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UNIT 1

| nt r oducti on

Atom : smallest kind of particle

e.g. Oxygen atom @

Mol ecul e : cluster of atons bonded together
e.g. Hydrogen nolecule H, (:)(:)
Water nolecule H,O m m

El ement : contains only one kind of atome.g. Hydrogen or Oxygen

Compound : contains different atons bonded together
e.g. Carbon di oxide

Water H,O

ﬁ% €;§ %ﬂ Water is a conpound consisting of

two atons of Hydrogen bonded to one
atom of Oxygen. W can deconpose
Water into Hydrogen and Oxygen by
putting energy into it - electrical
energy. Water is a poor conductor so
alittle Sodiumfluoride is added to
make it conduct better. Sodium
fluoride is a conmpound of Sodi um and
Fl uorine so the Hydrogen and Oxygen

- sorsr] |1 nust have come fromthe Water
pack

Hydr ogen -

1
W\t er

The Oxygen relights a glow ng splint. The Hydrogen is lighter than
air and burns with a 'pop'. Wen Hydrogen burns it conbines with
the Oxygen in the air and reforns Water (giving out energy)

oo B — o

2 H, + G -> 2 HO + ener gy
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Three Types of Sol uti on

Solutions can be classified according to their pH, a scale ranging
fromO to 14.

Neut ral solutions have a pH of 7

Aci di ¢ solutions have a pH less than 7

Al kal i ne solutions have a pH greater than 7

The pH can be neasured using pH paper.

A solution of the substance should be nmade in water.

The pH paper should be dipped in the solution and its col our
mat ched agai nst a chart giving pH val ues e.g.

pH 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Type of ©
solution Strong acid Weak acid = Weak alkali Strong alkali
Z

Colourof  Red Orange Yellow |Yellow| Green Green Blue Purple
pH paper green blue
Substance Colour of pH | Type of

pH paper solution
Baking soda solution Green 8 weak alkali
Vinegar Orange 4 weak acid
Milk of magnesia Green 8 weak alkali
Potassium hydroxide solution Purple 14 | strong alkali
Lime water Blue/green 10 | weak alkali
Sodium carbonate solution Green 8 weak alkali
Lemon juice Yellow 5 weak acid
Sodium chloride solution Yellow/green 7 neutral

Action of Metals on Wat er

Al'l netals are covered in a |ayer of oxide due to slow reaction of
the netal with the Oxygen in the air

Met al + Oxygen -> Met al oxi de e.g.
Calcium + Oxygen -> Cal ci um oxi de
Ca Q CaO

Sodi um (Na) nust be stored under oil to prevent it reacting with
the Oxygen in the air.
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If we first scrape off the oxide to allow Water to get to the netal
we can show that, on placing nost netals in Water, Hydrogen gas is
given off and a netal hydroxide is fornmed. Al hydroxide sol utions
are alkalis so the solution turns pH paper green, blue or purple.
Met al + \ater -> Met al hydr oxi de + Hydr ogen

e. g.

Li t hi um + \Water -> Li t hi um hydr oxi de + Hydr ogen

What happens in this reaction ? The netal atons replace one of the
Hydrogen atons in the Water nol ecul e H,O and bond to the atons |eft
i.e. OH (the '"hydroxide group')

7
m@m — m ®

hydr oxi de

The single Hydrogen atons then join together form ng a Hydrogen
mol ecul e H, .

® ® — G

Sone netals are nore reactive than others so the speed of reaction
varies fromnetal to netal

< Hydrogen given off #» No reaction
Hydrogen

Water pH

w0 S0

\\fZ[H \y[H f[H |
*l | | g o o

Potassium Sodium Lithium Calcium Magnesium Copper
K Na Li Ca Mg Cu
Reactivity of the metal decreasing >

Colour of pH paper :

Purple Purple Blue Blue Green No change
green
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Results :

Pot assi um : Expl osive reaction. Hydrogen evolved burns wth a
lilac flame.

Sodi um: Very fast reaction. Hydrogen burns (on lighting) wth a
yel | ow fl ane.

Li thium : Fast reaction. Hydrogen burns (on lighting) with a red
flame.

N. B. Above three netals are all |ess dense than water and so
fl oat on the surface.

Calcium: Fairly fast reaction (test tube is full in about 30
seconds). Hydrogen burns with a 'pop' on lighting.

Magnesi um : Very slow reaction (test tube contains only 1 cn® of
Hydrogen after 2 weeks).

