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Topic 10/11 : Metals and Making Electricity Revi sed April 1995

The uses of netals depend on their properties :

Exampl es :

1.

Copper is used in electrical wiring because it is a good
conductor of electricity It is also used in boilers because it
is a good conductor of heat.

Alumniumis used in building aircraft because of its strength
and | ow density.

CGol d can be beaten into thin sheets because of its nalleability.

The Reactivity Series (also called 'The Electrochemical Series')

This series arranges the netals in order of chemcal reactivity (nost
reactive at the top).

Met al Synbol
Pot assi um K
Sodi um Na
Li t hi um Li
Cal ci um Ca
Magnesi um My
Al um ni um Al
Zi nc Zn
I ron Fe
Tin Sn
Lead Pb
Hydr ogen H
Copper Cu
Mer cury Hg
Silver Ag
ol d Au
Pl ati num Pt

Reactive metals are netals which | ose electrons easily
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Evidence for a reactivity series

1.

Reaction of metals with dilute acids (e.g. Hydrochloric acid)

Exampl e 1 : Magnesium

f ast
My + 2 Hd - -> My2+(d-),  + H

By studying this equation we can see that the chloride ions are
not involved in the reaction. They are called ' Spectator |ons'.
W will renmove themfromthe equation :

My + 2 Ht -> My2+ + H
Now we can see that the reaction invol ves :

(a) Loss of electrons fromthe Magnesi um (Oxi dati on)
f ast
My > My2+ + 2e
(b) Gain of electrons by the Hydrogen ions (Reduction)

2 H 2e -> H,

Note 1. The above two equations are called lon-electron half-
equati ons.

Note 2. REDuct i on and OXi dati on al ways go on together
( REDOX)

Example 2 : Zinc

sl ow

Zn + 2 1A - -> Zn2+(d-), + H,

(a) Zn loses electrons (Zn is oxidised)
sl ow

Zn -> Zn2+ + 2e

(b) H+ gains electrons (H is reduced)

2 Hr 2e -> H,

Since My is nore reactive than Zn, My | oses el ectrons nore
readily and so the reaction is faster.
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Reaction of netals with Water.

Remenber that, due to its ionisation, Water contains H*
H,O — H* + OH

The netals react with the H+ ions in the Water.

Exampl e 1 : Magnesium

f ast

M+ H0 -> Mg2H(OH), + H
| on-el ectron hal f-equations :

f ast

Mo -> M2+ v 2e
2H + 28  -> H

Example 2 : Zinc

sl ow

Zn  + H,O ->  Zn2+(OH), + H,
| on-el ectron hal f-equations :

sl ow
Zn -> Zn2+ + 2e

2H + 28  -> H

Again, the reaction of My is faster because it |oses el ectrons
nore easily.

Reaction of netals with Oxygen

Exanmple 1 : Magnesi um

f ast

My + O2 -> My2+C2-

| on-el ectron hal f-equations :
f ast

Moo-> M2+ + 2
o + 4e -> 2 G-
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Exanmple 2 : Zinc

sl ow
Zn + o ->  Zn2+Ce-
| on-el ectron hal f-equations :

sl ow
Zn -> Zn2+ + 2e

o + 4e -> 2 -

Again, the reaction of My is faster because it | oses el ectrons
nore easily.

Displacement Reactions

The easier it is for the nmetal to | ose electrons the nore difficult
it is for its positive ion to regain theme.gqg.

easy 2+
Zn —_— Zn + 2e

D PrTe—
difficult

difficult 2+
Q== « + 2e

Consequently, when a piece of Zinc is placed in a solution containing

Cu2+ ions, electrons will flowfromthe Zn to the Cu2+ :

Zn  +  Qu2+SQ2- > Zn2+sQ,2- +

| on-el ectron hal f-equations :
Zn -> Zn2+ + 2e

Cu2+ + 2e -> Cu

The sol uti on becones col ourl ess due to the blue Cu2t+ being repl aced

by the col ourl ess Zn2+, Copper netal is forned. Copper has been
di spl aced by Zinc.
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W can show, using a CELL, that electrons flow fromzZn to CQu2+ :

I on bridge

Zi nc —

Zn2+SO42' (aq) 2+SO42' (aq)

El ectrons flow fromZn to Cu2+ along the wires and through the
voltneter. This is an electric current (V = 1.10 V).

