
S.3 CHEMISTRY HOLIDAY PACKAGE 

ELECTROLYSIS 
Conductors and non-conductors 

Conductors are substances that allow electric current to pass through them. Non- 
conductors are substances that do not allow electric current to pass through them 

Metals, graphite and ionic compounds are conductors. But rubber, plastics, non-metals, 
dry wood etc. are non-conductors. They are also called insulators 

Metals and graphite conduct electricity because they contain free and mobile electrons. 
While ionic compounds conduct because they contain free and mobile ions 

In solid state, ionic compound do not conduct electricity because their ions are held 
together by strong ionic bonds and therefore are not free and mobile.in molten state, the 
strong ionic bonds are broken by heat this sets ions free and mobile hence conducting 
electricity. 

Electrolytes 

Electrolytes are compounds which when in molten or aqueous state conduct electricity and 
are decomposed by it. There are two types of electrolytes i.e. 

1. Strong electrolytes 

These are compounds which when in molten or aqueous state ionize completely. They are 
good conductors of electricity. They include;  

a), ionic compounds like; sodium chloride, lead (ii) bromide, copper (ii) sulphate etc. 

                NaCl (aq)                                                                    Na+ (aq)               +               Cl- (aq) 

                PbBr2 (l)                                                                      Pb2+ (l)                  +              2 Br- (l) 

 b). strong alkalis like; potassium hydroxide and sodium hydroxide 

               KOH (aq)                                                                     K+ (aq)                   +              OH-  (aq) 

 c). strong acids like; hydrochloric acid, sulphuric acid and nitric acid 

             H2SO4 (aq)                                                                     2 H+ (aq)                +             SO42- (aq) 

2. Weak electrolytes 

These are compounds which when in molten or aqueous state, ionize partially. They are 
poor conductors of electricity. They include;  
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a). water 

            H2O (aq)                                                             H+ (aq)                  +                     OH- (aq) 

b). weak alkalis like ammonium hydroxide 

                      NH4OH (aq)                                                     NH4+ (aq)            +              OH- (aq) 

c). weak acids like oxalic acid, carbonic acid, ethanoic acid etc.  

                      H2CO3 (aq)                                                       2 H+ (aq)               +             CO32- (aq) 

Electrolysis. 

Electrolysis is the decomposition of an electrolyte by passage of electric current through it 
.this occurs when two pieces of metal or graphite are connected to a source of electricity 
using electric wires and then dipped into an electrolyte as shown below. 

 

 

 

 

 

 

When the circuit is completed by closing the switch, current flows through the two pieces of 
metal or graphite (electrodes) into the electrolyte and this causes the bulb to give light 

Electrodes. 

Electrodes are pieces of metals or graphite through which electric current enters or leaves 
an electrolyte during electrolysis. There are two types of electrodes;  

1. Anode 
This is a positively charged electrode through which electric current enters the 
electrolyte. 

2. Cathode 
This is a negatively charged electrode through which electric current leaves the 
electrolyte. 

NB. Electric current flows from the positive terminal of the power source e.g. a battery and 
enters the electrolyte through the anode.it then leaves the electrolyte through the cathode 
back to power source. Electrons flow in opposite direction to that of current. 
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The ionic theory of electrolysis 

This states that; an electrolyte consists of negative and positive ions .during electrolysis, all 
negative ions migrate to anode while positive ions to cathode. 

At anode, negative ions lose electrons and get discharged to form neutral atoms while at 
cathode, all positive ions gain electrons and get discharged to form neutral atoms  

 

 

 

 

 

 

 

 

THE ELECTROLYSIS OF MOLTEN ELECTROLYTES 

Insoluble salts do not conduct electricity when in solid state. Because their ions are not free 
and mobile since they are held together by strong ionic bonds.  

When heated, they melt to form molten state. Their ionic bonds are broken and ions are set 
free and mobile hence conducting electricity. These compounds include; lead (II) bromide, 
lead IIi) chloride, etc. 

Electrolysis of lead (ii) chloride 
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Before heating, there is no observable change.ie the bulb does not give light. This is 
because ions in solid lead (II) bromide are not free and mobile since they are held together 
by strong ionic bonds and hence do not conduct electricity. 

After heating, the bulb gives light. Because the ionic bonds in solid lead (II) bromide are 
broken and ions are set free and mobile hence conducting electricity.  