Copper : No reaction. Copper is so unreactive it does not react
with Water.

Action of Metals on Acids

Li ke Water, all acids contain Hydrogen which can be repl aced by
netal s e.g.

Hydrochl oric acid HC
Sul phuric acid H,SO,

The Hydrogen in acids, however, is not so firmy bonded and so is
di spl aced nuch nore easily by netals :

N\ N\ N\ N

NO

Hydrochloric 4=

Magnesium Zinc Iron Copper

Mg Zn Fe Cu

Very fast Fast Slower No reaction
Gets very hot Gets hot Gets warm

Reactivity of metal decreasing >
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Again, the rate of reaction varies fromnetal to netal.
The netal s dissolve formng SALTS : conpounds fornmed by repl acing

the Hydrogen of an acid by a netal. Hydrochloric acid forns salts
called 'chlorides' e.g.

Zi nc + Hydrochl oric acid -> Zinc chloride + Hydrogen
Zn + HCl Znd , + H,
(A salt)

Sul phuric acid fornms salts called 'sul phates' e.g.

Zi nc + Sul phuric acid -> Zinc sul phate + Hydrogen
Zn + H,S0O, -> ZnSQO, + H,
(A salt)

The salt can be recovered by evaporating slowy form ng crystals.

Neutralisation

When an acid is added to an alkali the acid 'cancels out' the
alkali to give a neutral solution (pH=7).

pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Col our of Red O ange Yel | ow Yell ow G een G een Bl ue Purple
pH paper Gr een bl ue
‘ Acid I ‘ Alkali I
Neutral

Experinment 1 : Addition of Hydrochloric acid to Sodi um hydroxi de

J

10 cm8  Sodi um & Vol une required = o

hydroxi de + 5 drops
pH i ndi cat or

Hydrochloric acid
(drops at a tine)

As the acid is added to the alkali the pH drops. The indicator
changes colour : purple -> blue/green -> green -> etc. W stop
addi ng acid when the colour is yellow green i.e. when the solution
is neutral at pH=7. (W nust stop at exactly 7 or the solution
becones acidic !) The solution obtained tastes salty : 'conmon
salt' (Sodiumchloride) has been forned.
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Hydrochloric acid + Sodium hydroxide -> Sodium chloride + Water
HCI +  NaCH ->  Nad + H,0
The Sodiumchloride is, however, contam nated with pH indicator !

The sane volune ( __ cn®) of the sanme Hydrochloric acid should
now be added to 10 cn® of the same Sodi um hydroxi de sol ution

wi thout the indicator. The solution is then partially evaporated
and set aside to crystallise :

Crystal s of Sodi um chl ori de

Experiment 2 : Addition of Nitric acid to Potassi um hydroxi de.
The nmethod is the same as in experinent 1.

Nitric acid + Potassium hydroxide -> Potassiumnitrate + Water

HNG, +  KOH > KNG, + HO

Crystals of Potassiumnitrate

What happens during neutralisation ?
It does not matter whether the acid is added to the alkali or the
alkali to the acid, the Hfromthe acid conbines with the OH form

the alkali formng HO (pH=7). The atons renaining then conbine to
give a salt e.g. Nad or KNO; (pH=7).

Applications of Neutralisation

1. Baki ng soda (alkali) neutralises acid in a bee sting.
2. Vi negar (acid) neutralises alkali in a wasp sting.
3. M1k of magnesia (alkali) neutralises excess Hydrochloric

acid in the stomach
Linme (alkali) neutralises acid soils.

5. Sodi um carbonate (alkali) neutralises acid spills.
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UNI T 2

The Earth

The Earth began as a nolten nmass about 4,500 mllion years ago. As
it cooled down, rocks crystallised round the outside :

Crust (solid : 30 kmthick)
Mantl e (plastic rocks)

Quter core (nolten rocks)

| nner core (solid : Iron/Ni ckel at 3000-6000 9C)

The rocks obtai ned when the nolten rock cooled are called i gneous
rocks e.g. Ganite. Subsequent erosion of the igneous rocks
produced sedi nents which were pressed together, often trapping

ani mal and vegetable remains (as fossils), to formsedi nentary
rocks e.g. sandstone. The action of heat and/or pressure on

exi sting rocks can change their structure and form net anor phic
rocks e.g. marble.

