oCat1atmosphericpressure.
Pureethanolboilsat78oC.

Effectofimpurityonboilingpoint.
-Impuritiesraisetheboilingpointofaliquid.
Example:
-Seawaterboilsatahighertemperaturethanpurewaterduetothepresenceofdissolvedsalts.

Statesofmatter.
 Matter:

-Matterisanythingthatoccupiesspaceandhasmass.
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-Itiscomposedofeitherpuresubstancesoramixtureofsubstances.

Statesofmatter:
Matterexistsinthreestates:
 Solid
 Liquid
 Gas.

Kinetictheoryofmatter:
-Statesthatmatterismadeupofsmallparticleswhichareincontinuousrandommotion.
-ThecontinuousrandommotionofparticlesinmatteriscalledBrownianmotion.
-Therateofmovementofparticlesinmatterdependsonthestate

(a).Solidstate:
-Havecloselypackedparticlesheldbystrongforcesofattraction.
-Particlesdonotmovefromonepointtoanotherbutvibrateaboutafixedposition.
-Uponheating,theystarttovibratevigorously.
Reason:
-Duetoincreaseintheirkineticenergy.

(b).Liquidstate:
-Particlesarefurtherapartfromoneanotherthanthoseinthesolidstate
-Forcesofattractionbetweentheparticlesareweakerthanthoseinthesolid.
-Theparticlesremainclose,butarefreetomovefromonepositiontoanother.
-Onheatingtheygainenergyandmoverapidly.

(c).Gaseousstate:
-Theparticlesarefarapartandfreetomoverandomlyinalldirections.
-Consequentlytheylackdefiniteshapeandvolume,butoccupythewholespacewithinacontainer.
-Forcesofattractionbetweentheparticlesareveryweak.

Theeffectofheatonsubstances.
-Asubstancecanchangefromonestatetoanotheruponheatingorcooling.
-Thesearephysicalchangesandcanbereversed.
-Therearefiveprocessesinvolvedinchangesofstate:
 Melting
 Evaporation
 Condensation
 Freezing
 Sublimation

Theprocessesinvolvedinchangeofstatesofmatter.
(i).Melting:
-Isachangeofstatefromsolidtoliquid.
 Meltingpoint:

-Istheconstanttemperatureatwhichthemeltingtakesplace.

Examples:
-Icemeltsat0oC.
-Sodiumchloridemeltsat800oC.

-Duringmeltingtheenergysuppliedtotheparticlesisusedtoweakentheforcesofattractionsothat
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particlescanmoveabout.

(ii).Vapourisation(evaporation)
-Ischangeofstatefromliquidtogas.
 Boilingpoint:

-Istheconstanttemperatureatwhichaliquidchangesfromsolidtoagas.

-Duringboiling,theenergysuppliedisusedtobreaktheforcesofattractionintheliquidthusmoving
theparticlesfarawayfromeachother.

Examples:
Waterboilsat100oC,whileethanolboilsat78oCatoneatmosphericpressure.
Reason:
Theforcesofattractionbetweenthewaterparticlesarestrongerthanthoseofethanol.

(c).Condensation:
-Isthechangeofstatefromagastoaliquid.
-Isachangeduetodecreaseintemperature.
-Whenthetemperatureofgasisdecreased,theparticleslosekineticenergytothesurroundingsto
moveslowly.
-Theattractiveforcesbecomestronger,andthesamplechangestoaliquid.
Note:
-Thetemperatureatwhichcondensationoccursisthesameastheboilingpoint.

(d).Freezing:
-Isthechangefromaliquidtoasolid.
-Itisalsoduetodecreaseintemperature.
-Whenaliquidiscooled,theparticlesloseenergyandmoveveryslowly.
-Theyattractoneanotherstrongly,andultimatelyremaininfixedpositions.
Note:
-Thefreezingpointisthesameasthemeltingpoint.

(e).Sublimation.
-Istheprocesswherebyasoliddoesnotmeltwhenheated,butchangesdirectlytothegaseousstate.

Example:
-Iodinesolidchangestopurplevapourwhenheatedto70oC.
-Dryice(solidCO2),usedtocoolicecream,evaporateswithoutleavingaliquid.
Note:
-Thereverseofsublimation,wherebyagaschangesdirectlytosolidiscalleddeposition.

Summaryonchangesofstate.
E

Solid Liquid Gas

F

Key:A:melting;B:vapourisation;C:Freezing;D:Condensation;E:Sublimation;F:Deposition;

Experiment:Investigatingchangesintemperaturewheniceisheated.
(i).Procedure:
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-A250mlbeakerishalf-filledwithdryice,andtheinitialtemperaturerecorded.
-Theiceisheated,whilestirringwithathermometerandthetemperaturerecordedevery30seconds.
-Heatingandrecordingisdoneuntiltheresultantwaterstartstoboil.
-Agraphoftemperatureagainsttimeisplotted.

(ii).Results:

Temperatures(oC) -10 0 30 60 90 120 150 180 210
Time(seconds)

(iii).Graph:
Effectofheatonpureice

(iv).Explanations:
 PointA-B:

-Astheiceisheatedthetemperaturerisessteadilyfrom-10oCto0oC.
Reason:
-Theheatsuppliedincreasesthekineticenergyoftheice(solidwater)molecules;collisionsbetween
themhenceincreasedtemperature.

 PointB-C:
-Thetemperatureoftheiceremainsconstantevenasheatisapplied.
Reason:
-Heatsuppliedisusedtobreaktheforcesofattractionbetweenthewatermoleculesinice.
-ThisisthemeltingpointhenceatB-Ctheicemelts.
 PointsC-D:

-AtC,alltheicehasalreadymelted(turnedtowater).
-BetweenCandD,thetemperatureofthewaterincreasesasheatingcontinues.
Reason:
-Theheatsuppliedincreasesthekineticenergyofthewatermolecules;theirrateofcollisionincreases
henceincreasedtemperatures.

 PointsD-E:
-Temperatureofthewaterremainsconstantevenasheatisbeingsupplied.
-PointD-Eistheboilingpointi.e.100oC.
Reason:
-Theheatsuppliedisusedtobreaktheforcesofattractionbetweenwatermoleculesintheliquid.

 PointsE-F:
-AtpointE,alltheliquidwaterhasturnedintovapour.
-ThusbetweenEandF,thetemperatureofthevapourrisesasheatisapplied.

T
e
m
p
(o
C
)

Time(seconds)
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Note:Heatingcurveforanimpuresolid.
Effectofheatonimpureice

Thecoolingcurve.
-Isacurvethatshowshowthetemperatureofasubstancechangeswithtimeasitiscooledfromagas
intoasolid.
-Itistheoppositeofaheatingcurve.

Example:thecoolingcurveofwater

Explanations:
 PointsA-B:

-Gaseousstate;temperatureisdeclining.
-Heatlossresultsintodecreaseinkineticenergyofthegaseousmolecules.

 PointsB-C:
-Thisisthecondensationpoint;
-Thewatervapourcondensestotheliquidstate;bondsareformedasthehestislost.

 PointsC-D;
-Temperatureoftheliquidwaterisdeclining;
-Heatlossresultsintodecreaseinkineticenergyoftheliquidmolecules.

 PointsD-E;
-Thisisthefreezingpoint;
-Thetemperatureremainsconstantastheheatisbeinglost;
-Theheatbeinglostresultsintobondformation;astheliquidformsasolid.

 PointsE-F;
-Thewaterisnowinsolidstate.

T
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p
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C
)

Time(seconds)
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C
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-Thetemperatureofthesoliddeclinesasheatisbeinglost.

Permanentandtemporarychanges.
-Heatcausesmattertochange.
-Changesduetoheatcaneitherbepermanentornon-permanent(temporary).

(a).Permanentchanges.
-Arealsocalledchemicalchanges.
-Involvessubstancesthatarerelativelylessstabletoheat.

Characteristicsofpermanent(chemical)changes.
(i).Newsubstancesareformed.
(ii).Involvesconsiderableheatchanges;energyiseithergivenoutorabsorbed.
(iii).Themassofthesubstancechanges.

Typesofpermanent(chemical)changes.
-Chemicalchangesareoftwomaintypes:
 Reversiblepermanentchanges.
 Irreversible(non-reversible)permanentchanges.

(i).Reversiblepermanentchanges.
-Arechemicalchangesinwhichthefinalnewproductscanrecombinetoformtheoriginalsubstance,
undercertainconditions.

Generally:
A+B C+D

Reactants Products

Examples:
1.Effectofheatonhydratedbluecopper(II)sulphate.
(i).Apparatus:
-Testtubes,Bunsenburner,testtubeholder
-Hydratedcopper(II)sulphate

(ii).Apparatus:

(ii).Procedure:
–Drycrystalsofhydratedbluecopper(II)sulphateareputinacleandrytesttube.
-Theapparatusarearrangedasabove.
-Thecopper(II)sulphateisheateduntilnofurtherchange.
-Thedeliverytubeisremovedfromthecollectedliquidwhileheatingcontinues.
Reason:
-Toavoidsuckingbackofthecondensingliquidwhichwouldotherwiserehydratetheanhydrous
copper(II)sulphate
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-Thetesttubeisallowedtocoolandtheremainingsolidisdividedintotwoportions.
-Tooneportionofthepowder,adddistilledwater,whiletotheotherpotionaddthecondensedliquid.

(iii).Observations:
-Awhitesolid/powderremainsinthetesttubeafterheating.
-Acolourlessliquidcondensesinthetesttubedippedintotheicecoldwater.
-Thecolourlessliquidturnsthewhitesolidintoblue.

(iv).Explanations:
-Hydratedbluecopper(II)sulphatehavewaterofcrystallization,givingitthecharacteristicbluecolour.
-Duringheating,theheatenergysuppliedisusedtodriveoutthewatermolecules(particles)outofthe
crystals;
-Withoutwater,thecopper(II)sulphateturnswhiteandthuscalledanhydrouscopper(II)sulphate;
-Thewaterdrivenoutofthecrystalscondensesinthetesttubeimmersedintheicecoldwater.

Equation
Hydratedcopper(II)sulphate anhydrouscopper(II)sulphate+Water

Blue White

Chemically:
CuSO4.5H2O(s) CuSO4(s)+5H2O(g);

Confirmatorytestforwater.
 Itturnswhiteanhydrouscopper(II)sulphatetoblue;
 Itchangesbluecobaltchloridepaperpink;

Confirmatorytestthatthewaterispure:
 Itboilsat100oC;
 Itmeltsat0oC;
 Ithasadensityof1gcm-3;
 Ithasarefractiveindexof1.33;

Note:
-Thedeliverytubeisremovedfromthecollectingliquidwhileheatingiscontinued;toensurethatno
watercondensesbackintothecopper(II)sulphateasthiswouldcauserehydration;
-Additionofwatertotheanhydrouscopper(III)sulphatechangesitscolourfromwhitetoblue;

Conclusion:
Theeffectofheatoncopper(II)sulphateisareversiblechemicalchange;

2.Effectofheatonammoniumchloride.
-Whenammoniumchlorideisheated,itproducesammoniagasandhydrogenchloridegas.
-Theseareseenasdensewhitefumes.
-Reversible,whenammoniaandhydrogenchloridearegasesarereactedorallowedtocool,they
produceammoniumchloride;

Insummary:
Ammoniumchloridesolid ammoniumchloride+hydrogenchloride;

White Densewhitefumes

Chemically:
NH4Cl(s) NH3(g)+HCl(g);

Ammoniumchloride Ammoniagas hydrogenchloridegas

Heat

Cool

Heat

Cool

Heat

Cool

Heat

Cool
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3.Decompositionofcalciumcarbonate.
Insummary:

Calciumcarbonatesolid Calciumoxide+Carbon(IV)oxide;

(ii).Irreversiblechemicalchange.
-Arechemicalchangesinwhichtheresultantproductscannotrecombinetoformtheoriginal
substance(reactants);
-Majorityofthechemicalchangesareirreversible;

Generally:
A+B C+D
Reactants Products

Examples:
1.Actionofheatonpotassiummanganate(VII)
(i).Apparatusandchemicals.
-Bunsenburner,testtube,trough,woodensplint;
-Potassiummanagnate(VII);

(ii).Apparatussetup.

(iii).Procedure:
-2end-fullsofaspatulaofpotassiummanganate(VII)areputinahardglasstesttube;
-Thesetupisassembledasshownabove;
-Thesolidpotassiummanganate(VII)isheated,andtheresultantgascollectedoverwater;
-Theresultantgas(es)istestedwithaglowingsplint;

(iv).Observations:
-Thepurplesolidturnsblack;
-Acolourlessgascollectsoverwater;
-Thecolourlessrelightsaglowingsplint;

(v).Explanations:
-Potassiummanganate(VII),apurplesolidwasdecomposed(splintup)onheatingtoyield(give

Heat

Cool

Potassiummanganate
(VII)

Heat
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potassiummanganate(III)andoxygen.
-Thepotassiummanganate(III)istheblackresidue;
-Thecolourlessgasisoxygen;andrelightingaglowingsplintistheconfirmatorytest;

Insummary:
Potassiummanganate(VII)→Potassiummanganate(III)+oxygen
Purplesolid Blacksolid Colourlessgas

Note:Itisnotpossibleforoxygenandpotassiummanganate(III)torecombinebacktopotassium
manganate(VII);hencethechangeisirreversible;

2.Thermaldecompositionofcopper(II)nitrate.
-Thebluesoliddecomposestoformablacksolid;copper(II)oxide,red-brownfumesofnitrogen(IV)
oxideandacolourlessgas,oxygen;

Insummary:
Copper(II)nitrate→Copper(II)oxide+Nitrogen(IV)oxide+oxygen
Bluesolid Blacksolid Brown(red-brown)fumes Colourlessgas

Note:Furtherexamplesofchemicalchanges
-Theburningofanysubstance(exceptplatinum);
-Therustingofiron;
-Additionofwatertocalciumoxide;
-Explosionofnaturalgasorhydrogenwithair;
-Reactingofsodiuminwater;

Note:Exothermicandendothermicreactions:
(i).Exothermicreactions.
-Arereactionsinwhichheatisreleased//givenouttothesurrounding;
-Usuallythefinaltemperatureofthereactionvessel//mixture(e.g.beakerishigherthaninitially;

Examples:
-Freezing;
-Condensation;
-Deposition//sublimationoffumestosolid;

(ii).Endothermicreactions.
-Arechemicalreactionsinwhichheatisabsorbedfromthesurrounding;
-Thefinaltemperatureofthereactionvesselorreactionmixtureisusuallylowerthantheinitiali.e.they
areaccompaniedbyadropintemperature;

Examples.
-Melting;
-Vapourization;
-Sublimation(ofsolidtogas)

Summaryonchemicalchanges.

