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Introductiontochemistry
Chemistry is a branch of Science.
Scienceisbasicallythestudyofliving
and non-living things.The branch of
sciencethatstudylivingthingsiscalled
Biology.The branch ofscience that
studynon-livingthingsiscalledPhysical
Science.PhysicalScienceismadeupof:

(i)Physics-thestudyofmatterin
relationtoenergy

(ii)Chemistry- the study of
compositionofmatter.

Chemistryisthusdefinedasthebranch
ofsciencethatdealswiththestructure
composition,propertiesandbehaviorof
matter.
BasicChemistryinvolvesstudying:

(a)States/phasesofmatter
Matterisanythingthathasweight/mass
andoccupiesspace/volume.Naturally,
there are basically three states of
matter.

(i) Solid-e.g.soil,sand,copper
metal,bucket,ice.

(ii)Liquid-e.g water, Petrol,
ethanol/alcohol,Mercury(liquidmetal).

(iii)gas- e.g. Oxygen, Nitrogen
,Watervapour.

Asolidismadeupofparticleswhichare
very closely packed.It thus has a
definite/fixed shape and fixed/definite
volume/occupiesdefinitespace.Ithas
averyhighdensity.

Aliquidismadeupofparticleswhich
havesomedegreeoffreedom.Itthus
hasnodefinite/fixedshape.Ittakesthe
shapeofthecontaineritisput.Aliquid
has fixed/definite volume/occupies
definitespace.

Agasismadeupofparticlesfreefrom
eachother.Itthushasnodefinite/fixed
shape. It takes the shape of the
container it is put. It has no
fixed/definite volume/occupies every
spaceinacontainer.

(b)Separationofmixture
A mixtureisacombinationoftwoor
moresubstancesthatcanbeseparated
byphysicalmeans.Simplemethodsof
separatingmixturesatbasicchemistry
levelinclude

(i)Sorting/picking-this involve
physicallypicking onepuresubstance
from amixturewithanother/other.e.g.
sortingmaizefrom maizebeansmixture.

(ii)Decantation-this involve
pouringoutaliquidfrom asolidthathas
settled /sinking solid in it. e. g.
Decantingwaterform sand.

(iii)Filtration-this involves sieving
/passing particles ofa mixture
through a filtercontaining small
holesthatallowsmallerparticleto
pass through butdo notallow
biggerparticletopassthrough.

(iv)Skimming-this involve
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scoopingfloatingparticles.e.g.cream
from milk

(c)Metalsandnon-metals
Metalsareshiny,ductile(ableto form
wires),malleable(abletoform sheet)and
coilwithoutbreaking.e.g.Iron,gold,
silver,copper.Mercuryistheonlyliquid
metalknown.
Non-metalsaredull,notductile(donot

form wires),notmalleable(donotform
sheet)andbreakoncoiling/brittle.e.g.
Charcoal,Sulphur,plastics.

(d)Conductorsandnon-conductors
Aconductorisasolidthatallowelectric
current to pass through. A non-
conductorisasolidthatdonotallow
electriccurrenttopassthrough.
Allmetalsconductelectricity.Allnon-
metalsdonotconductelectricityexcept
carbongraphite.

(e)Drugs
A drug isanaturalorsynthetic/man-
made substance that when taken
changes/alterthe bodyfunctioning.A
natural or synthetic/man-made
substance that when taken
changes/alter the abnormal body
functioningtonormaliscalledmedicine.
Medicinesarethusdrugsintended to
correct abnormal body functions. .
Medicinesshouldthereforebetakenon
prescriptionanddosage.
Aprescriptionisamedicalinstructionto
a patient/sick on the correcttype of
medicine to take and period/time
betweenoneintaketotheother.
Adosageisthecorrectquantityofdrug
required to alterthe abnormalbody
functionbacktonormal.Thisiscalled
treatment.

Itistheprofessionalworkofqualified
doctors/pharmacists to administer
correct prescription and dosage of
drugs/medicinetothesick.
Prescription and dosage of
drugs/medicinetothesick usemedical
language.
Example

(i)2 x 4;means“2”tabletsfor
soliddrugs/spoonfullsforliquiddrugs
taken“4”times foradurationofone
day/24hours andthenrepeatedand
continued untilallthe drug given is
finished.

(ii)1 x 2;means“1”tabletsfor
soliddrugs/spoonfullsforliquiddrugs
taken“2”times foradurationofone
day/24hours andthenrepeatedand
continued untilallthe drug given is
finished.
Somedrugsneedminimalprescription
and thus are available without
pharmacist/doctor’sprescription.They
arecalledOverTheCounter(OTC)drugs.
OTCdrugsusedtotreatmildheadaches,
stomachupsets,commoncoldinclude:

(i)painkillers
(ii)antiacids
(iii)cold/fludrugs.

Allmedicines require correct intake
dosage.Whenaprescriptiondosageis
not followed, this is called drug
misuse/abuse.
Somedrugsareusedforotherpurposes
otherthanthatintended.Thisiscalled
drugabuse.
Drug abuse is when a drug is

intentionallyused to alterthe normal
functioningofthebody.Theintentional
abnormalfunction ofthe drug is to
makethevictim havefalsefeelingof
wellbeing.
The victim lack both mental and
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physicalcoordination.
Somedrugsthatinduceafalsefeeling
ofwellbeing areillegal.Theyinclude
heroin,cocaine,bhang,mandrax and
morphine.
Someabuseddrugswhicharenotillegal
include: miraa, alcohol, tobacco,
sleepingpills.

Theroleofchemistryinsociety

(a)Chemistryisusedinthefollowing:
(i)Washing/cleaningwithsoap:
Washing/cleaningisachemicalprocess
thatinvolve jnteraction ofwater,soap
anddirtsoastoremovethedirtfrom a
garment.

(ii)Understandingchemicalsoflife
Livingthinggrow,respireandfeed.The
formation and growth ofcellsinvolve
chemical processes in living things
using carbohydrates, proteins and
vitamins.

(iii)Baking:
Adding baking powderto dough and
then heating in an oven involves
interactionsthatrequireunderstanding
ofchemistry.

(iv)Medicine:
Discovery,test,prescriptionanddosage
of drugs to be used for medicinal
purposes require advanced
understandingofchemistry
(v)Fractionaldistillationofcrudeoil:
Crudeoilisfractionaldistilledtouseful

portions like petrol,diesel,kerosene by
applyingchemistry.

(vi)Manufacture of synthetic
compounds/substances

Large amounts of plastics, glass,
fertilizers,insecticides,soaps,cements,
aremanufacturedworldwide.Advanced
understanding of the chemical
processesinvolvedisarequirement.

(vii)Diagnosis/testforabnormalbody
functions.
Ifthebodyisnotfunctioningnormally,it
issaidtobesick/ill.Laboaratorytestare
donetodiagnosetheillness/sickness.

(b)The following careerfields require
Chemistryasoneofsubjectareasof
advanced/specializedstudy:

(i)Chemicalengineering/chemical
engineer

(ii)Veterinary medicine/Veterinary
doctor

(iii)Medicine/Medical
doctor/pharmacist/nurse

(iv)Beauty/Beautician
(v)Teaching/Chemistryteacher.

TheSchoolChemistryLaboratory

Chemistryisstudiedmainlyinascience
room called a school chemistry
laboratory.
The room is better ventilated than
normalclassroom.Ithaselectricity,gas
andwatertaps.
A schoolchemistry laboratory has a
qualified professional whose called
Laboratorytechnician/assistant.
Allstudentsuserinaschoolchemistry
laboratorymustconsulttheLaboratory
technician/assistant for all their
laboratorywork.
A school chemistry laboratory has

chemicalsandapparatus.
A chemicalis a substance whose

compositionisknown.Allchemicalare
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thuslabeledastheyare.
This is because whereasphysicallya
substance may appear similar,
chemicallytheymaybedifferent.
AllChemicals which are notlabeled

shouldneverbeuse.
Some chemicals are toxic/poisonous,
explosive,corrosive,caustic,irritants,
flammable,oxidizing,carcinogenic,or
radioactive.
Care should always be taken when
handlinganychemicalwhichhaveany
oftheabovecharacteristicproperties.
Common schoolchemistry laboratory
chemicalsinclude:

(i)distilledwater
(ii)Concentrated mineral acid
which are very corrosive(on
contact with skin they cause
painfulopenwounds)
(iii)Concentrated alkali/bases
whicharecaustic(oncontactwith
skintheycausepainfulblisters)
(iv)Verymanytypesofsalts

The following safety guideline rules
should be followed by chemistry
laboratoryusers:

(i)Enter the laboratory with
permissioninanorderlymannerwithout
rushing/pushing/scrabbling.

(ii)Do not try unauthorized
experiments. They may produce
flammable, explosive or toxic
substancesthataffectyourhealth.

(iii)Do nottasteanychemicalin
thelaboratory.Theymaybepoisonous.

(iv)Waftgasfumestoyournose
with your palm.Do not inhale/smell
gases directly.They may be highly
poisonous/toxic.

(v)Boilsubstanceswithmouthof
thetesttubefacingawayfrom others

and yourself.Boiling liquidsspurtout
portionsofthehotliquid.Productsof
heating solids may be a highly
poisonous/toxicgas.

(vi)Wash with lots ofwaterany
skin contact with chemicals
immediately.Report immediately to
teacher/laboratory technician any
irritation,cut,burn,bruiseor feelings
arisingfrom laboratorywork.

(vii)Read and follow safety
instruction.All experiments that
evolve/producepoisonousgasesshould
be done in the open orin a fume
chamber.

(viii)Clean your laboratory work
stationafteruse.Washyourhandbefore
leavingthechemistrylaboratory.

(ix)In case offire,remain calm,
switch ofthe source offuel-gas tap.
Leave the laboratory through the
emergencydoor.Usefireextinguishers
nearthechemistrylaboratorytoputof
medium fires.Leavestrongfireswholly
toprofessionalfirefighters.

(x)Donotcarryunauthorizeditem
from achemistrylaboratory.

Anapparator/apparatusarescientific
tools/equipment used in performing
scientificexperiments.Theconventional
apparator used in performing a
scientificexperimentsiscalledstandard
apparator/apparatus.Iftheconventional
standard apparator/apparatus is not
available, an improvised
apparator/apparatus may be used in
performingascientificexperiments.An
improvisedapparator/apparatusisone
used in performing a scientific
experiment for a standard
apparator/apparatus. Most standard
apparatus in a school chemistry
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laboratoryaremadeofglassbecause:
(i)Glassistransparent and
thusreactions/interactions
inside are clearly visible
from outside
(ii)Glass is comparatively
cheaperwhichreducescost
of equipping the school
chemistrylaboratory
(iii)glass is comparatively
easytoclean/washafteruse.
(iv)glass is comparatively
unreactive to many
chemicals.

Apparatusaredesignedforthepurpose
theyareintendedinaschoolchemistry
laboratory:

(a)Apparatusformeasuringvolume

1.Measuringcylinder

Measuringcylindersareapparatusused
tomeasurevolumeofliquid/solutions.
They are calibrated/ graduated to
measure any volume required to the
maximum. Measuring cylinders are
named according to the maximum
calibrated/graduatedvolumee.g.

“10ml”measuringcylinderiscan
hold maximum calibrated/graduated
volume of “10mililitres” /“10 cubic
centimetres”

“50ml”measuringcylinderiscan
hold maximum calibrated/graduated
volume of “50mililitres” /“50 cubic
centimetres”

“250ml”measuringcylinderiscan
hold maximum calibrated/graduated
volume of“250mililitres”/“250 cubic
centimetres”

“1000ml” measuring cylinder is
can hold maximum

calibrated/graduated volume of
“1000mililitres” /“1000 cubic
centimetres”

2.Burette
Burette is a long and narrow/thin
apparatus used to measure small
accurateandexactvolumesofaliquid
solution.Itmustbeclampedfirstona
standbeforebeingused.Ithasatapto
runouttherequiredamountout.They
are calibrated/ graduated to run out
smallvolumerequiredtothemaximum
50ml/50cm3.
Themaximum 50ml/50cm3calibration/
graduation reading is atthe bottom
.Thisensuretheamountrunoutfrom a

tap below can be determined directly
from burettereadingbeforeandafter
duringvolumetricanalysis.
Burettesareexpensiveandcareshould
betakenwhenusingthem.

3.(i)Pipette
Pipette is a long and narrow/thin
apparatus thatwidens atthe middle
usedtomeasureandtransfersmallvery
accurate/exact volumes of a liquid
solution.
Itisopenoneitherends.
Themaximum 25ml/25cm3calibration/
graduationmarkisavisibleringonone
thinend.
Tofillapipettetothismark,theuser
mustsuckupaliquidsolutionuptoa
levelabovethemarkthenadjusttothe
markusingafinger.
Thisrequirepractice.

(ii)Pipettefiller
Pipettefillerisusedtosuckinaliquid
solutionintoapipetteinsteadofusing
themouth.Ithasa suck,adjustand
eject button for ensuring the exact



Mr.Oriosaemmanueloriosa@gmail.com

volume is attained. This requires
practice.

4.Volumetricflask.
A volumetricflaskisthin/narrow but
widensatthebase/bottom.Itisusedto
measure veryaccurate/exactvolumes
ofaliquidsolution.
Themaximum calibration/graduation

markisavisiblering.
Volumetricflasksarenamedaccording
to the maximum calibrated/graduated
volumee.g.

“250ml”volumetricflask has a
calibrated/graduated mark at exact
volume of “250mililitres”
/“250centimetres”
“1l” volumetric flask has a
calibrated/graduated mark at exact
volume of “one litre” /“1000 cubic
centimetres”
“2l” volumetric flask has a
calibrated/graduated mark at exact
volume of “two litres” /“2000 cubic
centimetres”
5.Dropper/teatpipette
A dropper/teat pipette is a long
thin/narrowglass/rubberapparatusthat
hasaflexiblerubberhead.
A dropper/teat pipette is used to
measureverysmallamount/dropsof
liquidsolutionbypressingtheflexible
rubber head.The number of drops
needed are counted by pressing the
rubbergentlyatatime

(b)Apparatusformeasuringmass

1.Beam balance
A beam balance has a pan where a
substanceofunknownmassisplaced.
The scales on the opposite end are
adjustedto“balance”withthemassof

theunknownsubstance.Themassfrom
abeam balanceisingrams.

2.Electronic/electricbalance.
An electronic/electric balance has a

pan where a substance ofunknown
mass is placed. The mass of the
unknown substance in grams is
availableimmediatelyonthescreen.

(c)Apparatus for measuring
temperature
Athermometerhasalcoholormercury
trappedinabulbwithathinenclosed
outletforthe alcohol/mercury in the
bulb.
Iftemperature rises in the bulb,the

alchohol/mercuryexpandalongthethin
narrowenclosedoutlet.
Thehigherthetemperature, themore
theexpansion.
Outside, a calibration /graduation
correspondtothisexpansionandthus
changesintemperature.
A thermometertherefore determines

thetemperaturewhenthebulbisfully
dippedintothesubstancebeingtested.
Todeterminethetemperatureofsolidis
thusverydifficult.

(d)Apparatusformeasuringtime
Thestop watch/clockisthestandard
apparatusformeasuringtime.Timeis
measured using hours,minutes and
second.
Commonschoolstopwatch/clockhas

start, stop and reset button for
determining time for a chemical
reaction.Thisrequirepractice.

(e)Apparatusforscooping

1.Spatula
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Aspatulaisusedtoscoopsolidswhich
donotrequireaccuratemeasurement.
Bothendsofthespatulacanbeusedat
atime.
A solid scooped to thebrim is“one

spatulaendfull”Asolidscoopedtohalf
brim is“halfspatulaendfull”.

2.Deflagratingspoon
Adeflagratingspoonisusedtoscoop
solids which do notrequire accurate
measurementmainlyforheating.Unlike
aspatula,adeflagratingspoonislonger.

(f)Apparatusforputting liquids/solid
forheating.

1.Testtube.
A test tube is a narrow/thin glass
apparatusopenononeside.Theendof
theopeningiscommonlycalledthe“the
mouthofthetesttube”.

2.Boiling/ignitiontube.
A boiling/ignitiontubeisawideglass
apparatusthanatesttubeopenonone
side. The end of the opening is
commonlycalledthe“themouthofthe
boiling/ignitiontube”.

3.Beaker.
Beakerisawidecalibrated/graduated
lippedglass/plasticapparatususedfor
transferringliquidsolutionwhichdonot
normally require very accurate
measurements
Beakers are named according to the
maximum calibrated/graduatedvolume
theycanholde.g.
“250ml” beaker has a maximum
calibrated/graduated volume of
“250mililitres”/“250cubiccentimetres”
“1l” beaker has a maximum
calibrated/graduated volume of “one

litre”/“1000cubiccentimetres”
“5 l” beaker has a maximum
calibrated/graduated volume of“two
litres”/“2000cubiccentimetres”

4.Conicalflask.
Aconicalflaskisamoderatelynarrow
glassapparatuswithawidebaseand
nocalibration/graduation.Conicalflasks
thuscarry/holdexactvolumesofliquids
thathavebeen measured using other
apparatus.Itcan also be putsome
solids.Thenarrow mouthensuresno
spirage.
Conicalflasksarenamedaccordingto
themaximum volumetheycanholde.g.
“250ml”Conicalflasksholdamaximum
volume of“250mililitres”/“250 cubic
centimetres”
“500ml”Conicalflasksholdamaximum
volume of “500ml” /“1000 cubic
centimetres”

5.Roundbottomedflask
Aroundbottomedflaskisamoderately
narrow glass apparatus with a wide
round base and no
calibration/graduation.Roundbottomed
flaskthuscarry/holdexactvolumesof
liquidsthathavebeenmeasuredusing
otherapparatus.Thenarrow/thinmouth
prevents spirage.The flask can also
hold (weighed) solids. A round
bottomedflaskmustbeheld/clamped
wheninusebecauseofitswidenarrow
base.