The | on-bridge

This is a piece of filter paper soaked in Potassiumnitrate sol ution.
As the reaction proceeds, positive charge would build up in the |eft

hand beaker due to the production of Zn2+ ions :

Zn -> Zn2+ + 2e

This woul d prevent negative electrons fromleaving this beaker.

Negative charge would build up in the right hand beaker due to the

renoval of Cu2+ ions

Cu2+ + 2e -> Cu
This woul d prevent negative electrons fromentering this beaker.

The K+*NO;- ion-bridge prevents these charges frombuilding up : the
NO,- ions diffuse into the I eft beaker cancelling the positive charge

; the K+ ions diffuse into the right beaker cancelling the negative
char ge.

In a displacenent reaction electrons always flow fromthe nore
reactive netal to the less reactive netal's ions.

Problem 1 : WII the follow ng reaction occur

Zn + Ag*NO;- ->  Zn2+*(NGOy ), + Ag
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Answer : Yes, because Zn is nore reactive than Ag.
El ectrons will flowfromZn to Ag*

Zn -> Zn2+ + 2e
Ag+ + e -> Ag

Problem 2 : WII the follow ng reaction occur

Cu + (H) ,SOy- -> Cu2+S0,2- + H,
Answer : No, because Cu is less reactive than H.

El ectrons cannot flow fromCu to Ht

This is why all netals below Hin the reactivity series
cannot di spl ace Hydrogen from aci ds.

Cells

A cell or battery is a device which makes electricity froma chem cal
reaction. The Zi nc/ Copper ion cell has been discussed ; here are sone
ot hers :

Example 1 : The Lecl anché cell

e e
~

Oasl

Car bon - Zinc

Manganese(1V) oxi de —— Ammoni um chl ori de
MO, and powdered

NHZCi " solution
Car bon

Por ous pot

\ /

El ectrons flow form Zi nc to Manganese di oxi de :

Zn ->  Zn2+ + 2e (i dation of Zn)
MO, + e ->  other substances (reduction of MO,
Zn is oxidised by MO, - an oxidi sing agent.

MO, is reduced by Zn - a reduci ng agent.

The ions in the NHytCl- electrolyte diffuse through the porous pot
and prevent a build up of charge.



Example 2 : The Dry Cell (the every-day 'battery')

This is a nore conveni ent Lecl anché cel

Car bon
Paste contai ni NQg: =——f=—
NhCE
NHZG" L Zi nc case
Car bon
HZO
Exanmpl e 3 :
e e
S (7)
l U/
Zi nc | on bridge I1on

Zn2+SQf'(aq)

The Zinc | oses electrons ; the Fe2+ ions gain them:

Zn -> Zn2+ + 2e

Fe2+ + 2e -> Fe

Fe2+SQf'(aq)
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The cell voltage is only 0.35 volts. This is because the two netals
are so close together in the reactivity series. Metals at the top of
the series push electrons forcibly ; nmetal ions at the bottom of the

series pull in electrons forcibly.
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So a conbination of a reactive netal with an ion of an unreactive
nmetal will give the highest voltage e.g.

K
Zn Zn
0. 35
volts
3.72 2+
volts Fe 1.10 Sn
volts
vbl ts
2
a’ a®*
Ag+
Exanmple 4 : The car battery
e e
Lead coated in
Lead(1V) oxide PbO2 Lead

Sul phuric aci d—
el ectrol yte

. /

El ectrons flow fromLead to Lead(lV) oxide (V = 2.03 volts)

Po ->  Pb2+ + 2e
PbO, + e ->  other substances

Most cells run down when their chemcals are used up and have to be
repl aced. The Lead/acid cell can be recharged : if the two Lead

pl ates are connected to a power supply Lead reforns at the cathode (-
ve) and Lead(lV) oxide at the anode (+ve).
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Exanple 5 :
e e
/V\
/
Car bon | on bridge Car bon
| odi ne

( . Sodi um sul phite
di ssol ved in

wat er (hbf)286§' (aq)

El ectrons flow from Sodi um sul phite to lodine (V = 0.37 volts)

* SQ;,2- + H,O ->  8SOy2- + 2H + 2e
5 + 2e -> 21+

(* reduction by the Sulphite ion : see Data Book)

Cel I s have two advantages over nains electricity : they can be
carried around and they are safer (lower voltages). They have two

di sadvant ages : when they run down they have to be replaced and they
are expensive !