Reaction Appearance
ofsubstance

Changesduringreaction Newsubstance(s) Typeof
change

Heatinghydrated
copper(II)

Blue Bluecrystalsturnintoawhite
powder;colourlessliquid

Anhydrouscopper
(II)sulphateand

Chemical
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sulphate condensesoncooling; water

Heating
potassium
manganate(VII)

Shinypurple
crystals

Thepurplesolidturnsblack;
evolutionofacolourlessgas;

Potassium
manganate(III)and
oxygen;

Chemical;

Heating
ammonium
chloride

Whitesolid//
powder;

Densewhitefumedthatcoolsto
awhitesolid;

Ammoniagasand
hydrogenchloride
gas;

Chemical;

Heatinglead(II)
nitrate;

Whitesolid Thewhitesolidturnsintoared
solidduringheatingwhichon
coolingturnsyellow;
-Decrepitatingsound;
-Brownfumes;
-colourlessgas;

-Lead(II)oxide;
nitrogen(IV)oxide
andoxygengas;

Chemical;

Heatinglead(II)
nitrate;

Whitesolid Thewhitesolidturnsintoa
yellowsolidduringheatingwhich
oncoolingturnswhite;
-Decrepitatingsound;
-Brownfumes;colourlessgas;

-Zinc(II)oxide;
nitrogen(IV)oxide
andoxygengas;

Chemical;

Heatingcopper
turnings

Brown
turnings;

-Brownturnings//solidturn
black;

-Copper(II)oxide; Chemical;

Rustingofiron; Greysolid -Greysolidturnsintoared
brownsolid;

-Hydratediron(III)
oxide;

Chemical;

HeatingCopper(II)
nitrate;

Bluesolid Thebluesolidturnsintoablack
solid;
-Brownfumes;
-colourlessgas;

-Copper(II)oxide;
nitrogen(IV)oxide
andoxygengas;

Chemical;

Heatingcopper(II)
carbonate

Greensolid Thegreensolidturnsintoablack
solid;
-colourlessgas;

-copper(II)oxide
andcarbon(IV)
oxide;

Chemical;

(b).Temporary(non-permanent)changes.
-Arealsocalledphysicalchanges;
-Theyarechangesthatinvolvesubstancesthataremorestabletoheat;
-Onheatingtheydonotdecomposehencenonewsubstancesareformed;

Characteristicsofpermanentchanges.
1.Allarereversibleuponchangesintemperature;
2.Nonewsubstanceisformed(insteadthereareonlychangesofstate);
3.Themassofthesubstancesdonotchange;

Examples:

Solid Original
appearance

Observationsduringheatingthencooling

1.Candlewax Whitestickysolid; -Thesolidmeltsintoacolourlessviscousliquid;andoncooling
solidifiestotheoriginalsolidwaxagain;

2.Iodinesolid. Shinydark-grey
crystals;

-Thesolidturnsdirectlytopurplevapour(sublimation);
-Oncoolingthepurpleiodinevapour(gas)changesdirectlytosolid
iodine(deposition);

ie.Iodinesolid═ iodinevapour;
Darkgrey Purple

3.Zincoxide Whitesolid; -Thewhitesolidturnsyellowonheatinganduponcoolingchanges
backtotheoriginalwhitecolour;
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ie.Zincoxide═ Zincoxide;
White(cold) Yellow(hot)

4.Ice White -Thesolidwatermeltsintoliquidandonfurtherheatingtheliquid
vapourizesandturnsintogas;
-Oncoolingthegascondensestoliquidwhichthenfreezesback
intosolid;

i.eIce═ Water═ Gas

5.Platinumwire; -Awhiteglowofthemetalisseenonheating,butoncoolingthe
metalchangesbacktoitsoriginalgreycolour;

6.Lead(II)oxide; Yellow -Theyellowsolidturnsredonheatinganduponcoolingchanges
backtotheoriginalyellowcolour;

ie.Lead(II)oxide═ Lead(II)oxide;
White(cold) Yellow(hot)

DifferencesbetweenPhysicalandChemicalchanges.

Physicalchange Chemicalchange
1.Producesnonewkindofsubstance; -Alwaysproducesanewkindofsubstance;
2.UIsusually(generally)irreversible; Aregenerallyirreversible;withonlyfewexceptions

(i.e.mostareirreversible);
3.Themassofthesubstancedoesnotchange; -Themassofthesubstancechanges;
4.Noenergyisgivenoutorabsorbedi.e.arenot
accompaniedbygreatheatchanges;

-Energyisusuallygivenoutorabsorbedi.eare
usuallyaccompaniedbygreatheatchanges;

Constituentsofmatter
-Adetailedexaminationofmatterrevealsthatitisbuiltofverytinyunitscalledtoms;
-Presentlyabout115atomshavebeenidentified;
-Thearrangementandnumberofatomsinasubstancewillresultintoothermuchlargerconstituents
ofmatter;
-Theseare:
 Elements;
 Molecules;
 Compounds;
 Mixtures;

1.Theatom;
-Isthesmallestparticleofmatterthatcantakepartinachemicalreaction;
-Itisthesmallestparticleintowhichanelementcanbedividedwithoutlosingthepropertiesofthe
element;
-Atomsofvariouselementsalldifferfromoneanother;
Examples:
-Copperismadeupofmanycopperatoms;
-Sodiumelementismadeupofmanysodiumatoms;

2.Elements.
-Anelementisasubstancethatcannotbesplitintoanythingsimplebyanyknownchemicalmeans;
-Anelementconsistsofasingletypeofatom;
-Thereareabout155knownelements,90ofwhichoccurnaturally.
-Elementsareclassifiedintotwomaingroups;

 Metals:
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-Allaresolidsatroomtemperature(exceptmercury);andaregoodconductorsofelectricity;

 Non-metals;
-Existsassolidsandgases;
-Allarepoorelectricconductorsexceptgraphite;

Examplesofelements.
(i).Metals:
-Sodium,magnesium,potassium,aluminium,lead,iron,zinc,silver,gold,tin,platinum,uranium,calcium,
manganeseetc.

(ii).Non-elements.
-Carbon,nitrogen,sulphur,oxygen,chlorine,fluorine,argon,neon,bromine,iodine,silicon,boron,xenon,
krypton.
3.Molecule.
-Isthesmallestparticleofasubstancethatcanexistindependently;
-Itismadewhen2ormoreatoms(similarordissimilar)arechemicallycombinedtogether;
-Howeveratomsofnoble/inertgasesexistassingleatoms;

Note:
-Dependingonnumberofatomsmoleculescanbecategorizedinto:
(i).Monoatomicmolecule;
-madeupofonlyoneatom;
Examples:
-Argon;

→
Argonatom Argonmolecule;

-Neon;
-Helium;

(ii).Diatomicmolecules.
-Madeupof2similaratoms;chemicallycombines;
Examples
-Oxygengas;

→
Oxygenatom Oxygenmolecule;

-Nitrogengas;
-Hydrogengas;
-Chlorinegas;

(ii).Triatomicmolecules.
-Madeupof3similaratoms;chemicallycombines;
Examples
-Ozonemolecule;

→

Oxygenatom Ozonemolecule;

Note:
-Othermoleculesarealsomadefromatomsofdifferentelementschemicallycombinedtogether;
Examples:
(i).Hydrogenchloride;

+ →
Hydrogen Chlorine Hydrogenchloridemolecule;
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Atom. Atom;

(ii).Watermolecule;
+ + →

Hydrogenatoms oxygenatom; Watermolecule;

4.Compounds.
-Acompoundisapuresubstanceconsistingoftwoormoreelementsthatarechemicallycombined.
-Compoundsusuallyhavedifferentpropertiesfromthoseofitsconstituentelements;
-Propertiesofacompoundareuniformthroughoutanygivensampleandfromonesampletoanother;

Examplesofcompoundsandtheirconstituentelements.

Compound Constituentelements
Colourlesswaterliquid; Oxygenandhydrogen;
Greencopper(II)carbonate; Copper,carbonandoxygen;
Whitesodiumnitrate; Sodium,nitrogenandoxygen;
Blackcopper(II)oxide; Copperandoxygen;
Bluecopper(II)nitrate; Copper,nitrogenandoxygen;
Bluecopper(II)sulphate; Copper,sulphur,oxygenand

hydrogen;
Ammoniumchloride; Nitrogen,hydrogenandchlorine;

Note:
-Carbonatesarederivativesof(derivedfromormadeof)carbonandoxygen;
-Nitratesarederivativesofnitrogenandoxygen;
-Sulphatesarederivativesofsulphurandoxygen;
-Hydrogencarbonatesarederivativesofhydrogen,carbonandoxygen;

5.Mixtures
-Asubstancethatconsistsoftwoormoreelementsorcompoundsthatarenotchemicallycombined.

Characteristicsofmixtures.
-Itpropertiesaretheaverageofthepropertiesofitselements;
-Itscomponentscanbeseparatedbyphysicalmeanse.g.filtration,magnetism,distillationetc.
-Itscomponentsarenotnecessarilyiffixedpositions;
-Areformedbyphysicalmeans;i.e.thereisusuallynoheatchangeduringitsformation.

Examplesofmixtures:
1.Air:
-Amixtureofoxygen,nitrogen,carbon(IV)oxide,watervapour,andnoblegases.

2.Sugarsolution.
-Amixtureofsugarandwater.

3.Seawater.
-Water,dissolvedsalts;
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Experiment:Todistinguishbetweenanelementandacompound.
(i).Apparatus.
-Watchglass,testtube,woodensplint,magnet,ironfillings,sulphurpowder,dilutehydrochloricacid.

(ii).Procedure.
-Approximately7gofironfillingsand4gofsulphuraremixedinatesttubeandthemixturestrongly
heated;

Observations:
-Aredglowstartsandspreadsthroughoutthemixtureformingablacksolid.
-Theblacksolidisiron(II)sulphide.
-Thetwoproducts//substancesinsteps1and2aresubjectedtothefollowingtests;

Test//Analysis
Observations

Iron-sulphurmixture. Iron(II)sulphide
1.Colour:Thecolourofthe
substanceisnoted;

-Theresultantsubstanceisyellow
-greyduetotheyellowsulphurand
thegreyironpowder;

-Theyellow-greymixturechanges
toablacksolid;iron(II)sulphide
onheating;

2.Separation:Amagnetis
passedoverthesubstances
separately;
-Alternatively,waterwasadded
toeachsubstance;

-Beforeheatingtheironcouldbe
separatedfromsulphurbyuseofa
magnetorsedimentation;
Note:Thesearephysicalmethods;

-Magnetismandsedimentation
havenoeffectoniron(II)sulphide;

3.Reactionwithdilute
hydrochloricacid:Toeachofthe
substances,afewdropsof
hydrochloricacidisadded;

-Ironreactedwithdilute
hydrochloricacidtoforma
colourlessgasthatburnswitha
popsound.
-Thisishydrogengas;
-Sulphurisnotaffected;

-Iron(II)sulphidereactedwith
hydrochloricacidtoproducea
colourlessgaswitha
characteristicpungent(rottenegg)
smell;
-Thegasishydrogensulphide;

4.Heatchange. Noheatwasproducedorapplied
inmixingironandsulphur;

-Afterheatingthemixture,the
formationofthenewsubstance,
iron(II)sulphideproducedenough
heathencethebrightredglow;

Explanations:
-Thesefourexperimentssummarizethefourmaindifferencesbetweencompoundsandmixtures.
-Fromtheresults,ironandsulphurpowderisamixture;whileiron(II)sulphideisacompound.

Differencesbetweenamixtureandacompound.

Compounds Mixtures
1.Componentsareinfixedpositions; -Componentsareinanypositions;
2.Componentscanonlybeseparatedbychemical
means;whichrequirelargeamountsofenergy;

-Componentscabeseparatedbyphysicalmeans;

3.Thepropertiesaredifferentfromthoseofthe
constituentsubstances;

-Thepropertiesaretheaverageofthepropertiesof
theconstituentelements;

4.Areformedbychemicalmeans//methods;i.e.a
newsubstanceisformedandthereisevolutionof
heat;

-Areformedbyphysicalmans;nonewsubstanceis
formedandthereisno//negligibleheatchange;

5.Formationinvolvesheatchanges;eitherliberation
orabsorption;

-Noheatchangeintheformationofamixture;

Namesandsymbolsofcommonelements.
Chemicalsymbols.
-Arechemicalshorthands,writtentorefertoelements.
-Theyareusuallybasedonthelettersoftheelement;
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-ChemicalsymbolsconsistofoneortwoletterswhichareusuallyderivativesoftheLatinorEnglish
nameoftheelement;

Rulesinwritingchemicalsymbols.
1.Thefirstlettermustalwaysbeacapitalletter;
2.Thelettersshouldnotbejoinedwitheachother,likeinhandwriting;theymustbeprinted.
3.Ifpresent,thesecondletterofasymbolmustbeasmallletter;

Note:TheabbreviationsofthechemicalsymbolsaremainlyderivativesofEnglish,LatinorGerman
names.
Examples:
CopperisymbolisedasCu;derivedfromCuprumwhichisltin;
 Iron;→Fe(Ferrum–Latin)
 Potassium;→K(Kalium–Latin)
 Sodium;→Na(Natrium–Latin)
 Lead;→Pb(Plumbum–Latin);

-Thesymbolofeachelementrepresentsoneatomofthatelement.
Example:
-Agrepresentsoneatomofsilver;
-2Agrepresents2atomsofsilver;

Somecommonelementsandtheirsymbols.

Element Latin//Greek//Germanname Symbol
Carbon
Fluorine
Hydrogen
Iodine
Nitrogen
Oxygen
Phosphorus
Sulphur
Aluminium
Argon
Barium
Calcium
Chlorine
Helium
Magnesium
Neon
Silicon
Zinc
Copper
Iron
Lead
Mercury
Potassium
Silver
Sodium
Gold
Tin
Manganese

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Cuprum
Ferrum
Plumbum
Hydagyrum
Kalium
Argentum
Natrium
Aurum
-
-

C
F
H
I
N
O
P
S
Al
Ar
Ba
Ca
Cl
He
Mg
Ne
Si
Zn
Cu
Fe
Pb
Hg
K
Ag
Na
Au
Sn
Mn

Importanceofchemicalnamesandsymbolsovercommonnames.
1.Chemicalnamesandsymbolsindicatethenamesinthecompounds.
Examples:
-Compoundswhosenamesendin-ide;containsonlytwoelements;
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 Iron(II)sulphide:ironandsulphur;
 Magnesiumnitride:magnesiumandnitrogen;

-Compoundswhosenamesendin–atecontainthreeelementsandoeofthemisoxygen;
2.Chemicalnamesareuniversallyknownandaccepted;henceprovidemeanofeasycommunication
amongchemistsallovertheworld;
Simplewordequations.
Equations:
-Isalinearsummaryofachemicalreaction,showingthereactantsandproducts.
Examples:
Copper(II)oxide+hydrogen→copper+water;

Explanations:
-Substancesonthelefthandsidearecalledreactants;
-Substancesontherighthandsidearecalledproducts;
-Theadditionsign(+)onthelefthandsidemeans“reactswith”;
-Thearrow(→)meanstoform;
-Theadditionsign(+)ontherighthandside(productsside)means“and”.