6.Flatbottomedflask
A flatbottomedflaskisamoderately
narrow glass apparatus with a wide
roundbasewithasmallflatbottom.It
hasnocalibration/graduation.
Flat bottomed flask thus carry/hold
exactvolumesofliquidsthathavebeen
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measured using otherapparatus.The
narrow/thin mouth prevents spirage.
Theycanalsohold(weighed)solids.A
flat bottomed flask must be held/
clampedwheninusebecauseit’sflat
narrowbaseisnotstable.

(g) Apparatus for holding unstable
apparatus(duringheating).
1.Tripodstand
Atripodstandisathreeleggedmetallic
apparatuswhichunstableapparatusare
placed on (during heating).Beakers.
conicalflasks,roundbottomedflaskand
flatbottomedflasksareplacedontop
oftripodstand(duringheating).
2.Wiregauze/mesh
Wiregauze/meshisametallic/ironplate
ofwirescrossings.Itisplacedontopof
atripodstand:

(i)ensureevendistributionofheat
topreventcrackingglassapparatus

(ii)hold smallerapparatus that
cannotreachtheedgesoftripodstand
3Clampstand
A clampstandisametallicapparatus
which tightly hold apparatus attheir
“neck”firmly.
Aclampstandhasawidemetallicbase
thatensures maximum stability.The
height and position of clamping is
variable.Thisrequirepractice
4.Testtubeholder
A test tube holder is a hand held
metallic apparatus which tightly hold
test/boiling/ignitiontubeattheir“neck”
firmlyontheotherend.
Sometesttubeholdershavewooden

handlethatpreventheatconductionto
thehandduringheating.
5.Pairoftong.
Apairoftongisascissor-likehandheld
metallic apparatus which tightly hold

firmlyasmallsolidsampleontheother
end.
6.Gasjar
Agasjarisalongwideglassapparatus
withawidebase.
Itisopen on oneend.Itisused to

collect/putgases.
Thisrequirespractice.

(h) Apparatus for holding/directing
liquid solutions/funnels ( to avoid
spirage).
1.Filterfunnel
Afilterfunnelisawidemouthed(mainly
plastic) apparatus that narrow
drastically atthe bottom to a long
extension.
Whenthelongextensionisplacedon
top of another apparatus, a liquid
solutioncansafelybedirectedthrough
thewidemouthofthefilterfunnelinto
theapparatuswithoutspirage.
Filterfunnelisalsousedtoplaceafilter
paperduringfiltration.
2.Thistlefunnel
Athistlefunnelisawidemouthedglass
apparatusthatnarrow drasticallyatthe
bottom toaverylongextension.
The long extension is usually drilled
throughastopper/cork.
A liquidsolutioncanthusbedirected

into a stoppered container without
spirage
3.Droppingfunnel
A dropping funnelisawidemouthed
glassapparatuswithatapthatnarrow
drasticallyatthebottom toaverylong
extension.
The long extension is usually drilled
throughastopper/cork.
A liquidsolutioncanthusbedirected

into a stoppered container without
spirage at the rate determined by
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adjustingthetap.
4.Separatingfunnel
Aseparatingfunnelisawidemouthed
glassapparatuswithatapatthebottom
narrowextension.
A liquidsolutioncanthusbedirected

intoaseparatingfunnelwithoutspirage.
Itcanalsosafelyberemovedfrom the
funnelbyopeningthetap.
Itisusedtoseparatetwoormoreliquid

solution mixtures that form
layers/immiscibles. This requires
practice.

(h)Apparatusforheating/Burners

1.Candle,spiritburner,kerosenestove,
charcoal burner/jiko are some
apparatusthatcanbeusedforheating.
Any flammable fuelwhen putin a

containerandignitedcanproducesome
heat.

2.Bunsenburner
The Bunsen burner is the standard
apparatus forheating in a Chemistry
schoollaboratory.
It was discovered by the German

ScientistRobertWilhelm Bunsenin1854.

(a)Diagram ofaBunsenburner

ABunsenburnerusesbutane/laboratory
gasasthefuel.Thebutane/laboratory
gasishighlyflammableandthususually
stored safely in a secure chamber
outside Chemistryschoollaboratory.It
is tapped and distributed into the
laboratorythroughgaspipes.
Thegaspipesendatthegastapona
chemistrylaboratorybench .Ifopened
thegastapreleasesbutane/laboratory
gas. Butane/laboratory gas has a
characteristic odour/smellthatalerts
leakages/opengastap.
TheBunsenburnerisfixedtothegas
tapusingastrongrubbertube.

TheBunsenburnerismadeupofthe
followingparts:

(i)baseplate–toensuretheburnercan
standonitsown

(ii)Jet-aholethroughwhichlaboratory
gasenterstheburner

(iii)Collar/sleeve-adjustable circular
metal attached to the main
chimney/burellwithasidehole/entry.It
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controlstheamountofairenteringused
duringburning.

(iv)Airhole-ahole/entryformedwhen
the collar side hole is in line with
chimneysidehole.Ifthecollarsidehole
isnotinlinewithchimneysidehole,the
airholeissaidtobe“closed”Ifthecollar
sideholeisinlinewithchimneyside
hole,theairholeissaidtobe“open”

(v)Chimney- tall round metallic rod
attachedtothebaseplate.

(b)Procedure for lighting/igniting a
Bunsenburner
1.Adjustthecollarto ensurethe air
holesareclosed.
2.Connecttheburnerto thegastap
usingarubbertubing.Ensuretherubber
tubinghasnosideleaks.
3.Turnonthegastap.
4.Ignitethetopofthechimneyusinga
lightedmatchstick/gaslighter/wooden
splint.
5.Donotdelayexcessivelyprocedure(iv)
from (iii)topreventhighly flammable
laboratorygasfrom escaping/leaking.

(c)Bunsenburnerflames
ABunsenburnerproducestwotypesof
flamesdependingontheamountofair
enteringthroughtheairholes.
Iftheairholesarefullyopen,anon
luminousflameisproduced.Iftheair
holesarefullyclosed,aluminousflame
is produced.Ifthe airairholes are
partiallyopen/closed,ahybridofnon
luminous and luminous flames is
produced.

Characteristic differences
between luminous and non-luminous

flame
Luminousflame Non-luminous

flame

1. Produced when
the air holes are
fully/completely
closed.

1. Produced
when the air
holes are
fully/completely
open.

2.whentheairholes
arefully/completely
closed there is
incomplete burning/
combustion of the
laboratorygas

2.when the air
holes are fully/
completely open
there is
complete
burning/
combustion of
the laboratory
gas

3. Incomplete
burning/combustion
ofthelaboratorygas
produces fine
unburnt carbon
particleswhichmake
the flame
sooty/smoky

3. complete
burning/
combustion of
the laboratory
gas does not
produce carbon
particles. This
make the flame
non-sooty /non-
smoky.

4. Some carbon
particles become
white hotand emit
light.This flame is
thusbrightyellow in
colour producing
light. This makes
luminous flame
usefulforlighting

4.Ismainlyblue
in colourand is
hotter than
luminous flame.
Thismakesnon-
luminous flame
useful for
heating

5. Is larger, quiet
and wavy/easily
swayedbywind

5.Is smaller,
noisy and
steady
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Luminousflamehas
threemainregions:
(i)the top yellow
regionwherethereis
incomplete
combustion/burning
(ii)the region of

unburntgas below
the yellow region
wherethegasdoes
notburn
(iii) blue region on
thesidesofregionof
unburnt gas where
there is complete
burning

Non-luminous
flame has four
mainregions:
(i)the top
colourlessregion
(ii) blue region
justbelow where
thereiscomplete
burning.Itis the
hottestregion
(iii)greenregion
surrounded by
the blue region
where there is
complete
burning
(ii)the region of

unburntgas at
the innermost
surrounded by
green and blue
regions. No
burning takes
placehere

Scientificapparatusaredrawn:
(i)using a proportional two

dimension(2D) cross-sections. Three
dimensions(3D)arenotrecommended.
(ii)straightedgesoftheapparatusona
scientific diagram should be drawn
usingruler.
(iii)curvededgesoftheapparatusona
scientific diagram should be drawn
usingfreehand.
(iv)The bench, tripod or clamp to
supportapparatuswhichcannotstand
ontheirownshouldbeshown.
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CLASSIFICATIONOF
SUBSTANCES
Substances are either pure or
impure.A puresubstanceisone
which contains only one
substance.
Animpuresubstanceisonewhich
containstwoormoresubstances.
Apuresubstanceismadeupofa
puresolid,pureliquidorpuregas.
Amixtureisacombinationoftwo
ormore pure substances which
can be separated by physical
means.Thethreestatesofmatter
in nature appear mainly as
mixturesofonewiththeother.
Commonmixturesinclude:

(a)Solutions/solid-liquiddissolved
mixture
Experiment:
To make a solution of
copper(II)sulphate(VI)/Potassium
manganate(VII)/sodium chloride
Procedure
Putabout100 cm3 ofwaterin
threeseparatebeakers.Separately
place a halfspatula end fullof
copper(II)sulphate(VI),Potassium
manganate(VII) and sodium
chloridecrystalstoeachbeaker.
Stirforabouttwominutes.
Observation
Copper(II)sulphate(VI) crystals
dissolvetoform abluesolution
Potassium manganate(VII)

crystalsdissolvetoform apurple

solution
Sodium chloridecrystalsdissolve
toform acolourlesssolution
Explanation
Some solids,liquids and gases
dissolveinsomeotherliquids.
A substance/liquid in which

another substance dissolves is
calledsolvent.
A substance /solid /gas which

dissolves in a solventis called
solute.
When a solute dissolves in a
solventitformsauniform mixture
calledsolution.
Asolutedissolvedinwaterasthe

solventexistsinanotherstateof
mattercalledaqueousstate.Water
isreferedastheuniversalsolvent
becauseitdissolvesmanysolutes.
Asolutethatdissolvesinasolvent
is said to be soluble.Soluble
particles uniformly spread
between the particles of
water/solventandcannotbeseen.
Solute + Solvent ->
solution
Solute + Water ->
Aqueoussolutionofsolute

The solute dissolved in water
givesthenameofthesolution

e.g.
1.Sodium chloridesolution isa
solution formed afterdissolving
sodium chloride crystals/solid in
water.Sodium chloride existsin
aqueousstateafterdissolving.
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Sodium chloride + Water
-> Sodium chloridesolution

NaCl(s) + (aq)
-> NaCl(aq)

2.Ammoniasolutionisasolution
formedafterdissolvingammonia
gasinwater.
Ammoniaexistsinaqueousstate
afterdissolving.

Ammoniagas + Water
-> Aqueousammonia

NH3(g) + (aq)
-> NH3(aq)

3.Copper(II)sulphate(VI)solution
is a solution formed after
dissolvingCopper(II)sulphate(VI)
crystals/solid in water. Copper
(II)sulphate(VI)existin aqueous
stateafterdissolving.

Copper(II)sulphate(VI) +
Water -> Copper(II)sulphate(VI)
solution

CuSO4(s) +
(aq) -> CuSO4(aq)

4. Potassium manganate(VII)
solutionisasolutionformedafter
dissolving Potassium
manganate(VII) crystals/solid in
water.
Potassium manganate(VII)existin
aqueousstateafterdissolving.

Potassium manganate(VII)+
Water -> Potassium
manganate(VII)solution

KMnO4(s) +
(aq) -> KMnO4(aq)

(b)Suspension/precipitates/solid
-liquid mixture which do not
dissolve

Experiment:To make soil,flour
and Lead(II)Iodide
suspension/precipitate
Procedure
Putabout100 cm3 ofwaterin
threeseparatebeakers.Separately
placeahalfspatulaendfullofsoil
,maizeand lead(II)Iodidetoeach

beaker.Stirforabouttwominutes.
Observation
Some soil , maize and
lead(II)Iodidefloatinthewater
A brown
suspension/precipitate/particles
suspendedinwatercontainingsoil
A white
suspension/precipitate/particles
suspended in water containing
flour
A yellow
suspension/precipitate/particles
suspended in water containing
Lead(II)iodide.
Some soil , maize and
lead(II)Iodidesettleatthebottom
aftersometime.
Explanation
Some solid substances do not
dissolveinaliquid.Theyaresaid
to be insoluble in the solvent
.Whenaninsolublesolidisputin

liquid:
(i) some particles remain

suspended/floatingintheliquidto
form asuspension/precipitate.

(ii)someparticlessink/settleto
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the bottom to form sediments
afterbeingallowedtostand.
An insoluble solid acquire the
colour of the
suspension/precipitate.e.g.
1.Awhitesuspension/precipitate
has some fine white particles
suspended/floatingintheliquid.
Not“whitesolution”
2.A blue suspension /precipitate
has some fine blue particles
suspended/floatingintheliquid.
3.Agreensuspension/precipitate
has some fine green particles
suspended/floatingintheliquid.
4.Abrownsuspension/precipitate
has some fine brown particles
suspended/floatingintheliquid.
4.Ayellowsuspension/precipitate
has some fine yellow particles
suspended/floatingintheliquid.

(c) (i) Miscibles /Liquid-liquid
mixtures
To form water-ethanol and
Kerosene-turpentinemiscibles
Procedure
(i)Measure50cm3ofethanolinto
100cm3beaker.Measure50cm3
ofwater.Placethewaterintothe
beakercontaining ethanol.Swirl
foraboutoneminute.
(ii)Measure 50cm3 ofkerosene

into 100cm3 beaker. Measure
50cm3ofturpentineoil.Placethe
turpentine oil into the beaker
containing kerosene. Swirl for
aboutoneminute.
Observation
Twoliquidsdonotform layers.

Ethanolandwaterform auniform
mixture.
Keroseneandturpentineoilform
uniform mixture
Explanation
Ethanol is miscible in Water.
Keroseneismiscibleinturpentine
oil.Misciblemixtureform uniform
mixture.Theydonotform layers.
The particles ofone liquid are
smallerthantheparticlesofthe
other. The smaller particles
occupythe spaces between the
biggerparticles.

(ii) Immiscibles /Liquid-liquid
mixtures
Toform water-turpentineoiland
Kerosene-watermiscibles
Procedure
(i)Measure 50cm3 ofwaterinto
100cm3beaker.Measure50cm3
ofturpentineoil.Placetheoilinto
thebeakercontainingwater.Swirl
foraboutoneminute.
(ii)Measure50cm3ofwaterinto
100cm3beaker.Measure50cm3
ofkerosene.Placethekerosene
intothebeakercontainingwater.
Swirlforaboutoneminute.
Observation
Twoliquidsform layers.
Turpentineandwaterdonotform
auniform mixture.
Waterandkerosenedonotform
uniform mixture
Explanation
KeroseneisimmiscibleinWater.
Waterisimmiscibleinturpentine
oil.Immiscible mixtures do not
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form uniform mixtures.Theyform
layers.Thesizeoftheparticlesof
oneliquidisalmostequaltothe
particles of the other. The
particles of one liquid cannot
occupythe spaces between the
particlesoftheother.Theheavier
particlessettleatthebottom.The
lessdenseparticlessettleontop.

(d)Solid-solidmixtures/Alloys
Before solidifying,some heated
molten/liquid metals dissolve in
anothermetaltoform auniform
mixtureofthetwo.Onsolidifying,
auniform mixtureofthemetalsis
formed.Auniform mixtureoftwo
metals on solidifying is called
alloy.In the alloy,one metallic
particle occupies the spaces
betweenthemetallicparticlesof
theother.
c)Commonalloysofmetal.
Alloy
name

Constitue
ntsofthe
alloy

Uses ofthe
alloy

Brass Copper
andZinc

Making
scews and
bulbcaps

Bronze Copper
andTin

Making
clock
springs,elect
rical
contactsand
coppercoins

Soldier Lead and
Tin

Soldering,
joining
electrical

contacts
because of
its low
melting
points and
highthermal
conductivity

Duralu
min

Aluminiu
m,
Copper
and
Magnesiu
m

Making
aircraft,
utensils,
windows
frames
because of
its light
weight and
corrosion
resistant.

Steel Iron,
Carbon
,Mangan

ese and
other
metals

Railway
lines, car
bodies
girders and
utensils.

Nichro
me

Nichrome
and
Chromiu
m

Provide
resistancein
electric
heaters and
ovens

German
silver

Copper,
Zinc and
Nickel

Making
coins

METHODS OF
SEPARATINGMIXTURES

Mixturescan beseparated from
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applyingthefollowingmethods:

(a)Decantation

Sedimentscanbeseparatedfrom
aliquidbypouringouttheliquid.
Thisprocessiscalleddecantation.

Experiment
Putsomesandinabeaker.Add
about 200cm3 of water.Allow
sandtosettle.
Pour off water carefully into
anotherbeaker.

Observation
Sand settles atthe bottom as
sediments.
Lesscleanwaterispouredout.
Explanation
Sanddoesnotdissolveinwater.
Sand is denserthan waterand
thus settles at the bottom as
sediment.When poured out,the
lessdensewaterflowsout.

