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Terminologies

Before you get into the thick of things, let us make sure you know some of the
terminologies that are used throughout this module.

Anode
Anions
Cathode
Cations
Electrode
Electrolyte

Inert electrodes

Reactive electrodes

This is the positively charge electrode. It is connected to the
positive terminal of the power source.

These are negatively charge ions. Anions are attracted to the
anode during electrolysis.

This is the negatively charged electrode. It is connected to the
negative terminal of the power source.

These are the positively charged ions. Cations are attracted to
the cathode during electrolysis.

A conductor which dips into an electrolyte and allows the
current to pass through.

It is a molten (melted) ionic compound or an aqueous solution
which contains ions.

Electrodes which do not react with the products or electrolyte
during electrolysis. Substances like platinum and graphite
(carbon) are normally used as inert electrodes.

Electrodes that react with the electrolyte during electrolysis.
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12.3.1  Electrolytic Cell

An electrolytic cell is a vessel (container) in which electrolysis take place. It is

a power source, electrolyte and electrodes.

+ -
battery -
i
connecting wires l >
anode > < cathode
<+ electrolyte

A simple electrolytic cell

Electrolysis of Molten Salts

A molten salt is a compound that is melted, and it is usually an ionic compound.

made up of

battery —_—

graphite

molten
sodium—>| i3

chloride

>

heat

<+«—— graphite

ions

Electrolysis of molten compounds
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When an ionic compound is melted, the ionic structure breaks down and the ions which
consist of positive and negative charges separate and move apart.

If an electric current is passed through it (molten compound), the positive ions (cations) will
move to the negative electrode (cathode), while the negative ions (anions) will move to the
positive electrode (anode).On reaching the cathode, the positive ions will gain electrons and
become metal atoms, while the negative ions will lose electrons at the anode and become
non—metallic atoms.

Example:
A molten sodium chloride is formed when heat is applied to melt it to form the ions. The

ions formed by molten sodium chloride are sodium ions (Na*) chloride and ions (Cl7).

NaCly —"™ 5 Na*j+Cly

+ —

battery

free ions

=

heat

Electrolysis of molten sodium chloride

At the anode

During electrolysis, the negative chloride ions (Cl") are attracted to the anode. At the anode
two chloride ions lose an electron each to form chlorine gas. We say that the chloride ions
are discharged.

Half equation at anode: E—
2C|_(|) C|2 (8 +2e

When a substance loses electrons, it is experiencing oxidation reaction.
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At the cathode

During electrolysis, the positive sodium ions (Na*) are attracted to the cathode. At the
cathode one sodium ion gain an electron and becomes a sodium atom (Na). We say that the
sodium ion is discharged.

Half equation at cathode:

2Na"()+2e~ — 2Nay,

When a substance gains electrons, it is experiencing reduction reaction.
Overall equation:

2NaClyy — 2Na+Cly g

In the electrolysis of molten compounds, there will be two ions only, the positive ion (cation)
and the negative ion (anion).

Reduction gains electrons at the cathode while oxidation loses electrons at the anode.

The table below shows some molten salts undergoing electrolysis.

Half equations
Molten Salt lons formed Cathode Anode
Calcium chloride, | ca®,cI” Ca’()+2e"—> Cay) | 2CI" )—> Cly g+ 2e”
CacCl,
Sodium iodide, Na+,l_ Na+(|)+ e —» Na(|) 2|_(|) —> |2(|)+ 2e
Nal
Lead(ll) bromide, Pb2+,Br_ Pb2+(|)+2e_ — Pby, 2Br y— Bryg+2e
PbBr;

Electrolysis of aqueous solution
An aqueous salt is formed when a salt (ionic compound) dissolves in water. When an ion
compound is dissolved in water, the ions are separated and are free to move around.

If an electric current is passed into the solution, the positive ions of the compound will move
to the cathode, while the negative ions will move to the anode. However, unlike molten
compounds, water is present in the solution and it ionizes to produce hydrogen ions (H) and
hydroxide ions (OH"). These ions also move to the respective electrodes and compete with
the ions of the electrolyte for discharge.

It becomes more difficult to determine the ions which are discharged at each electrode.
Therefore, we can use the law of selective discharge to determine the ion that is discharged
at each electrode.
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Example: Electrolysis of dilute sulphuric acid (H,SO4).

Pure water does not conduct electricity. However, when some dilute sulphuric acid is added,
it will conduct electricity. The electrolysis of dilute sulphuric acid is similar to electrolysis of
acidified water.

Dilute sulphuric acid contains the following ions: hydrogen ions (H'), sulphate ions (504>
from the acid and hydrogen ions (H*), hydroxide ions (OH™) from water.

R o
Hydrogen gas ——» < Oxygen gas
5 @)
o O
. O O .
Electrolytic cell —» Dilute
holding electrolyte, sulphuric acid
electrodes, gas carb lectrod
collection tubes. /7 arbon electrode
-+
Electrolysis of dilute sulphuric acid
At the cathode

Hydrogen ions are attracted here and they are discharged by gaining electrons.

This is the half equation which shows this reaction.

2H+(aq) +2¢ @ —> Hz(g)

At the anode

Hydroxide ions and sulphate ions will move to the anode. However, it is the hydroxide ions
that are discharged and not sulphate ions.

This is the half equation which shows this reaction.