Conclusion:
Copper(II)oxidereactswithhydrogentoformcopperandwater;

Note:
-Somechemicalreactionsarereversibleandhencehavetwooppositearrows( )between
reactantsandproducts
-Thearrows( )inchemistrymeansareversiblechemicalreaction;

Furtherexamples:
1.Copper(II)carbonate→Copper(II)oxide+carbon(IV)oxide;
2.Magnesium+oxygen→magnesiumoxide;
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UNIT3:ACIDSBASESANDINDICATORS.
Unitchecklist
1.Acids:
 Meaningofacids;
 Organicacids
 Mineralacids;

2.Bases.
 Meaning;

3.Indicators.
 Meaning;
 Preparationofacid-baseindicators;
 Commercialacid-baseindicators;
 Colourofindicatorsinacidsandbases;
 Classificationsofsubstancesasacidsorbasesusingacidbaseindicators;
 Theuniversalindicator;
 ThepHscale;
 pHvaluesofvarioussolutionsinuniversalindiactor;

4.Propertiesofacids.
 Physicalproperties;

 Taste;
 Effectonlitmuspapers;
 Electricalconductivity;

 Chemicalproperties.
 Reactionwithalkalisandbases;
 Reactionwithmetals;
 Reactionwithcarbonatesandhydrogencarbonates;

5.Propertiesofbases
 Physicalproperties;

 Taste;
 Texture;
 Effectonlitmuspapers;
 Electricalconductivity;

 Chemicalproperties.
 Reactionwithacids;
 Precipitationofsomehydroxides;
 Effectofheat

6.Usesofsomeacidsandbases.
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1.Acids:
-Aresubstancesthatdissolveinwatertoreleasehydrogenions.
-Acidscaneitherbeorganicacidsormineralacids;

(i).Organicacids:
-Areacidsfoundinplantsandanimals;
Examples:
-lacticacidinsourmilk;
-Citricacidincitrusfruitslikeoranges;
-Ethanoicacidinvinegar;
-Tartaricacidinbakingpowder;
-Methanoicacidinbeeandantstings;
-Tannicacidintea;

(ii).Mineralacids.
-Areacidsmadefrommineralscontainingelementssuchassulphur,chlorine,nitrogenetc.
-Areformedfromreactionsofchemicals;
-Mainexamplesinclude:
 Sulphuric(VI)acid(H2SO4);containshydrogen,sulphurandoxygen;
 Hydrochloricacid;containshydrogenandchlorine;
 Nitric(V)acid(HNO3);containsnitrogen,oxygenandhydrogen;

Note:
-Mineralacidsaremorepowerfulthanorganicacids;becausetheyyield//releasemorehydrogenions
inwater
-Theyarethusmorecorrosive.

2.Bases.
-Aresubstancesthatdissolveinwatertoyield//releasehydroxylions;
-Justlikeacidstheyarebittertotaste;
Examples:
-Sodiumhydroxide;
-Ammoniumhydroxide;
-Calciumhydroxide;
Note:
-Somebasesinsolubleinwaterwhilesomearesolubleinwater;
-Solublebasesarecalledalkalis;

3.Indicators.
-Aresubstanceswhichgivedefinitecoloursinacidicorbasicsolutions;
-Aresubstanceswhichcanbeusedtodeterminewhetherasubstanceisanacidorabase;
-Consequentlytheyarecalledacid-baseindicators;
-Thedeterminationisbasedoncolourchanges,whereeachindicatorhaveparticularcolourationsin
acidsandbases.
-Indicatorscanbecommerciallyorlocallypreparedinthelaboratory;

Indicators:
Experiment:preparationofsimpleacid-baseindicatorsfromflowerextracts.
(i).Apparatusandchemicals.
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-Testtubes;
-Pestleandmortar;
-Flowerpetals;
-Ethanol//propanone;
-Water;
-Varioustestsolutions:sulphuric(VI)acid,hydrochloricacid,Ethanoicacid,sodiumhydroxide,magadi
soda,ammoniasolution.

(ii).Procedure:
-Flowersfromselectedplantsarecollectedandassemblede.g.bougainvillea,hibiscusetc;
-Theyarecrushedinamortarusingapestleandsomeethanoladdedwithcontinuedcrushing;
-Theresultantliquidisdecantedintoasmallbeaker;anditscolourrecorded.
-Usingadropper,twotothreedropsoftheresultantindicatorareaddedtothetestsolutions.

(iii).Observations:
(a).Colourofextractinacidsandbases

Plantextract Colourinhydrochloric
acid

Colourindilutesodium
hydroxide

1
2

(b).Resultwithvarioustestsolutions:

Testsubstance Colour(change) Typeofsubstance(acid/base)

Lemonjuice
Woodash
Ammonia
Sourmilk
Vinegar
Nitric(V)acid
Toothpaste
Limewater
Bakingpowder;
Sugar
Potassiumhydroxide

Note:
-Plantextractsacid-baseindicatorsarenotnormallypreferredinChemistryexperiments.
Reason:
-Theydon’tgiveconsistent(reproducibleresultsbecausetheyareimpure.
-Commercialindicatorsgivemoredistinctiveandreproducibleresults.

Commercialindicators.
-Arecommerciallypreparedindicatorswhicharesoldinalreadypurifiedforms.

Advantagesofcommercialindicators.
-Theyarerelativelypurehencegiveconsistentandreproducibleresults;
-TheyarereadilyavailableandeasytostoreinaChemistrylaboratory;
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Mainexamples:
-Phenolpthalein;
-Methylorange;
-Bromothymolblue;
-Litmuspaper;

Note:
-Litmusisabluevegetablecompoundwhichisextractedfrom“plants”calledlichens;
-Litmuspaperisanadsorbentpaperwhichhasbeendippedinlitmusindicatorsolutionthendried;

Coloursofvariouscommercialindicatorsinacidsandbases.

Indicator Colourin.
Neutral Base Acid

1.Litmus;
2.Phenolphthalein;
3.Methylorange;
4.Bromothymolblue

Purple
Colourless;
Orange
Blue

Blue;
Pink;
Yellow
Blue

Red;
Colourless;
Pink;
Yellow;

Classificationofvarioussubstancesasacidsorbasesusingindicators.

Substance Colourin Classification
Litmus Phenolphthalein Methylorange Bromothymol

blue
Hydrochloric
acid
Sodium
hydroxide
Omo(detergent)
Soda
Actaltablets
Lemonjuice
Sourmilk
Bleach(jik)
Freshmilk
Woodash

Theuniversalindicator.
-Isafullrangeindicatorwhichgivesrangeofcoloursdependingonthestrengthoftheacidoralkali.
-Itispreparedbysuitablemixingcertainindicators;
-Itgivesarangeofcolourdependingonthestrengthofacidsandbases;
-Eachuniversalindicatorissuppliedwithachart,tofacilitatethisclassification.

ThepHscale.
-Isascaleofnumberswhichshowsthestrengthofacidsorbases.
-Itreferstothepotential(power)ofhydrogen;
-Itrangesfrom0–14;
-Todeterminethestrengthofanacidorbase,thecolouritgivesinuniversalindicatorssolutionis
comparedtotheshadesonthepHchartoftheindicator;



Novels,UpdatedCPA,CIFA,CICT,CPS,HighSchoolNotes~0714497530(isabokemicah@gmail.com)

Diagram:ThepHscale.

Note:
-ThestrongestacidhasapHof1;
-ThestrongestalkalihasapHof14;
-NeutralsubstanceshaveapHof7;
-AnypHlessthan7isacidicsolution;whileanypHabove7isforaalkaline/basicsolution;

ColourandpHofvarioussolutionsinuniversalindicator;

Substance Colour pHonchart Classification
Hydrochloricacid
Sodiumhydroxide
Omo(detergent)
Soda
Actaltablets
Lemonjuice
Sourmilk
Bleach(jik)
Freshmilk
Woodash

Propertiesofacids.
(a).Physicalproperties.
1.Theyhaveasourtaste.
Examples:
-Thesourtasteofcitricfruitsisduetothecitricacidinthem.
-Thesourtasteinsourmilkisduetolacticacid;

2.Theyturnbluelitmustored;
-Redlitmuswillremainredinacidicsolution;bluelitmuswillturnred;

3.Electricalconductivity;
-Acidsconductelectriccurrentwhendissolvedinwater;
-Thisisbecausetheydissolveinwatertoreleasehydrogenions;whicharetheonesthatconduct
electriccurrent;

4.Thydestroyclothingwhenstrong;i.e.theyatawayclothingmaterialleavingholesinit;

5.Strongacidsarecorrosive;henceabletoburnplantandanimaltissues;
Chemicalproperties.
1.Reactionwithalkalisadbases.
-Acidsreactwithalkalistoformsaltandwateronly;
-Thesetypesofreactionsarecalledneutralizationreactions;
-Thehydrogenionsoftheacidreactwiththehydroxylionofthealkalitoformwater;
-Thenameofthesaltisusuallyderivedfromtheacid;

Examples:

Acid Derivativesalt
Sulphuric(VI)acid Sulphates;
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Hydrochloricacid
Nitric(V)acid
Phosphoricacid

Chlorides
Nitrates;
Phosphates;

Summary:
Acid+base(alkali)→salt+water;(aneutralizationreaction);

Examples:
1.Sodiumhydroxide+Hydrochloricacid→Sodiumchloride+water;
2.Calciumoxide+Sulphuric(VI)acid→calciumsulphate+water;

2.Reactionwithmetals;
-Acidsreactwithsomemetalstoproducehydrogen;

Examples:Reactionwithdilutehydrochloricacidandzincmetal;
Procedure:
-2cm3ofhydrochloricacidisputinatesttube;
-Aspatulaend-fullofzincpowderisadded.
-Aburningsplintisloweredinthetesttube.

Observations.
-Effervescenceofacolourlessgas;
-Thecolourlessgasburnswithapopsound;

Explanations.
-Zincmetaldisplacesthehydrogenionsintheacidwhichformthehydrogengas;
-Whenaglowingsplintisintroducedintothehydrogengas;itburnswithapopsound;
-Thisisthechemicaltesttoconfirmthatagasishydrogen;

Conclusion;
-Thegasproducedishydrogengas;
-Thus,acidsreactwithsomemetalstoproducehydrogengas,andasalt;

Generalequation:
Metal+Diluteacid→salt+Hydrogengas;

Reactionequation:
Zinc+Hydrochloricacid→Zincchloride+Hydrogenchloride;

Furtherexamples:
i.Magnesium+Dilutesulphuric(VI)acid→magnesiumsulphate+hydrogengas;
ii.Magnesium+DiluteHydrochloricacid→magnesiumchloride+Hydrogengas;

3.Reactionwithcarbonatesandhydrogencarbonates.
-Metalcarbonatesandhydrogencarbonatesreactwithacidstoformcarbon(IV)oxide,waterandasalt;

Generalequation:
Metalcarbonate+Diluteacid→Asalt+water+carbon(IV)oxide;
Metalhydrogencarbonate+Diluteacid→Asalt+water+carbon(IV)oxide;

Examples:Reactionofsodiumcarbonatewithdilutehydrochloricacid.
Procedure:
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-About2cm3ofdilutehydrochloricacidisputinatesttube;
-Aspatulaend-fullofsodiumcarbonatepowderisthenadded;
-Aburningsplintiscarefullyloweredintothetesttube.

Apparatus.

Observations.
-Aneffervescenceoccurs(bubbles);andacolourlessgasisproduced;
-Thecolourlessgasdoesnotrelightaglowingsplint;showingthatitiscarbon(IV)oxide;

Propertiesofbases.
Note:
-Basesaresubstancesthatreleasehydroxylionswhenaddedtowater;
-Solublebasesarecalledalkalis;

Examples:
Sodiumhydroxide+Water→Sodiumions+hydroxylions;

(a).Physicalpropertiesofbases
1.Theyarebittertotaste;
2.Theyareslipperyorsoapytofeel;
3.Theyturnlitmusblue;
4.Theyconductelectricity/electriccurrent.Thisisbecausewhentheyareaddedtowatertheyrelease
hydroxylionswhicharetheonesthatconductelectricity;

(b).Chemicalproperties.
1.Reactionwithacids.
-Theyreactwithacidstoformasaltandwaterastheonlyproducts;
-Thisisaneutralizationreaction;andisusedtocureindigestion;

Example:
-Actaltabletscontainabasethatneutralizesthestomachacid.

2.Theyprecipitatesomemetalhydroxides.
-Additionofsomealkalistosaltsolutionsresultsinformationofsolids;
-Mostofthesearenormallyhydroxides;
-Asolidthatisformedwhentwosolutionsaremixediscalledaprecipitate;

Example:
-Copper(II)sulphate+Sodiumhydroxide→Copper(II)hydroxide+Sodiumsulphatesolution;

Bluesolid;
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3.Effectsofheat.
-Mostmetalhydroxidesaredecomposedbyheattoformtheiroxidesandwater;

Generalequation:
Metalhydroxide Metaloxide+Water;

Example:
Zinchydroxide→Zincoxide+water;

Applicationsofacidsandbases.
Applicationofacids
1.Manufactureofaerateddrinks;
2.Cleaningmetalsurfacestoremoveoxidelayer;
3.Sulphuric(VI)acidisusedincarbatteriestostoreandproduceelectricity;
4.Treatmentofsomeinsectbites.
Examples:
-Waspandbeestingscanbetreatedbyapplyingvinegar(Ethanoicacid)orlemonjuice;
-Theseacidicsubstancesneutralizethealkalineinsectstings;

Usesofbases.
1.Manufactureofanti-acidtabletstoneutralizeacidindigestionse.g.actal;
2.Calciumoxideadcalciumchlorideareusedtodrygasesinthelaboratory;

Heat
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UNIT4:AIRANDCOMBUSTION.
Checklist.
1.Components
2.Determinationofpercentageoftheactivepartofair.
 Burningcandle.
 Heatingcopperturnings;
 Heatingmagnesiumturnings.
 Smoulderingofwhitephosphorus.
 Rustingofiron;

3.Determinationofpresenceofwaterandcarbon(IV)oxideinwater.
4.Fractionaldistillationofliquidair.
5.Rusting
 Meaningandformula;
 Conditionsnecessaryforrusting;
 Preventionofrusting;

6.Oxygen
 Laboratorypreparationofoxygengas;
 Chemicaltestforoxygengas;
 Alternativemethodsofoxygenpreparation;

 Additionofwatertosolidsodiumperoxide;
 Heatingpotassiummanganate(VII)solid.