Molten lead (II) bromide ionizes as follow 

                    PbBr2 (l)                                                       Pb2+ (l)                   +                  2 Br- (l) 

Lead (ii) ions migrate to the cathode. They are discharged to form a grey coat of lead metal 
on the cathode 

                    Pb2+ (l)                     +               2e                                                                       Pb (s)                       

Bromide ions migrate to the anode. They are discharged to form a red liquid around the 
anode 

                   2Br- (l)                                                               Br2 (l)                   +                          2e 

 

ELECTROLYSIS OF AQUEOUS ELECTROLYTES 

Soluble salts dissolve in water to form aqueous electrolytes. These electrolytes consist of 
two main sets of ions.ie ions from partial ionization of water and ions from the ionization of 
the salt it self 

      

  Example 

In the electrolysis of dilute copper (II) sulphate solution, water ionizes partially to form 
hydrogen ions and hydroxide ions. Copper (II) sulphate itself also ionizes to form copper (II) 
ions and sulphate ions 

                CuSO4 (aq)                                                    Cu2+ (aq)                   +               SO42- (aq) 

                H2O (aq)                                                        H+ (aq)                    +                  OH- (aq) 

Copper (II) ions and hydrogen ions all migrate to the cathode since they are positively 
charged. Hydroxide ions and sulphate ions all migrate to the anode since they are negatively 
charged.  

Only one type of ion must be selected for discharge at each electrode. This selective 
discharge depends on the following factors. 
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1. Position of ions in the electrochemical series 

For any two similar type of ions present at the electrode, ions lower in electrochemical 
series are selected for discharge in preference to those higher in the series 

 

      K+                    positive ions                                                       SO42-                                                                                          

       Ca2+                  migrate to                                                    NO3- 

         Na+             the cathode                                                                                                                         

           Mg2+                                                                              Cl-                 negative ions                                                                                                           

              Al3+                                                                                                  migrate to                                                                        

                 Zn2+                                                                    Br-                   the anode                                                             

      Fe2+                     
        Pb2+ 
           H+                                                         I-                                                                 
             Cu2+ 
                Ag+                                             OH- 

 

2. Concentration of ions in the electrolyte 

Ions in higher concentration are discharged in preference to those in lower concentration. 
Concentrated electrolytes contain very little water. Therefore ions from water i.e. hydrogen 
and hydroxide ions are not discharged at any electrode 

NB. In the electrolysis of halogen compounds, the concentration of halide ions i.e. chloride, 
bromide and iodide ions is considered to be relatively higher than that of hydroxide ions 
whether the solution is dilute or concentrated. 

In very dilute solutions of halogen compounds, some hydroxide ions are discharged as 
dilution increases. Therefore a mixture of a halide gas and oxygen may be formed. The 
proportion of oxygen only increases gradually as dilution increases 

3. Nature of the electrodes used 

Inert electrodes e.g. graphite and platinum have no effect on the product of electrolysis. 
Some electrodes however, affect the product of electrolysis e.g.  
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When the electrolyte contains ions of the metal that forms the anode, none of its ions are 
discharged at the electrodes. Instead the anode dissolves by losing electrons to form ions. 

These ions then migrate to the cathode and get discharged there to form a coat. The anode 
reduces in size while the cathode increases in size. 

 

 The electrolysis of dilute copper (II) sulphate solution 

Dilute copper (II) sulphate solution ionizes to form copper (II) ions and hydrogen ions that 
migrate to the cathode. While sulphate and hydroxide ions migrate to the anode 

At the cathode copper (ii) ions are discharged in preference to hydrogen ions because they 
are lower in electrochemical series. A brown coat of copper is formed at the cathode. 

                Cu2+ (aq)            +       2e                                                      Cu (s) 

At the anode, hydroxide ions are discharged in preference to sulphate ions because they 
are lower in electrochemical series. Water and oxygen gas are formed 

              4 OH- (aq)                                            2 H2O (l)            +          O2 (g)          +        4 e 

 

 

 

 

 

 

 

NB. Ions that are not discharged (hydrogen ions and sulphate ions). Then combine to form 
sulphuric acid as a resultant solution at the end of electrolysis. 

 Electrolysis of dilute sodium hydroxide solution 

Dilute sodium hydroxide solution ionizes to form sodium ions and hydrogen ions that 
migrate to the cathode. While hydroxide ions the only negatively charged ions migrate to 
the anode. 