(b)Filtration

Decantation leaves suspended
particles in the liquid after
separation. Filtration is thus
improveddecantation.
Filtration is the method of
separating insoluble
mixtures/particles/solids from a
liquid.
Experiment:Toseparatesoiland
waterusingfiltration
Foldafilterpapertofitwellintoa
filterfunnel.Placethefunnelinan
empty250cm3beaker.
Putonespatulaendfullofsoilinto

50cm3 of water.Stir.Put the
soil/watermixture into the filter
funnel.
Observations
Cleanwateriscollectedbelowthe
filterfunnel.
Soilremainsabovethefilterpaper.
Explanation
Afilterpaperisporouswhichact
likeafinesievewithverysmall
holes.The holes allow smaller
waterparticles to pass through
but do not allow bigger soil
particles.Theliquidwhichpasses
throughiscalledfiltrate.Thesolid
which do notpass through is
calledresidue.
Setupofapparatus

Inindustries,filtrationisusedin
enginefilterstocleanupair.
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(c)Evaporation
Evaporation is a method of
separatingasolute/solidfrom its
solution.Thisinvolvesheating a
solution (solvent and solute)to
vapourizethesolventoutofthe
solution mixture leaving pure
solute/solid.Ifamixturecontain
insoluble solid,they are filtered
out.
Experiment: : To separate a
mixtureof soilandsalt(sodium
chloride).
Procedure:
Putonespatulaendfullofsoilon
afilterpaper.
Putonespatulafullofcommon
salt/sodium chloride into the
samefilterpaper.Mixwellusing

thespatula,.
Placeabout200cm3ofwaterinto
abeaker.
Putthecontentsofthefilterpaper
into the water.Stir thoroughly
usingaglass/stirringrodforabout
oneminute.
Fold a filterpaperinto a filter
funnel.
Pourhalfportionofthecontents
inthebeakerintothefilterfunnel.
Putthefiltrateintoanevaporating
dish.Heatonawaterbath.
Observation

(i)Onmixing
Colourlesscrystalsandbrownsoil
particlesappearonthefilterpaper.
(ii)Onaddingwater
Commonsoildissolvesinwater.
Soilparticles do notdissolve in
water.
(iii)Onfiltration
Colourless liquid collected as
filtrate below the filter
funnel/paper.
Brownresiduecollectedabovethe
filterfunnel/paper.
(iv)Onevaporation
Colourless crystals crystals
collectedafterevaporation
Explanation
Solid mixture of sand and
commonsalttakethecoloursof
thetwo.
On adding water,common salt
dissolvetoform asolution.
Soil does not because it is
insolubleinwaterandthusforms
asuspension.
Onfiltration,aresidueofinsoluble
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soildoes notpass through the
filterpaper.
Itiscollectedasresidue.

Commonsaltsolutioniscollected
asfiltrate.
On heating the filtrate, the
solvent/water
evaporate/vapourize out of the
evaporatingdishleavingcommon
saltcrystals.
Vapourization/evaporation can

takeplaceevenwithoutheating.
This is the principle/process of
dryingwetclothesonthehanging
line.
Setupofapparatus

(d)Distillation
Distillation is an improved
evaporationwhereboththesolute
andthesolventinthesolutionare
separated /collected.Distillation
therefore is the process of

separating a solution into
constituentsolid solute and the
solvent.Itinvolves heating the
solution to evaporate/vapourize
the solvent out. The solvent
vapouristhencondensedbackto
aliquid.

Experiment: To obtain
copper(II)sulphate (VI) crystals
and water from copper (II)
sulphate(VI)solution.

Procedure:
Put one spatula end full of
copper(II)sulphate (VI) crystals
intoa250cm3beaker.
Placeabout200cm3ofwaterinto
thebeaker.
Stir thoroughly using a
glass/stirring rod foraboutone
minute.
Pourhalfportionofthecontents
in the beaker into a round
bottomed/flat/conical flask
broken porcelain/sand/glass into
theflask.
PutafewpiecesofbStopperthe
flask.
Connect the flask to a liebig
condenserusingdeliverytube.
Place a 200cm3 clean empty
beaker/conicalflaskasareceiver
attheendoftheliebigcondenser.
Circulate water in the liebig
condenser.
Heattheflaskstronglyonatripod
standwithwiremesh/gauzeuntil
there is no more visible boiling
bubblesintheflask.
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Observation
Copper(II)sulphate (VI)crystals
dissolveinwatertoform ablue
solution.
On heating,colourless liquid is
collectedinthereceiver.
Bluecrystalsareleftintheflask.
(ifgentlyheatedfurther,theblue
crystalsturntowhitepowder)

Explanation
On heating blue Copper
(II)sulphate (VI) solution, the
colourless liquid solvent
evaporate/vapourize.
The liquid vapour/gas passes
through the deliverytube to the
liebigcondenser.
Theliebigcondenserhasacold
waterinletnearthereceiverand
coldwateroutlet.
Thisensuresefficientcooling.If
the cold water outlet/inlet is
reversed, the water circulation
wouldbelessefficient.
Thewaterinthereceiverwouldbe
warm.Intheliebigcondenser,the
cold water,condenses the liquid
vapourintoliquid.
Thecondensedliquid collectsin
thereceiverasdistillate.
The solute of blue Copper
(II)sulphate(VI)crystals isleftin
theflaskasresidue.
Duringsimpledistillation,therefore,
thesolutionisheatedtovapourize
/evaporate the solvent/one
componentwhichiscondensedat
adifferentpartoftheapparatus.

Thepurposeofpiecesofbroken
porcelain/porouspot/glass/sand/
isto:

(i)prevent bumping ofthe
solutionduringboiling.

(ii)ensuresmoothandeven
boiling.
Saltyseawatercanbemadepure
throughsimpledistillation.
Anymixturewithalargedifference
/40oC in boiling point can be
separatedusingsimpledistillation.
Setupofapparatus

(e)Fractionaldistillation
Fractional distillation is an
improvedsimpledistillationused
specifically to separate miscible
mixtures with very close /near
boilingpoints.

Fractionaldistillationinvolves:
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(i)Heating the mixture in a
conical/round bottomed /flat
bottomedflask.
Thepuresubstancewithalower
boiling point and thus more
volatile
evaporates/boils/vapourizesfirst.
e.g.
Pureethanolhasaboilingpointof
78oC.Pure water has a boiling
pointof100oC atsealevel/one
atmospherepressure.
When a miscible mixture of
ethanol and water is heated,
ethanol vapourizes /boils/
evaporatesfirstbecauseitismore
volatile.
(ii)The conical/round bottomed
/flatbottomedflaskisconnected
to a long glass tube called
fractionatingcolumn.
Thepurposeofthefractionating
column is to offer areas of
condensationforthelessvolatile
puremixture.
The fractionating column is

packed with glass beads/broken
glass/ porcelain/ shelves to
increase the surface area of
condensationofthelessvolatile
puremixture.
(iii)When the vapours rise they
condense on the glass
beads/broken glass /porcelain /
shelveswhichbecomehot.
When the temperature of the

glass beads/broken
glass/porcelain/shelvesisbeyond
theboilingpointofthelessvolatile
pure substance, the pure

substanceriseandcondensation
take place on the glass
beads/broken
glass/porcelain/shelves at a
higherlevelon the fractionating
column.
Thelessvolatilepuresubstance

trickles/drips back down the
fractionatingcolumnorbackinto
theconical/round bottomed /flat
bottomed flask to be heated
again.e.g.
If the temperature on glass
beads/broken
glass/porcelain/shelvesisbeyond
78oC, the more volatile pure
ethanolriseto condenseonthe
glass beads/broken glass
/porcelain/shelves higherin the
fractionatingcolumn.
Water condenses and then
drip/trickle to the glass
beads/broken glass /porcelain
/shelveslowerinthefractionating
columnbecauseitislessvolatile.

(iv)The fractionating column is
connectedtoaliebigcondenser.
Theliebigcondenserhasacold
waterinletandoutletcirculation.
The more volatile mixture that
reachthetopofthefractionating
columniscondensesbytheliebig
condenserinto a receiver.Itis
collectedasthefirstfraction.

(v)Atthetopofthefractionating
column,athermometerisplaced
to note/monitorthe temperature
oftheboilingmixtures.



Mr.Oriosaemmanueloriosa@gmail.com

Pure substances have
constant/fixedboilingpoint.When
one mixture is completely
separated, the thermometer
readingrises.

e.g. The thermometer reading
remains at78oC when ethanolis
being separated.When no more
ethanolis being separated,the
mercury/alcohol level in the
thermometerrises.
(vi)The second /subsequent
fractions are collected in the
receiverafternoting a rise the
mercury/alcohol level in the
thermometer.
e.g.
Thethermometerreadingrisesto

100oC when water is being
separated.Itispassedthroughthe
liebig condenser with the cold
waterinletandoutletcirculation.It
iscollected differentreceiveras
thesecond/subsequentfraction.

(vii)Eachfractioncollectedshould
be confirmed from known
physical/chemical
properties/characteristic.
e.g.
Ethanol
Ethanolisacolourlessliquidthat
hasacharacteristicsmell.Whenit
isputinawatchglassthenignited,
itcatchesfireandburnwithablue
flame.
Water
Waterisacolourlessliquid that
hasnosmell/odour.Whenitisput

inawatchglassthenignited,it
doesnotcatchfire.
Setupofapparatus

Industrial application of
Fractionaldistillation
On a large scale,fractional
distillationisused:
(i)Infractionaldistillationofcrude
oilinanoilrefinery.
Crude oilis a mixture ofmany
fractions. When heated in a
furnace,the different fractions
separate outaccording to their
boiling point.In Kenya,fractional
distillation takes place at
ChangamweinMombasa.
(ii)Infractionaldistillationofair.
Aircontainamixtureofthreemain
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usefulgaseswhicharecondensed
bycoolintoverylow temperature
(-200oC) to form a liquid.The
liquidisthenheated.Nitrogenis
themostvolatile(-196oC)andthus
comes outas the firstfraction.
Argon(at-186oC)isthesecond
fraction.Oxygen(at-183oC)isthe
lastfraction.Thethreegasesare
veryusefulindustrialgases.

(f)Separation of immiscibles
(Usingaseparatingfunnel)
Two ormore liquids thatform
layersonmixing areimmiscible.
Immiscible mixture arrange
themselves according to their
densities
i.eThedenserliquidsinktothe

bottom.The less dense liquid

floats on the denser one.
Immicible mixtures can be
separated from each other by
usingaseparatingfunnel.
Experiment: To separate an
immisciblemixtureofparaffinand
water.
Procedure
Placeabout100cm3ofwaterinto
a 250cm3 beaker. Add about
100cm3ofparaffinintothebeaker.
Stir.
Transfer the mixture into a
separatingfunnel.Allow tosettle
foraboutone minute.Open the
tap,run outthe lowerlayerout
slowlyintoacleanbeaker.Close
thetap when theupperlayeris
veryclosetothetap.
Run outthe intermediate small
amountofthemixturenearthetap
intoabeaker.Discardit.
Runouttheremainingupperlayer
intoafreshbeaker.
Placeaportionofupperandlower
layerintoawatchglassseparately
afterseparatingeach.Ignite.
Observation
Water and paraffin are both

colourlessliquids.
Twolayersareformedonmixing.
Colourless odourless liquid
collectedfirst.It doesnotcatch
fire.
A colourless liquid with
characteristic smell collected
later/second.Itcatchesfireand
burnwithayellowsmokyflame.
Explanation
Waterandparaffinareimmiscible.
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Water is denser than paraffin.
Whenputinaseparatingfunnel,
paraffinfloatonwater.Onopening
thetap,waterrunsout.Amixture
of water and paraffin at the
junctionofthetwoisdiscarded.It
isnotpure.
Setupofapparatus

(g)Sublimation/deposition
Some solids on heating do not
melttoaliquidbutchangedirectly
toagas.Theprocessbywhicha
solidchangestoagasiscalled
sublimation.Thegascoolsback
and changes directlyto a solid.
The process by which a gas
changes to a solid is called
deposition. Sublimation and

depositionthereforearethesame
butoppositeprocesses.

Sublimation
Deposition

Some common substances that
undergo sublimation/ deposition
include:
(i)Iodine
(ii)Carbon(IV)oxide
(iii)Camphor (iv)
ammonium chloride
(v)Iron(III)chloride
(vi)Aluminium(III)chloride
(vii)benzoicacid

Ifamixturehasanyoftheabove
asacomponent,thenonheatingit
willchange to a gas and be
depositedawayfrom thesource
ofheating.
Procedure
Place aboutone spatula fullof
ammonium chloridecrystalsintoa
clean dry 100cm3 beaker.Add
equalamountofsodium chloride
crystalsintothebeaker.Swirlto
mix.
Placethebeakeronatripodstand.
Putabout100cm3ofwaterinto

anotherbeaker.Placecarefullythe
beakercontainingwaterontopof
the beakercontaining the solid
mixture.Light/igniteaburnerand

GAS

SOLID
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heatthesolid.
Setupofapparatus:

Observation
(i)With ammonium
chloride/commonsaltmixture

Whitefumesproduced.
Whitesublimatedeposited
Colourlessresidueleft

(ii)With Iodine/common salt
mixture

Purplefumesproduced.
Dark grey sublimate

deposited
Colourlessresidueleft

Explanation
(i)On heating a mixture of
ammonium chlorideandcommon
salt,awhitefumesofammonium
chloride is produced.The white
fumessolidifyaswhitesublimate
onthecoolerparts.Commonsalt
remainsasresidue.

Chemicalequation:
Ammonium chloridesolid

Ammonium chloride
gas

NH4Cl(s)
NH4Cl(g)

(ii)OnheatingamixtureofIodine
andcommonsalt,apurplefumes
ofIodinevapourisproduced.The
purplefumessolidifyasdarkgrey
sublimate on the cooler parts.
Commonsaltremainsasresidue.

Chemicalequation:
Iodinesolid

Iodine
gas

I2(s)
I2

(g)
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(h)Chromatography
Chromatographyis a method of
separating components of a
solution mixture by passing it
through a medium where the
different components move at
different rates. The medium
throughwhichthesolutionmixture
is passed is called absorbent
material.
Paper chromatography is a
method of separating coloured
dyes by using paper as the
absorbentmaterial.
Since dyes are insoluble/do not
dissolve in water,ethanoland
propanone are used as suitable
solventsfordissolvingthedye.
Practically, a simple paper
chromatographyinvolveplacinga
dye/material on the absorbent
material,addingslowlyasuitable
soluble solvent on the
dye/materialusingadropper,the
solvent spread out on the
absorbentmaterialcarrying the
solubledyeawayfrom theorigin.
The spoton which the dye is
initially/originallyplacediscalled
baseline.The farthestpointthe
solventspread is called solvent
front.
Thefarthestadyecanbespread
bythesolventdependon:

(i) density of the dye-the
denserthedye,thelessitspread
from thebaselynebythesolvent.

(ii)Stickiness ofthe dye-
some dyes sticks on the
absorbent material more than

otherthusdonotspreadfarfrom
baseline.
Experiment:To investigate the
coloursinink
Procedure
Method1
Placeafilterpaperonaanempty
beaker.Putadropofblack/blue
inkinthecentreofthefilterpaper.
Waitforaboutoneminuteforthe
inkdroptospread.Usingaclean
teatpipette/dropperaddonedrop
of ethanol/propanone.Wait for
aboutoneminutefortheinkdrop
to spread further. Add about
twenty other drops of ethanol
waiting for about one minute
before each addition.Allow the
filterpapertodry.

Experiment:To investigate the
coloursinink
Procedure
Method2
Cutan8centimeterthinstripofa
filterpaper.At about3cm onthe
strip,placeadropofink.Placethe
filter paper in a 10cm length
boiling tube containing 5cm3 of
ethanol.Ensurethecutstripofthe
filter paper just dips into the
ethanoltowards the ink mark.
Coverthe boiling tube.Waitfor
abouttwentyminutes.Removethe
boiling tube and allow the filter
papertodry.
Setupofapparatus
Method1
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Setupofapparatus
Method2

Explanation
Whenadropofinkisplacedonan
absorbentmaterialitsticks.On

adding an eluting solvent, it
dissolvesthedyespreadoutwith
it.Thedenserandstickypuredye
moveleast.Theleastdense/sticky
puredyemovefarthest. A pure
dye will produce the same
chromatogram/spotifthe same
eluting solventis used on the
same absorbent material.
Comparingthedistancemovedby
a pure dye with a mixture ,the
coloureddyesinamixturecanbe
deducedasbelow:
Example1
Thechromatogram ofpuredyesA,
B,CandadyemixtureDisshown
below Determine the pure dyes
presentinD.Onthediagram show:

(i)thesolventfront
(ii)baseline
(iii)the most soluble

puredye
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(i)Solventextraction
Solventextractionisamethodof
separating oilfrom nuts/seeds.
Mostnuts contain oil.Firstthe
nutsarecrushedtoreducetheir
sizeandincreasethesurfacearea.
Asuitablevolatilesolventisadded.
Themixtureisfiltered.Thefiltrate
solvent is then allowed to
crystallizeleavingtheoil/fat.Ifa
filter paper is rubbed/smeared
with the oil/fat, it becomes
translucent.Thisisthetestforthe
presenceofoil/fat.

Experiment:To extractoilfrom
Macadamianutseeds
Procedure
CrushMacadamianutseedsform

the hard outercover.Place the
innersoftseed into a mortar.
Crush(addalittlesandtoassistin
crushing).
Add a little propanone and
continue crushing. Continue
crushing and adding a little
propanone untilthere is more
liquid mixture than the solid.
Decant/filter.Putthefiltrateinto
anevaporatingdish.Vapourizethe
solvent using solar energy
/sunlight.Smear/rubaportionof
theresidueleftafterevaporation
onacleandryfilterpaper.
Observation/Explanation
Propanonedissolvefat/oilinthe
macadamia nuts.Propanone is
more volatile(lower boiling
point)thanoil/fat.Insunlight/solar
energy, propanone
evaporate/vapourize leaving
oil/fat(has a higher boiling
point).Anyseedlikecorn,wheat,
rice,soya bean may be used
insteadofmacadamiaseed.When
oil/fatisrubbed/smearedonan
opaque paper, it becomes
translucent.

(j)Crystallization
Crystallization is the process of
usingsolubilityofasolute/solidto
obtain the solute/solid crystals
from a saturated solution by
coolingorheatingthesolution.
A crystalisthesmallestregular
shapedparticleofasolute.Every
solute has unique shape ofits
crystals.
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Some solutions form crystals
whenheated.Thisisbecauseless
solute dissolve at higher
temperature. Some other
solutions form crystals when
cooled. This is because less
solute dissolve at lower
temperature.

Experiment; To crystallize
copper(II)sulphate(VI)solution
Procedure:

Place aboutone spatula fullof
hydrated copper sulphate(VI)
crystalsinto 200cm3 ofdistilled
waterinabeaker.Stir.Continue
adding a little more of the
hydrated coppersulphate (VI)
crystalsandstirringuntilnomore
dissolve.Decant/filter.Coverthe
filtratewithafilterpaper.Pierce
andmakesmallholesonthefilter
paper cover. Preserve the
experimentforaboutsevendays.

Observation/Explanation

Largebluecrystalsformed
Whenhydratedcopper(II)sulphate
crystalsareplacedinwater,they
dissolve to form
copper(II)sulphate solution.After
somedayswaterslowlyevaporate
leaving large crystals of
copper(II)sulphate.Ifthemixture
is heated to dryness, small
crystalsareformed.