40H g ——» Oy g+ 2H,0()+ 4e
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The undischarged sulphate and hydrogen ions in the water recombine to form sulphuric
acid. Thus, as the water is electrolyzed and the sulphuric acid in the solution becomes more
concentrated.

Now, check what you have just learnt by trying out the learning activity below!

/ Learning Activity 1

Answer the following questions.

30 minutes

1. A. Define the following:

(i)  Electrolysis

(ii)  Anode

(iii) Cathode

B.  Label the diagram with words connected with electrolysis: anode, cathode,
electrolyte, anion and cation.

Sl — i)

(i)

(ii)

(iii)

(iv)

(v)

10
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2. During electrolysis, to which electrode do the

a) positive ions of the electrolyte move?

b) negative ions of the electrolyte move?

3.  Write gain or lose in the following electrodes.

a) cathode
b) anode

2. What are inert electrodes?

5.  Copper (ll) chloride solution is electrolyzed using carbon (graphite) electrodes.

a) List all the ions present in the electrolyte.

b) Which ions will move to the cathode during electrolysis?

c)  Whichion is discharged at the cathode? Give a reason for your answer.

d)  Write the cathode reaction.

e)  Write the anode reaction.

Thank you for completing your learning activity 1. Check your work. Answers are at the
end of this module.

12.3.2 Half-Reactions At The Electrodes

Oxidation and reduction (Redox) are two reactions that always happen together. Oxidation
involves reactants losing electrons while in reduction electrons are gained or received by the
reactants.

During electrolysis, redox reactions happen at the electrodes. The reactions at each
electrode are called half equations. The half equations are written so that the same number
of electrons are lost and gained in the reaction.

11
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Example 1:

A molten sodium chloride is formed when heat is applied to melt it to form the ions. The
ions formed by molten sodium chloride are sodium ions (Na*) chloride and ions (CI).

Free ions

NaCl (s) ﬂ; Na+(|) + Cl_(|)

heat

Electrolysis of molten sodium chloride
At the cathode

During electrolysis, the positive sodium ions are attracted to the cathode. At the cathode
one sodium ions gain electrons and become sodium atom. We say that the sodium ions are
discharged. Reduction reaction occurs here at the cathode.

Half equation:

Na+(|) +e —p»Na (1)

At the anode

During electrolysis, the negative chloride ions are attracted to the anode .At the anode two
chloride ions lose an electron each to form chlorine gas. We say that the chloride ions are
discharged. Oxidation reaction has taken place here at the anode.

Half equation:

2Cl gy —»Clyg +2e

Overall equation

You can also write the overall equation for the electrolysis of molten sodium chloride. This is

done by combining the cathode and the anode reactions. You must make sure that the
number of electrons at the cathode is the same as the number of electrons at the anode.

12
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When you look at the electrolysis of sodium chloride, there is only one electron at the
cathode and two electrons at the anode. Therefore you need to multiply the cathode
reaction by 2 to have the same number of electrons at the cathode and the anode as shown
below.

2(Na+ 0 +e ——»Na (|))
2Na' () + 26" ——» 2Nay,

Now you have the same number of electrons at the cathode and anode. Combine the
reactants and products for the cathode and anode reactions.

2Na+ m+ 2e + 2C|7(|) —»2Na nt C|2 (8 +2e

Subtract the same number of electrons on both sides of the equation. For this case we
subtract 2e” on both sides of the equation.

2Na+ 0 +;,€_+ 2C|_(|) — 2Na m+ Clz(g) +ﬂ/e_
2Na+(|) + 2C|_(|) — > 2Na 0] + CIZ(g)

You need one sodium ion and one chloride ion to form one sodium chloride. Since there are
two sodium ions and two chloride ions, this gives two sodium chloride.

Therefore, the overall equation becomes:
2NaCl oWy ———> 2Na m+ C|2(g)

Example 2:  Electrolysis of dilute solution of aluminium bromide.

hit graphite
(gz::zdle)e (cathode)
<«— aluminium
bromide solution

Electrolysis of solution of aluminium bromide.

13



«?ﬁﬁﬂm‘%‘
/' GR 12 CHEM M3 ELECTROCHEMISTRY

3+
I

The ions present in the electrolyte are: Al °*, Br (from aluminium bromide) and H*, OH~

(from water).

At the Cathode

Both AI** and H" move here.

Hydrogen ion (H" ) is discharged instead of aluminium ion (AI*") because it is an ion of a less
reactive element.

Half equation:

H+(aq) +2¢ ——»» H2 (8)

Hydrogen gas is produced at the cathode.

At the Anode
Both Br and OH move here. Hydroxide ion (OH") is discharged instead of bromide ion.

Half equation:
4OH_(aq) e 02 @t ZHZO m+ 4e

Oxygen gas and water are produced at the anode.
Overall equation
There are four electrons (4e’) for the anode reaction so we must multiply the cathode

reaction by two to get four electrons at the cathode as shown below.

2(2H+(aq)+ 2e —» Hz (g))
4H+(aq) + 4 —» 2H2 ()

Combine the cathode and anode reactions together.
4H+(aq) +4e + 4OH_(aq — > 2H2 @t 02 @t 2H20 mt 4e”
Subtract 4e on both sides of the equation.

4H+(aq) + 94_ + 4OH_(aq —» 2H, @t 0, @t 2H,0 0] +/4/e_
4'HJr(aq) + 40H_(aq —» 2H; (g + O3 g) + 2H,0 )

One H" and one OH™ will produce one H,0.By combining 4H" and 4 OH™ we will get 4H,0.
4H20() —> 2Hz (g + Oz (g + 2H20
Subtract 2H,0 on both sides of the equation: 4H,0 — 2H,0 = 2H,0.