Extraction of metals from their ores

Only the very unreactive elenents (Hg - Pt) occur unconbined in
nature. The nore reactive netals have conbined with other el enents
and, therefore, occur in conpounds. These netal conpounds are called

ORES.

Exanmple : Iron ore is lron(lll) oxide (Fe3+) (),

The nore reactive the netal the stronger the bonds in the ore and the
nore difficult the extraction of the netal fromits ore

Unreactive netals (Hy - Pt) were the easiest to obtain and therefore
the first to be discovered. They can be obtained fromtheir ores by
heati ng al one.

heat
Exanmpl e : (Ag+) ,C2- -> Ag + G,

There are, however, vast deposits of the ores of nore reactive
netals. These netals are inportant for industry (lron to make
machi nery etc) and in our daily lives (A umniumto nmake cooki ng
foil, pots and pans, w ndow franes etc).
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The nore reactive netals (Fe - CQu) can be obtained by heating with
Car bon nonoxi de which pulls the Oxygen away fromthe netal e.g.

heat
(Fe3+) ()4 + coO -> Fe + Co,

This reaction is used in the blast furnace to produce Iron :

Iron ore +
coke (Carbon)

L
A
<

5 L% Air (Oxygen)
molten |ron «— /=, /

The Carbon nonoxide is forned by reaction of Carbon with Oxygen :

2Cc + O -> 200

Experiment : To obtain Copper from Copper(l1) oxide

Car bon +
Copper (11) oxide

1
Heat

Car bon nonoxi de is produced by reaction of Carbon with Oxygen in the
air. The Carbon nonoxide then reacts with the Copper(ll) oxide :

cC + O -> O

Cuz+Q- + co -> Cu + Co,

Wien the contents of the test tube are shaken out, pieces of Copper
are seen.

In all these exanples the netal is obtained by REDUCTI ON of the
nmetal ion.

Ores of the very reactive netals (K- Zn) are stable to heat. The
only way to obtain the netal is by electrolysis of the nolten ore.
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Exanmpl e : Extraction of Al um niumfrom bauxite
(i mpure Al um ni um oxi de)

The bauxite is first treated with Sodi um hydroxi de to renove |ron
inmpurities and | eave pure Al um ni um oxi de.

Thi s oxi de has such a high nelting point (2050 0C) that cryolite
(Na*) ;Al Fg3- is added to |ower the nelting point to about 900 OC.

Reduction of the Alum niumion occurs at the cathode :

Al 3+ + 3e -> Al

It is essential that netals are recycled (used again) since these
ores will not last forever.

Purification of metals by electrolysis

Exanpl e : inmpure Copper (rmain inmpurity is lron)

Pur e
Copper

a’t soj' (aq) —
. J

The anode draws el ectrons away from Cu and Fe.

Cu -> Cu2+ + 2e

Fe -> Fe2+ + 2e

Bot h the Cu2+ and Fe2+ ions nove to the Copper cathode. Cu2+ gain

el ectrons nore easily than Fe2+ (Cu is |less reactive than Fe) so Cuz2+
ions are reduced at the Copper cathode to forma |ayer of pure Copper

cuz+ + 2 ->

The Fe2+ ions remain in sol ution.
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Alloys

When other elenents are added to a netal to inprove its properties
the mxture is called an ALLOY.

Exanmple 1 : stainless steel

O Chromium 18.0 %
I N ckel 8.0 %
O lron 73.7 %
B Carbon 0.3 %

The properties of an alloy vary with its conposition e.g. the nore
Carbon in steel the harder it becones.

Unlike Iron, stainless steel does not corrode. It is therefore used
for making cutlery, sinks etc.

Exanple 2 : brass

O Zinc 40.0 %
B Copper 60.0 %

Brass is stronger than either Copper or Zinc and does not corrode. It
is used to nake shell cases, electric plugs etc.