Physical/Temporary and
Chemicalchanges

A physical/temporary change is
onewhich no new substanceis
formedandisreversiblebackto
original.
A chemical/permanentchangeis
one which a new substance is
formedandisirreversiblebackto
original.

The following experiments
illustratesphysicaland chemical
changes

(a)Heatingice
Placeabout10gofpureiceina
beaker. Determine its
temperature.Recorditattime“0.0”
inthetablebelow.Heattheiceon
a strong Bunsen flame and
determine its temperature after
every 60seconds/1minute to
completethetablebelow:
Time/m
inutes

0123 4 5 6 7 8

Temper
ature
(oC)

-
2

004
0

8
0

9
0

9
5

9
5

9
6

Plot a graph of time against
Temperature(y-axes)
Explaintheshapeofyourgraph
Melting/freezing/fusion/solidifica
tion and boiling /vaporization
/evaporationarethetwophysical
processes.
Melting /freezing pointofpure
substancesisfixed/constant.
The boiling point of pure
substance depend on external
atmosphericpressure.
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Melting/fusion is the physical
changeofasolidtoliquid.
Freezingisthephysicalchangeof
aliquidtosolid.
Melting/freezing/fusion/solidificat
ionarethereforetwooppositebut
same reversible physical
processesi.e

A (s)
A(l)
Boiling/vaporization/evaporation
isthephysicalchangeofaliquid
togas.
Condensation/ liquidification is
the physicalchange ofgas to
liquid.
Boiling/vaporization/evaporation
and condensation/liquidification
are therefore two opposite but
same reversible physical
processesi.e

B (l)
B(g)
Practically
(i) Melting/liquidification/fusion
involvesheatingasolidtoweaken
thestrongbondsholdingthesolid
particlestogether.
Solidsaremadeupofverystrong
bondsholding theparticlesvery
close to each other (Kinetic
Theoryofmatter).
On heating these particles gain
energy/heatfrom thesurrounding
heatsourcetoform aliquidwith
weaker bonds holding the
particlesclosetogetherbutwith
somedegreeoffreedom.
(ii)Freezing/fusion/solidification

involvescoolinga liquidtoreform
/rejoin theverystrong bondsto
hold theparticlesverycloseto
eachotherassolidandthuslose
theirdegreeoffreedom (Kinetic
Theoryofmatter).
Freezing/fusion/solidificationis

anexothermic(-∆H)processthat
requireparticlesholdingtheliquid
togetherto lose energy to the
surrounding.
(iii)Boiling/vaporization/evaporatio
n involves heating a liquid to
completelybreak/freethebonds
holding the liquid particles
together.
Gaseous particles have high

degreeoffreedom (KineticTheory
ofmatter).
Boiling /vaporization /

evaporation is an endothermic
(+∆H)processthatrequire/absorb
energyfrom thesurrounding.

(iv)Condensation/liquidification is
reverse process of boiling
/vaporization/evaporation.
It involves gaseous particles
losingenergytothesurrounding
toform aliquid.
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INTRODUCTIONTOACIDS,BASESANDINDICATORS

1.Inaschoollaboratory:
(i)Anacidmaybedefinedasasubstancethatturnlitmusred.
(ii)Abasemaybedefinedasasubstancethatturnlitmusblue.
LitmusisalichenfoundmainlyinWestAfrica.Itchangesitscolourdependingon
whetherthesolutionitisin,isbasic/alkalineoracidic.Itisthusabletoidentify/show
whetheranothersubstanceisanacid,baseorneutral.

(iii)An indicator is a substance that shows whether another substance is a
base/alkaline,acidorneutral.
2.Commonnaturallyoccurringacidsinclude:

Nameofacid Occurrence
1.Citricacid Found in ripe citrus fruits like

passionfruit/oranges/lemon
2.Tartaricacid Found in grapes/baking

powder/healthsalts
3.Lacticacid Foundinsourmilk
4.Ethanoicacid Foundinvinegar
5.Methanoicacid Presentinants,beesstings
6.Carbonicacid Usedinpreservationoffizzydrinks

likecoke,Lemonade,Fanta
7.Butanoicacid Presentincheese
8.Tannicacid Presentintea

3.Mostcommonlyusedacidsfoundinaschoollaboratoryarenotnaturallyoccurring.
Theyaremanufactured.Theyarecalledmineralacids.
Commonmineralacidsinclude:
Nameofmineralacid Commonuse
Hydrochloricacid(HCl) Usedtoclean/picklingsurfaceofmetals

Isfoundinthestomachofmammals/human
beings

Sulphuric(VI)acid(H2SO4) Used asacid in carbattery,making battery,
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makingfertilizers
Nitric(V)acid(HNO3) Usedinmakingfertilizersandexplosives

4.Mineralacidsaremanufactured to veryhigh concentration.Theyarecorrosive
(causes painful wounds on contact with the skin) and attack/reacts with
garments/clothes/metals.
Inaschoollaboratory,theyaremainlyusedwhenaddedalotofwater.Thisiscalled
diluting.Dilutingensurestheconcentrationoftheacidissafelylow.

5.Basesareoppositeofacids.Mostbasesdonotdissolveinwater.
Baseswhichdissolveinwaterarecalledalkalis.
Commonalkalisinclude:

Nameofalkali Commonuses
Sodium hydroxide(NaOH) Makingsoapsanddetergents
Potassium hydroxide(KOH) Makingsoapsanddetergents
Ammoniasolution(NH4OH) Making fertilizers,softening hard

water

Commonbases(whicharenotalkali)include:
Nameofbase Commonname
Magnesium oxide/hydroxide Antiacidtotreatindigestion
Calcium oxide Makingcementandneutralizingsoil

acidity

6.Indicatorsareusefulinidentifyingsubstanceswhichlook-alike. Anacid-
baseindicatorisasubstanceusedtoidentifywhetheranothersubstanceisalkalineor
acidic.

Anacid-baseindicatorworksbychangingtodifferentcoloursinneutral,acidicand
alkalinesolutions/dissolvedinwater.

Experiment:Topreparesimpleacid-baseindicator
Procedure
(a)Placesomeflowerspetalsinamortar.Crushthem usingapestle.Addalittlesand
toassistincrushing.
Addabout5cm3ofpropanone/ethanolandcarefullycontinuegrinding.
Addmore5cm3ofpropanone/ethanolandcontinueuntilthereisenoughextractinthe

mortar.
Filtertheextractintoaclean100cm3beaker.

(b)Place 5cm3 offiltered wood ash,soap solution,ammonia solution,sodium
hydroxide,hydrochloric acid,distilled water,sulphuric(VI)acid,sourmilk,sodium
chloride,toothpasteandcalcium hydroxideintoseparatetesttubes.
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(c)Putaboutthreedropsoftheextractin(a)toeachtesttubein(b).Recordthe
observationsmadeineachcase.

Sampleobservations

Solutionmixture Colour on adding indicator
extract

Natureofsolution

woodash green Base/alkaline
soapsolution green Basic/alkaline
ammoniasolution green Basic/alkaline
sodium hydroxide green Basic/alkaline
hydrochloricacid red Acidic
distilledwater orange Neutral
sulphuric(VI)acid red Acidic
sourmilk green Basic/alkaline
sodium chloride orange Neutral
toothpaste green Basic/alkaline
calcium hydroxide green Basic/alkaline
Lemonjuice red Acidic

Theplantextractisableto differentiatebetween solutionsbytheirnature.Itis
changingtoasimilarcolourforsimilarsolutions.
(i)Sincelemonjuiceisaknownacid,thensulphuric(VI)andhydrochloricacidsare
similarinnaturewithlemonjuicebecausetheindicatorshowsimilarcolours.Theyare
acidicinnature.
(ii)Sincesodium hydroxideisaknownbase/alkali,thenthegreencolourofindicator
showsanalkaline/basicsolution.
(iii)Sincepurewaterisneutral,thentheorangecolourofindicatorshowsneutral
solutions.
7.Inaschoollaboratory,commercialindicatorsareused.Acommercialindicatoris
cheap,readily available and easy to store.Common indicators include:Litmus,
phenolphthalein,methylorange,screenedmethylorange,bromothymolblue.

Experiment:
Usingcommercialindicatorstodetermineacidic,basic/alkalineandneutralsolutions
Procedure
Place5cm3ofthesolutionsinthetablebelow.Addthreedropsoflitmussolutionto
eachsolution.
Repeatwithphenolphthaleinindicator,methylorange,screenedmethylorangeand
bromothymolblue.
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Sampleresults
Substance/
solution

Indicatorused

Litmus Phenolphthalein Methyl
orange

Screened
methyl
orange

Bromothymol
blue

woodash Blue Pink Yellow Orange Blue
soapsolution Blue Pink Yellow Orange Blue
ammonia
solution

Blue Pink Yellow Orange Blue

sodium
hydroxide

Blue Pink Yellow Orange Blue

hydrochloric
acid

Red Colourless Red Purple Orange

distilledwater Colourles
s

Colourless Red Orange Orange

sulphuric(VI)aci
d

Red Colourless Red Purple Orange

sourmilk Blue Pink Yellow Orange Blue
sodium chloride Colourles

s
Colourless Red Orange Orange

toothpaste Blue Pink Yellow Orange Blue
calcium
hydroxide

Blue Pink Yellow Orange Blue

Lemonjuice Red Colourless Red Purple Orange

From thetableabove,then thecolourofindicatorsin differentsolution can be
summarized.

Indicator Colourofindicatorin
Acid Base/alkali Neutral

Litmuspaper/solution Red Blue Colourless
Methylorange Red Yellow Red
Screened methyl
orange

Purple Orange Orange

Phenolphthalein Colourless Purple Colourless
Bromothymolblue Orange Blue Orange

Theuniversalindicator

Theuniversalindicatorisamixtureofotherindicatordyes.TheindicatorusesthepH
scale.ThepHscaleshowsthestrengthofbasesandacids.ThepHscalerangesfrom



Mr.Oriosaemmanueloriosa@gmail.com

1-14.ThesenumbersarecalledpHvalues:
(i)pHvalues1,2,3showsasubstanceisstronglyacid
(ii)pHvalues4,5,6showsasubstanceisaweaklyacid
(iii)pHvalue7showsasubstanceisaneutral
(iv)pHvalues8,9,10,11showsasubstanceisaweakbase/alkali.
(v)pHvalues12,13,14showsasubstanceisastrongbase/alkali

ThepHvaluesaredeterminedfrom apHchart.ThepHchartisamulticolouredpaper
witheachcolourcorrespondingtoapHvalue.i.e

(i)redcorrespondtopH1,2,3showingstronglyacidicsolutions.
(ii)Orange/yellowcorrespondtopH4,5,6showingweaklyacidicsolutions.
(iii)GreencorrespondtopH7showingneutralsolutions.
(iv)BluecorrespondtopH8,9,10,11showingweaklyalkalinesolutions.
(v)Purple/darkbluecorrespondtopH12,13,14showingstrongalkalis.

Theuniversalindicatorisavailableas:
(i)universalindicatorpaper/pHpaper
(ii)universalindicatorsolution.

WhendeterminingthepHofaunknownsolutionusing
(i)pHpaperthenthepHpaperisdippedintotheunknownsolution.Itchanges/turntoa
certaincolour.Thenewcolourismarched/comparedtoitscorrespondingoneonthe
pHcharttogetthepHvalue.
(ii)universalindicatorsolutionthenabout3dropsoftheuniversalindicatorsolutionis
addedintoabout5cm3oftheunknownsolutioninatesttube.Itchanges/turntoa
certaincolour.Thenewcolourismarched/comparedtoitscorrespondingoneonthe
pHcharttogetthepHvalue.

Experiment:TodeterminethepHvalueofsomesolutions

(a)Place 5cm3 offiltered wood ash,soap solution,ammonia solution,sodium
hydroxide,hydrochloric acid,distilled water,sulphuric(VI)acid,sourmilk,sodium
chloride,toothpasteandcalcium hydroxideintoseparatetesttubes.

(b)PutaboutthreedropsofuniversalindicatorsolutionordipaportionofapieceofpH
paperintoeach.Recordtheobservationsmadeineachcase.
(c)ComparethecolourineachsolutionwiththecoloursonthepH chartprovided.
DeterminethepHvalueofeachsolution.

Sampleobservations

Solutionmixture Colour on the pH
paper/adding
universalindicator

pHvalue Nature of
solution

woodash Blue 8 Weaklyalkaline
soapsolution Blue 8 Weaklyalkaline
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ammonia
solution

green 8 Weaklyalkaline

sodium
hydroxide

Purple 14 Stronglyalkaline

hydrochloricacid red 1 Stronglyacidic
distilledwater green 7 Neutral
sulphuric(VI)acid red 1 Stronglyacidic
sourmilk blue 9 Weaklyalkaline
sodium chloride green 7 Neutral
toothpaste Blue 10 Weaklyalkaline
calcium
hydroxide

Blue 11 Weaklyalkaline

Lemonjuice Orange 5 Weaklyacidic

Note
1.AllthemineralacidsHydrochloric,sulphuric(VI)andnitric(V)acidsarestrongacids
2.Twoalkalis/solublebases,sodium hydroxideandpotassium hydroxidearestrong
bases/alkali.Ammonia solution isa weakbase/alkali.Allotherbasesareweakly
alkaline.
3.Pure/deionizedwaterisaneutralsoulution.
4.Commonsalt/sodium chlorideisaneutralsalt.
5.Whenanacidandanalkali/basearemixed,thefinalproducthavepH 7andis
neutral.

Propertiesofacids

(a)Physicalpropertiesofacids

1.Acidshaveacharacteristicsourtaste
2.Mostacidsarecolourlessliquids
3.Mineralacidsareodourless.Organicacidshavecharacteristicsmell
4.AllacidshavepHlessthan7
5.Allacidsturnbluelitmuspaperred,methylorangeredandphenolphthaleincolourless.
6.Allacidsdissolveinwatertoform anacidicsolution.Mostdonotdissolveinorganic
solventslikepropanone,kerosene,tetrachloromethane,petrol.

(b)Chemicalpropertiesofacids.

1.Reactionwithmetals
Allacidsreactwithareactivemetalstoform asaltandproduce/evolvehydrogengas.

Metal + Acid -> Salt + Hydrogengas

Experiment:reactionofmetalswithmineralacids.
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(a)Place5cm3ofdilutehydrochloricacidinasmalltesttube.Add1cm lengthof
polishedmagnesium ribbon.Stopperthetesttubeusingathump.Lightawooden
splint.Placetheburningsplintontopofthestopperedtesttube.Releasethethump
stopper.Recordtheobservationsmade.

(b)Repeattheprocedurein(a)aboveusingZincgranules,ironfilings,copperturnings,
aluminium foilinplaceofMagnesium ribbon

(c)Repeattheprocedurein(a)then(b)usingdilutesulphuric(VI)acidinplaceofdilute
hydrochloricacid.

Sampleobservations
(i)effervescence/bubblesproduced/fizzinginallcasesexceptwhenusingcopper
(ii)colourlessgasproducedinallcasesexceptwhenusingcopper
(iii)gasproducedextinguishesaburningwoodensplintwithanexplosion/pop

sound.

Explanation
Somemetalsreactwithdiluteacids,whileothersdonot.Metalswhichreactwithacids
producesbubblesofhydrogengas.Hydrogengasisacolourlessgasthatextinguishes
aburningsplintwithapopsound.Thisshowsacidscontainhydrogengas.
Thishydrogenisdisplaced/removedfrom theacidsbysomemetalslikeMagnesium,

Zinc,aluminium,ironandsodium.
Someothermetalslikecopper,silver,gold,platinum andmercuryarenotreactive
enoughtodisplace/removethehydrogenfrom diluteacids.

Chemicalequations
1.Magnesium +Hydrochloricacid->Magnesium chloride+Hydrogen

Mg(s)+ 2HCl(aq) -> MgCl2(aq) + H2(g)

2.Zinc+Hydrochloricacid -> Zincchloride+Hydrogen
Zn(s) + 2HCl(aq) -> ZnCl2(aq) + H2(g)

3.Iron+Hydrochloricacid ->Iron(II)chloride+Hydrogen
Fe(s) + 2HCl(aq) -> FeCl2(aq) + H2(g)

4.Aluminium +Hydrochloricacid->Aluminium chloride+Hydrogen
2Al(s) + 3HCl(aq) -> AlCl3(aq) + 3H2(g)

5.Magnesium +Sulphuric(VI)acid->Magnesium sulphate(VI)+Hydrogen
Mg(s)+ H2SO4(aq) -> MgSO4(aq) + H2(g)

6.Zinc+Sulphuric(VI)acid->Zincsulphate(VI)+Hydrogen
Zn(s) + H2SO4(aq) -> ZnSO4(aq) + H2(g)
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7.Iron+Sulphuric(VI)acid->Iron(II)sulphate(VI)+Hydrogen
Fe(s) + H2SO4(aq) -> FeSO4(aq) + H2(g)

8.Aluminium +Sulphuric(VI)acid->Aluminium sulphate(VI)+Hydrogen
2Al(s) + 3H2SO4(aq) -> Al2(SO4)3(aq) + 3H2(g)

2.Reactionofmetalcarbonatesandhydrogencarbonateswithmineralacids.

Allacidsreactwithcarbonatesandhydrogencarbonatestoform asalt,waterand
produce/evolvecarbon(IV)oxidegas.

Metalcarbonate+Acid -> Salt+ Water +Carbon(IV)oxidegas
Metalhydrogencarbonate+Acid -> Salt+ Water +Carbon(IV)oxidegas

Experiment:reactionofmetalcarbonatesandhydrogencarbonateswithmineral
acids.

(a)Place5cm3ofdilutehydrochloricacidinasmalltesttube.Addhalfspatulafullof
sodium carbonate.Stopperthetesttubeusingacorkwithdeliverytubedirectedinto
limewater.Recordtheobservationsmade.Testthegasalsowithburningsplint.