Therefore, overall equation is:
2H,00) —> 2Ha g+ Oz(g)

16
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12.3.3 Factors Affecting The Performance Of Electrolytic Cells

The performance of electrolytic cells is also affected by some factors. These are:
a) reactivity of ions.

b) concentration of aqueous solution.

c) nature of electrodes.

Reactivity of lons

At the Cathode

If more than one type of ions is present, the discharge of the positive ions depends on the
reactivity of the metal in the reactivity series.

° lons of hydrogen and metals which are less reactive, like silver and copper, are
discharged.
. lons of reactive metals like potassium, sodium, calcium, magnesium and aluminium,

are not discharged.

At the Anode

If more than one type of ions is present, the discharge of the negative ions follows this

sequence:

1)  For iodide, bromide and chloride ions are most easily discharged before oxygen gas
(for hydroxide ions).

2)  For diluted solutions, oxygen gas (hydroxide ions are easily discharged before iodide,
bromide and chloride ions).

3) Nitrate ions and sulphate ions are not discharged.

Law of selective discharge of ions

The Law of Selective Discharge of lons is related to the Electrochemical Series of lons.

Electrochemical Series of Anions (Negative ions)

- —
SO,

NO;~ | Almost never take part (never discharged).
r _

Br — Discharged if solution is concentrated.

cr

OH™ } Nearly always takes part for diluted solution (always discharged).

15
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Electrochemical Series Cations (Positive ions)

Cation Discharge of lons Properties

K* K'+e” _— K

Na* Na“+e —Na \A}nost never.

Ca®* Ca®"+2e° —%a

Mg Mg? +2e7 ——\VIg

AP AP*+ 3e” —

Zn** In*"+2e" ——¥n

Fe?* Fe?*+287 —» Fe > Discharge ability increases.
Sn** Sn*" +2e” ——¥n

Pb** Pb*'+ 2e” ——b

H 2H +2e°  ——*, Y,

Cu®* Cu”"+2e° ——u

Hg”" Hg”" +2e —» Hg } Most easily discharged.
Ag* Agh+e” — Mgy

The ions found at the top of the series are more reactive than the ones at the bottom of the
series. Moreover, less reactive ions are discharged easily than the reactive ions.

Concentration of aqueous solution
The electrolysis of agueous solutions is also affected by the concentrations of the ions
present in the solution.

If a solution is very dilute, the presence of ions from the ionic compound only helps the
water to conduct electricity, and the electrolysis is essentially that of the electrolysis of
water.

On the other hand, if a solution is concentrated, the anions which are in greater
concentration compared to the hydroxide ions will be discharged.

Example 1
Electrolysis of very dilute sodium chloride solution using inert electrodes. The ions present in
sodium chloride solution are:

Na*, CI"(from sodium chloride solution) and H*, OH™ (from water)
At the Cathode
Both Na* and H* move to the cathode. According to the Law on Selective Discharge of lons,

sodium is higher in the reactivity series, so Na* ions are not discharged. Instead H" ions from
water are discharged to form hydrogen gas:

2H+(aq) +2¢ —» Hz(g)

18
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Hydrogen gas is produced at the cathode. Hydrogen ions gain_electrons to become hydrogen
gas. Therefore, reduction reaction occurs at the cathode.

At the Anode
Both CI” and OH™ move to the anode. According to the Law on Selective Discharge of lons,
OH ions are discharged in preference over Cl” ions to form oxygen gas and water.

4OH7(aq) — 0, @t 2H,0 m+ 4e

Here, hydroxide ions lose electrons to form oxygen gas and water. Therefore, oxidation
reaction occurs at the anode.

The overall reaction is:
2H,O0 () — 2H;(g + Oz g

Thus, the electrolysis of very dilute sodium chloride solution is essentially the electrolysis of
water: hydrogen gas is given off at the cathode and oxygen gas is given off at the anode.

Example 2
Electrolysis of concentrated sodium chloride solution using inert electrodes. The ions
present in sodium chloride solution are:

Na®, CI"(from sodium chloride solution) and H*, OH™ (from water)

At the Cathode

Both Na* and H" move to the cathode. According to the Law on Selective Discharge of lons,
sodium is_higher in the reactivity series, so Na" ions are not discharged. Instead H" ions from
water are discharged:

2H+(aq) +2e —» Hz(g)

Hydrogen gas is produced at the cathode. Hydrogen ions are going through reduction.
reaction.

At the Anode

Both CI” and OH move to the anode. According to the Law on Selective Discharge of lons,
OH ions should be discharged. However, due to the high concentration of Cl” ions, they are
discharged in preference over the OH ions.

2C|_(aq) > Clz(g)+ 2e
Chlorine gas is produced at the anode. Chloride ions are experiencing oxidation reaction.

The undischarged sodium ions (Na*) and hydroxide ions (OH™) recombine to form sodium
hydroxide, thus making the solution alkaline.

17



G
«é %%‘

| GR12 CHEM M3 ELECTROCHEMISTRY

.

The electrolysis of concentrated sodium chloride solution is used in the industry to make
hydrogen, chlorine and sodium hydroxide.

