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THE REACTIDITY SERIES

Metal s react with other substances at different rates e.g. the
reaction of netals wth acids:

f ast
My + 2 Htd - -> M2+(d -), + H,
Magnesi um Hydr ogen
chlori de gas
sl ow
Zn + 2 HA - -> Zn2+(d-), + H,
zZinc(l1) Hydr ogen
chl oride gas
Experinment : Conpare the reactions of Magnesiumand Zinc with

di lute Hydrochl oric acid.

@ «— Magnesi umor Zinc

4
dilute ¥
Hydrochl ori c
acid —_—

W note that Magnesiumreacts nmuch nmore qui ckly than Zinc. Magnesi um
is nore reactive than Zinc.

In both reactions, the netal atons LOSE el ectrons. Magnesi um | oses
el ectrons nore easily than Zinc.

easy

My o> My2+ + 2e
difficult

Zn -> Zn2+ + 2e

A reactive netal is one which | oses electrons easily.
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Metal s can be placed in order of reactivity (nost

top):

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
Si|ver
ol d

Pl ati num

VEELOTILITESQEEX

Reactivity Series
reacti ve at the

This order of reactivity is called the 'electrochem cal series' or

"reactivity series'.

More evidence for the above order of reactivity can be obtained by

the reaction of nmetals wth Water and wi th Oxygen.

REACTION OF METALS WITH WATER

Exanple 1 : Magnesium

f ast
My + H,O -> l\/!;|2+((]+)2
Example 2 : Zinc

sl ow
Zn + H,O -> Zn2+(COH),

REACTION OF METALS WITH ORYGEN

Exanple 1 : Magnesium

f ast

My + o -> My2+C2-

Example 2 : Zinc

sl ow
Zn + o -> Zn2+2-
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DISPLACEMENT REACTIONS

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

easy 2+
My <—; My + 2e
difficult

difficult
H 2+

Qu < Cu + 2e
easy

Consequent |y, when a piece of Magnesiumis placed in a solution
contai ning Qu2+ ions, electrons will flowfromthe My to the Cu2+ :

M+ Cu2+S0,2- ->  My2+S0,2- + Qu
i.e.

My -> M2t + 2e

Cu2+ + 2e -> Qu

The sol uti on becones col ourl ess due to the blue Cu2+ being repl aced
by the col ourl ess My2+. Copper netal is forned. Copper has been
di spl aced by Magnesi um

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

PROBLEM : WII the follow ng reaction occur

Zn + Ag*NO;- -> Zn2+(NO;-) 5 + Ag
Answer : Yes, because Zn is nore reactive than Ag.

El ectrons will flow fromZn to Ag+

Zn -> Zn2+ + 2e

Ag* + e > Ag

PROBLEM : WII| the follow ng reaction occur

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

El ectrons cannot flow fromCu to H*

This is why netals below Hin the reactivity series cannot displ ace
Hydr ogen from aci ds.
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PROBLEM : WII the follow ng reaction occur

zZn + Qu2+S0,2- -> Zn2+S0,2- + Qu
Answer Yes, because Zn is nore reactive than Cu.

We can show, using a CELL, that electrons DO flow fromZn to Cu2+ :

lon bridge

Zi nc —

7 “%0 j'(aq)

El ectrons flow fromZn to Cu2+ along the wires and through the
voltmeter. This is an electric current.

The ion bridge is a piece of filter paper soaked in Potassiumnitrate
solution. It allows ions to nove fromone beaker to the other.

LOSS of electrons is referred to as OXIDATION. The Zinc is oxidised:

Zn -> Zn2+ + 2e

GAIN of electrons is referred to as REDUCTI ON. The Copper ion is
reduced:

Qu2+ + 2e -> CQu

Notice that REDuction and OXi dation al ways happen together - a REDOX
reaction.

We can obtain the overall REDOX equation by adding the above two
equat i ons toget her:

Zn -> Zn2+ + %

QU2+ + ‘;é > Qu

Zn + Cuz2+ -> Zn2+ + Qu

The Zn/ Cu2+ cell has a voltage of 1.10 volts.
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The Zn/ Fe2+ cell, shown bel ow, has a voltage of only 0.35 volts.

e e

O
l lon bridge

Zi nC — | ron

Zn 2+so42' (aq) Fe2+SO42' (aq)

The voltage is so | ow because the two netals are so close together in
the reactivity series. Metals at the top of the series push el ectrons
forcibly ; nmetal ions at the bottomof the series pull in electrons
forcibly. So a conbination of a very reactive netal wwth an ion of a
very unreactive netal will give the highest voltage e.qg.

K
Zn Zn
0.35
volts
3.72 2+
volts Fe 1.10 Sn
volts
0. 48
volts
2
a oThl
+
Ag
Note that, in a cell, electrons always flow fromthe nost reactive

metal to the | east reactive nmetal's ions.
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W shoul d al so note that cells wthout netals are possi bl e!

EXAVPLE
e

N

lon bridge

Car bon Car bon

| odi ne
di ssolved in
wat er

Sodi um sul phite
+ 2-
(Na') SO (aq)

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

* S0O,2- + H,O ->  8S0y2- + 2H + 2e

* This reaction is in the SQA Data Book

The sul phite/water m xture is oxidised; the lodine is reduced.
EHTRACTION OF METALS FROM THEIR ORES

Only the very unreactive elenents (Hg - Pt) occur unconbined in
nature. The nore reactive nmetal s have conbined with other el enents
and, therefore, occur in conpounds. These netal conmpounds are called
ORES e.g. lron oreis Iron(lll) oxide

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

Unreactive netals (Hg - Pt) were the easiest to obtain and therefore
the first to be discovered. They can be obtained fromtheir ores by
heating al one e.g. Silver

heat

(Ag*) ,O2- -> Ag + o

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 (Alum niumto make cooki ng
foil, pots and pans, w ndow franes etc).

The nore reactive netals (Fe - Cu) can be obtained by heating with
Car bon nonoxi de which pulls the Oxygen away fromthe netal e.g.

heat
(Fe3+)2(C2-)3 + 00 -> Fe + o,

Si nce Fe3+ has been reduced, we refer to this reaction as 'the
reduction of Iron(ll1) oxide".
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This reaction is used in the blast furnace to produce lron :

Iron ore +
coke (Carbon)

<—— Ar (Oxygen)
nolten lron <—_\_F

The Carbon nonoxide is forned by reaction of Carbon with Oxygen :
2C + o -> 2 CO

Oes 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
e.g. Al um nium

Bauxite (inmpure Alum niumoxide) is first treated with Sodi um
hydroxide to renove lron inpurities and | eave pure A um ni um oxi de.
Thi s oxi de has such a high nelting point (2050 0C) that cryolite

(Na*) 3Al Fg3- is added to lower the nelting point to about 900 OC
Reduction of the Alum niumion occurs at the negative el ectrode :

Al 3+ + 3e -> A

Oxidation of the oxide ion occurs at the positive el ectrode :

2C2- -> O o+ 4e