Naturally Occurring El enents

Most el enments occur in nature conbined with other elenents in
conpounds. Only a few exist by thenselves nanely :

The 'l nert Gases'

Oxygen (in air)

Nitrogen (in air)

Carbon (in coal)

Sul phur (near vol canoes)

Copper (very little) These five netals are
Mercury (very little) unreactive. This is the
Silver reason they have not

ol d conbi ned with ot her

Pl ati num el ements.

Reactive netals, |ike Magnesi um and Zinc, do not occur free in

nature. They have conbined with other el enents.
e.g.(1) with Sul phur to form sul phides :

Met al + Sul phur -> Met al sul phi de
M xture of powdered sl ow
nmetal and Sul phur Copper + Sul phur ——— Copper sul phide
| Cu S CuS
' f ast

Zinc  + Sul phur —> Zinc sul phide
Zn S ZnS
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e.g.(2) with Oxygen to form oxides :

Metal + Oxygen ——> Metal oxide
sl ow
Copper + Oxygen ——> Copper oxide
Cu % Quo
f ast
Zinc + Oxygen —> Zinc oxide
— Zn o) Zn0O

There are many naturally occurring sul phides and oxi des of the
reactive netals e.g. Bauxite (Al um niumoxide). Using other netals
as well, the following order of reactivity can be established in
both these experinents and in others :

Most reactive Pot assi um K
Sodi um Na
Li t hi um Li
Cal ci um Ca
Magnesi um My
Al um ni um Al
Zinc Zn
| ron Fe
Tin Sn
Lead Pb
Hydr ogen H
Copper Cu
Mer cury Hg
Silver Ag
ol d Au
Least reactive Pl ati num Pt

Anot her group of naturally occurring conpounds is the carbonates,
fornmed when the Hydrogen of Carbonic acid H,CO; (forned by reaction

of Carbon dioxide with Water) is replaced by a netal. If we add an
acid to a carbonate, Carbon dioxide is given off.

btaining Metals fromtheir Ores

This involves pulling the netal away from whatever it is conbi ned
with. This should be easy for unreactive netals |ike Copper which
conmbi nes weakly with other elenents and thus fornms unstable
conpounds. It should be difficult for reactive nmetals |ike Calcium
whi ch conmbine strongly with other elenents form ng stable
conpounds.

Action of Heat Alone : To try to break the bonds between the
netal and the rest of the atonms in the conpound.

1. Oxi des

Only oxides of Mercury, Silver, Gold and Pl ati num deconpose to
give the netal and Oxygen e.g.

heat
Mercury oxide -> Mer cury + Oxygen

Al'l other oxides do not deconpose.
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Test for Oxygen :
glow ng splint relights

Met al oxi de

2. Sul phi des

ALL sul phides react with the Oxygen in the air when heated to give
oxides and the choking gas, Sul phur dioxide SG, e.g.

heat
Zinc sulphide + Oxygen -> Zinc oxide +  Sul phur dioxide
ZnS (o} Zn0O SQ,

Test for Sul phur dioxide :

Filter paper soaked in
| odine (brown colour) is
bl eached white

Met al
sul phi de

On further heating, oxides of Mercury, Silver, Gold or Platinum
woul d break down to give the netal.

3. Car bonat es

MOST car bonat es deconpose to give the oxide and the gas, Carbon
di oxi de CQ,

heat
e.g. Lead carbonate -> Lead oxi de +  Carbon dioxide

PbCO, PbO cQ,

Met al
car bonat e

S Test for Carbon
di oxi de :

Li rewat er turns
m | ky

On further heating, oxides of Mercury, Silver, Gold or Platinum
woul d break down to give the netal.
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Heati ng with Car bon

A nethod has to be found to pull the Oxygen away fromthe netal in
oxi des of netals above Mercury in reactivity. |If oxides of Copper,
Lead, Tin and Iron are heated with Carbon, the Carbon pulls the
Oxygen away fromthe netal and forns Carbon dioxide e.qg.

heat
Lead oxi de + Car bon -> Lead + Car bon di oxi de

PbO ¢ Pb cQ,

Met al oxi de
+ Car bon

Carbon is unable tc pull Oxygen off nmetals above Iron in reactivity
- these netals hold on to the Oxygen atonms too strongly.

Since oxides are fornmed when sul phides and carbonates are heat ed,
heating sul phides and carbonates of Iron, Tin, Lead and Copper

w th Carbon should also give the netal e.g.