It is important to always refer to the Law on Selective Discharge of lons when
dealing with electrolysis of aqueous solution. Also consider whether solution
is concentrated or not concentrated (diluted).

Nature of electrodes
Electrolysis using a reactive electrode will give a different product at the electrode while
using inert electrode does not affect the kind of products formed at the electrodes.

1234 Electrolysis Using Inert Electrodes

Inert electrodes are electrodes which do not react with the products or electrolyte during
electrolysis. Substances like platinum and graphite (carbon) are normally used as inert
electrodes.

Example: Electrolysis of copper (Il) sulphate solutions using carbon electrodes

- +

I:Ij]<— battery

graphite ——» < graphite(carbon)

copper () sulphate
<— solution

Electrolysis of copper (Il) solution using inert electrodes.

The ions present in the copper (Il) sulphate solution are: Cu?*, SO, (from copper (I)
sulphate) and H*, OH™ (from water).

At the Cathode
Both Cu?* and H" move to the cathode. According to the Law on Selective Discharge of lons,

copper is lower in the reactivity series, so Cu*" ions are discharged in preference over H*
ions:

CU2+(aq) +2¢ ——» Cu (s)
A deposit of copper metal is formed at the cathode.

18
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At the Anode
Both SO, and OH™ move to the anode. Based on the Law on Selective Discharge of lons,
S0,% ions are not discharged, instead OH™ ions are discharged to form oxygen and water:

4OH_(aq) —POZ @t 2H20 m+ 4e”

Oxygen gas and water are produced at the anode.

How a Hoffman Voltameter works using inert electrodes

Acid is added to water to acidify it. The acidified water can be electrolyzed using Hofmann

Voltameter as shown in the diagram below. Pure water contains only few ions but when
mixed with acid it can conduct well.

Water
Oxygen Hydrogen
0; H,0 H,
_O— O
0 0 >/Bubbles
0 A/
(0]
Anode <«—1— Cathode
+ :\ Battery
Hofmann Voltameter
At the Cathode

Hydrogen ions move to the cathode. At the cathode, two hydrogen ions gain one electron
each to form hydrogen gas.

Half equation:
2H+(aq) +2e —_— H2 (8)

You will see bubbles at the cathode since hydrogen gas is produced.

19
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At the Anode

Both sulphate ion and hydroxide ion will move to the anode. At the anode, four hydroxide
ions will lose four electrons to form oxygen gas. According to the law on selective discharge
of ions, sulphate ions are not discharged, instead hydroxide ions are discharged to form
oxygen and water:

4OH_(aq) —» 0, @t 2H,0 m+ 4e

Oxygen gas and water are produced at the anode.

Overall equation

We can also write the overall equation for the electrolysis of acidified water by combining

the cathode and anode reaction. There are four electrons for the anode reaction so we must
multiply the cathode reaction by two to get four electrons at the cathode as shown below.

2(2H aq) + 267 ——» Hy(g)

AH g + 4e7  ——P2Hy(g

Combine the cathode and anode reactions together.

4H' ) + 4e” + 40H ,q — 2H, (g Oy (g + 2H,0 () + 4e”

Subtract 4e on both sides of the equation.

4H (5 + 4;/ +40H 5q —» 2Hyg+ Oy + 2H,0() + 4e/

4H"(q) + 40H 3 — 2H; g+ Oz + 2H,0 )

One H" and one OH™ will produce one H,0. By combining 4H" and 4 OH we will get 4H,0.
4H,0() —» 2Hy(g) + Oy g + 2H0 )

Subtract 2H,0 on both sides of the equation.
2H0() —» 2Hy (g + Oy g

You can see that in the electrolysis of sulphuric acid, it is water that undergoes electrolysis
and not sulphuric acid. And the inert electrodes remain as they are.

Therefore, the overall equation shows the decomposition of water as shown above. The
mole ratio of hydrogen to oxygen is 2:1.Therefore the volume of hydrogen is twice the
volume of oxygen.

20
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Now, check what you have just learnt by trying out the learning activity below!

/ Learning Activity 2

Answer the following questions.

1. Molten magnesium chloride is electrolyzed using the platinum electrodes.

a) Listall the ions present in the electrolyte.

30 minutes

b)  Which ion will move to the cathode during electrolysis?

c) Which reaction happens at the cathode, reduction or oxidation?

d)  Write the half equations that represent the reactions.

(i)  Atcathode

(ii) At anode

e)  Write the overall equation.

2. Sodium sulphate solution is electrolyzed using graphite electrodes.
(@) List all the ions in a sodium sulphate solution.

21
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(b)  Write the equation at the

(i) cathode

(i) anode

(iii) over all reaction

3.  Concentrated potassium chloride is electrolyzed using inert electrodes.

a) List all the ions present in the solution.

b)  Which ion is discharged at the

(i) cathode? Give a reason for your answer.

(i) anode? Give a reason for your answer.

c) Write the reaction in

(i) cathode.

(ii)  anode.

(iii) overall.

Thank you for completing your learning activity 2. Check your work. Answers are at the
end of this module.

22
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12.3.5 Electrolysis of Brine
Sodium chloride dissolved in water is called brine. It has a high concentration of sodium
chloride. The ions found in this solution are sodium ion (Na®), chloride ion(CI") hydroxide
ion(OH™) and hydrogen ion(H").

The diagram below shows what happens to the ions during the electrolysis of brine using
inert electrode.