(b)Repeattheprocedurein(a)aboveusingZinccarbonate,Calcium carbonate,copper
carbonate,sodium hydrogencarbonate,Potassium hydrogencarbonateinplaceof
Sodium carbonate.

(c)Repeattheprocedurein(a)then(b)usingdilutesulphuric(VI)acidinplaceofdilute
hydrochloricacid.

Setupofapparatus

Sampleobservations
(i)effervescence/bubblesproduced/fizzinginallcases.
(ii)colourlessgasproducedinallcases.

Sodium carbonate

Acid
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(iii)gasproducedformsawhiteprecipitatewithlimewater.

Explanation
Allmetalcarbonate/hydrogencarbonatereactswithdiluteacidstoproducebubblesof
carbon(IV)oxidegas.Carbon(IV)oxidegasisacolourlessgasthatextinguishesa
burningsplint.Whencarbon(IV)oxidegasisbubbledinlimewater,awhiteprecipitate
isformed.

Chemicalequations
1.Sodium carbonate+Hydrochloricacid->

Sodium chloride+Carbon(IV)Oxide+Water
Na2CO3(s) + 2HCl(aq) -> 2NaCl(aq) + H2O(g)+CO2(g)

2.Calcium carbonate+Hydrochloricacid->
Calcium chloride+Carbon(IV)Oxide+Water

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

3.Magnesium carbonate+Hydrochloricacid->
Magnesium chloride+Carbon(IV)Oxide+Water

MgCO3(s) + 2HCl(aq) -> MgCl2(aq) + H2O(g)+CO2(g)

4.Coppercarbonate+Hydrochloricacid->
Copper(II)chloride+Carbon(IV)Oxide+Water

CuCO3(s) + 2HCl(aq) -> CuCl2(aq) + H2O(g)+CO2(g)

5.Coppercarbonate+Sulphuric(VI)acid->
Copper(II)sulphate(VI)+Carbon(IV)Oxide+Water

CuCO3(s) + H2SO4(aq) -> CuSO4(aq) + H2O(g)+CO2(g)

6.Zinccarbonate+Sulphuric(VI)acid->
Zincsulphate(VI)+Carbon(IV)Oxide+Water

ZnCO3(s) + H2SO4(aq) -> ZnSO4(aq) + H2O(g)+CO2(g)

7.Sodium hydrogencarbonate+Sulphuric(VI)acid->
Sodium sulphate(VI)+Carbon(IV)Oxide+Water

NaHCO3(s) + H2SO4(aq) -> Na2SO4(aq) + H2O(g)+CO2(g)

8.Potassium hydrogencarbonate+Sulphuric(VI)acid->
Potassium sulphate(VI)+Carbon(IV)Oxide+Water

KHCO3(s) + H2SO4(aq) -> K2SO4(aq) + H2O(g)+CO2(g)

9.Potassium hydrogencarbonate+Hydrochloricacid->
Potassium chloride+Carbon(IV)Oxide+Water

KHCO3(s) + HCl(aq) -> KCl(aq) + H2O(g)+CO2(g)
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10.Sodium hydrogencarbonate+Hydrochloricacid->
Sodium chloride+Carbon(IV)Oxide+Water

NaHCO3(s) + HCl(aq) -> NaCl(aq) + H2O(g)+CO2(g)

3.Neutralizationbybases/alkalis

Allacidsreactwithbasestoform asaltandwateronly.Thereactionofanacidwith
metaloxides/hydroxides(bases) to saltand wateronlyis called neutralization
reaction.
Sincenoeffervescence/bubbling/fizzingtakeplaceduringneutralization:

(i)thereactionwithalkalisrequireasuitableindicator.Thecolouroftheindicator
changeswhenalltheacidhasreactedwiththesolublesolutionofthealkali(metal
oxides/hydroxides).
(ii)excessofthebaseisaddedtoensurealltheacidreacts.Theexcessacidisthen
filteredoff.

Experiment1:reactionofalkaliwithmineralacids.

(i)Placeabout5cm3ofdilutehydrochloricacidinaboilingtube.Addonedropof
phenolphthaleinindicator.Usingadropper/teatpipette,adddilutesodium hydroxide
dropwiseuntilthereisacolourchange.
(ii)Repeattheprocedurewithdilutesulphuric(VI)acidinsteadofhydrochloricacid.
(iii)Repeattheprocedurewithpotassium hydroxideinsteadofsodium hydroxide.

Sampleobservation:
Colourofphenolphthaleinchangefrom colourlesstopinkinallcases.

Explanation
Bases/alkalisneutralizeacids.Acidsand bases/alkalisarecolourless.A suitable
indicatorlike phenolphthalein change colourto pink,when allthe acid has been
neutralized by the bases/alkalis.Phenolphthalein change colour from pink,to
colourlesswhenallthebases/alkalishasbeenneutralizedbytheacid.
Chemicalequation

Sodium oxide + Hydrochloricacid -> Sodium chloride + Water
Na2O(s) + HCl -> NaCl(aq) + H2O(l)

Potassium oxide + Hydrochloricacid -> Potassium chloride + Water
K2O(s) + HCl -> KCl(aq) + H2O(l)

Sodium hydroxide + Hydrochloricacid -> Sodium chloride + Water
NaOH(s) + HCl -> NaCl(aq) + H2O(l)

Ammoniasolution + Hydrochloricacid ->Ammonium chloride + Water
NH4OH(s) + HCl -> NH4Cl(aq) + H2O(l)
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Potassium hydroxide + Hydrochloricacid -> Potassium chloride + Water
KOH(s) + HCl -> KCl(aq) + H2O(l)

Sodium hydroxide + sulphuric(VI)acid -> Sodium sulphate(VI)+ Water
2NaOH(s) + H2SO4 -> Na2SO4(aq) + 2H2O(l)

Potassium hydroxide +sulphuric(VI)acid-> Potassium sulphate(VI)+ Water
2KOH(s) + H2SO4 -> K2SO4(aq) +2H2O(l)

Ammoniasolution+sulphuric(VI)acid ->Ammonium sulphate(VI)+Water
2NH4OH(s) + H2SO4 -> (NH4)2SO4(aq) +2H2O(l)

Magnesium hydroxide+sulphuric(VI)acid->Magnesium sulphate(VI)+Water
Mg(OH)2(s) + H2SO4 -> MgSO4(aq) + 2H2O(l)

Magnesium hydroxide+Hydrochoricacid->Magnesium chloride+Water
Mg(OH)2(s) + HCl(aq) -> MgCl2(aq) + 2H2O(l)
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A.THEATMOSPHERE.

1.Theatmosphereismadeupofair.Air
isamixtureofcolourless,odourless
gases which is felt as wind(air in
motion).Alllivingthingsbreathinairfor
respiration . Plants use air for
respirationandphotosynthesis.

2.The main gases present in the
atmosphere/air:

Gas Approxim
ate %
compositi
on by
volume

Nitrogen 78.0
Oxygen 21.0
Carbon(IV)ox
ide

0.03

Noblegases 1.0
Water
vapour

Varyfrom
region

3.The following experiments below
showsthepresenceandcompositionof
thegasesinair/atmosphere

(a)To find the composition of air
supportingcombustion usingacandle
stick

Procedure
Measurethelengthofandemptygasjar
M1.Placeacandlestickonapetridish.
Floatitonwaterinbasin/trough.Cover
itwiththegasjar.Markthelevelofthe
waterinthegasjarM2.Removethegas
jar.Lightthecandlesick.Carefullycover
itwith the gas jar.Observe fortwo

minutes.Markthenewlevelofthewater
M3.
Setupofapparatus

Sampleobservations

Candle continues to burn then
extinguished/goesoff
Levelofwaterinthegasjarrisesafter
ignitingthecandle
Lengthofemptygasjar=M1=14cm
Lengthofgasjarwithoutwaterbefore
ignitingcandle=M2=10cm
Length of gasjarwith waterbefore
ignitingcandle=M1-M2=14-10=4cm
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Length of gas jarwith waterafter
ignitingcandle=M3=8cm
Lengthof gasjarwithoutwaterafter
ignitingcandle=M1-M3=10-8=2cm

Explanation
Candle burns in air. In a closed
system(vessel),thecandlecontinuesto
burnusingthepartofairthatsupport
burning/combustion.Thisiscalledthe
active part of air.The candle goes
off/extinguishedwhenalltheactivepart
ofairisusedup.Thelevelofthewater
rises to occupy the space /volume
occupiedbytheusedactivepartofair.
The experimentis betterwhen very
dilute sodium/potassium hydroxide is
used instead of water . Dilute
Potassium/sodium hydroxide absorb
Carbon(IV)oxide gas that come out
from burning/combustion of candle
stick.
From the experiment above the %
compositionofthe:

(i)active part of air can be
calculated:

M2-M3x100% => 10- 8 x
100% =20%

M2 10cm

(ii)inactive part of air can be
calculated:

100% -20% = 80% // M3

=> 8 x100% =80%
M2

10cm

(b)To find the composition ofactive
partofairusingheatedcopperturnings.

Procedure
Clampacompletelypacked/filledopen

endedglasstubewithcopperturnings.
Sealtheendswithglass/cottonwool.
Labeltwograduatedsyringesas“A”and
“B”Pushoutairfrom syringe“A”.Pullin
airintosyringe“B”.
Attach both syringe “A”and “B”on

oppositeendsoftheglasstube.
Determineandrecordthevolumeofair
insyringe“B”V1.
Heattheglasstubestronglyforabout
threeminutes.
Pushalltheairslowlyfrom syringe“B”

to syringe “A”as heating continues.
Pushalltheairslowlyfrom syringe“A”
backtosyringe“B”andrepeatedlyback
andforth.
Afterabouttenminutes,determinethe

newvolumeofairinsyringe“B”V2

Setupofapparatus

Sampleobservations

Colourchangefrom browntoblack
Volume ofairin syringe “B”before
heating V1 =158.0cm3
Volumeofairinsyringe“B”afterheating
V2 =127.2cm3
Volume ofairin syringe“B”used by
copper V1-V2=30.8cm3

Samplequestions
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1.Whatisthepurposeof
(i)glass/cottonwool
To prevent/stop copperturningsfrom
beingblownintothesyringe/outofthe
glasstube

(ii)passingairthroughtheglasstube
repeatedly

Toensurealltheactivepartofair
isusedup

(iii)passingairthroughtheglasstube
slowly

Toallow enoughtimeofcontact
beteewn the active partofand the
heatedcopperturnings.

2.Stateandexplaintheobservations
madeintheglasstube.

Colourchange from brown to
black
Brown coppermetalreacts with the
activepartofair/oxygentoform black
copper(II)oxide.
Chemicalequation

Copper+ Oxygen ->
Copper(II)oxide

2Cu(s) + O2(g) ->
2CuO(s)

The reaction reduces the
amount/volumeofoxygeninsyringe“B”
leavingtheinactivepartofair.Copper
onlyreactwithoxygenwhenheated.

3.Calculatethe%of
(i)activepartofair

%activepartofair= V1 -V2 x 100%
=> 30.8cm3x100% =19.493%

V1

158.0cm3
(ii)inactivepartofair
Method1

%inactivepartofair=V2 x 100%
=>127.2cm3x100% =80.506%

V1

158.0cm3

Method2
% inactivepartofair=100% -% active

partofair
=> 100 % -

19.493% =80.507%

4.The % of active part of air is
theoretically higher than the above
while % of inactive part of air is
theoretically lower than the above.
Explain.

Not allthe active part of air
reactedwithcopper

5.Statethemaingasesthatconstitute:
(a)activepartofair.

Oxygen

(b)inactivepartofair
Nitrogen, carbon(IV)oxide and

noblegases

6.Ifthe copperturningsare replaced
with magnesium shavings the % of
active part of air obtained is
extraordinaryveryhigh.Explain.

Magnesium is more reactive than
copper. The reaction is highly
exothermic.Itgenerates enough heat
for magnesium to react with both
oxygenandnitrogenintheair.
Awhitesolid/ashmixtureofMagnesium
oxideandMagnesium nitrideisformed.
Thisconsiderablyreducesthevolumeof
airleftaftertheexperiment.
Chemicalequation

Magnesium + Oxygen ->
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magnesium (II)oxide
2Mg(s) + O2(g) ->

2MgO(s)
Magnesium + Nitrogen ->

magnesium (II)nitride
3Mg(s) + N2(g) ->

Mg3N2(s)

(c)To find the composition ofactive
partofairusingalkalinepyrogallol.

Procedure
Measureabout2cm3ofdilutesodium
hydroxide into a graduated gas jar.
Record the volume ofthe graduated
cylinderV1.
Place abouttwo spatula end fullof
pyrogallol/1,2,3-trihydroxobenzene into
thegasjar.Immediatelyplaceacover
slipfirmlyonthemouthofthegasjar.
Swirlthoroughlyforabouttwominutes.
Invertthe gas jarin a trough/basin
containingwater.Measurethevolume
ofairinthegasjarV2

Sampleobservations
Colour of pyrogallol/1,2,3-
trihydroxobenzenechangetobrown.
Levelofwaterin gas jarrises when
invertedinbasin/trough.
Volumeofgasjar/airingasjar V1=
800cm3
Volumeofgasjar/airingasjarafter

shaking with alkaline pyrogallol/1,2,3-
trihydroxobenzeneV2=640cm3

Samplequestions
1.Whichgasisabsorbedbyalkaline
pyrogallol/1,2,3-trihydroxobenzene

Oxygen

2.Calculatethe
(i)%ofactivepartofair

V1-V2x100% =>
(800cm3 -640cm3)x100% =
20%

V1

800cm3

(ii)%ofinactivepartofair
V2x100% => 640

cm3x100% =80%
V1

800cm3

(d)To establish the presence of
carbon(IV)oxideinairusinglimewater

Pass tap waterslowlyinto an empty
flaskasinthesetupbelow

Sampleobservationquestions
1.Whatisthepurposeofpapercover?

Toensurenoairentersintothe
limewater.

2.Whathappenswhenwaterentersthe
flask?

Itforcestheairfrom theflaskinto
thelimewater.

3.Whatis observed when the airis
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bubbledinthelimewater
Awhiteprecipitateisformed.Thewhite
precipitate dissolves on prolonged
bubblingofair.

4.(a)Identifythecompoundthatform:
(i)limewater

Calcium hydroxide/Ca(OH)2

(ii)whiteprecipitate
Calcium carbonate/CaCO3

(iii)when the white precipitate
dissolves

Calcium hydrogen
carbonate/CaHCO3

(b)Write the chemicalequation for
thereactionthattaleplacewhen:

(i)whiteprecipitateisformed
Calcium hydroxide +

carbon(IV)oxide -> Calcium carbonate
+ water

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

(ii)whiteprecipitatedissolves
Calcium carbonate + water+
carbon(IV)oxide -> Calcium hydrogen
carbonate

CaCO3(s) +H2O(l)+ CO2

(g)->CaHCO3(aq)

5.State the chemicaltest for the
presenceofcarbon(IV)oxidegasbased
on4(a)and(b)above:
Carbon(IV)oxide forms a white
precipitate with lime water that
dissolvesinexcessofthegas.

6. State the composition of
carbon(IV)oxidegasbyvolumeinthe
air.

About0.03%byvolume

B.OXYGEN.
a)Occurrence.
1.Fifty50%oftheearthscrustconsistof
Oxygencombinedwithotherelements
e.g.oxidesofmetals
2.About70%oftheearthiswatermade
upofHydrogenandOxygen.
3.About 20% by volume of the
atmosphericgasesisOxygenthatform
theactivepartofair.

b)Schoollaboratorypreparation.
Oxygenwasfirstpreparedin1772by
KarlScheele and later in 1774 by
JosephPriestly.ItwasAntonyLavoisier
whogaveitthename“Oxygen”
Procedure

Method1:UsingHydrogenperoxide
Halffillatrough/basinwithtapwater.

Placea beehiveshelf/stand into the
water.
Completelyfilltheagasjarwithwater
and invert in onto the bee hive
shelf/stand.
Clamparoundbottomedflaskandset
uptheapparatusasbelow.

Collect severalgas jars of Oxygen
coveringeachsample.
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Sampleobservationquestions

1.Whatisobservedwhenthehydrogen
peroxideisaddedintotheflask

Rapid
effervescence/bubbling/fizzing

2.Describethecolourandsmellofthe
gas

Colourlessandodourless.

3.(a)Namethemethodofgascollection
used.

-Overwater
-Upwarddelivery
-Downwarddisplacementofwater

(b)WhatpropertyofOxygenmakeitto
becollectedusingthemethodabove

-Slightlysolubleinwater

4.What is the purpose of
manganese(IV)oxide?

Manganese(IV)oxideiscatalyst.
Acatalystisasubstancethatspeeds

uptherateofachemicalreactionbut
remainchemicallyunchangedattheend
ofthereaction.
Hydrogenperoxidedecomposesslowly
toform waterandOxygengas.
AlittleManganese(IV)oxidespeedsup

therateofdecompositionbyreducing
thetimetakenforagivenvolumeof
Oxygentobeproduced.

5.Writetheequationforthereaction.
Hydrogenperoxide ->Water +

Oxygen
2H2O2(aq) ->2H2O

(l)+ O2(g)

6.Loweraglowingsplintslowlyintoa
gasjarcontaining Oxygen gas.State

whatisobserved.
The glowing splint

relights/rekindles
Oxygen relights/rekindles a

glowingsplint.Thisistheconfirmatory
testforthepresenceofOxygengas

Method1:UsingSodium peroxide
Halffillatrough/basinwithtapwater.

Add four drops of phenolphthalein
indicator.
Placeabeehiveshelf/standintothe

water.
Completelyfillagasjarwithwaterand
invertinontothebeehiveshelf/stand.
Clamparoundbottomedflaskandset
uptheapparatusasbelow.

Collect severalgas jars of Oxygen
coveringeachsample.

Sampleobservationquestions

1.What is observed when water is
added

(i)into the flask containing
sodium peroxide
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Rapid
effervescence/bubbling/fizzing

(ii)phenolphththalein
Remains colourless /Phenolphthalein
indicatoriscolourlessinneutralsolution

2.Describethecolourandsmellofthe
gas

Colourlessandodourless.