Copper sulphide + Oxygen -> Copper oxide + Sul phur dioxide

CusS Q, Quo SO,
Copper oxi de + Carbon -> Copper + Car bon di oxi de
CuO C Cu Co,

| nvestigati on of ©Mual achite

Mal achite is a green powder.

1. To find whether it is an oxide, sul phide or carbonate ..
heat it.

Sul phur di oxi de

- heat /
Sul phi de
\ heat

i de ——Jp
Car bonat e he;t\/'

Car bon di oxi de

Result : Carbon dioxide is given off (test with Linmewater)
bl ack powder renains - an oxi de.

; a

Conclusion : Ml achite is a carbonate
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2. Do a flane test to find out which netal is present

Mal achite
Met al Col our of flane
I Sodi um Yel | ow
Silica rod . )
Cal ci um Brick-red
Copper G een
Pot assium| Lil ac

Result : green col our

Concl usion : Mal achite contai ns Copper
Overall conclusion : Ml achite is Copper carbonate

N. B. The 'black powder' forned in Experinent 1 above nust be Copper

oxi de.
heat
Copper carbonate -> Copper oxi de + Car bon di oxi de
CuCQ, CuO CQo,
3. Confirmthat Ml achite contains Copper by heating Mal achite
with Carbon : Copper netal is forned.

Silicates

Though nost rocks contain small anmounts of sul phides, oxides and
carbonates, the main substances in rocks are Silicates e.qg.
granite is conposed of three silicates : Mca (black specs),

Fel dspar (white or pink opaque crystals) and Quartz (white
sparkling crystals).

Silicates have very strong Silicon - Oxygen bonds and are thus very
stable. They are unreactive. They do not react with acid : gl ass
(a mxture of Sodiumsilicate and Calciumsilicate) can be used to
store nost acids. They do not deconpose on heating : asbestos (a
silicate containing Magnesium is used in fire blankets etc and
Mca is used as wi ndows on paraffin stoves. They do not dissolve
in water : buildings made fromred sandstone (nostly quartz) do
not di ssolve when it rains !
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UNI T 3

The Sea

There are 300 mllion cubic nmles of sea water on the earth. Each
cubic mle holds 171 mllion tons of dissolved solids.

Experi nment

hject : To find out what substance is present in the dissolved
solid.

Met hod :

1. Evaporate 50 cn® sea water (a white solid was obtained)

Wi ght of evaporating basin
Wi ght of evaporating basin + white solid
Wi ght of white solid

2. Fl ane test the white solid (a yellow col our was obt ai ned
showi ng that Sodi umis present)

3. Pass an electric current through sonme sea water (Chlorine is
given off at the positive electrode showing that Chlorine is
al so present)

Power
pack
- +
Carbon
electrodes
o o
o - -
Hydrogen H2 —+—o Chlorine CI2
(from Water) o ——— Sea water

Concl usi on

The mai n dissol ved substance is Sodi um chl ori de from which can
be made : Sodi um hydroxi de (used in making soap etc) and Chlorine
(used in maki ng bl eaches, plastics etc).

Evaporation of inland seas, mllions of years ago, has |ead to vast
deposits of Sodiumchloride or rock salt.

O her dissol ved substances are al so present. The di ssol ved
substances are deposited in the sea by rivers which dissolve the
soluble mnerals in the rocks they flow over. They also cone from
the dissolving of mnerals in rocks on the ocean floor.
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The Gases in the At nbsphere

Experinent 1. Burn Magnesiumin air as shown bel ow :

Magnesium 44— a | Magnesi um
ri bbon oxi de
Wt er
N
N\
Bef ore After

The Magnesi um burns form ng Magnesi um oxi de :

Magnesi um + Oxygen -> Magnesi um oxi de
My G, MO

This uses up all the Oxygen in the jar. The water rises up into
the jar to take the place of the Oxygen. The water fills about 1/5
of the jar so 1/5 of the air nust be Oxygen. Plunge a burning
splint into the gas renaining - it goes out. The gas remaining is
nostly Ni trogen, an unreactive gas in which substances do not
burn. About 4/5 of the air is Nitrogen N,

Experi ment 2 : Pour sone Linmewater into a beaker and |leave it to
sit inthe air for 30 mnutes. The surface, in contact with the
air, turns mlky showing that air contains a trace of Carbon

di oxi de CQO.