Cathode - + '|
1

~ _—

—H' Brine

At the Cathode
Hydrogen ions move to the cathode. At the cathode, two hydrogen ions gain one electron
each to form hydrogen gas.

2H+(aq) +2e —> Hz(g)

Hydrogen ions gain electrons (reduction) to form hydrogen atoms. The hydrogen atoms
combine to form molecules of hydrogen gas.

At the Anode
Chloride ions will move to the anode. At the anode, two chloride ions will lose one electron
each to form chlorine gas.

22 ——> Clyg +2e”

Chloride ions lose electrons (oxidation) to form chlorine atoms. The chlorine atoms combine
to form chlorine gas.

Sodium ions and hydroxide ions in the solution combine and form sodium hydroxide, thus,
making the solution become an alkali.
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Overall equation:

2H"aq + 267 ——> Hy g)

2Cl (o —> Cly g +2e”

Combine the cathode and anode reactions together.
2H o) + 26 + 2CI g —> Hj (g Cly (g + 267

Since the two equations have same number of electrons, no need to multiply. Subtract 2e”
on both sides of the equation.

2H aq) + ge/' + 2C1aq — o) + Clyg) + Ze/

2H(aq) + 2ClMaq —Hy (g + Clyg)

The electrolysis of brine is a large-scale process used to manufacture chlorine from salt. Two
other useful chemicals are obtained during the process are sodium hydroxide (NaOH) and
Hydrogen (H>).

12.3.6 Manufacture of Aluminium from Bauxite

Aluminium is the most abundant metal in the Earth’s crust. Its main ore is bauxite, which is
aluminium oxide mixed with impurities such as sand and iron ore. Bauxite is reddish-brown
in colour. The ore is taken to a bauxite plant where impurities are removed. The result is
white aluminium oxide or alumina.

The electrolysis is carried out in a large steel tank. The sides of the tank are lined with carbon
which acts as the cathode (—). Big blocks of carbon hang in the middle of the tank and act as
the anode (+).

Alumina melts at 2045°C. It would be impossible to keep the tank that hot. Instead, the
alumina is dissolved in molten cryolite or sodium aluminium fluoride which has a much
lower melting point.
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Carbon blocks (anode)
Carbon
cathode
+ +
+
O OP|CO
O O O
O O O
Power
/ Cryolite
Molten aluminium out /
Oxygen bubbles off Aluminium
Steel tank

Manufacturing of aluminium by electrolysis process

The reactions at the electrodes

Once the alumina dissolves, its aluminium and oxide ions are free to move. They move to the
electrode of opposite charge.

At the cathode: The aluminum ion gains electrons. Reduction reaction occurs here.
4APT )+ 1267 — 4Al
The pure aluminium drops to the bottom of the cell as molten metal. This is run off at an

outlet from the steel tank. Some of the pure aluminium metal will be mixed with other
metals to make alloys. Some are moulded to harden into blocks.
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At the anode:
The oxygen ions lose electrons in the oxidation reaction.

60> () — 30, +12e”

The oxygen gas bubbles off, and reacts with the anode.
Cis) + Oz2(g —> COzq)

So the carbon blocks get used up and need to be replaced.

Overall equation:
The alumina is broken down giving aluminium.

Aluminium oxide ———Aluminium + Oxygen

2A|203 ) — A4Al 0 + 30, (g)

Now, check what you have just learnt by trying out the learning activity below!

/ Learning Activity 3

Answer the following questions.
1. Define the following:
(i) Brine

30 minutes

(ii) Bauxite

2. a) Sketch asimple electrolytic cell with parts labeled correctly showing electrolysis
of brine.
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b) Write the half equation:

(i) cathode

(i) anode

c) Write the overall equation

3. (a) Sketch and label simple electrolytic cell which shows the extraction of
aluminium.

(b)  Why does aluminium ions move to the cathode?

(c) What happens at the cathode? Give an equation.

(d) The anode is replaced regularly. Why?

Thank you for completing your learning activity 3. Check your work. Answers are at the
end of this module.

27



T
PN

W | GR12CHEM M3 ELECTROCHEMISTRY

.

12.3.7 Electrolytic Refining of Impure Copper

We have looked at electrolysis of an aqueous solution and molten salts using inert
electrodes. Electrolysis using a reactive electrode will give a different product.

Reactive electrodes are used for two reasons:
1. Electrolytic refining of a metal.
2. Electroplating of an object.

Electrolytic refining of impure copper metal

Copper is a very good conductor of electricity. However, a small amount of impurities can
reduce the conductivity of copper. Copper must be 99.9% pure to be able to conduct well.
Impurities in copper can be removed by electrolysis.

Example of electrolytic refining is the purification of copper as show below.
The anode is the impure metal. The cathode is the pure metal and the electrolyte is a soluble
salt of the metal that is being purified.

In purification of copper, the anode is the impure copper, the cathode is pure copper and
the electrolyte is copper (ll) sulphate solution.

Before electrolysis
Battery

Impure —» l«——— Pure copper
copper

<+—1— Copper (ll) sulphate solution

An electrolytic cell before purification of copper

At the Anode
The anode dissolves during electrolysis to produce copper ions (Cu®*). Copper ions enter the
solution. The reaction at the anode is shown below.

Cu—> Cu™ (oq +2e”

The size of the anode decreases during electrolysis.
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At the Cathode

Copper ions in the solution move to the cathode and gain two electrons. Copper ions are
converted to copper atoms and are deposited at the cathode. The reaction at the cathode is
shown below.