At the cathode hydrogen ions are discharged in preference to sodium ions because they are 
lower in the electrochemical series. Hydrogen gas is evolved 

            2 H+ (aq)     +     2e                                                        H2 (g) 
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At the anode, hydroxide ions are discharged to form water and oxygen gas. 

             4 OH- (aq)                                          2 H2O (l)             +          O2 (g)         +         4 e 

 

 

 

 
 

 

 

NB. The volume of hydrogen gas produced in the above experiment is always twice that of 
oxygen gas. 

 Electrolysis of dilute mineral acids 

The electrolysis of dilute acids e.g. sulphuric acid, nitric acid, hydrochloric acid etc.is 
commonly known as electrolysis of acidified water. This takes place in the special apparatus 
called Hoffmann’s voltmeter. That consists of only platinum foil electrodes 

During electrolysis, dilute acid e.g. sulphuric acid ionizes to form hydrogen ions the only 
positively charged ions that migrate to the cathode. While sulphate and hydroxide ions 
migrate to the anode. 

At the cathode hydrogen ions are discharged to form hydrogen gas 

            2 H+ (aq)        +         2e                                      H2 (g)                       

At the anode, hydroxide ions are discharged in preference to sulphate ions because they are 
lower in the electrochemical series. Water and oxygen gas are formed. 

          4 OH- (aq)                                                              2 H2O (l)             +               O2 (g)      +   4 e 

 
 
 
 
 
 
 

 



8 
 

 

NB. The electrolysis of acidified water is another better alternative method that can be used 
in the laboratory to prepare oxygen and hydrogen gases 

 

  Electrolysis of concentrated sodium chloride solution 

Concentrated sodium chloride, ionizes to form sodium ions and hydrogen ions that migrate 
to the cathode. While chloride ions and hydroxide ions migrate to the anode 

At the anode, chloride ions are discharged in preference to hydroxide ions because they are 
higher in concentration. Chlorine a greenish-yellow gas is formed. 

               2 Cl- (aq)                                                                   Cl2 (g)               +                2e 

At the cathode, sodium ions are discharged in preference to hydrogen ions because they 
are higher in concentration. Sodium metal formed then dissolves in water to form sodium 
hydroxide solution and hydrogen gas. 

                 Na+ (aq)            +            e                                                  Na (s) 

                 2 Na (s)              +           2 H2O (l)                                        2 NaOH (aq)           +       H2 (g) 

                                       

 
 

 

 

 

 

 

Electrolysis of concentrated copper (II) chloride solution 

Concentrated copper (ii) chloride, ionizes to form copper (ii) ions and hydrogen ions that 
migrate to the cathode. While chloride ions and hydroxide ions migrate to the anode 

At the cathode, copper (ii) ions are discharged in preference to hydrogen ions because they 
are higher in concentration. A brown coat of copper is formed at the cathode. 

           Cu2+ (aq)               +           2e                                                                 Cu (s)                         
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At the anode, chloride ions are discharged in preference to hydroxide ions because they are 
higher in concentration. Chlorine a greenish-yellow gas is formed. 

            2 Cl- (aq)                                                                                 Cl2 (g)          +            2e 

 

 

 

 

 

 

 

 

Electrolysis of concentrated sodium chloride using mercury as cathode 

Concentrated sodium chloride solution is commonly known as brine. Its electrolysis using 
mercury as cathode is used as a large scale manufacture of sodium hydroxide. 

During electrolysis, brine ionizes to form sodium ions and hydrogen ions that migrate to the 
cathode. While chloride ions and hydroxide ions migrate to the anode. 

At the anode, chloride ions are discharged in preference to hydroxide ions because they are 
higher in concentration. Chlorine a greenish-yellow gas is formed 

             2Cl- (aq)                                                        Cl2 (g)     +       2e 

At the cathode, sodium ions are discharged in preference to hydrogen ions because they 
are higher in concentration. The sodium metal formed then reacts with mercury cathode to 
form sodium amalgam 

             Na+ (aq)             +         e                                                         Na (s) 

             Na (s)                 +           Hg (l)                                                        NaHg (s) 

 

Electrolysis of dilute copper (ii) sulphate solution using copper as electrodes 

In the electrolysis of dilute copper (ii) sulphate solution using copper as anode, copper 
anode dissolves to form copper (ii) ions. 