When fossil fuels Iike coal and oil are burned, Carbon dioxide gas
is given off into the air. Carbon dioxide allows the sun's rays to
penetrate the atnosphere and warmthe surface of the Earth but
traps the heat produced. This gradual warm ng of the Earth is
known as the ' Greenhouse Effect’ and will result in nelting of the
ice caps and changes in clinmate.

Experinent 3 : Leave sone dry Cobalt chloride paper lying in the
air for 30 mnutes. The paper turns from blue to pink because the
air contains a trace of Water vapour.

Conposition of the Air : Ni t rogen 78 %
Oxygen 21 %
Argon 1 %

Car bon di oxi de trace
Wat er vapour trace
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The Moon

The first nmen | anded on the noon in the Sea of Tranquillity near
the crater Moltke on July 20 1969 at 2118 BST (Apollo 11).
During its formation the Moon's low gravity allowed all gases
com ng through the crust fromthe interior to escape into space
with the result that the Mboon has no at nosphere. The astronauts

Oxygen requi rement, 630000 cn® per day, was carried in cylinders.
The Carbon di oxi de breat hed out was absorbed in Lithi um hydroxide.
The | unar rocks are conposed mainly of Al um nium and Magnesi um
silicates. The nost comon nminerals are Plagioclase (a feldspar),
Pyroxenes and Silica (occurring as glassy gl obul es).

Many features are not present due to the lack of an atnosphere. The
m nerals contain no hydroxides (showi ng the | ack of Water vapour).
The rocks contain no carbonates (because of the |ack of Carbon

di oxi de) and no fossils (lack of living things).

Copper and its Conpounds

Copper Cu is a soft reddish-browmn netal, nelting point 1083 0C. It
is a good electrical conductor and so is used for wiring. It is
very unreactive. It does not react with Water and is therefore
used for water pipes. Myst acids do not react with Copper ; it
does however react with strong Nitric acid.

Experi nent 1

oj ect : To prepare Copper sul phate from Copper oxide.

Met hod : Add Copper oxide (a black powder), a little at a tine, to
warm dilute Sul phuric acid in a beaker until no nore will react.
A bl ue solution of Copper sul phate is forned :

Copper oxide + Sulphuric acid -> Copper sul phate + Wat er

Qo F58Q4 CUSQ4 FEO
Copper oxi de i Copper
¥ sul phat e
e sol ution
dslu: Uthﬁri c — —> excess \
acig —_— Copper oxi de —=

Filter off the excess Copper oxide. Evaporate the sol ution of
Copper sul phate part way then set aside to crystallise.

Result : Blue, dianond-shaped crystals of Copper sul phate were forned.
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Water of Crystallisation

In the previous experinent, as the Water evaporates and the
crystals begin to grow, Water is trapped inside the crystals :
this is called 'Water of Crystallisation'. Some substances contain
water of crystallisation ; sone do not.

Experi nent 2 :

ohject : To find out if substances contain water of crystallisation.

Method : Heat the crystals in a test tube. The Water, if present,
is driven out and sonetinmes the crystals change col our.

—J1——Cobalt chloride
paper turns from
blue to pink if

W water is given off

Crystals

Results :
Subst ance Col our Col our \\At er An\J/ ' \\At er
after driven of
heati ng of f Crystal lisation'
Lopper sul phatl e Broe COI OUr 1 ess YeS YeS
Magnesi um sul phat e Col our | ess Col ourl ess Yes Yes
Potassiumnitrate Col ourl ess Col our | ess No No
Cobalt chloride Pi nk Bl ue Yes Yes

Experinment 3 : Since Copper is so unreactive it is easy to obtain
it fromits conpounds.

bj ect : To obtain Copper from Copper sul phate by two net hods
Method 1 : by electrolysis

On passing an electric current through a solution of Copper
sul phate, Copper is fornmed at the negative el ectrode :

6V Power
suppl y
- +
Copper —1— Copper
deposited +—— sul phat e
di ssolved in
VWt er
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Method 2 : by reaction with Zinc

Since Zinc is nore reactive than Copper, Zinc wll displace Copper
from Copper sul phate and, itself, becone bonded to the sul phate

group :

Zi nc + Copper sul phate -> Zinc sul phate + Copper
Zn CQuSQo, ZnSQO, Cu

Add Zinc powder to a solution of Copper sulphate until the blue
col our becomes colourless. Filter off the Copper produced.

Zi nc powder i

Zi nc sul phate
sol ution ~

Copper sul phate —p
sol uti on I—_ Copper —— —,

Results : Brown Copper powder was produced by both methods.