3.(a)Namethemethodofgascollection
used.

-Over water.Oxygen is slightly
solubleinwater.

4.Testthegasbyloweringaglowing
splint slowly into a gas jar
containingthepreparedsample.

The glowing splint
relights/rekindles. This confirms the
presenceofOxygengas
5.Writetheequationforthereaction.

Sodium peroxide + Water ->
Sodium hydroxide + Oxygen

2Na2O2(aq) + 2H2O(l) ->
4NaOH(aq) + O2(g)

1.Testthegasbyloweringaglowing
splintslowlyintoagasjarcontaining
thepreparedsample.

The glowing splint
relights/rekindles.

This confirms the presence of
Oxygengas

2.Writetheequationforthereaction.
Potassium Chlorate(V) ->

Potassium Chloride +Oxygen
2KClO3 (aq) ->

2KCl(aq) + 3O2(g)

3.What is the purpose of
manganese(IV)oxide?

Manganese(IV)oxideiscatalyst.
Acatalystisasubstancethatspeeds

uptherateofachemicalreactionbut
remainchemicallyunchangedattheend
ofthereaction.
Potassium Chlorate(V) decomposes
slowlytoform potassium chlorideand
Oxygengas.
AlittleManganese(IV)oxidespeedsup

therateofdecompositionbyreducing
thetimetakenforagivenvolumeof
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Oxygentobeproduced.

(c)UsesofOxygen

1.Oxygen isputin cylindersforuse
wherenaturalsupplyisnotsufficiently
enough.Thisismainlyin:

(i)Mountain
climbing/Mountaineering-at high
altitudes, the concentration of
air/oxygen is low.Mountain climbers
mustthereforecarrytheirownsupplyof
oxygenforbreathing.

(ii) Deep sea diving-Deep sea
diverscarrytheirownsupplyofOxygen.

(iii)Saving life in hospitals for
patients with breathing problems and
duringanaethesia.

2.Amixtureofoxygenandsomeother
gasesproducesaflamethatisveryhot.

(i)Oxy-acetyline/ethyne flame is
produced when Ethyne/acetylene
gasisburntinpureoxygen.The
flamehasatemperatureofabout
3000oC.It is used for welding
/cuttingmetals.
(ii)Oxy-hydrogen flame is
producedwhenHydrogenisburn
inpureoxygen.Theflamehasa
temperatureofabout2000oC.Itis
used also forwelding /cutting
metals.

3.Oxy-hydrogen mixture is used as
rocketfuel
4.A mixtureofcharcoal,petroland
liquidOxygenisanexplosive.

(d) Chemical properties of Oxygen
/combustion.

Oxygen is a veryreactive non metal.
Many elements react with oxygen

through burning to form a group of
compoundscalledOxides.
Burning/combustionisthereactionof

Oxygenwithanelement/substances.
Reactioninwhichasubstanceisadded
oxygen is called Oxidation reaction.
Burning/combustionisanexampleofan
oxidationreaction.
MostnonmetalsburnsinOxygen/airto
form an Oxide which in solution /
dissolvedinwaterisacidicinnature.
They turn blue litmus red.e.g.
Carbon(IV)oxide/CO2 ,
Nitrogen(IV)oxide/ NO2 ,
Sulphur(IV)oxide/SO2

SomenonmetalsburnsinOxygen/airto
form an Oxide which in solution /
dissolvedinwaterisneutralinnature.
Theydon’tturnblueorredlitmus.e.g.
Carbon(II)oxide/CO,Water/H2O.

AllmetalsburnsinOxygen/airtoform
anOxidewhichinsolution/dissolvedin
waterisbasic/alkalineinnature.They
turnredlitmusblue.e.g.
Magnesium oxide/MgO,Sodium Oxide/
Na2O,Copper(II)oxide/CuO
Elements/substances burn faster in
pureOxygenthaninair.
Aircontainstheinactivepartofairthat
slows the rate of burning of
substances/elements.

(i)Reaction of metals with
Oxygen/air

The following experiments show the
reactionofmetalswithOxygenandair.

I.BurningMagnesium
Procedure

(a)Cut a 2cm length piece of
magnesium ribbon.Using a pair of
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tongsintroduceittoaBunsenflame.
Removeitwhenitcatchesfire.Observe.
Place the products in a beaker
containingabout5cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Cutanother2cm length piece of
magnesium ribbon.Using a pair of
tongsintroduceittoaBunsenflame.
Whenitcatchesfire,loweritslowlyinto
agasjarcontainingOxygen.
Placeabout5cm3ofwaterintothegas

jar. Test the solution/mixture using
litmuspapers.Testthesolution/mixture
usinglitmuspapers

Observations
(a)Inair
Magnesium burns with a bright
blindening flame in airforming white
solid/ash /powder.
Effervescence/bubbles/fizzingPungent
smell of urine. Blue litmus paper
remains blue.Red litmus paperturns
blue
(b)InpureOxygen
Magnesium burns fasterwith a very
bright blindening flame pure oxygen
forming white solid/ash /powder.No
effervescence/bubbles/ fizzing. No
pungentsmellof urine.Blue litmus
paperremainsblue.Redlitmuspaper
turnsblue

Explanation
Magnesium burns in air producing
enoughheatenergytoreactwithboth
Oxygen and Nitrogen to form
Magnesium Oxide and Magnesium
nitride. Both Magnesium Oxide and
Magnesium nitridearewhitesolid/ash
/powder.

Chemicalequations

Magnesium + Oxygen ->
Magnesium Oxide

2Mg(s) + O2(g) ->
2MgO(s)

Magnesium + Nitrogen ->
Magnesium Nitride

3Mg(s) + N2(g) ->
Mg3N2(s)

Magnesium Oxidedissolvesinwaterto
form a basic/alkaline solution of
Magnesium hydroxide
Chemicalequations

Magnesium Oxide + Water
-> Magnesium hydroxide

2Mg(s) + O2(l)
-> 2MgO(s)

Magnesium Nitridedissolvesinwaterto
form a basic/alkaline solution of
Magnesium hydroxide and producing
Ammonia gas.Ammonia is also an
alkaline/basicgasthathasapungent
smellofurine.
Chemicalequations

Magnesium Nitride + Water ->
Magnesium hydroxide+Ammoniagas

Mg3N2(s) + 6H2O(l) ->
3Mg(OH)2(aq)+ 2NH3(g)

II.BurningSodium
Procedure

(a)Carefullycutaverysmallpieceof
sodium .Using a deflagrating spoon
introduceittoaBunsenflame.Remove
itwhenitcatchesfire.Observe.
Place the products in a beaker
containingabout20cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Carefully cutanothervery small
pieceofsodium.Using adeflagrating
spoonintroduceittoaBunsenflame.
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Whenitcatchesfire,loweritslowlyinto
agasjarcontainingOxygen.
Placeabout20cm3ofwaterintothe

gasjar.Testthesolution/mixtureusing
litmuspapers.Testthesolution/mixture
usinglitmuspapers

Observations
(a)Inair
Sodium burnswithayellowflameinair
formingablacksolid.Bluelitmuspaper
remains blue.Red litmus paperturns
blue
(b)InpureOxygen
Sodium burns faster with a golden
yellow flameinpureoxygenforminga
yellow solid. Effervescence/bubbles/
fizzing.Gasproducedrelightsglowing
splint.Blue litmuspaperremainsblue.
Redlitmuspaperturnsblue.

Explanation
(a)Sodium burnsinairforming black
Sodium Oxide

Chemicalequations
Sodium + Oxygen/air ->

Sodium Oxide
4Na(s) +

O2(g) -> 2Na2O(s)

Sodium Oxidedissolvesinwatertoform
a basic/alkaline solution of Sodium
hydroxide
Chemicalequations

Sodium Oxide +
Water -> Sodium hydroxide

Na2O(s) + H2O
(l) -> 2NaOH(aq)

(b)Sodium burns in pure oxygen
formingyellowSodium peroxide

Chemicalequations
Sodium + Oxygen ->

Sodium peroxide
2Na(s) + O2(g) ->

Na2O2(s)

Sodium peroxidedissolvesinwaterto
form abasic/alkalinesolutionofSodium
hydroxide.Oxygenisproduced.
Chemicalequations

Sodium Oxide +
Water -> Sodium hydroxide+
Oxygen

2Na2O2 (s) + 2H2O
(l) -> 4NaOH(aq) + O2(l)

III.BurningCalcium

Procedure
(a)Usingapairoftongsholdthepiece

ofcalcium onaBunsenflame.
Observe.
Place the products in a beaker
containingabout2cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Usingapairoftongsholdanother
pieceofcalcium on a Bunsen flame.
Quicklyloweritintoagasjarcontaining
Oxygengas.Observe.
Placeabout2cm3ofwater.Swirl.
Testthesolution/mixtureusinglitmus
papers
Observations
(a)Inair
Calcium burnswithdifficultyproducing
afaintredflameinairformingawhite
solid.Bluelitmuspaperremainsblue.
Redlitmuspaperturnsblue
(b)InpureOxygen
Calcium burnswithdifficultyproducing
alessfaintredflameOxygenforminga
whitesolid.Bluelitmuspaperremains
blue.Redlitmuspaperturnsblue
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Explanation
(a)Calcium burnsinairforming white
calcium Oxide. Calcium Oxide
coat/cover the calcium preventing
furtherburning.

Chemicalequations
Calcium +

Oxygen/air -> calcium Oxide
2Ca(s) + O2(g) ->

2CaO(s)

Small amount of Calcium Oxide
dissolves in water to form a
basic/alkaline solution of Calcium
hydroxide. The common name of
Calcium hydroxideislimewater.
Chemicalequations

Calcium Oxide + Water
-> Calcium hydroxide

CaO(s) + H2O(l) ->
Ca(OH)2(aq)

IV.BurningIron

Procedure
(a)Usingapairoftongsholdthepiece

ofIron wool/steelwire on a Bunsen
flame.
Observe.
Place the products in a beaker
containingabout2cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Usingapairoftongsholdanother
piece of Iron wool/steelwire on a
Bunsenflame.
Quicklyloweritintoagasjarcontaining
Oxygengas.Observe.
Placeabout2cm3ofwater.Swirl.Test
thesolution/mixtureusinglitmuspapers
Observations
(a)Inair
Ironwool/steelwireburnsproducinga
Orange flamein airforming a brown

solid.Bluelitmuspaperremainsblue.
Redlitmuspaperturnsfaintblue
(b)InpureOxygen
Ironwool/steelwireburnsproducinga
goldenOrangeflameinOxygenforming
a Brown solid. Blue litmus paper
remains blue.Red litmus paperturns
faintblue
Explanation
(a)Iron burns in airforming brown
Iron(III)Oxide

Chemicalequations
Iron + Oxygen/air ->

Iron(III)Oxide
4Fe(s) + 3O2(g) ->

2Fe2O3(s)

Very small amount of Iron(III)Oxide
dissolves in waterto form a weakly
basic/alkalinebrownsolutionofIron(III)
hydroxide.
Chemicalequations

Calcium Oxide + Water
-> Iron(III)hydroxide

Fe2O3(s) + 3H2O(l)
-> 2Fe(OH)3(s)

V.BurningCopper

Procedure
(a)Usingapairoftongsholdthepiece

of copper turnings/shavings on a
Bunsenflame.
Observe.
Place the products in a beaker
containingabout2cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Usingapairoftongsholdanother
pieceofCopperturnings/shavingsona
Bunsenflame.Quicklyloweritintoagas
jarcontainingOxygengas.Observe.
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Placeabout2cm3ofwater.Swirl.Test
thesolution/mixtureusinglitmuspapers
Observations
(a)Inair
Copper turnings/shavings burns with
difficultyproducingagreenflameinair
formingablacksolid.Bluelitmuspaper
remains blue.Red litmus paperturns
faintblue
(b)InpureOxygen
Copper turnings/shavings burns less
difficulty producing a green flame in
Oxygen forming a Brown solid.Blue
litmuspaperremainsblue.Redlitmus
paperturnsfaintblue
Explanation
(a)Copperburnsinairforming black
Copper(II)Oxide

Chemicalequations
Copper + Oxygen/air ->

Copper(II)Oxide
2Cu(s) + O2(g) ->

2CuO(s)

VerysmallamountofCopper(II)Oxide
dissolves in waterto form a weakly
basic/alkalinebluesolutionofCopper(II)
hydroxide.
Chemicalequations

Copper(II)Oxide + Water
-> Copper(II)hydroxide

CuO(s) + H2O(l)
-> Cu(OH)2(s)

(i)Reaction ofnon metals with
Oxygen/air

The following experiments show the
reactionofnonmetalswithOxygenand
air.

I.BurningCarbon
Procedure
(a)Using a pairoftongs hold a dry

pieceofcharcoalonaBunsenflame.
Observe.
Place the products in a beaker
containingabout2cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Usingapairoftongsholdanother
pieceofdrycharcoalonaBunsenflame.
Quicklyloweritintoagasjarcontaining
Oxygengas.Observe.
Placeabout2cm3ofwater.Swirl.Test
thesolution/mixtureusinglitmuspapers
Observations

-Carboncharsthenburnswitha
blueflame

-Colourless and odourless gas
produced

-Solutionformedturnbluelitmus
paperfaintred.

Redlitmuspaperremainsred.

Explanation
CarbonburnsinairandfasterinOxygen
withabluenon-sooty/non-smokyflame
formingCarbon(IV)oxidegas.
Carbon burns in limited supplyofair
withabluenon-sooty/non-smokyflame
formingCarbon(IV)oxidegas.
Carbon(IV)oxidegasdissolveinwater
toform weakacidicsolutionofCarbonic
(IV)acid.
ChemicalEquation

Carbon + Oxygen ->
Carbon(IV)oxide

(excessair/oxygen)

C(s) + O2(g) ->
CO2(g) (inexcessair)

Carbon + Oxygen ->
Carbon(II)oxide

(limitedair/oxygen)



Mr.Oriosaemmanueloriosa@gmail.com

2C(s) + O2(g) ->
2CO(g) (inlimitedair)

Carbon(IV)oxide + Water ->
Carbonic(IV)acid

CO2(g)+ H2O(l) ->
H2CO3(aq)(veryweakacid)

II.BurningSulphur
Procedure

(a)Using a deflagrating spoon place
sulphurpowderonaBunsenflame.
Observe.
Place the products in a beaker
containingabout3cm3ofwater.Test
thesolution/mixtureusinglitmuspapers

(b)Usingadeflagratingspoonplace
sulphurpowderon a Bunsen flame.
Slowlyloweritintoagasjarcontaining
Oxygengas.Observe.
Placeabout5cm3ofwater.Swirl.Test
thesolution/mixtureusinglitmuspapers.
Observations

-Sulphurburnswithablueflame
-Gasproduced thathaspungent

chokingsmell
-Solutionformedturnbluelitmus
paperfaintred.

Redlitmuspaperremainsred.

Explanation
SulphurburnsinairandfasterinOxygen
withabluenon-sooty/non-smokyflame
formingSulphur(IV)oxidegas.
Sulphur(IV)oxidegasdissolveinwater
to form weak acidic solution of
Sulphuric(IV)acid.
ChemicalEquation

Sulphur + Oxygen ->
Sulphur(IV)oxide

S(s) + O2(g) ->

SO2(g) (inexcessair)

Sulphur(IV)oxide+ Water ->
Sulphuric(IV)acid

SO2(g)+ H2O(l)->
H2SO3(aq)(veryweakacid)

III.BurningPhosphorus
Procedure

(a)Remove a small piece of
phosphorus from waterand using a
deflagrating spoon (with a lid
cover)placeitonaBunsenflame.
Observe.
Carefullyputtheburningphosphorusto
covergasjarcontainingabout3cm3of
water.Testthesolution/mixtureusing
litmuspapers

(b)Remove anothersmallpiece of
phosphorus from waterand using a
deflagrating spoon (with a lid cover)
placeitonaBunsenflame.
Slowlyloweritintoagasjarcontaining

Oxygengaswithabout5cm3ofwater.
Observe.
Swirl.Testthe solution/mixture using
litmuspapers.
Observations

-Phosphorus catches fire before
heatingonBunsenflame

-Dense white fumes of a gas
produced that has pungent
chokingpoisonoussmell
-Solutionformedturnbluelitmus
paperfaintred.

Redlitmuspaperremainsred.
Explanation
Phosphorus is stored in water.On
exposuretoairitinstantaneouslyfumes
thencatchfiretoburninairandfasterin
Oxygenwithayellow flameproducing
dense white acidic fumes of
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Phosphorus(V)oxidegas.
Phosphoric(V) oxide gas dissolve in
watertoform weakacidicsolutionof
Phosphoric(V)acid.
ChemicalEquation

Phosphorus + Oxygen
-> Phosphorous(V)oxide

4P(s) + 5O2(g)
-> 2P2O5(s)

Phosphorous(V)oxide+
Water -> Phosphoric(V)acid

P2O5(s) + 3H2O(l) ->
2H3PO4(aq)(veryweakacid)

(e) Reactivity series/competition for
combinedOxygen.
The reactivity series is a list of
elements/metals according to their
affinityforoxygen.
Some metals have higheraffinity for
Oxygenthanothers.
Ametal/elementwithhigheraffinityfor

oxygenisplacedhigher/ontopofthe
onelessaffinity.

Thecompletereactivityseriesof
metals/elements

Element/Metal Symbol
Potassium K
Sodium Na
Calcium Ca
Magnesium Mg
Aluminium Al
Carbon C
Zinc Zn
Iron Fe
Tin Sn
Lead Pb
Hydrogen H

Copper Cu
Mercury Hg
Silver Ag
Gold Au
Platinum Pt

MetalscompeteforcombinedOxygen.
Ametal/elementwithhigheraffinityfor
oxygenremovesOxygenfrom ametal
lowerinthereactivityseries/lessaffinity
forOxygen.
When a metal/elementgains/acquire
Oxygen,theprocessiscalledOxidation.
When a metal/element donate/lose
Oxygen,theprocessiscalledReduction.

An element/metal/compound that
undergo Oxidation is called Reducing
agent.
An element/metal/compound that
undergo Reduction iscalled Oxidizing
agent.