Cu2+ (aq) 2e —»Cu (s)

The size of the cathode increases while the anode decreases as shown below. Copper atoms
are converted to copper ions at the anode at the same rate copper ions are converted to
copper atoms at the cathode. For this reason the concentration of the electrolyte does not
change.

After electrolysis
+ Battery

I

Impure

_— Pure copper
copper
Copper (ll)
sulphate solution
Impurities —>
P N

An electrolytic cell after purification of copper

The copper from the anode has been transferred to the cathode. The impurities fall to the
bottom of the cell and collected below the anode. The impurities are known as anode slime
or anode sludge and may contain other precious metals such as gold and silver.

12.3.8 Electroplating

Electroplating is a process involving electrolysis to coat metal with other metal. The purpose
of electroplating is to prevent the object from corrosion and at the same time making it
more attractive.

Eating utensil like spoon and fork are often shiny because they are coated with metal called
chromium.
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If you want to electroplate a metal, the metal becomes the cathode. The metal used in
electroplating is the anode and the electrolyte is a soluble salt of the metal used in
electroplating. The spoon in the diagram below is to be electroplated with silver. Spoon
becomes the cathode and the silver rod becomes the anode. Silver nitrate solution is used
because it is a soluble salt of silver.

Battery > N

Flow of electric current

Silver rod

(anode)

< Spoon (cathode)
<+—1— Silver nitrate
(AgNO3s)solution
Electroplating a spoon
At the anode

The silver rod dissolves to produce silver ions. These ions enter the solution.

The half equation at the anode is shown below:

Agy — > Aglugte

Silver atom loses one electron to become silver ion. This is oxidation reaction.

At the cathode

Silver ions will move to the cathode and gain an electron to form silver atoms. The silver
atoms are deposited on the spoon, thus, coating the spoon.

The half equation is shown below:

Ag' (aq+ € —> Agy
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Silver atoms ions lose one electron to form silver atom. This is a reduction reaction.
Some metals used in electroplating and commonly plated objects.

Electroplating Metal | Plated Objects

Chromium Water taps, motorcar bumpers and bicycle parts
Tin Tin cans for storing foodstuff

Silver Sports trophies, plates, cutlery and ornaments
Gold Watches, cutlery, water taps and ornaments
Rhodium Silver ware, jewellery, watches and ornaments

Now, check what you have just learnt by trying out the learning activity below!

/ Learning Activity 4

Answer the following questions:

30 minutes

1.  Aniron nail is electroplated with copper using the electrolytic cell shown below.

Copper rod Nail

(a) Write the reaction that will happen at the:
(i) copper

(ii) nail

(b) Name an electrolyte for the process.
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(c) Which electrode will decrease in size during electrolysis?

(d) What will happen to the concentration of the electrolyte during electrolysis?

3.  Anpiece of zincis purified using electrolysis.

(a) Draw and label a diagram to show the purification of zinc.

(b)  Write the reaction at
i) Cathode
ii)  Anode

(c) Name asuitable electrolyte that can be used.

Thank you for completing your learning activity 4. Check your work. Answers are at the
end of this module.

12.3.9  Electrochemical Cell

The words voltaic cell or galvanic cell is often used to refer to the electrochemical cell.

This idea on electrochemical cell was discovered by an Italian scientist called Volta. He found
out that there is a difference in the energy of the charges (positive and negative charges)
between two different metals when they are placed in a certain electrolyte. This results in
electrical current to be produced.

Parts of electrochemical cell

An electrochemical cell is made up of two electrodes from different metals, an electrolyte and
a salt bridge. The most reactive metal will lose electrons and so become negatively charged.
The less reactive metal will attract positive ions present in the electrolyte and so these
positive ions are deposited on the metal and make it positively charged. In doing so, it
establish a flow of electrons from most reactive metal to less reactive metal, producing
electriccurrent.
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Simple electrochemical cell

A simple electrochemical cell is made by dipping a strip of zinc metal and one copper metal
strip inside a dilute sulphuric acid solution.

Voltmeter
current / \electrons
+ —
Copper —»p @¢— Zinc (most reactive
(less reactive metal metal becomes anode)
becomes cathode)
S0~
H+

<— Dilute sulphuric acid
(electrolyte)

_L/HJr Znﬁ\

Solutions (electrolyte) containing ions.

As shown in the diagram above, if these two metals are connected by a wire to the solution,
electric current will start flowing from copper metal to the zinc metal through the wire. Zinc
is reactive, will lose electrons and becomes negative electrode called anode while copper is
less reactive will become positively charged electrode called cathode.

The reactions that will happen at the electrodes are:
At the anode (half equation):  Zn —— "+ 2e (o)

At the cathode (half equation): Cu®* (ag)t 26—
Overall equation: Zn g+ Cu™ .y ——®n""y+Cuyy
Electrons are lost at the anode, so oxidation reaction is happening. While reduction

reaction is experienced at the cathode because electrons are gain there. The dry cells and
car batteries are practical examples of electrochemical cells.

In galvanic cell (electrochemical cell), oxidation reaction happens at the anode while
reduction reaction at the cathode. The chemical reactions that happen in both electrodes
produce electric current in a galvanic cell.
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Cell Diagram
It is tiring and time consuming to draw diagrams to show electrochemical cells. So scientists
have developed a shorthand way of representing electrochemical cells called cell diagrams.