 Useofoxygen
7.Burningsubstancesinair;
 Changesinmass;
 Burningsubstancesinoxygen;

 Metals;
 Non-metals;

 Reactivityseries;
8.Competitionforoxygenamongmetals;
9.Applicationsforthecompetitionforoxygen;
10.Atmosphericpollution.
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Introduction:
-Airisagaseousmixtureconstitutedofseveralgases,watervapourandpollutants.

Combustion:
-Istheburningofsubstances,usuallyinpresenceofair//oxygen;
-Duringcombustiononlytheoxygencomponentofairisused;.etheactivepartofair.

Percentagecompositionofair.

Component Percentagevolume.
Nitrogen 78%
Oxygen 21%
Carbon(IV)oxide 0.03%
Noblegases(argon) About1%
Watervapour Variable
Smoke/dustparticles Variable;
Others Trace

Note:
-Fromthenoblegasesargonisthemostabundant,constitutingabout0.93%oftheentire1%

Oxygenandcombustion.
-Whensubstancesburninairtheyconsumeoxygen.
-Thustheprocessofcombustionutilizesmainlyoxygen;
-Thereactionsincombustionarenormallyexothermic(giveoutheat)andofteninvolveflame.
Note:
Combustioninwhichaflameisusediscalledburning;
-Incombustionifalltheoxygeninagivenvolumeofairisused,thefinalvolumeofairreducesby
about21.0%;
-Sinceoxygenistheonlyconstituentofairparticipatingincombustionitstermedtheactivepartofair.

Experiments:Determinationoftheactivepartofair.
1.Burningcandleinair.
Apparatusandrequirements.
-Candle;
-Cork/evaporatingdish;
-Sodiumhydroxidesolution;

Procedure:
-Acandleabout3cmlongisputonawidecork/evaporatingdish;
-Itisthenfloatedinadilutesolutionofsodiumhydroxidesolutionjustabovethebeehiveshelf;
-Itiscarefullycoveredwithadry100cm3measuringcylinder,duringwhichthelevelofsolutioninthe
cylinderisnotedandmarked;
-Themeasuringcylinderisremovedandthecandlelit;
-Thelightingcandleisthencoveredwithameasuringcylinder;
-Theexperimentisallowedtoproceeduntilthecandlegoesoff;

Observations:
-Thecandlewentoffaftersometime;
-Thesodiumhydroxidelevelinsidethegasjarrises;
-Thesodiumhydroxidelevelinthetroughgoesdown;
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Diagrams:

Explanations:
-Thecandlewaxismadeupofhydrogenandcarbon,hencecalledahydrocarbon;
-Duringburningitmeltsinairconsumingoxygenandproducingcarbon(IV)oxideandwatervapour;
-Thewatervapourcondensesgivinganegligiblevolumeofwater;
-Theresultantcarbon(IV)oxideisabsorbedbythesodiumhydroxide;
-Absorptionofcarbon(IV)oxideinthegasjarcreatesapartialvacuumwithinit;
-Thesodiumhydroxideinthetroughrisestofilltheresultantspace;andhenceadropinthesodium
hydroxidelevelinthetough;

Conclusion.
-Oxygenistheactivepartofairthatisutilizedduringburning;
-Airisbasicallymadeupof2parts;anactivepartthatsupportsburningandaninactivepartthatdoes
notsupportburning;

2.Quantitativedeterminationofpercentageofoxygeninair.
Apparatusandchemicals.
-Tough;
-Beehive;
-Candleandgasjar;
-A30mlruler;
-Sodiumhydroxidesolution;

Procedure:
-Theentireapparatusisarrangedasshownbelow;
-Anemptygasjarisinvertedoverthecandlebeforelightingit;
-TheinitialheightA,ismeasuredandrecorded;
-Thegasjaristhenremoved;thecandlelitandcoveredwiththegasjaragain;
-Thesetupisallowedtoruntillthecandleextinguishes(goesoff);andthefinalheight(B)oftheair
columnmeasured.

Diagrams
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Calculations:
-Amountofairinthegasjarinitially=Acm3;
-Finalamountofairremainingafterburning;=Bcm3;
-Amountofoxygenused;=(A–B)
Thus;

Percentageofoxygeninair:=(A–B)x10
A

=C%
Sampledata:
Volumeofairinthegasjarbeforeburning=
Volumeofairinthegasjarafterburning=
Volumeofairusedduringburning=
Percentageofair(byvolume)usedup=Volumeusedinburningx100

Original(initial)volume
Substituting:

Conclusion:
-Whencandleburnsinair,about20%ofair,whichisoxygenusedup;

3.Determinationofpercentageofairusedupinrusting.
Apparatus:
-Gasjar;
-Trough;
-Beehive;
-Ironfillings//powder

Procedure:
-Thegasjarisdividedintofiveequalportionsbymarkingarounditusingawaterproofmarker;
-Thegasjariswetnearthebottomandsomeironfillingssprinkledonit;
-Somewaterisputinatroughandthejarwithironfillings//wool//powderinvertedoverit;
-Theinitialcolourofironfillingsisnoted;
-Thesetupisleftundisturbedforafewdaysuntilthewatershowsnofurtherchangeinrising;

Diagramsofapparatussetup:

Observations:
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-Theironfillingschangecolourfromagreytoformabrownsolid;
-Waterlevelinthegasjarrises//increasesuntilthefirstmarkinthegasjar;
-Thewaterlevelinthetroughdecreases;

Explanations:
-Thegasjarismoistenedtomaketheironfillingsstickontoitssurfacesothatthefillingsdonotfallin
thewaterwhenthegasjarisinverted;
-Thebrownsubstanceformediscalledrustanditschemicalnameishydratediron(III)oxide;
-Duringrusting,oxygenisutilized,thuscreatingapartialvacuuminthegasjar;
-Thiscausesthewaterlevelinthegasjartoriseupandthewaterlevelinthetroughtogodown;
-Theriseinwaterlevelisequivalenttoabout1/5oftheoriginalairvolume,whichtranslatestoabout
20%;

Conclusion:
-Whenrustingoccursabout20%ofair,whichisoxygen,isusedup;

4.Determinationofpercentageofairusedupwhenairispassedoverheatedcopper.
Apparatusandchemicals.
-Two100cm3syringeslabeledYandY;
-Hardglasstesttube;
-Glasswool’;
-Bunsenburner;
-Copperturnings;

Procedure:
-Asmallamountofcopperturningsisputinahardglasstubeandglasswoolputatbothendsofthe
tube;
-AlltheairinthesyringeYisremovedbypushingtheplungerinside,uponwhichthesyringeistightly
fixedatoneendofthetube//glasstube;
-TheplungerofsyringeZispulledouttothe100cm3mark;tofillitwithair.
Theapparatusisarrangedasbelow.

Diagram:

-Thetubecontainingcopperturningsisstronglyheated;
-AiristhenpassedoverthehotcopperturningsbyslowlypushingtheplungerZtoandfroforseveral
times.
Reason:
-Ensurecompletereactionbetweenthehotcopperturningsandoxygen(air);

-Whennofurtherairchangeinvolumeofairinthesyringeoccurs,theapparatusisallowedtocool;
-ThevolumeofairleftinsyringeZisrecorded;

Observations:
-Thebrownsolid(copper)turnsintoablacksolid(copper(II)oxide);
-TheplungerofsyringeZmovesinwardstoapproximately80cm3mark;
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Explanations:
-Theheatedcopperreactedwithoxygeninairtoformblackcopper(II)oxide;
-Thepercentageofoxygenthatwasintheairisapproximately20%,causingtheplungertomove
inwardstothe80cm3mark;

Equation:
Copper+Oxygen→Copper(II)oxide;
(Brown) (Colourless) (Black)

2Cu(s)+O2(g)→2CuO(s)
Brown (Colourless) (Black)

Conclusion:
-Burningofcopperinairutilizesoxygenandproducesblackcopper(II)oxide.

Sampleresultsandcalculations:
-InitialairvolumeinsyringeZ=cm3;
-FinalairvolumeinsyringeZ=cm3;
-Volumeofairused=(100–80)=20cm3;
Percentageofoxygeninair=20x100=20%;

100

4.DeterminationofpercentageofairusedupwhenairispassedoverheatedMagnesium.
-Whenthesamesetupisusedtoinvestigatethepercentageofairusedupincombustionof
magnesiumthevolumeofairusedupisrelativelyhigherthanthe20%.
Reason:
Magnesiumproducesalotofheatduringcombustionandthusreactswithbothoxygenandnitrogento
formtwoproducts;magnesiumoxideandmagnesiumnitriderespectively;

Observations:
-Magnesiumglowsgivingabrightblindingflame;
-Formationofamixtureoftwowhitepowders.

Equations:
Reactionwithoxygen:
Magnesium+Oxygen→Magnesiumoxide;

(Grey) (Colourless) (White)

2Mg(s)+O2(g)→2MgO(s)
(Grey) (Colourless) (White)

Reactionwithnitrogen:
Magnesium+Nitrogen→Magnesiumnitride;

(Grey) (Colourless) (White)

3Mg(s)+N2(g)→Mg3N2(s)
(Grey) (Colourless) (White)

Note:
-Sodiummetalwillalsoreactwithbothoxygenandnitrogenduringcombustion;formingsodiumoxide
andsodiumnitriderespectively;



Novels,UpdatedCPA,CIFA,CICT,CPS,HighSchoolNotes~0714497530(isabokemicah@gmail.com)

5.Smoulderingofwhitephosphorus.
Apparatusandrequirements.
-Graduatedmeasuringcylinder;
-Watertough//pneumatictrough;
-Copperwire;
-Whitephosphorus;

Procedure:
-Anemptymeasuringcylinderisinvertedinawatertroughandthewaterlevelnoted;
-Asmallpieceofwhitephosphorusisattachedtotheendofapieceofcopperwirethenput//inserted
intotheinvertedmeasuringcylinderensuringitisabovethewater;
-Thesetupisleftundisturbedfor24hours;

Precaution:
-Avoidcontactwiththephosphorus;
-Avoidinhalationofthefumes;

Observations:
-Whitefumesinsidethecylinderatthestartoftheexperiment;
-After24hours:

-waterlevelinsidethemeasuringcylinderrises;
-Waterlevelinthetroughdrops;

Explanations:
-Yelloworwhitephosphorussmouldersinair;duetothefactthatphosphorusreactswithoxygento
formphosphorusoxides;
-Thephosphorusoxidesarethewhitefumes;
-Thephosphorusoxidesthendissolvesinwater;formingacidicsolutionsofphosphoricacids;
-Thewaterlevelrisesinsidethecylindertooccupythevolumeofoxygenusedupinreactionwith
phosphorus;

Equations:
Phosphorus+Oxygen→Phosphorus(V)oxide
White//yellow Colourless Whitefumes

P4(s)+5O2(g)→2P2O5(g);
White Colourless Whitefumes
Yellow

Phosphorus+Oxygen→Phosphorus(III)oxide
White//yellow Colourless Whitefumes

P4(s)+3O2(g)→2P2O3(g);
White Colourless Whitefumes
Yellow

Conclusion:
-Phosphorussmolderseasilyinair,reactingwithoxygen(activepartofair)toformphosphorus(III)or
phosphorus(V)oxide;
-Forthisreasonphosphorusisstoredunderwater;topreventitfromreactingwithatmosphericoxygen;

Note:
-Thisreactioncanbemademuchfasterbyheatingthecopperwire;whichwilltransmitheattothe
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pieceofphosphorusatthetip,causingrapidburningofphosphorustogivedensewhitefumesof
phosphorus(V)oxide//phosphorus(III)oxides;

Testforevidenceofsomecomponentsofair.
1.Watervapour.
(i).Formationofdew;

(ii).Whenwhiteanhydrouscopper(II)sulphateisleftintheopenovernight;itformsabluesolidof
hydratedcopper(II)sulphate;
Reason:
-Thewhiteanhydrouscopper(II)sulphateabsorbsatmosphericwatervapour;
-Uponhydrationthecopper(II)sulphateturnsblue;

(iii).Sodiumhydroxidepelletsformacolourlesssolutionwhenleftintheopenairovernight.
Reason:
-Thesodiumhydroxidepelletsabsorbsatmosphericwatervapouranddissolvesinitformingsodium
hydroxidesolution;

(iv).WhenairispassedthroughanhydrouscalciumhydroxidesolidinaU-tubeforsometime;thereis
formationofacolourlesssolutionintheU-tube.
Apparatus:

Reason:
-Theanhydrouscalciumchlorideabsorbsatmosphericwatervapourformingacolourlesssolutionof
calciumchloride;

Equation:
Calciumchloride+water→calciumchloridesolution;
White Colourlesssolution;

Note:
-Substancesthatabsorbmoisturefromtheairtoformacolourlesssolutionarecalleddeliquescent
substances.
-Otherexamplesofdeliquescentsubstancesinclude:iron(III)chloride,magnesiumchlorideandzinc
chloride;

2.Carbon(IV)oxide.
(i).Glassstoppersofreagentbottlescontainingsodiumhydroxidesolutiontendtostickwhenleftonfor
sometimeinthelaboratory;
Reason:
-Thesodiumhydroxidesolutionattheedgesofthestopperisexposedtoair;andthusreactswith
atmosphericcarbon(IV)oxideformingwhitesodiumcarbonatesolid.

Equation:
Sodiumhydroxide+Carbon(IV)oxide→Sodiumcarbonate+Water;
2NaOH(aq)+CO2(g)→Na2CO3(s)+H2O(l);
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(ii).Bubblingatmosphericairthroughlimewater(calciumhydroxide)toformawhiteinsolublesaltof
calciumcarbonate.

Apparatus:

Reason:
-Atmosphericcarbon(IV)oxidereactswithlimewater(calciumhydroxide)toformawhiteinsoluble
precipitateofcalciumcarbonatesalt;

Equation:
Calciumhydroxide+Carbon(IV)oxide→Calciumcarbonate+Water;

Ca(OH)2(aq)+CO2(g)→CaCO3(s)+H2O(l);

Note:
-Whentheairisbubbledonevenaftertheformationofthewhiteprecipitate;thewhiteprecipitate
dissolvesaftersometimetoformacolourlesssolution;
Reason:
-Excesscarbon(IV)oxidereactswiththecalciumcarbonatetoformsolublecalciumhydrogen
carbonate.