AreactioninwhichbothOxidationand
ReductiontakeplaceiscalledaRedox
reaction.

Redox reaction between
Magnesium andcopper(II)Oxide
Procedure
Placeabout2gofcopper(II)oxideina
cruciblewithalid.Placeanother2gof
Magnesium powderinto the crucible.
Mixthoroughly.
Cover the crucible with lid. Heat

stronglyforfiveminutes.
Allowthemixturetocool.Openthelid.

Observe.
Observation
Colourchange from black to brown.
Whitesolidpowerformed.
Explanation
Magnesium is higherin the reactivity
series than Copper.Ithas therefore

Leastreactive

Most
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higheraffinityforOxygenthancopper.
Whenamixtureofcopper(II)oxideand

Magnesium is heated, Magnesium
reduces copper(II)oxide to brown
copper metaland itself oxidized to
Magnesium oxide.Magnesium is the
reducing agentbecause itundergoes
oxidationprocess.
Copper(II)oxideistheoxidizing agent

because it undergo redox reduction
process.
The mixture should be cooled before
opening the lid to preventhotbrown
copperfrom beingreoxidizedbackto
blackcopper(II)oxide.
The reaction of Magnesium and
Copper(II)oxideisareaction
Chemicalequation

1. Copper (II)oxide +
Magnesium -> Magnesium oxide +
Copper

(black)
(whiteash/solid) (brown)

CuO(s) + Mg(s) ->
MgO(s) + Cu(s)

(OxidizingAgent) (ReducingAgent)

2.Zinc(II)oxide + Magnesium ->
Magnesium oxide + Zinc

(yellowwhenhot)
(whiteash/solid) (grey)

ZnO(s) + Mg(s) ->
MgO(s) + Zn(s)
(Oxidizingagent) (Reducingagent)

3.Zinc (II)oxide + Carbon ->
Carbon(IV)oxidegas + Zinc

(yellowwhenhot)

(colourlessgas) (grey)
ZnO(s) + C(s) ->

CO2(g) + Zn(s)
(Oxidizingagent) (Reducingagent)

The reactivity series is used during
extractionofmetalsfrom theirore.An
oreisarockcontainingmineralelement
whichcanbeextractedforcommercial
purposes.Most metallic ores occur
naturallyas:

(i)oxidescombinedwithOxygen
(ii)sulphides combined with

Sulphur
(iii)carbonates combined with

carbonandOxygen.

Metallic ores thatnaturally occuras
metallicsulphidesarefirstroastedinair
to form the corresponding oxide.
Sulphur(IV)oxidegasisproduced.e.g.

Copper(I)sulphide + Oxygen ->
Copper(I)Oxide+Sulphur(IV)oxide

Cu2S(s) + O2(g) ->
2Cu(s) + SO2(g)

Zinc(II)sulphide + Oxygen ->
Zinc(II)Oxide + Sulphur(IV)oxide

ZnS(s) + O2(g) ->
Zn(s) + SO2(g)

Lead(II)sulphide + Oxygen ->
Lead(II)Oxide + Sulphur(IV)oxide

PbS(s) + O2(g) ->
Pb(s) + SO2(g)

Iron(II)sulphide + Oxygen ->
Iron(II)Oxide + Sulphur(IV)oxide

FeS(s) + O2(g) ->
Fe(s) + SO2(g)

Metallic ores thatnaturally occuras

Reductionprocess

Oxidation
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metalliccarbonatesarefirstheatedin
air.Theydecompose/splittoform the
corresponding oxide and produce
Carbon(IV)oxidegas.e.g.

Copper (II)carbonate ->
Copper(II)oxide + Carbon(IV)oxide

CuCO3(s) ->
CuO(s) + CO2(g)

Zinc(II)carbonate -> Zinc(II)oxide
+ Carbon(IV)oxide

ZnCO3(s) -> ZnO(s)
+ CO2(g)

Lead(II)carbonate -> Lead(II)oxide
+ Carbon(IV)oxide

PbCO3(s) -> PbO(s)
+ CO2(g)

Iron(II)carbonate -> Iron(II)oxide
+ Carbon(IV)oxide

FeCO3(s) -> FeO(s)
+ CO2(g)
Metallicores
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A.WATER
Purewaterisacolourless,odourless,tasteless,neutralliquid.Purewaterdoesnot
existinnaturebutnaturallyinvaryingdegreeofpurity.Themainsourcesofwater
includerain,springs,borehole,lakes,seasandoceans:
Waterisgenerallyusedforthefollowingpurposes:

(i)drinkingbyanimalsandplants.
(ii)washingclothes.
(iii)bleachinganddyeing.
(iv)generatinghydroelectricpower.
(v)coolingindustrialprocesses.

Waterdissolvesmanysubstances/solutes.
Itisthereforecalleduniversalsolvent.

Itcontainsabout35%dissolvedOxygenwhichsupportaquaticfaunaandflora.
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Waternaturallyexistinthreephases/statessolidice,liquidwaterandgaseouswater
vapour.
Thethreestatesofwaterarenaturallyinterconvertible.
Thenaturalinterconvertionofthethreephases/statesofwaterformsthewatercycle.

Precipitation

Liquid waterin land,lakes ,seas and oceans use the solar/sun energy to
evaporate/vapourizetoform watervapour/gas.Solar/sunenergyisalsousedduring
transpirationbyplantsandrespirationbyanimals.
During evaporation,the watervapourrises up the earths surface.Temperatures
decreasewithheightabovetheearthsurfaceincrease.Watervapourthereforecools
asitrisesup.Ataheightwhereitiscoldenoughtobelow 373Kelvin/100oCWater
vapourloosesenoughenergytoform tinydropletsofliquid.
The process by which a gas/water vapour changes to a liquid is called
condensation/liquidification.
Onfurthercooling,theliquidloosesmoreenergytoform ice/solid.Theprocessby
which a liquid/water changes to a ice/solid is called freezing/solidification.
Minute/tinyice/solidparticlesfloatintheatmosphereandcoalesce/jointogetherto
form clouds.Whenthecloudsbecometooheavytheyfalltotheearthssurfaceas
rain/snowasthetemperatureincreasewiththefall.

Interconversionofthethreephases/stateswater

condensationCLOUDS(Waterinsolidstate)

RAIN

SPRING,RIVERS,WELLS.

OCEAN,LAKES,SEAS(waterasliquid)

Evaporation(Wateringaseous

Gas/watervapour
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Evaporation Liquidification/
/boiling/vapourization condensation

Melting
Freezing liquidification
Solidification

Purewaterhas:
(i)fixed/constant/sharpfreezingpoint/meltingpointof273K/0oC
(ii)fixed/constant/sharp boilingpointof 373K/100oC atsealevel/1 atmosphere
pressure
(iii)fixeddensityof1gcm-3

Thisisthecriteriaofidentifyingpure/purityofwater.
Whetherasubstanceiswatercanbedeterminedbyusingthefollowingmethods:

a)Totestforpresenceofwaterusinganhydrouscopper(II)suphate(VI)

Procedure. Putabout2g
ofanhydrouscopper(II)sulphate(VI)crystalsintoacleantesttube.Addthree
dropsoftapwater.Repeattheprocedureusingdistilledwater.

Observation.
Colourchangesfrom whitetoblue
Explanation.
Anhydrous copper(II)sulphate(VI)is white. On adding water ,anhydrous
copper(II)sulphate(VI)gains/reacts with waterto form hydrated copper(II)
sulphate(VI).
Hydratedcopper(II)sulphate(VI)isblue.Hydratedcopper(II)sulphate(VI)contain
waterofcrystallization.
Thechangeofwhiteanhydrouscopper(II)sulphate(VI)tobluehydratedcopper(II)
sulphate(VI)isaconfirmatorytestforthepresenceofwaterChemicalequation.

Anhydrous Hydrated
copper(II)sulphate(VI) +Water -> copper(II)sulphate(VI)

(white) (blue)
CuSO4(s) +5H2O(l) -> CuSO4.5H2O(s)

b)Totestforpresenceofwaterusinganhydrouscobalt(II)chloride
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Procedure. Putabout
5cm3ofwaterintoacleantesttube.
Dipadryanhydrouscobalt(II)chloridepaperintothetesttube.
Repeattheprocedureusingdistilledwater.

Observation.
Colourchangesfrom bluetopink
Explanation.
Anhydrous cobalt(II)chloride is blue. On adding water, anhydrous
cobalt(II)chloridegains/reactswithwatertoform hydratedcobalt(II)chloride.
Hydratedcobalt(II)chlorideispink.
Hydratedcobalt(II)chloridecontainwaterofcrystallization.

The change of blue anhydrous cobalt(II)chloride to pink hydrated
cobalt(II)chlorideisaconfirmatorytestforthepresenceofwater Chemical
equation.

Anhydrous Hydrated
cobalt(II)chloride +Water -> cobalt(II)chloride

(Blue) (pink)
CoCl2(s) +5H2O(l) -> CoCl2.5H2O(s)

Burningacandleinair

Mostorganicsubstances/fuelsburninairtoproducewater.Carbon(IV)oxidegasis
alsoproducediftheairissufficient/excess.

Procedure
Putabout2gofanhydrouscopper(II)sulphate(VI)crystalsinaboilingtube.
Putabout5cm3oflimewaterinaboilingtube.
Lightasmallcandlestick.Placeitbelowaninvertedthistle/filterfunnel
Collecttheproductsoftheburningcandlebysettingtheapparatusasbelow
Setupofapparatus
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Observation
Thesunctionpumppullstheproductsofburningintotheinvertedfunnel.Colourof
anhydrouscopper(II)sulphate(VI)changesfrom whitetoblue.Awhiteprecipitateis
formedinthelimewater/calcium hydroxide.

Explanation
Whenacandleburnitformsawaterandcarbon(IV)oxide.
Waterturnsanhydrouscopper(II)sulphate(VI)changesfrom whitetoblue.
Carbon(IV)oxidegasformswhiteprecipitatewhenbubbled in limewater/calcium
hydroxide.
Since:
(i)hydrogeninthewaxburntoform water

Hydrogen + Oxygen -> Water
(from candle) (from theair)

2H2(g) + O2(g) -> 2H2O(g/l)

(ii)carboninthewaxburntoform carbon(IV)oxide
Hydrogen + Oxygen -> Water

(from candle) (from theair)
C(s) + O2(g) -> CO2(g)

ThecandlebeforeburningthereforecontainedonlyCarbonandHydrogenonly.A
compoundmadeupofhydrogenandcarboniscalledHydrocarbon.
Acandleisahydrocarbon.
Other hydrocarbons include: Petrol, diesel, Kerosene, and Laboratory gas.
Hydrocarbonsburninairtoform waterandcarbon(IV)oxidegas.
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Hydrocarbons + Oxygen -> Water+ Oxygen

Waterpollution
Waterpollutiontakeplacewhenundesirablesubstancesareaddedintothewater.
Sourcesofwaterpollutioninclude:
(i)Industrialchemicalsbeingdisposedintowaterbodieslikerivers,lakesandoceans.
(ii)Dicharginguntreated/rawsewageintowaterbodies.
(iii)Leachingofinsecticides/herbicidesform agriculturalactivitiesintowaterbodies.
(iv)Dischargingnon-biodegradabledetergentsafterdomesticandindustrialuseinto
waterbodies.
(v)Petroleum oilspillingbyshipsandoilrefineries
(vi)Toxic/poisonousgasesfrom industriesdissolvinginrain.
(vii)Acidicgasesfrom industriesdissolvinginraintoform “acidrain”
(viii)Discharginghotwaterintowaterbodies.Thisreducesthequantityofdissolved
Oxygeninthewaterkillingtheaquaticfaunaandflora.

Waterpollutioncanbereducedby:
(i)reducingtheuseofagriculturalfertilizersandchemicalsinagriculturalactivities.
(ii)useofbiologicalcontrolmethodinsteadofinsecticidesandherbicides
(iii)usingbiodegradabledetergents

Reactionofmetalswithwater
Somemetalsreactwithwaterwhileothersdonot.Thereaction ofmetalswithwater
dependonthereativityseries.Thehigherthemetalinthereactivityseriesthemore
reactivethemetalwithwater.Thefollowingexperimentsshowsthereactionofmetals
withcoldwaterandwatervapour/steam.

(a)Reactionofsodium/potassium withcoldwater:
Procedure
Putabout500cm3 ofwaterin a beaker.Add three drops ofphenolphthalein
indicator/litmussolution/universalindicatorsolution/methylorangeindicatorintothe
water.
Cutaverysmallpieceofsodium .Usingapairofforceps,putthemetalintothewater.

Observation
Sodium meltstoasilveryballthatfloatsanddartsonthesurfacedecreasingin
size.Effervescence/fizzing/bubblesofcolourlessgasproduced.
Colourofphenolphthaleinturnspink
Colouroflitmussolutionturnsblue
ColourofmethyorangesolutionturnsOrange
Colourofuniversalindicatorsolutionturnsblue
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Explanation
Sodium islessdensethanwater.Sodium floatsonwaterandvigorouslyreacttoform
analkalinesolutionofsodium hydroxideandproducinghydrogengas.Sodium isthus
storedinparaffintopreventcontactwithwater.

Chemicalequation
Sodium + Water -> Sodium hydroxide + Hydrogengas
2Na(s) + 2H2O(l) -> 2NaOH(aq) +H2(g)

To collecthydrogengas,Sodium metalisforced to sinkto thebottom ofthe
trough/beakerbywrappingitinwiregauze/mesh.

Potassium ismorereactivethanSodium.Oncontactwithwateritexplodes/burstinto
flames.Analkalinesolutionofpotassium hydroxideisformedandhydrogengas
Chemicalequation
Potassium + Water -> Potassium hydroxide + Hydrogengas

2K(s) + 2H2O(l) -> 2KOH(aq) +H2(g)

Caution:ReactionofPotassium withwaterisveryriskytotryinaschoollaboratory.

(b)ReactionofLithium/Calcium withcoldwater:
Procedure
Putabout200cm3 ofwaterin a beaker.Add three drops ofphenolphthalein
indicator/litmussolution/universalindicatorsolution/methylorangeindicatorintothe
water.
CutasmallpieceofLithium .Usingapairofforceps,putthemetalintothewater.
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RepeatwithapieceCalcium metal

Observation
Lithium sinksto the bottom ofthe water.Rapid effervescence/fizzing/bubblesof
colourlessgasproduced.
Colourofphenolphthaleinturnspink
Colouroflitmussolutionturnsblue
ColourofmethyorangesolutionturnsOrange
Colourofuniversalindicatorsolutionturnsblue

Explanation
Lithium andcalcium aredenserthanwater.Bothsinkinwaterandvigorouslyreactto
form analkalinesolutionofLithium hydroxide/calcium hydroxideandproducing
hydrogengas.Lithium ismorereactivethancalcium.Itisalsostoredinparaffinlike
Sodium topreventcontactwithwater.

Chemicalequation
Lithium + Water -> Lithium hydroxide + Hydrogengas
2Li(s) + 2H2O(l) -> 2LiOH(aq) +H2(g)
Calcium + Water -> Calcium hydroxide + Hydrogengas
Ca(s) + 2H2O(l) -> Ca(OH)2(aq) + H2(g)

(c)ReactionofMagnesium/Zinc/IronwithSteam/watervapour:

Proceduremethod1
Placesomewetsandorcotton/glasswoolsoakedinwateratthebottom ofan
ignition/hardglassboilingtube.
Polishmagnesium ribbonusingsandpaper.
Coilitatthecentreoftheignition/hardglassboilingtube.
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Setuptheapparatusasbelow.
Heatthewetsandorcotton/glasswoolsoakedinwatergentlyto:
(i)driveawayairintheignition/hardglassboilingtube.

(ii)generatesteam
Heatthecoiledribbonstronglyusinganotherburner.RepeattheexperimentusingZinc
powderandfreshIronfilings.

Setupofapparatus

Observations
(i)WithMagnesium ribbon:
TheMagnesium glow withabrightflame (andcontinuestoburnevenifheatingis
stopped)
Whitesolid/ashformed
Whitesolid/ashformeddissolveinwatertoform acolourlesssolution
Colourlessgasproduced/collectedthatextinguishburningsplintwith“popsound”
(ii)WithZincpowder:
TheZincpowderturnsredhotonstrongheating
Yellowsolidformedthatturnwhiteoncooling
Whitesolidformedoncoolingdoesnotdissolveinwater.
(iii)WithIronfillings:
TheIronfillingsturnsredhotonstrongheating
Darkbluesolidformed
Darkbluesolidformeddoesnotdissolveinwater.



Mr.Oriosaemmanueloriosa@gmail.com

Proceduremethod2
Putsomewaterinaroundbottomedflask
Polishmagnesium ribbonusingsandpaper.
Coilitatthecentreofahardglasstube
Setuptheapparatusasbelow.
Heatwaterstronglytoboilsoasto:
(i)driveawayairintheglasstube.

(ii)generatesteam
Heatthecoiledribbonstronglyusinganotherburner.RepeattheexperimentusingZinc
powderandfreshIronfilings.

Observations
(i)WithMagnesium ribbon:
TheMagnesium glow withabrightflame (andcontinuestoburnevenifheatingis
stopped)
Whitesolid/ashformed
Whitesolid/ashformeddissolveinwatertoform acolourlesssolution
Colourlessgasproduced/collectedthatextinguishburningsplintwith“popsound”
(ii)WithZincpowder:
TheZincpowderturnsredhotonstrongheating
Yellowsolidformedthatturnwhiteoncooling
Whitesolidformedoncoolingdoesnotdissolveinwater.
(iii)WithIronfillings:
TheIronfillingsturnsredhotonstrongheating
Darkbluesolidformed
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Darkbluesolidformeddoesnotdissolveinwater.