Example of cell diagram.

an)/ Zn* (2q)//A8"" (aq) /Af(S)

Anode  Salt bridge Cathode

The cell diagram above can be interpreted like this; a piece of zinc metal is dipped into an
electrolyte containing zinc ions connected by a salt bridge to another electrolyte which has
silver ions which holds silver metal dipped into it.

The Cell Potential

The batteries in the car and in your torch are examples of how chemical reactions create
power (current) through flow of electrons.

The cell potential is the measure of how much voltage (electric force) exists between the
two half cells of a battery. The equation is given below.

0 0 0
E (cell) = E"cathode — E Anode

Example:
Calculate the standard cell potential, E® of Zny/ Zn**2q) /A" (aq) /Ag(s) given
E® = Zn/Zn**=-0.76V and E° =Ag/Ag’= +0.34V

Solution: E° e = E%cathode —E Anode = +0.34V — — 0.76V = +0.34V + 0.76V = 1.10V

Normally, to work out the standard cell potential, a table of values of cell potentials (E°) will
be provided with their respective half equations.

° In an electrochemical cell, it is the chemical reactions that take place at the electrodes
that produce electric current.

) Galvanic cell and voltaic cell are two words that are also used to mean electrochemical

cell.

° In an electrochemical cell, the anode is the negative electrode and cathode is the
positive electrode. The anode is always a reactive metal while the cathode is the less
reactive metal.
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Cell potential (E°) is the measure of how much voltage exists between the two half
cells of a battery. It is calculated by cell potential of the cathode minus cell potential of
the anode.

° Cell diagrams are shorthand way of representing electrochemical cells.

° In an electrolytic cell, electrical current causes chemical reactions to occur while in
electrochemical cell, it is the chemical reactions that create electric current.

° Dry cells and car batteries are practical examples of electrochemical cells.

Now, check what you have just learnt by trying out the learning activity below!

/ Learning Activity 5

Answer the following questions:

30 minutes

1. Consider the following electrochemical cell.
Salt bridge
e
Bulb KNO;
v

Mg —) «—— Pb electrode

electrod
MgN_O3 1 || | | <——— Pb (NO3), solution
solution =

a)  Write the cell diagram of the above electrochemical cell.

b)  Which electrode is the anode?

c) Which electrode is the cathode?

d)  Write the equation for the reaction occurring at the surface of the Mg electrode.
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e)  Write out the equation for the reaction occurring at the Pb electrode.

2. A galvanic cell consists of a Mg electrode in a MgNO3 solution and a Ag electrode in
AgNOs solution.

Calculate the standard cell potential (E°) for this electrochemical cell at 25°C?

Mg*+2e ——» Mg E°=-2.37V
Ag'tes —————pAg E° = 0.80V

Thank you for completing your learning activity 5. Check your work. Answers are at the
end of this module.

REVISE WELL USING THE MAIN POINTS ON THE NEXT PAGE.
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SUMMARY

You will now revise this module before doing Assessment 6. Here are the main points to
help you revise. Refer to the module topic if you need more information.

° Electrolysis is the splitting or breaking down of molten compounds or aqueous solution
using electric current .The current is conducted by the movement of ions in the liquid
and chemicals are deposited at the points where the current enters or leaves the
liquid.

° Electrode is a piece of metal or carbon placed in an electrolyte through which electric
current enters or leaves during electrolysis.

° Anode is the positive electrode. And cathode is the negative electrode.

. Oxidation reaction occurs at the anode while reduction reaction at the cathode.

° Inert electrodes are electrodes which do not react with the products or electrolyte
during electrolysis. Platinum and graphite (carbon) are commonly used inert
electrodes.

° Electrolytes are liquid which contain ions. The ions are free to move around. When two

electrodes which have been connected in a circuit with a battery are put into the liquid
electrolyte, the charged ions are attracted to the charged electrodes.

. Electrolysis of molten compounds involves two ions only. One is a positive ion called a
cation and one a negative ion called anion.

° Cations will attract to cathode and gain electrons and become neutral atoms. Anions
will also attract to anode and lose electrons to become neutral atoms.

° An aqueous solution is formed when an ionic compound dissolves in water. The ions in
the solution are free to move around in the solution.

° There are four ions present during the electrolysis of an aqueous solution. Two ions,
one cation and anion, are from the compound itself and other two ions, cation and
anion are from water.

° Half-equations show the kind of reactions that happen at the electrodes.

. Overall equation is a combination of equations from the electrodes based on a
balanced number of electrons.

° The performance of an electrolytic cell is affected by reactivity of elements,
concentration of solutions and the nature of electrode used.

° The Law on Selective Discharge of lons is based on the Reactivity Series. It determines
which ions will be attracted to the respective electrodes and become discharged. lons
of elements at the bottom of the Reactivity Series are easily discharged.

° Concentration of the electrolytes also affects the type of ions to be discharged at the
electrodes. If agueous solution is diluted or not concentrated, electrolysis at the anode
will be in favour of the anion of water. However, if aqueous solution is concentrated,
electrolysis at the anode will be in favour of the anion of the concentrated electrolyte.
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. Pure water contains few ions but when mixed with acid, it can conduct electricity.
During electrolysis of water using a Hofmann Voltameter, hydrogen gas is formed at
the cathode while oxygen gas and water are produced at the anode. Brine is a solution
of sodium chloride. The electrolysis of brine which contains concentrated sodium
chloride solution leads to the production of chlorine gas. Sodium hydroxide and
hydrogen gas are also other products formed during the course of electrolysis of brine.