            Cu (s)                                                        Cu2+ (aq)       +     2e 
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Copper (ii) ions from the dissolving anode migrate to the cathode and gets discharged to 
form a brown coat of copper. 

              Cu2+ (aq)      +     2e                                                    Cu (s) 

                  

 

 

 

 

 

 

 

NB. Electrolysis of copper (ii) sulphate or copper (ii) chloride using copper as anode is just 
the transfer of copper from the anode to the cathode. And since no ions from the 
electrolyte are discharged, it maintains its original colour. 

 

APPLICATION OF ELECTROLYSIS 

At industrial level, electrolysis is applied in; Electroplating of metals, purification of metals, 
extraction of most reactive metals like sodium, manufacture of sodium hydroxide etc. 

1. Electroplating of metals 

Electroplating is the process of coating a metal with a thin layer of another metal by 
electrolysis method. The metal to be electroplated is made the cathode while the metal to 
be used for electroplating should be made the anode. And the electrolyte should contain 
ions of the metal used for electroplating. 

Zinc plating iron metal 

The industrial process of electroplating iron with a thin layer of zinc is called galvanization. 
This involves making iron the metal the cathode while zinc the anode. The electrolyte used 
is either zinc sulphate or zinc chloride or zinc nitrate solutions. During electrolysis, zinc 
anode dissolves to form zinc ions that migrate to the cathode 

         Zn (s)                                                      Zn2+ (aq)      +       2e 
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Zinc ions from the dissolving anode then get discharged at the cathode to form a thin layer 
that coats around the cathode. Hence electroplating. 

         Zn2+ (aq)       +         2e                                                 Zn (s) 

                        

 

 

 

 

 

 

Copper plating iron metal 

In the copper plating iron, copper is made the anode while iron is made the cathode. 
Copper (ii) sulphate solution or copper (ii) chloride solution is used as the electrolyte. 
During electrolysis, copper anode dissolves to form copper (ii) ions that migrate to the 
cathode 

           Cu (s)                                                        Cu2+ (aq)      +      2e 

Copper (ii) ions from the dissolving anode then get discharged at the cathode to form a thin 
brown layer that coats on the iron metal 

            Cu2+ (aq)     +     2e                                                       Cu (s) 
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Advantages or importance of electroplating metals 

1. It helps to protect metals from corrosion or rusting 

2. It improves on the appearance of metals 

3. It makes metals durable i.e. long lasting 

2. Purification of metals 

The process of purifying metals is called refining of metals. Metals that are impure can be 
refined to obtain their pure forms by electrolysis. The impure metal is made the anode 
while the pure metal is made the cathode. The electrolyte used should contain ions of the 
impure metal. 

Refining or purification of impure copper 

The impure copper is made the anode while the pure copper is made the cathode. The 
electrolyte used is copper (ii) sulphate solution or copper (ii) chloride solution. During 
electrolysis, the impure copper anode dissolves by losing electrons to form copper (ii) ions 
and the impurities collect at the bottom of the electrolytic cell 

            Cu (s)                                                          Cu2+ (aq)     +     2e 

Pure copper (ii) ions from the dissolving anode, are then discharged at the cathode to form 
copper metal that coats on the cathode. 

           Cu2+ (aq)        +     2e                                              Cu (s) 

                           

 

 

 

 

 

 

 

 

3. Manufacture of sodium hydroxide 
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Sodium hydroxide is manufactured by electrolysis of brine (concentrated sodium chloride 
solution) in the mercury cathode cell. 

The cell consists of mercury that flows slowly at its bottom as the cathode. The anode 
consists of carbon graphite because carbon does not easily react with chlorine which is 
produced at the anode. 

 

 

 

 

 

 

 

 

 

Concentrated sodium chloride is put in the mercury cathode cell and current from the 
power source is allowed to flow through the electrodes. The electrolyte ionizes to form 
sodium ions and hydrogen ions that migrate to the cathode. While chloride ions and 
hydroxide ions migrate to the anode 

At the anode, chloride ions are discharged in preference to hydroxide ions because they are 
higher in concentration. Chlorine a greenish-yellow gas is formed 

             2 Cl- (aq)                                                        Cl2 (g)               +            2e 

At the cathode, sodium ions are discharged in preference to hydrogen ions because they 
are higher in concentration. Sodium metal is formed 

             Na+ (aq)              +              e                                                  Na (s) 

 Sodium metal then reacts with mercury to form sodium amalgam. This is dissolved in water 
to form sodium hydroxide solution, hydrogen gas and mercury which is again re used as the 
cathode. 