Equation:
Calciumcarbonate+Water+Carbon(IV)oxide→Calciumhydroxidesolution;

CaCO3(s)+H2O(g)+CO2(g)→Ca(HCO3)2(aq);

FractionaldistillationofLiquefiedair.
-Airisamixtureofgases;
-Itcanbeseparatedintoitsconstituentsbyfractionaldistillationofliquidair.
-Duringtheprocessairispassedthroughaseriesofstepsduringwhichitispurified,some
componentseliminatedthenitiscompressedintoliquidpriortofractionaldistillation.
-Theprocesscanbedividedintotwomainstages;

Purificationandliquefaction;
Fractionaldistillationofair;

(a).Purificationandliquefaction.
Step1:Purification:
-Theairispurifiedbyremovalofdustparticles;
-Thisisdonethroughthefollowingways:
 Passagethroughfilters;duringwhichairispassedthroughaseriesoffilters;thedustparticles

remainwithinthefilterswhiledustfreeairpassesontothenextstage;
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 Electrostaticprecipitationwhereairispassedthroughchargedelectrodeswhichtrapoppositely
chargeddustparticles;

Step2:Removalofcarbon(IV)oxide.
-Thedust-freeairispassedthroughachambercontainingcalciumhydroxidesolution;
-Thesodiumhydroxidesolutiondissolvesthecarbon(IV)oxidepresentintheair;
-Duringthereaction,sodiumcarbonateandwaterareformed;
-Overaprolongedtime;thesodiumcarbonateabsorbsmore(excess)carbon(IV)oxideformingsodium
hydrogencarbonate;

Equations:
Sodiumhydroxide+carbon(IV)oxide→Sodiumcarbonate+Water;
2NaOH(aq)+CO2(g)→Na2CO3(aq)+H2O(l);

Inexcess;
Sodiumcarbonate+Water+Carbon(IV)oxide→Sodiumhydrogencarbonate;
Na2CO3(aq)+H2O(l)+CO2(g)→2NaHCO3(aq);

Step3:Removalofwatervapour;
-Thedust-free,CO2–freeairisthencooledto-25oC;
-Thisprocesssolidifiesthewatervapouroutasice;
-Thiscoolingprocessmaybedoneattemperaturesaslowas-80;soastosolidifyanycarbon(IV)
oxide(freezingpoint-78oC)thatmayhaveescapedabsorptionbythesodiumhydroxide;
-Theremovalofwatervapourandcarbon(IV)oxideareimportantbecauseitpreventsblockageofthe
pipesintherestofthesystem;

Step4:Liquefactionofair;
-Thedry,dust-freeandcarbon(IV)oxide-freeairiscompressedtoabout100atmospheresofpressure;
causingittowarm;
-Thecompressedairiscooledbyrefrigeration;
-Thecoldcompressedairismadetoexpandrapidlybypassagethroughanozzlewhichcoolsitfurther;
-Therepeatedcompression,coolingandexpansionofaircausesittoliquefyatabout-200oC:
Note:
Atthistemperatureonlyneonandheliumwhoseboilingpointsrelowerthan-200oCremainingaseous
states;

(b).Fractionaldistillation;
-Theliquidairnowconsistsonlyofnitrogen,oxygenandnoblegases(especiallyargon);
-Theliquidairisfedatthebottomofafractionatingcolumn;
-Itiswarmedtoatemperatureof-192oC;
-Nitrogendistilsoverfastat-196oCbecauseithasalowerboilingpoint;andiscollectedatthetopofthe
fractionatingcolumn;
Note:
-Anyvapoursofoxygenandargonwhichrisetogetherwithnitrogenvapourcondenseinthecolumn
andfallbackasliquids;
-Thenitrogencollectedis99%pure;
Thesmallamountsofimpuritiesincludeneonandhelium;
-Theliquidsremainingatthebottomofthefractionatingcolumnaftervaporizationofallnitrogenis



Novels,UpdatedCPA,CIFA,CICT,CPS,HighSchoolNotes~0714497530(isabokemicah@gmail.com)

mainlyoxygenandargon;withtracesofkryptonandxenon;

-Theliquidisagainwarmedfurthertoatemperatureof-185oC;causingthevapourizationofargon
whoseboilingpointis-186oC;
-Thisiscollectedasagasatthetopofthefractionatingcolumn;
-Theresidueliquidismainlyoxygenwithminutequantitiesofkryptonandxenonwhichhaveevenhigh
boilingpoints;
-Theoxygenisdrainedoffandstoredaspressurizedoxygeninsteelcylinders;

Usesoftheproducts:
Oxygen;
-Usedinhospitalswithpatientswithbreathingdifficulties;
-Itisusedbymountainclimbersanddeep-seadiversforbreathing;
-Itisusedtoburnfuels;
-Itiscombinedwithacetylenetoformoxy-acetyleneflamewhichisusedinwelding;
-Duringsteelmakingoxygenisusedtoremovecarbonimpurities;

Nitrogen:
-Manufactureofammonia;
-Usedinlightbulbs;becauseofitsinertnatureitdiesnotreactwiththefilament;
-Asarefrigerante.g.storageofsemenforartificialinsemination;

Rusting.
-Isthecorrosionofironinpresenceofoxygenandmoisturetoformbrownhydratediron(III)oxide;
-Thechemicalnamerustisthereforehydratediron(III)oxidewiththeformulaFe2O3.2H2O;
-Rustitselfisabrownporoussubstance;

Disadvantageofrusting:
-Itweakensthestructureofthemetal(iron)andhenceeventuallydestroysthem.

Experiment:Toshowtheconditionsnecessaryforrusting.

Experiment Procedure Observation Explanation

1

-Twocleanironnailsareputinside
thetesttube;
-10cm3oftapwaterarethenadded;
-Examinefortwodays;

-Ironnailsturn
brownimplying
thereisrusting;

-Thereispresenceofboth
oxygenandwater;

2

-Twocleanironnailsareaddedtothe
testtube;
-10cm3ofboiledhotwaterisadded
followedbyabout3cm3ofoil;
-Examinefortwodays;

-Norusting
occurs;

-Thereiswaterbutnooxygenso
norustingoccur;
-Boilingthewaterremovesany
dissolvedoxygen;
-Additionoftheoilontop
preventsdissolution//entryof
anyaircontainingoxygeninto
thewater;

3

-Twocleanironnailsareaddedtothe
testtube;
-Pushapieceofcottonwoolhalfway
thetesttube;
-Placesomeanhydrouscalcium
chlorideonitandcorkthetube
tightly;
-Examinefortwodays;

-Norusting
occurs;

-Thereisnoair//oxygenbutno
water;
-Anhydrouscalciumchloride
absorbsanymoistureformthe
airinthetesttube;
-Corkingthetubetightly
preventsmoremoisturefromthe
atmospherefromgettingintothe
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tubeasthecalciumchloridemay
getsaturatedandallowmoisture
intothenails;

4

-Twocleanironnailsareaddedtothe
testtube;
-Examinefortwodays;

-Somelittle
rustingoccurs;

-Aircontainsandoxygenand
somemoisturethatwillfacilitate
rusting;

5

-Twocleanironnailsareaddedtothe
testtube;
-Addsaltywater;
-Examinefortwodays;

Rustingoccurs;
andatafaster
ratethantherest;

-Rustingoccursduetopresence
ofbothwaterandoxygeninthe
saltywater;
-Rustingisfasterbecausethe
saltywatercontainsionswhich
gainelectronshencefacilitate
fasteroxidationofiron;

Summarydiagrams

Furtherexplanations:
-Duringrustingthefirststepistheoxidationofironb7yxygen(intheair)toformanhydrousiron(III)
oxide;
Equation:
Iron+Oxygen→Iron(III)oxide;

4Fe(s)+3O2(g)→2Fe2O3(s);

-Theanhydrousion(III)oxidethenundergoeshydrationwithwatertoformbrownhydratediron(III)
oxide;
Equation:
Anhydrousiron(III)oxide+Water→Hydratediron(III)oxide.
Black Brown;

-Rustingoccursfasterinsaltyconditions;
Reason:
-Theinitialstepistheoxidationofiron,fromiron(II)ions(Fe2+)toiron(III)ions(Fe3+);
-Duringoxidationiron(II)ionsgiveoutelectronstoundergooxidationandformiron(III)ions;
-Saltywatercontainsseveraldissolvedsaltswhoseionseasilyacceptelectronsfromtheiron(II)ions
andthusacceleratingtheoxidationofironandhencerusting;

Preventionofrusting.
Note:
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-Rustingdestroysmaterials;equipmentandroofsmadeofiron;
-Rustisporousandthusallowsairandwatertoreachtheironbeneath.
-Thusifnotremovedironwillcontinuecorrodinguntilitisalleatenup.

Methodsofpreventingrusting.
1.Galvanizing.
-Isthecoatingofironwithasmalllayerofzinc;
-Canbedonebyeitherdippingtheironobjectinmoltenzinc,sprayingwithasprayofmoltenzinc,orby
electroplating(electrolyticdeposition);
-Onexposuretoairthezincacquiresaninertlayerofzincoxidethatisimpervioustobothairandwater;
-Theironbeneathisthuspreventedfromairandwaterandthusrusting.

Note:
-Theironisprotectedevenifthezinccoatingisscratched.
Reason:
-Uponscratchingboththeironandzincgetintocontactwithairandwater;
-Sincezincismorereactivethaniron,airandwaterreactswithzincattheexpense(instead)ofiron;

2.Electroplating:
-Referstoelectrolyticcoatingofmetals(iron)withlessreactive(lesscorrosivemetals);
-Thisisdonethroughtheprocessofelectrolysiswherefloeofelectriccurrentcausesthelessreactive
metaltocoatthemetalbeingprotectedfromrusting;

Example:
-Mosttincansareinfactmadeyupofsteelcoatedwithathinlayeroftin.
-Otherthanbeingnon-toxictinisunreactiveandrarelyreactswiththecontentsofthecanorair;
Note:
-Unlikeingalvanizing,whenanelectroplatedmaterialgetsscratched,themetalunderneath(iron)rusts,
andveryfast;
Reason:
-Bothironandtheelectroplatingmetal(tin)areexposedtoairandwater;
-Sinceironismorereactivethantin(thelessreactiveelectroplatingmaterial)itreactswithoxygenand
waterinpreferencetotin;

-Thisexplainwhygalvanizationismoredurablethanelectroplating;
-Otherlessreactivemetalsthatareusedtocoatironobjectsincludechromium,silverandgold;
-Someelectroplatingmetalssuchasgoldandsilveralsoincreasetheaestheticvalueofthe
electroplatedobject;

3.Sacrificialprotection.
-Blocksofamorereactivemetalsuchaszincormagnesiumareattachedtotheironstructure;
-Themorereactivemetalwillbecorrodedinpreferencetoiron;
-Tokeeptheironstructurefromrusting,theblockofreactivemetalhastobereplacedregularly;
-Thismetalisusedfortheprotectionofundergroundwaterpipesaswellasshiphulls;
-Theblocksofreactivemetalareeitherattacheddirectlytotheironstructureorconnectedtoitbya
wire.

Diagrams:
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4.Painting.
-Thepaintcoatsthemetalsurfaceandthuspreventscontactwithairandwaterhencenorusting;
-Howeverifthepaintisscratched,rustingoccursquickly;
-Itisusedmainlyinionrailings,gates,bridges,roofs,shipsadcars;
5.Alloying.
-Alloysaremixturesoftwoormoremetals;
-Thustopreventironfromrustingitmaybemixedwithoneomoremetalsresultingintoasubstance
thatdoesnotrust;
Example:
-Stainlesssteelisanalloyofironwithchromium,nickelandmanganeseanditresistanttorusting.

7.Oilingandgreasing;
-OilisusedinmovingenginepartswhilegreaseisusedIothermovablemetaljoints;
-Theoil//greaseformsabarrierthatpreventswaterandairfromcomingintocontactwiththemetal
surfaceandhencepreventingrusting;
-Oilingandgreasingareuniqueinthesensethattheyaretheonlymethodsthatcanbeusedtoprevent
rustinginmovablecarparts;

Oxygen.
-Averyimportantconstituentofair;
-Lavoisier(1743–1794),AFrenchChemistshowedthatitisthecomponentofairusedinrespiration
andalsoinburningfuels;
-Itisthemostabundantofallelements;occurringbothfreelyaswellasincombinationwithother
elements;
-Freelyitconstitutesabout21%byvolumeofatmosphericair;

Laboratorypreparationofoxygengas.
Apparatus.
-Zinc;round-bottomed//flaskbottomedflask;thistle//droppingfunnel;rubberstopper,delivertubes,
rubbertubings,beehiveshelf,trough,gasjars,woodensplint,hydrogenperoxide(20%byvolume),
manganese(IV)oxide.

Diagram;
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Procedure.
-Somemanganese(IV)oxideisplacedintoaflat-bottomedflask;
-Theapparatusissetupasshowninthediagramabove;
-Addhydrogenperoxidefromathistlefunnelintotheflaskdropwise;
-Thegasiscollectedasshown;

Observations:
-Bubblesofacolourlessgasarereleasedfromtheflaskthroughthewaterthenintothegasjar;
-Thecolourlessgascollectsontopofthewater;

Explanations:
-Hydrogenperoxidedecomposesslowlytooxygenandwaterundernormalconditions;
-Thisprocessishoweverslowtocollectenoughvolumesofoxygen;
-Onadditionofmanganese(IV)oxidethedecompositionisspeededup;
-Thusmanganese(IV)oxidespeedsupthedecompositionofhydrogenperoxideandthusactsasa
catalyst;

Equation:
 Withoutacatalyst:

Hydrogenperoxide→Water+oxygen;
2H2O2(l)→2H2O(l)+O2(g)(slowprocess)

 Withmanganese(IV)oxidecatalyst:

Hydrogenperoxide Water+oxygen;
2H2O2(l)→2H2O(l)+O2(g)(fasterprocess)

Note:
Thefirstfewbubblesofoxygengasarenotcollected.
Reason:Thegasismixedwithairwhichwasoriginallyinairandhenceimpure.

Methodofcollection;
-Overwatercollection.
Reason:
-Itisinsolubleinwaterandlessdensethanwater

Physicalpropertiesofoxygengas.
-Itiscolourless;
-Itisodourless;
-Hasalowboilingpointofabout-183oC;
-Almostinsolubleinwater(hencecollectedoverwater);

Chemicaltestforoxygengas.
-Oninsertingaglowingsplintonagasjarfullofoxygengas;itrelightsaglowingsplint;

Dryingofoxygengas.
-Theresultantoxygenisusuallymoistduetothefactthatitiscollectedoverwater;
-Ifrequireddrythegascabediedusingeitherofthetwomethods:

(i).Usingsulphuric(VI)acid.
-Bubblingthegasthroughawashbottlecontainingconcentratedsulphuric(VI)acid;

Manganese(IV)oxide
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-Theconcentratedsulphuric(VI)acidabsorbsmoisturefromthegasleavingitdry;
-Thedrygasisthendrawintocollectionsyringe;

Diagram;

(ii).Usinganhydrouscalciumchloride.
-FromtheflaskthegasispassedthroughaU-tubecontaininganhydrouscalciumchloride;
-Theanhydrouscalciumchloridealsoabsorbsmoisturefromthegasleavingitdry;
-Thedrygasisthendrawnintoacollectionsyringe;

Diagram:

Alternativemethodsofoxygenpreparation.
1.Additionofwatertosodiumperoxide.
Apparatus:
-Sodiumperoxide;round-bottomed//flaskbottomedflask;thistle//droppingfunnel;rubberstopper,
delivertubes,rubbertubings,beehiveshelf,trough,gasjars,woodensplint,water;

Diagramofapparatus.