Explanations

(a)Hotmagnesium burn vigorously in steam.The reaction is highly exothermic
generatingenoughheat/energytoproceedwithoutfurtherheating.
WhiteMagnesium oxidesolid/ashisleftasresidue.
Hydrogengasisproduced.Itextinguishesaburningsplintwitha“popsound”.
ChemicalEquation

Magnesium +Steam -> Magnesium oxide + Hydrogen
Mg(s) +H2O(g) -> MgO(s) + H2(g)

Magnesium oxidereacts/dissolvesinwatertoform analkalinesolutionofMagnesium
oxide
ChemicalEquation

Magnesium oxide +Water-> Magnesium hydroxide
MgO(s) +H2O(l)-> Mg(OH)2(aq)

(b)HotZincreactvigorouslyinsteam formingyellow Zincoxidesolid/ashasresidue
whichcoolstowhite.
Hydrogengasisproduced.Itextinguishesaburningsplintwitha“popsound”.
ChemicalEquation

Zinc +Steam -> Zincoxide + Hydrogen
Zn(s) +H2O(g)-> ZnO(s) + H2(g)

Zincoxidedoesnotdissolveinwater.

(c)HotIronreactwithsteam formingdarkbluetriirontetraoxidesolid/ashasresidue.
Hydrogengasisproduced.Itextinguishesaburningsplintwitha“popsound”.

ChemicalEquation
Iron +Steam -> Triirontetraoxide+ Hydrogen
2Fe(s) +4H2O(g)-> Fe2O4(s) + 4H2(g)

Triirontetraoxidedoesnotdissolveinwater.

(d)Aluminium reactswithsteam forminganinsolublecoat/coverofimperviouslayer
ofaluminium oxideonthesurfacepreventingfurtherreaction.

(e)Lead,Copper,Mercury,Silver,GoldandPlatinum donotreactwitheitherwateror
steam.

HYDROGEN
Occurrence
Hydrogendoesnotoccurfreeinnature.ItoccursasWaterandinPetroleum.

SchoollaboratoryPreparation
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Procedure
PutZincgranulesinaround/flat/conicalflask.Adddilutesulphuric(VI)/Hydrochloric
acid.
Addabout3cm3ofcopper(II)sulphate(VI)solution.

Collectthegasproducedoverwaterasinthesetupbelow.
Discardthefirstgasjar.Collectseveralgasjar.

Observation/Explanation
Zincreactswithdilutesulphuric(VI)/hydrochloricacidtoform asaltandproduce
hydrogengas.
When theacid comesinto contactwith themetal,thereisrapid effervescence/
bubbles/fizzingareproducedandacolourlessgasisproducedthatiscollected:

(i)overwaterbecauseitisinsolubleinwater
(ii)throughdownwarddisplacementofair/upwarddeliverybecauseitisless
densethanair.

Thefirstgasjarisimpure.Itcontainsairthatwaspresentintheapparatus.
Copper(II)sulphate(VI)solutionactascatalyst.
Chemicalequation
(a)Zinc + Hydrochloricacid -> Zincchloride + Hydrogen

Zn(s) + 2HCl(aq) -> ZnCl2(aq) + H2(g)
Ionicequation

Zn(s) + 2H+(aq) -> Zn2+(aq) + H2(g)

Zinc + Sulphuric(VI)acid -> ZincSulphate(VI) + Hydrogen
Zn(s) + H2SO4(aq) -> ZnSO4(aq) + H2(g)

Ionicequation
Zn(s) + 2H+(aq) -> Zn2+(aq) + H2(g)
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(b)Chemicalequation
Magnesium + Hydrochloricacid->Magnesium chloride + Hydrogen

Mg(s) + 2HCl(aq) -> MgCl2(aq) + H2(g)
Ionicequation

Mg(s) + 2H+(aq) -> Mg2+(aq) + H2(g)

Magnesium +Sulphuric(VI)acid->Magnesium Sulphate(VI)+ Hydrogen
Mg(s) + H2SO4(aq) -> MgSO4(aq) + H2(g)

Ionicequation
Mg(s) + 2H+(aq) -> Mg2+(aq) + H2(g)

(c)Chemicalequation
Iron + Hydrochloricacid->Iron(II)chloride + Hydrogen
Fe(s) + 2HCl(aq) -> FeCl2(aq) + H2(g)

Ionicequation
Fe(s) + 2H+(aq) -> Fe2+(aq) + H2(g)

Iron +Sulphuric(VI)acid->Iron(II)Sulphate(VI)+ Hydrogen
Fe(s) + H2SO4(aq) -> FeSO4(aq) + H2(g)

Ionicequation
Fe(s) + 2H+(aq) -> Fe2+(aq) + H2(g)

Note

1.Hydrogencannotbepreparedfrom reactionof:
(i)Nitric(V)acidandametal.Nitric(V)acidisastrongoxidizingagent.Itoxidizes

hydrogengastowater.
(ii)dilute sulphuric(VI)acid with calcium/Barium/Lead because Calcium

sulphate(VI),Barium sulphate(VI)andLead(II)sulphate(VI)saltsformedareinsoluble.
Onceformed,theycover/coattheunreactedcalcium/Barium/Leadstoppingfurther
reactionandproducingverysmallamount/volumeofhydrogengas.

(iii)diluteacidwithsodium/potassium.Thereactionisexplosive.

PropertiesofHydrogengas

(a)Physicalproperties
1.Hydrogenisaneutral,colourlessandodourlessgas.Whenmixedwithairithasa
characteristicpungentchokingsmell
2.Itisinsolubleinwaterthuscanbecollectedoverwater.
3.Itisthelightestknowngas.Itcanbetransferredbyinvertingonegasjarover
another.
(b)Chemicalproperties.
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(i)Burning
I.Hydrogendoesnotsupportburning/combustion.Whenaburningsplintisinserted
intoagasjarcontainingHydrogen,theflameisextinguished/putoff.

II.Puredryhydrogenburnwithabluequietflametoform water.Whenastream ofpure
dryhydrogenisignited,itcatchesfireandcontinuestoburnwithablueflame.

III.Impure(airmixedwith)hydrogenburnswithanexplosion.Smallamount/volumeof
airmixedwithhydrogeninatesttubeproduceasmallexplosionasa“pop”sound.
ThisistheconfirmatorytestforthepresenceofHydrogengas.Agasthatburnswitha
“pop”soundisconfirmedtobeHydrogen.

(ii)RedoxintermsofHydrogentransfer

RedoxcanalsobedefinedintermsofHydrogentransfer.
(i)OxidationisremovalofHydrogen
(ii)ReductionisadditionofHydrogen
(iii)RedoxissimultaneousadditionandremovalofHydrogen

Example
When a stream ofdryhydrogen gasis passed through blackcopper(II)oxide,
hydrogengasgainstheoxygenfrom copper(II)oxide.
Blackcopper(II)oxideisreducedtobrowncoppermetal.
Blackcopper(II)oxideosthustheOxidizingagent.
HydrogengasisoxidizedtoWater.HydrogenistheReducingagent.

Setupofapparatus

(a)Chemicalequation
(i)Inglasstube

Copper(II)Oxide + Hydrogen -> Copper + Hydrogengas
(oxidizingagent) (reducingagent)
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(black) (brown)
CuO(s) + H2(g) -> Cu(s) + H2O(l)

(ii)whenexcessHydrogenisburning.
Oxygen + Hydrogen -> Water
O2(g) + 2H2(g) -> 2H2O(l)

(b)Chemicalequation
(i)Inglasstube

Lead(II)Oxide + Hydrogen -> Lead + Hydrogengas
(oxidizingagent) (reducingagent)

(brownwhenhot/ (grey)
yellowwhencool)

PbO(s) + H2(g) -> Pb(s) + H2O(l)

(ii)whenexcessHydrogenisburning.
Oxygen + Hydrogen -> Water
O2(g) + 2H2(g) -> 2H2O(l)

(c)Chemicalequation
(i)Inglasstube

Iron(III)Oxide + Hydrogen -> Iron + Hydrogengas
(oxidizingagent) (reducingagent)

(Darkgrey) (grey)
Fe2O3(s) + 3H2(g) -> Fe(s) + 3H2O(l)

(ii)whenexcessHydrogenisburning.
Oxygen + Hydrogen -> Water
O2(g) + 2H2(g) -> 2H2O(l)

(iii)WaterasanOxideasHydrogen
BurningisareactionofanelementwithOxygen.Thesubstanceformedwhenan
elementburninairistheoxideoftheelement.Whenhydrogenburns,itreacts/
combineswithOxygentoform theoxideofHydrogen.TheoxideofHydrogeniscalled
water.HydrogenisfirstdriedbecauseamixtureofHydrogenandairexplode.Thegas
isthenignited.Theproductscondenseonacoldsurface/flaskcontainingafreezing
mixture.Afreezingmixtureisamixtureofwaterandice.
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Thecondensedproductsarecollectedinareceiverasacolourlessliquid.
Tests
(a)Whenabout1gofwhiteanhydrouscopper(II)sulphate(VI)isaddedtoasampleof
theliquid,itturnstoblue.Thisconfirmstheliquidformediswater.

(b)Whenblueanhydrouscobalt(II)chloridepaperisdippedinasampleoftheliquid,it
turnstopink.Thisconfirmstheliquidformediswater.
(c)When theliquid isheated to boil,itsboiling pointis100oC atsea level/one
atmospherepressure.Thisconfirmstheliquidispurewater.

UsesofHydrogengas

1. Hydrogenation/Hardening of unsaturated vegetable oils to saturated
fats/margarine.
WhenHydrogenispassedthroughunsaturatedcompoundsinpresenceofNickel
catalystandabout150oC,theybecomesaturated.Mostvegetableoilare unsaturated
liquidsatroom temperature.Theybecomesaturatedandhardthroughhydrogenation.

2.Inweatherforecastballoons.
Hydrogenisthelightestknowngas.Meteorologicaldataiscollectedforanalysisby
sendinghydrogenfilledweatherballoonstotheatmosphere.Thedatacollectedisthen
usedtoforecastweatherconditions.

3.IntheHaberprocessforthemanufactureofAmmonia
HydrogenismixedwithNitrogeninpresenceofIroncatalysttoform Ammoniagas.
Ammonia gas is a very importantraw materialformanufacture ofagricultural
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fertilizers.

4.InthemanufactureofHydrochloricacid.
Limitedvolume/amountofHydrogenisburntinexcesschlorinegastoform Hydrogen
chloridegas.Hydrogenchloridegasisdissolvedinwatertoform Hydrochloricacid.
Hydrochloricacidisusedinpickling/washingmetalsurfaces.

5.Asrocketfuel.
FixedproportionsofHydrogenandOxygenwhenignitedexplodeviolentlyproducinga
lotofenergy/heat.Thisenergyisusedtopower/propelarockettospace.

6.Inoxy-hydrogenflameforwelding.
AcylindercontainingHydrogenwhenignitedinpureOxygenfrom asecondcylinder
producesaflamethatisveryhot.Itisusedtocutmetalsandwelding.
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Samplerevisionquestions

1.Acolourlessliquidwasaddedanhydrouscopper(II)sulphate(VI)whichturnedblue.
(a)Whyisitwrongtoconcludetheliquidwaspurewater?
Anhydrouscopper(II)sulphate(VI)testforpresenceofwater.Purityofwateris
determinedfrom freezing/melting/boilingpoint.

(b)Writeanequationforthereactionthattakeplacewithanhydrous
copper(II)sulphate(VI)
Anhydrouscopper(II)sulphate(VI)+Water -> hydratedcopper(II)sulphate(VI)

CuSO4(s) +5H2O(l)-> CuSO4.5H2O(s)

(c)(i)Whichothercompoundwouldachievethesameresultsasanhydrous
copper(II)sulphate(VI)

Anhydrouscobalt(II)chloride/CoCl2.6H2O

(ii)Writetheequationforthereaction
Anhydrouscobalt(II)chloride+Water -> hydratedcobalt(II)chloride

CoCl2(s) +6H2O(l)-> CoCl2.6H2O(s)

(d)Completetheequation
(i)Sulphur(VI)oxide +Water -> Sulphuric(VI)acid
(ii)Sulphur(IV)oxide +Water -> Sulphuric(IV)acid
(iii)Carbon(IV)oxide +Water -> Carbonic(IV)acid

(iv)Nitrogen(IV)oxide +Water -> Nitric(V)acid
(v)Phosphorus(V)oxide +Water -> Phosphoric(V)acid

(vi)Sodium oxide +Water -> Sodium hydroxide
(vi)Sodium peroxide +Water -> Sodium hydroxide

2.MetalBreactswithsteam.MetalCreactswithcoldwater.MetalAdoesnotreact
withwater.
(a)Arrangethemetalsastheyshouldappearinthereactivityseries.

B
C
A

(b)AproductresidueinDwhichwasbrownwhenhotbutturnedyellowoncooling
duringthereactionofmetalBwasformed.GasEwasalsoevolved.Identify

(i)MetalB Lead/Pb
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(ii)ResidueD Lead(II)oxide/PbO
(iii)GasE Hydrogen/H2

(c)AportionofproductresidueinDwasaddeddilutenitric(V)acid.Anotherportionof
productresidueinDwasaddeddilutesulphuric(VI)acid.Stateandexplainthe
observationsmade.
Whenaddeddilutenitric(V)acid,Ddissolvestoform acolourlesssolution.

Lead(II)Oxide+dilutenitric(V)acid->Lead(II)nitrate(V)+Water
PbO(s)+ 2HNO3(aq)-> Pb(NO3)2(aq)+ H2O(l)

Whenaddeddilutesulphuric(VI)acid,Ddoesnotdissolve.Awhite
suspension/precipitatewasformed.Lead(II)Oxidereactswithsulphuric(VI)acidto
form insolubleLead(II)sulphate(VI)thatcover/coatunreactedLead(II)Oxide,stopping
furtherreaction.
Lead(II)Oxide+dilutesulphuric(VI)acid->Lead(II)sulphate(VI)+Water

PbO(s) + H2SO4(aq) -> PbSO4(s) + H2O(l)

3. (a)Hydrogencanreducecopper(II)Oxidebutnotalluminium oxide.Explain

(b)Whenwaterreactswithpotassium metalthehydrogenproducedignites

explosivelyonthesurfaceofwater.

(i)Whatcausesthisignition?

(ii)Writeanequationtoshowhowthisignitionoccurs

2. Inanexperiment,dryhydrogengaswaspassedoverhotcopper(II)oxideina

combustiontubeasshowninthediagram below:



Mr.Oriosaemmanueloriosa@gmail.com

(a)Completethediagram toshowhowtheotherproduct,substanceRcouldbe

collectedinthelaboratory.

(b)Describehowcoppercouldbeobtainedfrom themixturecontainingcopper

(II)oxide

3. Thesetupbelowwasusedtoinvestigatethereactionbetweenmetalsandwater.

(a)IdentifysolidXandstateitspurpose

SolidX .…………………………………………………………………..

Purpose …………………………………………………………………..

(b)Writeachemicalequationforthereactionthatproducestheflame.

4. GasPwaspassedoverheatedmagnesium ribbonandhydrogengaswas

collectedasshowninthediagram below:
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(i)Namegas

P ...............................................................................................................

(ii)Writeanequationofthereactionthattakesplaceinthecombustiontube

(iii)Stateoneprecautionnecessaryattheendofthisexperiment

5. Whenhydrogenisburntandtheproductcooled,thefollowingresultsare

obtainedasshowninthediagram below:

(a)WritetheequationfortheformationofliquidY

(b)GiveachemicaltestforliquidY

Dryhydrogen
LiquidY

Burning Icecoldwater

ClampClamp
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6. Janeset-uptheexperimentasshownbelowtocollectagas.Thewetsand

washeatedbefore

heatingZincgranules

(a)Completethediagram forthelaboratorypreparationofthegas

(b)WhywasitnecessarytoheatwetsandbeforeheatingZincgranules?

7.

Wetsand
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(a)BetweenNandM whichpartshouldbeheatedfirst?Explain

(b)Writeachemicalequationforthereactionoccurringinthecombustiontube.

8. Theset-upbelowwasusedtoinvestigateelectrolysisofacertainmolten

compound;-

(a)Completethecircuitbydrawingthecellinthegapleftinthediagram

(b)Writehalf-cellequationtoshowwhathappensatthecathode

(c)Usinganarrowshowthedirectionofelectronflowinthediagram above

N
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9. Hydrogencanbepreparedbyreactingzincwithdilutehydrochloricacid.

a)Writeanequationforthereaction.

b)Nameanappropriatedryingagentforhydrogengas.

c)Explainwhycoppermetalcannotbeusedtopreparehydrogengas.

d)Hydrogenburnsinoxygentoform anoxide.

(i)Writeanequationforthereaction.

(ii)Statetwoprecautionsthatmustbetakenbeforethecombustionbeginsand

attheendof

thecombustion.

e)Givetwousesofhydrogengas.

f)Whenzincisheatedtorednessinacurrentofsteam,hydrogengasisobtained.

Writean

equationforthereaction.

g)ElementQreactswithdiluteacidsbutnotwithcoldwater.ElementRdoesnot

reactwith

diluteacids.ElementsSdisplaceselementPfrom itsoxide.Preactswithcold

water.Arrange

thefourelementsinorderoftheirreactivity,startingwiththemostreactive.

h)Explainhowhydrogenisusedinthemanufactureofmargarine.

10. a)Theset-upbelow isusedtoinvestigatethepropertiesofhydrogen.
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i)Onthediagram,indicatewhatshouldbedoneforthereactiontooccur

ii)Hydrogengasisallowedtopassthroughthetubeforsometimebeforeitislit.

Explain

iii)Writeanequationforthereactionthatoccursinthecombustiontube

iv)Whenthereactioniscomplete,hydrogengasispassedthroughtheapparatus

untilthey

cooldown.Explain

v)Whatpropertyofhydrogenisbeinginvestigated?

vi)Whatobservationconfirmsthepropertystatedin(v)above?

vii)Whyiszincoxidenotusedtoinvestigatethispropertyofhydrogengas?

11. ThesetupbelowwasusedtocollectgasK,producedbythereactionbetween

waterand

calcium metal.
o

o

o

o

Water

Calcium metal

GasK



Mr.Oriosaemmanueloriosa@gmail.com

(a)NamegasK ……………………………………………………………..

(b)Attheendoftheexperiment,thesolutioninthebeakerwasfoundtobea

weakbase.Explain

whythesolutionisaweakbase