              2NaHg (l)       +      2H2O (l)                                     2 NaOH (aq)      +      H2 (g)    +    2Hg (l) 

Sodium hydroxide solution is then evaporated to dryness.it solidifies to form sodium 
hydroxide pellets that are then stored in an air tight container. 

ELECTRO-CHEMICAL CELLS 
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An electrochemical cell is a device that converts chemical energy to electrical energy. These 
cells can be re-charged when their chemicals are used up but others cannot. Electro-
chemical cells are grouped into primary and secondary cells. Primary cells cannot be re-
charged when their chemicals are used up e.g.; dry-cells, simple cells, Daniel cells etc. 
secondary cells can be re-charged and used again e.g. lead acid accumulator 

1. A simple cell 

A simple cell consists of copper and zinc as electrodes, and dilute sulphuric acid as 
electrolyte. The two electrodes are separated by a porous partition and therefore creating 
two half cells i.e. zinc half-cell and copper half cell 

A voltmeter or a bulb is connected to the electrodes using the connecting wire to indicate 
that current is flowing. 

 

 

 

 

 

 

 

During electrolysis, the most reactive metal electrode, dissolves by losing electrons to form 
ions. This electrode becomes the cathode since it gives out the electrons. Therefore zinc is 
the cathode.  

            Zn (s)                                                        Zn2+ (aq)             +                2e 

Electrons from the dissolving zinc cathode, then flow through the connecting wire to the 
copper half-cell. They are gained by hydrogen ions from the electrolyte to form bubbles of 
hydrogen gas. Therefore copper becomes the anode since it is where gaining of electrons 
takes place. 

          2H+ (aq)            +           2e                                                               H2 (g) 

The overall cell equation 

The full or the overall cell equation of a simple cell is obtained by combining the equations 
of the two half cells i.e. equation at the zinc half-cell and that at the copper half-cell. 

           Zn (s)        +         2H+ (aq)                                                       Zn2+ (aq)         +        H2 (g) 
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The cell convention or cell notation 

The short form of writing the cell equation is called cell notation or cell convention. It is 
obtained from the half-cell equations or overall cell equations.eg 

The zinc half-cell notation is written as; Zn (s)/Zn2+ (aq). Copper half-cell notation is written 
as    2H+ (aq)/H2 (g). The overall cell notation is written as            

 Zn (s)/Zn2+ (aq)         2H+ (aq)/H2 (g) 

NB. A simple cell may continue to function for a short time and then suddenly stops. This is 
because as bubbles of hydrogen gas continue to accumulate around the anode, they 
interfere with the flow of current. This defect is called polarization 

2. Daniel cells 

A Daniel cell is just a modification of a simple cell. It also consists of zinc as cathode and 
copper as anode. The two electrodes are separated by either a porous partition or a salt 
bridge. These allow free movement of ions between the two half cells. The electrolytes used 
at each half cell, must consist of ions of the metal electrode. 
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NB. A salt bridge contains a very soluble electrolyte that has a high electrical conductivity 
e.g. potassium nitrate, sodium nitrate, ammonium chloride etc. 

At the cathode, zinc dissolves by losing electrons to form zinc ions .these then flow through 
the connecting wire to the copper anode. 

       Zn (s)                                         Zn2+ (aq)      +     2e 

At the anode, copper (ii) ions gain electrons from the dissolving cathode to form copper 
metal. 

       Cu2+ (aq)         +        2e                                 Cu (s) 

The overall cell equation for the two half cells is  

  Zn (s)             +            Cu2+ (aq)                                     Zn2+ (aq)       +           Cu (s) 

The zinc half-cell notation is Zn (s)/Zn2+ (aq) while the copper half-cell notation is Cu2+ 

(aq)/Cu (s) the overall cell notation is  

     Zn (s)/Zn2+ (aq)        Cu2+ (aq)/Cu (s)         or               Zn (s)/Zn2+ (aq)        Cu2+ (aq)/Cu (s) 

 

Trial Question 1 

a). distinguish between the following terms         

 (i). Anode and cathode       (ii). Electrode and electrolyte 

b). graphite and lead (ii) bromide are good conductors of electricity. Name the particles that 
are responsible for conducting electricity in;     

 (i) Graphite                               (ii). Lead (ii) bromide 

c). state the condition under which lead (i) bromide can conduct electricity. 