Procedure.
-Somesodiumperoxideisplacedintoaflat-bottomedflask;
-Theapparatusissetupasshowninthediagramabove;
-Addwaterfromathistlefunnelintotheflaskdropwise;
-Thegasiscollectedasshown;
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Observations:
-Bubblesofacolourlessgasarereleasedfromtheflaskthroughthewaterthenintothegasjar;
-Thecolourlessgascollectsontopofthewater;

Explanations:
-Sodiumperoxidereactswithwatertoliberateoxygen;
-Asolutionofsodiumhydroxideremainsintheflask;
-Thissolutionwillturnlitmuspaperblueshowingitisalkaline.

Equation:
Sodiumperoxide+water→Sodiumhydroxide+oxygen;
2Na2O2(l)+2H2O(l)→4NaOH(aq)+O2(g)

Note:
Thefirstfewbubblesofoxygengasarenotcollected.
Reason:Thegasismixedwithairwhichwasoriginallyinairandhenceimpure.

Methodofcollection;
-Overwatercollection;
Reason:
-Itisinsolubleinwaterandlessdensethanwater;

Chemicaltestforoxygengas.
-Oninsertingaglowingsplintonagasjarfullofoxygengas;itrelightsaglowingsplint;

2.Heatingpotassiummanganate(VII)solid.
Apparatus:
-Ignitiontube//boilingtube;meansofheating;solidpotassiummanganate(VII);rubberstopper,
delivertubes,beehiveshelf,trough,gasjars,woodensplint,water;

Diagramofapparatus.

Procedure:
-Theapparatusissetupasshownabove.
-Somesolidpotassiummanganate(VII)isputinahardignition//combustiontubeandstronglyheated
asshownabove.
-Theresultantgasiscollectedoverwaterasshownabove.
Observations;
-Thepurplesolidformsablacksolid(potassiummanganate(II)solid);
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-Bubblesofacolourlessgasareevolvedandcollectoverwater;

Explanations:
-Uponheatingpotassiummanganate(VII)decomposetomanganese(VI)oxide;potassium

Equation:
Potassiummanganate(VII)→Potassiummanganate(II)+Oxygengas
KMnO4(s)→KMnO2(s)+O2(g);

Usesofoxygen.
1.Usedinhospitalsforbreathingbypatientswithbreathingdifficulties;
2.Itisusedbymountainclimbersanddeepseadiversforbreathing;
3.Itisusedtoburnfuelse.g.burningfuelsforpropellingrockets;
4.Usedinweldingandcuttingmetals

Examples:
-Itcombineswithhydrogentoformaveryhotoxy-hydrogenflamethatisusedinweldingandcutting
metals;
-Itcombineswithacetylenetoformoxy-acetyleneflamewhichisalsousedinweldingandcutting
metals;

5.Duringsteelmaking,oxygenisusedtoremoveironimpurities.
-Duringthisprocessoxygenisblownoverhotimpureiron.
-Theoxygenreactwithcarbonimpuritiesformingcarbon(IV)oxidewhichescapeslavingpureiron
whichissteelduetoitshigherpurity;

Burningsubstancesinair.
-Whensubstancesburninairtheymainlyreactmainlywithoxygen(theactivepartofair);
-Somemetalshoweveralsoreactwithnitrogen;
-Duringburningthereisusuallychangeinmass;

Experiment:Toinvestigateburningsubstancesinair.
Requirements:
-Metal(magnesiumribbon);crucible;tripodstand;pipeclaytriangle;meansofheating;

Apparatus.

Procedure:
-About1gofmagnesiumisputinthecrucible;
-Thecrucible(withthemagnesiumisthenweighed)
-Theapparatusissetupasabove;
-Thecrucibleisheatedwiththelidliftedoccasionally;soastoallowinair;
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-Nocontentofthecrucibleisallowedtoescape;toensureallproductsoftheburningareretained;
-Afterallthemagnesiumhasburnedthecrucibleisallowedtocool;
-Thecrucibleanditscontentsareweighedagain;

Observations
Massofcrucible+magnesiumbeforeburning=xg
Massofcrucible+contentsafterburning=yg
Changeinmass=(x–y)g;
Massofproductbeforeburningislower//lessthanthemassoftheproductafterburning;

Explanations:
-Whenthemagnesiumisburnedinaclosedcrucibleinaclosedcontainer,mostoftheairisconsumed;
-Itisthereforenecessarytoallowinairsothattheburningcancontinue;
-Duringburningthemagnesiumcombineswithairtoformanewproduct;
-Magnesiumcombineswithbothoxygenandnitrogeninairtoformmagnesiumnitrideandmagnesium
oxide;

Equations
Withoxygen:
Magnesium+oxygen→Magnesiumoxide;
Mg(s)+O2(g)→MgO(s);

Withnitrogen:
Magnesium+Nitrogen→Magnesiumnitride;
3Mg(s)+N2(g)→Mg3N2(s);

Conclusion:
-Generallywhenmetalsburninair,thereisincreaseinmass;
-Allmetalsreactwithoxygentoformmetaloxides;
-Onlymorereactivemetalsreactwithnitrogeninair;

Note:
-Duringburningiftheproduct(s)oftheburningisgaseous,thentherewouldbedecreaseinmass.

Examples:
Phosphorus→Phosphorus(V)oxide;
Lead(II)nitrate→Phosphorus(V)oxide+Nitrogen(IV)oxide+Oxygengas;
Calciumcarbonate→Calciumoxide+carbon(IV)oxide;

Burningmetalsinairandinoxygen.
Requirements:
-Metals;deflagratingspoon;gasjar;sourceofheat;

Diagramofapparatus;
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Procedure:
-Apieceofsodiumiswarmedonadeflagratingspoonuntilitbeginstoburn;
-Itisthenloweredintoagasjarofairasshownabove;
-Theflamecolourisnoted;
-Thegasjarisallowedtocool;somewateraddedtotheproduct(s)inthegasjarandshookwell;
-Anygasesproducedaretestedbysmellandalsowithlitmuspapers;
-Theexperimentisthenrepeatedwithpureoxygen;
-Thewholeprocedureisrepeatedwithothermetals;

Observations;
-Whensubstancesburninoxygentheyformonlyoxides;asopposedtoburningsubstancesinair
wheresomereactwithbothairandnitrogen;
-Differentsubstancesproducedifferentflamecolours;
-Manymetalsburninairandinoxygenatdifferentspeeds;withmorereactivemetalsburningmore
vigorouslythanthelessreactivemetals;
-Burningisfasterinoxygenthaninair;
Reason:
-Oxygenispurebutinairthereareotherconstituentssuchasnitrogen,carbon(IV)oxideandnoble
gaseswhichslowdowntheburning;
-Inairproductsaregenerallyoxidesandinsomefewcases(magnesiumandsodium)nitridesaswell;
-Metalsthattendtobemorereactivearetheonesthatreactwithbothoxygenandnitrogen;
-Inoxygenproductsarestrictlyoxides;
-Someofthenproductsaresolubleinwaterwhileothersarenot.

Sampleequations:
Magnesium:
Withoxygen:
Magnesium+oxygen→Magnesiumoxide;
Mg(s)+O2(g)→MgO(s);

Withnitrogen:
Magnesium+Nitrogen→Magnesiumnitride;
3Mg(s)+N2(g)→Mg3N2(s);
Sodium:
Withoxygen:
Sodium+oxygen→Sodiumoxide;
4Na(s)+O2(g)→2Na2O(s);

Withnitrogen:
Sodium+Nitrogen→Magnesiumnitride;
6Na(s)+N2(g)→2Na3N(s);

Summary:burningmetalsinair.

Metal Howitburns Appearanceof Nameof Solubilityof Effectof
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product products productinwater solutionon
litmuspaper

Magnesium Burnswitha
brightwhite
flame;

Whitepowder Magnesium
oxideand
magnesium
nitride;

Slightlysoluble;
alkalinegas
(ammonia)is
producedduring
theprocess;

Turnsblue;

Copper Burnswitha
blueflame;
surfaceturns
black;

Blacksolid; Copper(II)
oxide;

Insoluble; Noeffect;

Iron. Glowstored
hot;produces
sparks;

Brownblack
(darkbrown)
solid;

Iron(II)oxide Insoluble; Noeffect;

Sodium Bunsvery
vigorouslywith
agoldenyellow
flame;

Whitesolid; Sodiumoxide
andsodium
nitride

Soluble;alkaline
gas(ammonia)
isproducedin
theprocess;

Turnslitmus
blue;

Calcium Vigorouswitha
redflame;

Whitesolid; Calciumoxide
andcalcium
nitride;

Slightlysoluble;
alkalinegas
evolvedinthe
process;

Turnsblue;

Zinc Yellowsolid
whichcoolsto
white;

Zincoxide Insoluble; Noeffect

Lead Redsolidwhich
coolstoyellow;

Lead(II)oxide Insoluble; Noeffect;

Potassium Veryvigorously
withalilac
flame;

Whitesolid; Potassiumoxide
andpotassium
nitride;

Soluble;alkaline
gasevolvedin
theprocess;

Turnsblue;

Note:
-Whenmetalscombinewithoxygen,itformsmetaloxides.Inthesereactionsoxygenisaddedtothe
metals;hencethereactioniscalledoxidation.
-Oxidationreferstotheadditionofoxygentoasubstance;
-Thereactivityofvariousmetalswithoxygendiffers.
-Thearrangementofthemetalsinorderoftheiractivityformsthereactivityseries;
-Metallicoxidesgenerallyturnlitmuspaperblueandarethussaidtobebasicoxides;
-Somemetallicoxideshoweverhavebothacidicandbasicpropertiesandarethustermedamphoteric
oxidese.g.aluminiumoxides;

TheReactivityseriesofmetals;
Potassium;Mostreactive;
Sodium;
Calcium;
Aluminium;
Zinc; increasingreactivity;
Iron;
Lead;
Copper;
Mercury;
Silver;
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Gold; Leastreactive

Burningnon-metalsinoxygen
Requirements:
-Non-metals;deflagratingspoon;gasjar;sourceofheat;

Diagramofapparatus;

Procedure:
-Apieceofsulphurisheatedonadeflagratingspoonuntilitbeginstoburn;
-Itisthenloweredintoagasjarofoxygenasshownabove;
-Theflamecolourisnoted;
-Thegasjarisallowedtocool;somewateraddedtotheproduct(s)inthegasjarandshookwell;
-Anyresultantsolutionistestedwithlitmuspapers;
-Anygasesproducedaretestedbysmellandalsowithlitmuspapers;
-Theexperimentisthenrepeatedwithpureoxygen;
-Thewholeprocedureisrepeatedwithothernon-metalssuchascarbonandphosphorus;

Explanations:
1.Sulphur.
-Burnsinoxygenwithablueflametogiveacolourlessgaswithachokingirritatingsmell;
-Thegasissulphur(IV)oxide;
Equation:
Sulphur+Oxygen→Sulphur(IV)oxide;
S+O2(g)→SO2(g);

-Thesulphur(IV)oxidedissolvesinwatertoformsulphurousacid,whichturnslitmusrd;
SO2(g)+H2O(l)→H2SO3(l);

2.Carbon
-Glowsredtogiveacolourlessgasthatformsawhiteprecipitateinlimewater;
-ThegasisCarbon(IV)oxide;

Equation:
Carbon+Oxygen→Carbon(IV)oxide;
C+O2(g)→CO2(g);

-TheCarbon(IV)oxidedissolvesinwatertoformweakcarbonicacid,whichturnslitmusrd;
CO2(g)+H2O(l)→H2CO3(l);

Note:
-Inlimitedoxygenthecarbonundergoespartialoxidationformingcarbon(II)oxide;
Equation:
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2C(s)+O2(g)→2CO(g)

3.Phosphorus.
-Burnsinoxygenwithawhiteflametogivedensewhitefumes;
-Thewhitefumesareeitherphosphorus(V)oxideorphosphorus(III)oxide;
-Bothsolids//fumesdissolveinwatertoformphosphoricacid;

Equations:
Withlimitedsupplyofoxygen:
Phosphorus+Oxygen→Phosphorus(III)oxide;
P4(s)+3O2(g)→2P2O3(g);

Withexcessoxygen.
Phosphorus+Oxygen→Phosphorus(V)oxide;
P4(s)+5O2(g)→P2O10(g);

Summary:effectsofburningnon-metalsinair.

Non-metal Howitburnsin
oxygen

Nameofproducts
formed

Appearanceofthe
product

Effectofsolution
onlitmuspaper

Sulphur Burnswithablue
flame;

Sulphur(IV)oxide Whitefumes; Turnsed

Carbon Glowsred Carbon(IV)oxide Colourlessgas; Turnsred;
Phosphorus Burnswithawhite

flame
Phosphorus(V)
oxideand
phosphorus(III)
oxide

Whitefumes Turnsred;

Precautions:
Theexperimentshouldbedoneinafumecupboard.
Reason:
Productsofburningsulphurandphosphorusinairarepoisonous.

Note:
-Mostnon-metallicoxidesareacidicinnatureandthereforeturnlitmusredandarethusreferredtoas
acidicoxides;
-Somenon-metallicoxidesformoxideswhichareneitheracidicnorbasicandarethustermedneutral
oxides;e.g.carbon(II)oxideandwater(hydrogenoxide);

Competitionforcombinedoxygenamongelements.
Apparatus:
-Metaloxides,sourceofheat,metals.

Procedure:
-Aspatulaendfullofcopper(II)oxideinabottletop.
-Magnesiumpowderandmixedwell;
-Recordtheobservations;
-Theexperimentisrepeatedusingothermetaloxideswithvariousothermetalslikezinc,ironetc.

