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METALS

Sone netals, including Gold, Silver and Copper, are found unconbi ned
in the Earth's crust.

Mbst netals, however, are found conmbined with other elenments, in

conmpounds which we call ores. W can get netals fromtheir ores in
many ways.

* Heating with Carbon

ﬂ} Example 1

H Heat a m xture of Lead oxide and Carbon in a test-tube.
Bl obs of nolten Lead are forned.

Lead oxide + Carbon -> Lead + Car bon di oxi de

Exampl e 2

Iron is obtained industrially by heating a mxture of Iron
oxi de and Carbon in a blast furnace.

Iron ore + Carbon

seal

-------

molten |ron

The mxture is heated. Air is forced in at the bottom The
air rushes up through the furnace naking a roaring sound.
Sone of the Carbon burns in the Oxygen. The heat generated
rai ses the tenperature of the furnace and the reaction

bet ween Iron oxi de and Carbon begi ns:

Iron oxide + Carbon -> | ron + Car bon di oxi de
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* Using electricity

[‘} Example 1

Pass an electric current through nolten Sodi um chl ori de.

Power Supply [—

Chl ori ne

gas Sodi um

nmol t en Sodi um chl ori de

Sodiumis obtained at one of the el ectrodes.

Sodi um chl ori de -> Sodi um + Chl ori ne

Exampl e 2

Alumniumis obtained industrially by passing an
el ectric current through nolten Al um ni um oxi de.
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Electrical Conductivity of Metals

é. W can find out whether an el enent conducts electricity
usi ng the foll ow ng appar at us:

PONER
PACK
O O BELL

B o

ELEMENT

If the bell rings, the el ement conducts!

Al netals conduct electricity.

Most non-netals (e.g. Sul phur, Heliumand Brom ne) do not conduct
electricity. The exception is Gaphite (a formof Carbon) -
a non-netal which is a good conductor of electricity!

Uses of Metals

The uses of netals depend on what kind of properties they have. For
exanpl e, Copper is used to nake electrical wires because it is a good
conductor of electricity. Here are sone other uses of netals rel ated
to their properties:

Met al Use Rel ated Property

Al um ni um Aircraft | ow density (light)

Copper Copper - based good heat conductor
saucepans

Gol d Jewel | ery mal | eabl e (soft)

Lead Ship keel s hi gh density (heavy)
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Alloys

Al l oys consist of two or nore different netals, nelted dowmn and m xed
t oget her.

e.g. Brass contains Zinc and Copper and is used to nmake the pins for
electric plugs etc.

Sone alloys contain nmetals and non-netal s

e.g. MId steel contains Iron and Carbon and is used to nake
girders and beans because it is very strong.

Two other alloys and their uses are |isted bel ow

Al | oy El ement s Uses
present

Sol der Tin Joining netal s
Lead

St ai nl ess st eel [ ron Kni fes and forks
Car bon
Chr om um
N ckel

Three reactions of Metals

1. Wth Oxygen:

Metal s react with Oxygen form ng netal oxides.

é. Burn sonme Iron wool in air
The Iron conbines slowly with the Oxygen in the air
H formng Iron oxide.
I ron + xygen -> | ron oxide
[ﬁ Burn sone Magnesi um powder in air.
The Magnesi um conbi nes rapidly with the Oxygen in the air
H form ng Magnesi um oxi de.

Magnesi um + xygen -> Magnesi um oxi de

Magnesi umreacts faster than Iron because Magnesiumis a
nore reactive nmetal than Iron
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2. Wth acid:

Most netals react with acids formng Hydrogen as one of the products.

[‘} Add Magnesi um ri bbon

_ ' pop’
H to sone dilute

Hydrochloric acid in @' /

a test tube.
Hydrogen gas is

gi ven of f. W acid + Magnesi um

Hydr ogen burns with

\

a 'pop'.
Magnesi um + Hydrochloric -> Magnesi um + Hydr ogen
acid chloride
E‘} Now add a piece of Calciumto the sane acid.
H Calcium + Hydrochloric -> Cal cium + Hydrogen
acid chloride

Cal ciumreacts much nore quickly than Magnesi um because
Calciumis nore reactive than Magnesi um

Sone of the very unreactive netals do not react with dilute acid e.g.
Copper, Silver and Cold

3. Wth Water:

Hydrogen is al so produced when netals react with Water.

f‘} Add Sodiumto Water in a glass trough.

The Sodi um shoot s _
Sodi um

across the surface

of the water.

The Hydrogen gas

given off can be lit —5 Water

with a taper.