. Bauxite is the main ore for aluminium. It is aluminium oxide mixed with other
impurities like sand and iron ore.
° Impurities are removed from bauxite to form alumina. Alumina is dissolved in molten

cryolite. When electric current is passed through it, it causes the release of aluminium
ions that move towards the cathode and gain electrons to become an aluminium
atom.
° Inert electrodes are used for both the electrolysis of brine and aluminium from its ore.
° Electrolytic refining of a metal and electroplating of an object are two practical
applications of electrolysis. Reactive electrodes are used instead of inert electrodes.

. In electrolytic refining of metal, impure metal is to be the anode and the cathode
contains the pure metal. The electrolyte is a soluble salt of the metal that is being
purified.

° Electroplating is the coating of an object with a metal. The setup of electroplating is as
follows:

- the object to be coated is made the cathode.
- the metal that will be used to do the coating is made the anode.
- the electrolyte is a solution containing the ions of the metal used that will do the
coating.
° During the course of electrolysis in electrolytic refining and electroplating, the cathode
will increase in size while the anode will decrease in its size.

NOW YOU MUST COMPLETE ASSESSMENT 5 AND RETURN IT TO
THE PROVINCIAL CENTRE CO-ORDINATOR.
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/ ANSWERS TO LEARNING ACTIVITIES 1-5

Learning Activity 1
1. (a) (i) Electrolysis is the splitting or breaking down of molten compounds or
aqueous solution using electric current .

(ii)  Anode is the positive electrode. It is always connected to the positive
terminal of the power source.

(iii) Cathode is the negative electrode. It is always connected to the negative
terminal of the power source.

(b) (i) cathode

(ii)  anion
(iii) electrolyte
(iv) cation
(v) anode
2. (a) cathode
(b) anode

3. (a) gain electrons
(b) lose electrons

4. Inert electrodes do not react with electrolyte or other products during electrolysis
while reactive electrodes do.

5. (a) Cu*,ClI,H and OH (copper ion, chloride ion, hydrogen ion and hydroxide ion).
(b) Cu®" and H* (copper ion and hydrogen ion).
(c) H' (hydrogen ion).Because hydrogen is less reactive than copper, therefore, its
ions are easily discharged.
(d)  2H" (g + 26 ——> Hag)
(e) 4OH_(aq) e 02 (8) + 2H20 (1) +4e

Learning Activity 2

1. (a) Magnesium ions (Mg>"), chloride ions (CI").
(b)  Magnesium ions (Mg*").
(c)  Reduction reaction.
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(i) l\/lngr m+ 2e _— > Mg(|)

(i) 2Cj) ——» Clh + 2e

Mgy +2CI () ——> Cly+ Mgy

Alternative answer:  2MgCl,j) — Cl g+ 2Mg

(a) Na*,50,%,H" and OH" (sodium ion, sulphate ion, hydrogen ion and hydroxide

ion).

(i) 2H" (ag) T 2€ _— H2 ()

(i) 40H (5q — O +  2H,0(pp +  de
(iii)  2H,0  — Hog + Oz

(a) potassium ion, chloride ion, hydrogen ion and hydroxide ion (K*,CI",H" and
OH").
(b) (i) Hydrogen ion (H").Because hydrogen is less reactive than potassium.
Therefore, its ion is easily discharged.
(ii)  Chloride ion (CI").Because the solution is concentrated.

() () 2H'@+2e" ———> Hyg
(i) 2CI (aq) — Chg+2e
(i) 2H'y+2CI () ———> Clhg+ Hy
Alternative answer: 2HCI; (5q) — Cly(g) + Hyg

Learning Activity 3

1.

graphite (anode) /™,

(i)
(ii)

(iii)

(i)  Brineis a concentrated solution of sodium chloride.
(ii)  Bauxite is the aluminium ore.

(a)

graphite(cathode)

A

T brine

2H+(aq) +2e B — Hz(g)
2C|_(aq) e Clz (2 +2e”

2HCl (a) —> Hy g+ Clagg)
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3. (a)

Carbon blocks (anode)

Carbon
cathode

=+

Cryolite

Molten aluminium out Oxygen bubbles off Aluminium

Steel tank

(b) To gain electrons.

(c)  AP*(aluminium ion) receives 3 electrons and become aluminium atom (Al).
Half equation: A** 54 + 37 ———— Al

(d) Anode is used up because it is continuously reacting with oxygen to form carbon
dioxide.

Learning Activity 4

1. (a) i) Cuy — »CuF gt 2e
i) Cu™(q+2e” ————»Cuyy
(b) Copper sulphate or copper nitrate.
(c) Anode (copper rod).
(d) Concentration of electrolyte will remain the same.

+ -
2. (a) [
Impure .
] P — —— Pure zinc
zinc
<«——  Zinc nitrate solution
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(b) i) Zn*(g+2e —— Znyy
i) Zny —— In" g+ 2e

(c)  Zinc nitrate

Learning Activity 5

1. (@) Mg/ Mg aq//Pb>uq /Pby
(b) Mg electrode (magnesium electrode).
(c) Pbelectrode (lead electrode).
(d) Mg(s) —_— Mg2+(aq) +2e
(e) Pb* g +2e° ——— Phyy
2. E%en = E%athode —E Ancde = +0.80V — —2.37V =3.17V
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