Observations:

Metal Magnesium Zinc Iron Lead Copper
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Metal
oxide
Magnesium
oxide(white)

Noreaction Noreaction Noreaction Noreaction Noreaction

Zincoxide
(white)

White
magnesium
oxideandgrey
zincmetal

Noreaction Noreaction Noreaction Noreaction

Iron(III)oxide White
magnesium
oxideandgrey
ironmetal;

Whitezinc
oxideandiron;

Noreaction Noreaction Noreaction

Lead(II)oxide
(yellowwhen

White
magnesium
oxideand

Whitezinc
oxideandlead;

Iron(III)oxide
andlead;

Noreaction Noreaction

Copper(II)
oxide(Black

White
magnesium
oxideand
browncopper
metal;

Whitezinc
oxideand
browncopper
metal;

Browniron(III)
oxideand
browncopper
metal

Yellowlead(II)
oxideand
browncopper
metal

Noreaction

Explanations:
-Amorereactivemetaltakesawayoxygenfromalessreactivemetal;
-Thisisbecauseamorereactivemetalreactsmorereadilywithalessreactivemetal;
-Thesereactionsarecalleddisplacementreactions;
-Somemetalscandisplaceothermetalsfromtheiroxidesuponheating;
-Metalswhicharehigherinthereactivityseriescandisplacemetalswhicharelowerinthereactivity
seriesfromtheiroxides;
-Fromthetablenoneofthemetalscandisplacemagnesiumfromitsoxide,whilecoppercanbe
displacedfromitsoxidesbyallthemetals.
-Thusfromthelistmagnesiumisthemostreactivewhilecopperistheleastreactive.
-Suchresultsofdisplacementreactionscanalsobeusedtodevelopareactivityseriesofthemetals
(elements)concerned.
Selectedequations:
1.Copper(II)oxide+Magnesium→Magnesiumoxide+Copper
CuO(s)+Mg(s)→MgO(s)+Cu(s);
Black Grey White Brown.

2.Zinc(II)oxide+Magnesium→Magnesiumoxide+Zinc
Whitewhencold Grey White Grey.
Yellowwhenhot

ZnO(s)+Mg(s)→MgO(s)+Cu(s);

3.Copper(II)oxide+Zinc→Zincoxide+Copper
Black Grey Whitewhencold Brown.

Yellowwhenhot

CuO(s)+Mg(s)→MgO(s)+Cu(s);

4.Lead(II)oxide+Magnesium→Magnesiumoxide+Lead
Yellowwhencold Grey White Grey.
Redwhenhot

CuO(s)+Mg(s)→MgO(s)+Cu(s);

5.Copper(II)oxide+Zinc→Magnesiumoxide+Copper
CuO(s)+Zn(s)→MgO(s)+Zn(s);
Black Grey White Brown.
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Typicalreactivityseriesfromtheresultsabove:
Magnesium↑Mostreactive
Zinc
Iron
Lead
Copper ↓Leastreactive

Note:
-Removalofoxygeniscalledreduction;
-Additionofoxygeniscalledoxidation;
-Asubstancethatlosesoxygenduringareactionissaidtobereducedwhileasubstancethatremoves
oxygenfromanotheriscalledreducingagent;
-Asubstancethatgainsoxygenduringareactionissaidtobeoxidizedwhileasubstancethatloses/
donatesoxygentoanotheriscalledanoxidizingagent;

Examples:
1.Copper(II)oxide+Magnesium→Magnesiumoxide+Copper
CuO(s)+Mg(s)→MgO(s)+Cu(s);
Black Grey White Brown.

Reducingagent:magnesium
Oxidizingagent:Copper(II)oxide
Oxidizedspecies:Magnesium
Reducedspecies:Copper

2.Copper(II)oxide+Zinc→Magnesiumoxide+Copper
CuO(s)+Zn(s)→MgO(s)+Zn(s);
Black Grey White Brown.

Reducingagent:Zinc
Oxidizingagent:Copper(II)oxide
Oxidizedspecies:Zinc
Reducedspecies:Copper

-Intheabovereactionsbothreductionandoxidationtakeplaceatthesametime;
-Areactioninwhichbothreductionandoxidationoccuratthesametimeiscalledaredoxreaction;
“red”fromreductionand“ox”fromoxidation;

ApplicationofRedoxreactions:
1.Extractionofmetals;
-Oresofmetalssuchaszinc,iron’leadetcareroastedinairtoformcorrespondingmetaloxides;
-Themetaloxidesarethenreducedtocorrespondingmetalsusingcommonreducingagentslike
carbonandcarbon(II)oxide.

Examples:
Zinc(II)oxide+Carbon(II)oxide→Zinc+carbon(IV)oxide;

Atmosphericpollutionandpercentagecompositionofair.
-Humanactivitieshavechangesthenormalcompositionofairinsomeplaces;
-Thishasnotonlyalteredthepercentagecompositionofthemaincomponentsbutalsoaddedother
componentsintotheair.
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Examples:
-Miningincreasestheamountofdustparticlesintheair;
-Geothermalpowerdrillingmayresultintoemissionofgaseslikehydrogensulphide,sulphur(IV)oxide
intotheair;
-Industrialprocesseslikemanufactureofnitric(V)acid,contactprocessetcmayaddgasesilke
sulphur(IV)oxide,nitrogenoxidesintotheair;

Thesegasesandemissionscauseatmosphericpollution:
-Gaseslikesulphur(IV)oxideandnitrogen(IV)oxidedissolveIrainwatertoformacidicrainthat
causescorrosionofbuildings,ironsheetroofing,bleachingofplants;irritationinbodiesandrespiratory
surfacesinanimalsetc;
-Dustparticlesmayblockstomatainplants;causesmogformationhencereducingvisibility(leadingto
morecasesofroadaccidents).

Usesofoxygen:
1.Usedforbreathinginhospitalsfropatientswithbreathingdifficulties.
2.Usedforbreathingbymountainclimbersanddeepseadivers.
3.Usedtoburnfuelse.g.burningfuelstopropelrockets.
4.Manufactureoftheoxy-acetyleneflamethatisusedinweldingandcuttingofmetals;
5.Removalofironimpuritiesduringsteelmakingi.e.oxygenisblownthroughimpureiron;theoxygen
thenreactswithcarbonimpuritiesformingcarbon(IV)oxidewhichescapesleavingbehindpureiron
(steel).

UNIT5:WATERANDHYDROGEN.
Checklist:
1.Introduction
2.Burningcandlewaxinair.
3.Reactionofwaterwithmetals
 Sodium
 Potassium
 Calcium

4.Reactionofmetalswithsteam.
 Calcium
 Magnesium
 Zinc
 Iron
 Aluminium

5.Hydrogen
 Hydrogen;
 Reductionpropertyofhydrogen
 Burninghydrogeninair;

6.Usesofhydrogen
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Introduction:
-Wateristhemostabundantsubstancesonearth;
-Itcoversabout71%oftheearth’ssurface;
-Mainsourcesofwaterincludeseas,lakes,rivers,oceans.

Burningcandlewaxinair.
Apparatus:

Procedure.
-Thecandleislitunderthefunnelandthesuctionpumpturnedon.
-Thesetupisleftundisturbedforabout15minutes.

Observations;
-Thecandlecontinuestoburn.
-DropletsofacolourlessliquidinthetubeA;
-Thecolourlessliquidturnswhiteanhydrouscopper(II)sulphatetoblueandblueanhydrouscobalt(II)
chlorideintopink;
-AwhiteprecipitateformsinthecalciumhydroxideintubeB;
-Depositsofablacksolidontheinnersidesofthefunnel;

Explanations;
-Thesuctionpumpensurescontinuoussupplyofairhencethecandlecontinuestoburn;
-Candlewaxbunsinoxygentoformcarbon(IV)oxideandsteam;
-Thecarbon(IV)oxideissuckedoutthroughtheapparatusbythesuctionpump;
-Carbon(IV)oxideformsawhiteprecipitateofcalciumcarbonatewhenbubbledthroughlimewater
(calciumhydroxide)
-Incompletecombustionofthecarboninthecandlewaxproducescarbonparticleswhichcoolsand
depositsasblacksolids;

Equations:
Asthecandleburns:
Carbon+Oxygen→Carbon(IV)oxide;
C(s)+O2(g)→CO2(g);

Hydrogen+Oxygen→Carbon(IV)oxide;
2H2(s)+O2(g)→2H2O(g);

Fortheformationoftheblackdeposits(soot)
Carbon+Oxygen→Carbon+Carbon(IV)oxide;
2C(s)+O2(g)→C(s)+CO2(g);
Inthecalciumhydroxide:
Carbon(IV)oxide+calciumhydroxide→Calciumcarbonate+Water
Colourless Colourless Whiteprecipitate Colourless
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CO2(g)+Ca(OH)2(aq)→CaCO3(s)+H2O(l);

-Thesteamcondensesintowaterintheboilingtube;
-Waterturnswhiteanhydrouscopper(II)sulphatetoblueandblueanhydrouscobaltchloridepaperinto
pink;

Generalequation:
Hydrocarbon+Oxygen→Water+Carbon(IV)oxide;

Conclusion:
-Candlewaxisacompoundofcarbonandhydrogenonly;andsuchcompoundsaredefinedas
hydrocarbons;
-Whenburnedinair(oxygen)hydrocarbonsproducecarbon(IV)oxideadsteam(water);
-Otherexamplesofhydrocarbonsinclude:petrol;diesel;keroseneetc;

Note:Effectsofrepeatingthesameexperimentwithoutasuctionpump.
Apparatus:

Observations:
-Thecandlewentoff;
-Depositionofblacksolidontheinnersidesofthefunnel;
-NocolourlessliquidintubeA;
-NowhiteprecipitateintubeB;

Explanations:
-Thecarbon(IV)oxideandsteamproducedwouldaccumulateinthefilterfunnelhencemakingthe
flametogooff;
-Incompletecombustionofthecandlewouldproducecarbonparticleswhichcoolassoot;
-Onlynegligibleamountofwaterandcarbon(IV)oxidewouldpassthroughtheapparatus;

Reactionsofwaterwithmetals:
1.Potassium.
Procedure:
-Asmallpieceofpotassiummetaliscutanddroppedintoatroughcontainingwater;
-Theresultantsolutionistestedwithlitmuspaper;
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Diagramofapparatus:

Observationsandexplanations:
-Themetalfloatsonthewatersurface;becauseitislessdensethanwater;
-Ahissingsoundisproduced;duetoproductionofhydrogengas;
-Itexplosivelymeltsintoasilveryballthendisappearsbecausereactionbetweenwaterandsodiumis
exothermic(producesheat).Theresultantheatmeltsthepotassiumduetoitslowmeltingpoint.
-Itdartsonthesurface;duetopropulsionbyhydrogen;
-Themetalburstsintoalilacflame;becausehydrogenexplodesintoaflamewhichthenburnsthe
smallquantitiespotassiumvapourproducedduringthereaction;
-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;

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

Diagramofapparatus:
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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;

3.Calcium.
Procedure:
-Asmallpieceofcalciummetaliscutanddroppedintoatroughcontainingwater;
-Afilterfunnelisinvertedoverit;
-Atesttubefilledwithwateristheninvertedoverthefunnel;
-Thegasgivenoutiscollectedasshownintheapparatusbelow.
-Theresultantgasisthentestedwithaburningsplint;
-Theresultantsolutioninthetroughistestedwithlitmuspaper.

Diagramofapparatus:

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

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

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

4.Magnesiumandothermetals.
-Magnesiumreactswithatmosphericoxygentoformmagnesiumoxidethatcoastthemetalsurface;
-Thusbeforereactingitwithwaterthisoxidelayerhastoberemovede.g.bypolishingmetalsurface
usingsandpaper;
-Reactionbetweenmagnesium andcoldwaterisgenerallyveryslow;withveryslowevolutionof
hydrogengas;
-Zincandironmetalsdonotreactwithcoldwater;

Reactionofmetalswithsteam.
Note:
-Metalsthatreactwithcoldwaterwouldreactveryexplosivelywithsteamandthustheirreactionswith
steamshouldnotbeattemptedinthelaboratory;
-Howeversomemetalswhichreactonlysparinglywithcoldwaterordonotreactwithcoldwateratall
reactwithsteamtoproducerespectivemetaloxideandhydrogengas;

1.Magnesium
Procedure:
-Asmallamountofwetsandisputatthebottomofaboilingtube;
-Asmallpieceofmagnesiumribboniscleanedandputinthemiddleofthecombustiontube;
-Themagnesiumribbonisheatedstronglythenthewetsandiswarmedgently;
-Thedeliverytubeisremovedbeforeheatingstops;andthegasproducedistestedusingaburning
splint;

Diagramofapparatus:

Observationsandexplanations.
-Magnesiumburnswithabrightblindingflame;
-Greysolid(magnesium)formsawhitesolid;duetoformationofmagnesiumoxide;
-Evolutionofacolourlessgasthatburnswithapopsound;confirmingitishydrogen;
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Reactionequation.
Magnesium+Steam→Magnesiumoxide+Hydrogengas;
Mg(s)+H2O(g)→MgO(s)+H2(g);

2.Zinc
Procedure:
-Asmallamountofwetsandisputatthebottomofaboilingtube;
-Asmallpieceofzincputinthemiddleofthecombustiontube;
-Thezincisheatedstronglythenthewetsandiswarmedgently;
-Thedeliverytubeisremovedbeforeheatingstops;andthegasproducedistestedusingaburning
splint;

Diagramofapparatus:

Observationsandexplanations.
-Zincmetaldoesnotburnbutratherglows;
-Greysolid(zinc)formsayellowsolidwhichcoolstoawhitesolid(zincoxide);
-Evolutionofacolourlessgasthatproducesapopsoundwhenexposedtoaburningsplint;confirming
itishydrogen;

Reactionequation.
Zinc+Steam→Zincoxide+Hydrogengas;
Grey Colourless Yellowwhenhot Colourless

Whiteoncooling

Zn(s)+H2O(g)→ZnO(s)+H2(g);

3.Iron
Procedure:
-Asmallamountofwetsandisputatthebottomofaboilingtube;
-Asmallpieceofironputinthemiddleofthecombustiontube;
-Theironisheatedstronglythenthewetsandiswarmedgently;
-Thedeliverytubeisremovedbeforeheatingstops;andthegasproducedistestedusingaburning
splint;

Diagramofapparatus:
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Observationsandexplanations.
-Ironmetaldoesnotburnbutratherglows;
-Greysolid(zinc)formsablacksolid;duetoformationoftri-irontetra-oxide;
-Evolutionofacolourlessgasthatburnswithapopsound;confirmingitishydrogen;

Reactionequation.
Iron+Steam→Tri-irontetra-oxide+Hydrogengas;
Grey Colourless Black Colourless

3Fe(s)+4H2O(g)→Fe3O4(s)+4H2(g);

4.Aluminium
Procedure:
-Asmallamountofwetsandisputatthebottomofaboilingtube;
-Asmallpieceofaluminiumputinthemiddleofthecombustiontube;
-Thealuminiumisheatedstronglythenthewetsandiswarmedgently;
-Thedeliverytubeisremovedbeforeheatingstops;andthegasproducedistestedusingaburning
splint;

Diagramofapparatus:

Observationsandexplanations.
-Aluminium burnsinsteam butthereactionquicklystops;becausethereactionformsalayerof
aluminiumoxidethatcoatsthemetalsurfacepreventingfurtherreaction;
-Greysolid(aluminium)formsawhitesolidofaluminiumoxide;
-Slightevolutionofacolourlessgasthatburnswithapopsound;confirmingitishydrogen;
-Theproductionofthegashoweverstopssoonafterthereactionstartsbecausetheoxidelayerstops
furtherreaction;

Reactionequation.
Aluminium+Steam→Zincoxide+Hydrogengas;
Grey Colourless White Colourless

2Al(s)+3H2O(g)→Al2O3(s)+3H2(g);

5.Othermetals.
-Leadandcopperdonotreactwithsteam;

Summaryofthereactionbetweenmetalswithcoldwaterandsteam

Metal Actionofmetalonwater Actionofmetalonsteam
Potassium
Sodium
Calcium
Magnesium
Aluminium

Violent
Violent
Moderate
Veryslow
Noreaction

Explosive
Explosive
Violent
Rapid
Slow
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Zinc
Iron
Lead
Copper

Noreaction
Noreaction
Noreaction
Noreaction

Slow
Slow
Noreaction
Noreaction

Note:
-Metalscanthusbearrangedinorderoftheirreactivitieswithwater;resultingtoareactivityseries
similartothatobtainedformreactionbetweenmetalswithoxygen;

Reactivityseriesofmetals:
Potassium; Mostreactive;
Sodium;
Calcium;
Magnesium
Aluminium;
Zinc; increasingreactivity;
Iron;
Lead;
Copper; Leastreactive;

Hydrogen
-Anelementthatdoesnotexistfreelyinnature;
-Generallyexistsincompoundssuchaswater,sugars,fuelsetc;

Laboratorypreparationofhydrogengas.
Note:
-Hydrogengasisgenerallypreparedbythereactionbetweendiluteacidsandmetals;
-Mostsuitableacidsaredilutehydrochloricacidanddilutesulphuric(VI)acid;
-Mostsuitablemetaliszincmetal;

Apparatus:

Procedure:
-Zincgranulesareaddedtodilutesulphuric(VI)acid;
-Smallamountsofcopper(II)sulphateareaddedtothezinc–acidmixture;
Reason:Toactasacatalysthencespeedupthereaction;
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-Theresultantcolourlessgasiscollectedoverwater;
Reason:Thegasisinsolubleinwater;
-Ifthegasisrequireddry,thegasispassedthroughconcentratedsulphuric(VI)acidoraU-tube
containingcalciumchloride;

Diagramsfordryingthegas:

Zincgranules

-Thedrygasiscollectedbyupwarddelivery(downwarddisplacementofair);
Reason:Itislessdensethanair(notethathydrogenisthelightestgasknown);

Note:
-Nitric(V)acidisnotusedinpreparationofhydrogengas;exceptverydilutenitric(V)acidand
magnesium
Reason:Nitricacidisastrongoxidizingagenthencethehydrogenformedisimmediatelyoxidizedto
water
-Potassium,sodium,lithiumandcalciumarenotusedinlaboratorypreparationofhydrogengas;
Reason:Theyreactexplosivelywithacids;
-Magnesiumisnotusuallyusedforlaboratorypreparationofhydrogen;
Reason:Itisexpensive;
-Priortousingitforpreparationofhydrogen;aluminium shouldbewashedwithconcentrated
hydrochloricacid;
Reason:Toremovetheprotectiveoxidelayerthatusuallyformsonthealuminium surfaceonits
exposuretoair;
-Hydrogengasproducedfromironmetaltendstohaveafoulsmell;
Reason:Irongivesamixtureofgasesduetoimpuritiesintheiron;thefoulsmellisusuallydueto
productionofhydrogensulphidethatresultsfromsulphideimpuritiesintheironmetal;

Reactionequations:
I.Iron+Sulphuric(VI)acid→Iron(II)sulphate+Hydrogengas;
Fe(s)+H2SO4(aq)→FeSO4(aq)+H2(g)

II.Iron(II)sulphide+Sulphuric(VI)acid→Iron(II)sulphate+Hydrogensulphidegas;
FeS(s)+H2SO4(aq)→FeSO4(aq)+H2S(g);

Othersourcesofhydrogen.
-Crackingofalkanes;
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-Fractionaldistillationofpetroleum;

PropertiesofHydrogengas;
Physicalproperties.
1.Colourlessandodourless;
2.Itisinsolubleinwater;
3.Itislessdensethanair(itisthelightestgasknown);

Chemicalproperties.
1.Ithasnoeffectonlitmuspaperimplyingthatitisneutral;
2.Itburnswithapopsoundwhenmixedwithair;
3.Purehydrogenburnsquietlywithablueflameproducingwater;
4.Hydrogendoesnotsupportcombustionbutitburnsinair;
5.Itisareducingagent;

Chemicaltestforhydrogen;
-Whenaburningsplintisintroducedintoagasjarfullofhydrogengas;thegasbunswitha“pop
sound”
Note:
-Theintensityofthe“popsound”diminishesasthepurityofhydrogenincreases;

Reactionsofhydrogen:
1.Passinghydrogenoverheatedcopper(II)oxide;
Requirements:
Copper(II)oxide;porcelainboat;meanofheating;combustiontube;dryhydrogengas;

Diagramofapparatus.

Procedure:
-Apparatusarearrangedasshownabove;
-Dryhydrogengasispassedthroughthecombustiontubeforsometimepriortoheatingtheoxide;
Reason:
 Todriveoutalltheairfrom theapparatuswhichmayotherwisere-oxidizethemetalafter

reduction.
 Amixtureofhydrogenandairwillexplodewhenthecombustiontubeisheated;

-Thegasiscontinuouslycollectedatthejetandtested;untilthegasburnssmoothlywithouta“pop”
sound;
-Thegasisthenlitatthejetandthecopperoxideheated;
-Thisisdoneuntilnofurtherchange;
-Theapparatusisallowedtocoolashydrogenisstillcontinuouslyallowedtopassthrough;
Reason:
 Topreventre-entryofatmosphericoxygenwhichwillre-oxidizethehotmetalbacktothemetal

oxide;
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-Excesshydrogenmustbeburntatthejetsothatexcessgasisnotallowedtoescapeintotheair;
Reason:
 Themixtureofhydrogenandoxygenisexplosivewhenignited;

Observationsandexplanations
-Theblacksolidturnsintoabrownsolid;
-Dropletsofacolourlessliquidonthecoolerpartsofthecombustiontube;
Reason:
Thehotblackcopper(II)oxideisreducedbyhydrogengasintobrowncoppermetalwhilehydrogengas
isoxidizedtowater;
-Thecolourlessliquidisconfirmedtobewaterby:
 Addingdropsofittoanhydrouscopper(II)sulphatewhichformsabluesolid;
 Addingdropsofitontoblueanhydrouscobalt(II)chloridewhichturnspink;

Reactionequations:
Inthecombustiontube:
Copper(II)oxide+Hydrogen→Copper+Water;
Blacksolid Colourlessgas Brownsolid Colourlessliquid

CuO(s)+H2(g)→Cu(s)+H2O(l);

Atthejet:
-Hydrogenburnswithablueflameproducingwater;
Equation:
2H2(g)+O2(g)→2H2O(l);

Conclusion:
-Hydrogenisareducingagentandthusreducesthecopper(II)oxidetocoppermetalswhilehydrogen
itselfundergoesoxidationtoformwater;
-Hydrogenisthereducingagent;
-Copper(II)oxideistheoxidizingagent;

2.PassinghydrogenoverheatedLead(II)oxide;
Requirements:
Lead(II)oxide;porcelainboat;meanofheating;combustiontube;dryhydrogengas;

Diagramofapparatus.

Procedure:
-Apparatusarearrangedasshownabove;
-Dryhydrogengasispassedthroughthecombustiontubeforsometimepriortoheatingtheoxide;
Reason:
 Todriveoutalltheairfrom theapparatuswhichmayotherwisere-oxidizethemetalafter

reduction.
 Amixtureofhydrogenandairwillexplodewhenthecombustiontubeisheated;

-Thegasiscontinuouslycollectedatthejetandtested;untilthegasburnssmoothlywithouta“pop”
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sound;
-Thegasisthenlitatthejetandthecopperoxideheated;
-Thisisdoneuntilnofurtherchange;
-Theapparatusisallowedtocoolashydrogenisstillcontinuouslyallowedtopassthrough;
Reason:
 Topreventre-entryofatmosphericoxygenwhichwillre-oxidizethehotmetalbacktothemetal

oxide;
-Excesshydrogenmustbeburntatthejetsothatexcessgasisnotallowedtoescapeintotheair;
Reason:
 Themixtureofhydrogenandoxygenisexplosivewhenignited;

Observationsandexplanations
-Theyellowsolidturnsredonheatingthenfinallyintoagreysolid;
-Dropletsofacolourlessliquidonthecoolerpartsofthecombustiontube;

Reason:
Thehotredlead(II)oxideisreducedbyhydrogengasintogreyleadmetalwhilehydrogengasis
oxidizedtowater;
-Thecolourlessliquidisconfirmedtobewaterby:
 Addingdropsofittoanhydrouscopper(II)sulphatewhichformsabluesolid;
 Addingdropsofitontoblueanhydrouscobalt(II)chloridewhichturnspink;

Reactionequations:
Inthecombustiontube:
Lead(II)oxide+Hydrogen→Lead+Water;
Yellow-cold;red-hot Colourlessgas Greysolid Colourlessliquid

PbO(s)+H2(g)→Pb(s)+H2O(l);

Atthejet:
-Hydrogenburnswithablueflameproducingwater;
Equation:
2H2(g)+O2(g)→2H2O(l);

Conclusion:
-Hydrogenisareducingagentandthusreducesthelead(II)oxidetoleadmetalswhilehydrogenitself
undergoesoxidationtoformwater;
-Hydrogenisthereducingagent;
-Lead(II)oxideistheoxidizingagent;

3.PassinghydrogenoverheatedIron(III)oxide;
Requirements:
Iron(III)oxide;porcelainboat;meanofheating;combustiontube;dryhydrogengas;

Diagramofapparatus.
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Procedure:
-Apparatusarearrangedasshownabove;
-Dryhydrogengasispassedthroughthecombustiontubeforsometimepriortoheatingtheoxide;
Reason:
 Todriveoutalltheairfrom theapparatuswhichmayotherwisere-oxidizethemetalafter

reduction.
 Amixtureofhydrogenandairwillexplodewhenthecombustiontubeisheated;

-Thegasiscontinuouslycollectedatthejetandtested;untilthegasburnssmoothlywithouta“pop”
sound;
-Thegasisthenlitatthejetandthecopperoxideheated;
-Thisisdoneuntilnofurtherchange;
-Theapparatusisallowedtocoolashydrogenisstillcontinuouslyallowedtopassthrough;
Reason:
 Topreventre-entryofatmosphericoxygenwhichwillre-oxidizethehotmetalbacktothemetal

oxide;
-Excesshydrogenmustbeburntatthejetsothatexcessgasisnotallowedtoescapeintotheair;
Reason:
 Themixtureofhydrogenandoxygenisexplosivewhenignited;

Observationsandexplanations
-TheBrownsolidturnsintoagreysolid;
-Dropletsofacolourlessliquidonthecoolerpartsofthecombustiontube;

Reason:
Thehotbrowniron(III)oxideisreducedbyhydrogengasintogreyironmetalwhilehydrogengasis
oxidizedtowater;
-Thecolourlessliquidisconfirmedtobewaterby:
 Addingdropsofittoanhydrouscopper(II)sulphatewhichformsabluesolid;
 Addingdropsofitontoblueanhydrouscobalt(II)chloridewhichturnspink;

Reactionequations:
Inthecombustiontube:
Iron(III)oxide+Hydrogen→Iron+Water;
Brownsolid Colourlessgas Greysolid Colourlessliquid

Fe2O3(s)+3H2(g)→2Fe(s)+3H2O(l);

Atthejet:
-Hydrogenburnswithablueflameproducingwater;
Equation:
2H2(g)+O2(g)→2H2O(l);

Conclusion:
-Hydrogenisareducingagentandthusreducestheiron(III)oxidetoironmetalwhilehydrogenitself
undergoesoxidationtoformwater;
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-Hydrogenisthereducingagent;
-Iron(III)oxideistheoxidizingagent;

Note:
-Hydrogendoesnotreduce(removeoxygen)fromoxidesofmetalsaboveitinthereactivityseries;

Productsofburninghydrogengasinair.
Apparatusandrequirements:
-Theapparatusisarrangedasshownbelow.

Procedure:
-Apparatusisarrangedasshownbelow.
-Astreamofhydrogenispassedthroughanhydrouscalciumchloride;
-Thegasistestedforpuritybycollectingsamplesoverthejetandtestingwithaburningsplint.
Note:purehydrogengasshouldburnsmoothlywithoutthetypical“popsound”;
-Thegasisthenlitandthepumptunedon;
-Theproductsofburninghydrogenisdrowninthroughtheapparatususingthepumpforabout15
minutes;
-Theproductcondensinginthetesttubeincoldwateristestedwithwhiteanhydrouscopper(II)
sulphateandbluecobaltchloridepaper;

Observations:
-Purehydrogenburnswithablueflame;
-Acolourlessliquidcondensesinthetesttubeimmersedincoldwater;
-Theliquidturnswhiteanhydrouscopper(II)sulphateblue;
-Thecolourlessliquidturnsblueanhydrouscobaltchloridepink;

Explanations:
-ThecalciumchlorideintheU-tubeisusedtodrythegas;
-Thepuredryhydrogengasburnswithablueflametoformsteamwhichcondensesintoliquidwater;
-Waterturnsanhydrouscopper(II)chloridefrom whitetoblue;andturnsblueanhydrouscobalt
chloridepaperintopink;
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Reactionequations:
Atthejet:
2H2(g)+O2(g)→2H2O(g);

UsesofHydrogen
1.LargescalemanufactureofammoniaintheHaberprocess;
2.Hydrogenationforthemanufactureofmargarine.
-Thisreferstohardeningofoilsintofats.
-InthisreactionHydrogengasisbubbledintoliquidoilinpresenceo0fnickelcatalyst;
-Theoiltakesuphydrogenandisconvertedintofat;
3.Hydrogenisusedinweatherballoonsbecauseitislighterthanair;
-Usuallyaradiotransmitterisconnectedtoaweatherballoonfilledwithair;astheballoonfloatsinair
thetransmittercollectsinformationwhichisconveyedtoweatherstationsforinterpretationby
meteorologists;
4.Amixtureofhydrogenandoxygenformstheveryhotoxy-hydrogenflame(withtemperaturesupto
2000oCthatisusedinweldingandcuttingmetals;
5.Itisusedinrocketfuelsforpropulsionofrockets;
6.Manufactureofhydrochloricacid;duringwhichhydrogenisburntinchlorine;
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