Sodium + Water -> Sodium hydroxide + Hydrogen

f‘} Now add Potassiumto Water.
H Potassium + Water -> Potassium hydroxide + Hydrogen

Pot assi um reacts nore qui ckly than Sodi um because Pot assi um
is nore reactive than Sodi um
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Reactivity Series

6 Metal s

Using other metals in the previous experinents we can place the
followng metals in order of reactivity with the nost reactive at the
top of the list:

Pot assi um
Sodi um

Li t hi um
Cal ci um
Magnesi um
Al um ni um

Zi nc
[ ron
Tin
Lead

Hydr ogen
Copper
Mer cury
Silver

CGol d

Pl ati num

Corrosion of metals

Corrosion is a chemcal reaction which involves the surface of a
netal changing froman elenment to a conpound.

Iron corrodes slowy in noist air, a reaction we call rusting.
Rusti ng weakens Iron structures.

What happens during rusting?

(E‘: Bot h OXYGEN AND WATER are required as the foll ow ng

H experinment shows :

Fe

- H,0

B

— r ust

RUSTI NG

aL
(prevents access
of Oxygen)

H, O 0,

Fe / Fe Silica gel

(absor bs wat er
fromthe air)

NO RUSTI NG NO RUSTI NG
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W can use a yellow liquid called 'Rust Indicator' to watch corrosion
actual Iy happening. Rusting Iron turns this indicator blue.

(‘} Place an Iron nail in a test tube containing Rust
' I ndicator. After a few mnutes a bl ue col our appears around
H the Iron nail.

[:‘} Set up the following two test tubes and conpare the rate of
corrosion in each:

lron nail + lron nail +
Rust i ndi cator ACD +
Rust i ndi cat or
The bl ue col our appears faster when ACID is present.

Iron rusts faster when acid is present.
Acid rain increases the rate of corrosion.

f‘} Set up the following two test tubes and conpare the rate of
H corrosion in each:
lron nail + Iron nail +
Rust i ndi cat or SALT +
Rust i ndi cator

The bl ue col our appears faster when SALT is present.

Iron rusts faster when SALT is present.

SALT is spread on the roads to stop ice fromformng in
cold weather. This SALT, unfortunately, increases the rate
of corrosion of car bodywork.

Preventing corrosion

Rusting can be prevented by stopping the Oxygen and Water from

getting to the Iron using a barrier e.g. oil, grease, paint, plastic
or netal :
H,0 <
Pai nt
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Electroplating

A |l ayer of nmetal can be deposited on to Iron by electroplating. An
electric current is passed through a solution containing positive

ions of the metal M :

Power
suppl y

I ron <+— M el ect r ode

N J

The piece of Iron forns the negative el ectrode. The positive ions are
therefore attracted to the negatively charged Iron, stick to it and
forma layer of netal. Tin plating is carried out in this way.

[‘} A layer of N ckel is deposited on to a piece of Copper foil
by passing an electric current through a solution of N ckel
H sul phate (this contains the positive N ckel ions).

Power
suppl y
- +
N ckel sul phate
+ sol ution
<4— N

Copper N ckel
foil el ectrode
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Galvanising

A layer of Zinc can be deposited on Iron by dipping the Iron into

nolten Zinc. The Zinc fornms a barrier and prevents rusting.
Protecting Iron with Zinc is known as gal vani si ng.

Gal vani si ng has the added advantage that Zinc is nore reactive than
Iron - the Zinc corrodes before the Iron! Iron rusts nore slowy when
connected to nore reactive netals.

Magnesi um scrap is often used to protect Iron pipelines.

f‘} Set up the followi ng two test tubes and conpare the rate of
corrosion of Iron in each:

—— Rust indicator ——

Bl ue col our - .
—— Very little blue

i ndicatin - :
rusting 9 Iron nail col our indicating

very little rusting
Anodising

The thin |ayer of Al um nium oxi de which covers Al um ni um gi ves
Al um ni um sonme protection agai nst corrosion. The thickness of the
oxi de | ayer can be increased by anodi sing.

An electric current is passed through a solution containing negative
hydr oxi de ions OH :

Power
suppl y

el ect rode —f}— H —Pp Al uni ni um

- )

The piece of Alum niumforns the positive el ectrode. The negative
ions are therefore attracted to the positively charged A um ni um and
react with it form ng A um ni um oxi de.
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Batteries

El ectricity can be produced by connecting different netals together
in a solution containing ions.

N V%

— Copper

—— Sodi um chl ori de sol uti on

\ ) Nad°

We call this device a cell or battery.

&

i Mbake the cell shown above.

El ectricity flows fromthe Magnesi um through the bul b, through the
Copper and through the solution back to the Magnesi um agai n. The
solution nust therefore contain ions to enable it to conduct
electricity.

The further apart the two netals are in reactivity, the higher the
vol t age.

The Magnesi uni Copper cell above has a voltage of about 2.7 volts.

A Magnesi uni Zinc cell has a voltage of only about 1.6 volts.

A battery makes electricity froma chem cal reaction taking place
inside it. Wien the chemcals run out, the battery goes 'flat' and
needs to be repl aced.

Sone batteries can be recharged e.g. the Lead-Acid battery used in a
car and the Lithiumion battery used in canctorders, |aptops etc.