 

Trial Question 2 

a). distinguish between conductors and non-conductors 

b). briefly explain why;          

  (i). metals conduct electricity but a piece of dry wood does not 

  (ii) Ionic compounds conduct electricity only in molten and aqueous state but not in solid 
state 

c). the diagram below is of electrolysis of lead (ii) chloride using graphite electrodes. 
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  (i). identify the electrodes x and y          

 (ii). State what is observed on the bulb when the switch is closed 

 (iii). briefly explain your answer in c (ii) above 

d). solid lead (ii) chloride was first heated and then the switch closed. State what was 
observed on the bulb and on the 

 

 

Trial Question 3  

a). distinguish between the terms anode and cathode 

b). explain why copper (ii) chloride in solid form does not conduct electricity whereas in 
molten form it does. 

c). dilute solution of copper (ii) chloride was electrolyzed using graphite electrodes. 

 (i). state what was observed at the anode.         

 (ii). Write equation for the reaction at the anode and cathode respectively 

d). the electrolysis of dilute copper (ii) chloride was repeated for some times using copper 
instead of graphite as electrodes. 

  (i). state what was observed at the anode   (ii). Write equation to support your observation 
at the anode 

Trial Question 4 

a). define the terms electrolysis and electrolyte. 

b). (i) name the conducting particles in zinc metal and zinc chloride solution. 

  (ii). Explain why zinc chloride does not conduct electricity in solid form but in molten form 
it does? 

  (iii). State two factors that determine the product formed at the electrodes during 
electrolysis. 

c). (i). Draw a well labelled diagram to show how iron metal can be copper plated. 

 (ii). Write an equation for the reaction at the anode.               (iii). State what is observed at 
the cathode. 

d). state the;  
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 (i) Importance of electroplating metals              (ii). Three other applications of electrolysis 
other 

Trial question 5 

Dilute sulphuric acid was electrolyzed using copper and zinc electrodes. 

a). state which of the electrodes would be the cathode and the anode 

b). state what was observed at the anode and cathode respectively 

c). write the  (i). Equation for the reaction at the anode (ii). Overall cell equation for the 
reaction 

(iii). Overall cell convention for the reaction 

NITROGEN AND ITS COMPOUNDS 

Nitrogen is a non-metallic element whose atomic number is 7. It belongs to group (v) of the 
periodic table. Nitrogen exists naturally as gas molecules in the atmosphere. Its percentage 
composition by volume of air is 78% 

Isolating nitrogen from air 

 

 

 

 

 

 

 

 

Atmospheric air is dried and purified to remove dust. It is the passed through sodium 
hydroxide solution to remove carbon dioxide gas.  

 2NaOH (aq)            +            CO2 (g)                                                Na2CO3 (aq)      +       H2O (l) 

The remaining air (containing mainly oxygen and nitrogen), is the passed through heated 
copper to remove oxygen. The only remaining component of air is nitrogen that is the 
collected over water 

 2Cu (s)           +              O2 (g)                                                        2CuO (s) 
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NB. Nitrogen obtained by the above method is impure since it contains rare gases. This 
impure nitrogen is denser than the pure nitrogen gas. On large scale, pure nitrogen is 
obtained by fractional distillation of liquid air. 

The inert nature of nitrogen gas 

Nitrogen gas does not react easily with other substances under normal conditions. This is 
because each nitrogen molecule consists of strong triple bonds between its atoms. This 
requires a lot of energy to break and set the nitrogen atoms free to react with other 
substances. 

 

 

 

Although nitrogen is inert, it reacts with burning magnesium to form a white solid called 
magnesium nitride.  

3Mg (s)              +           N2 (g)                                                             Mg3N2 (s) 

Reason 

The flame on a burning magnesium is hot enough to break the triple bonds in nitrogen 
molecules. This sets nitrogen atoms free to combine with magnesium. Hence reacting. 

Ammonia gas NH3 

Ammonia is one of the compounds of nitrogen. It is a colourless gas with a chocking smell 
and less dense than air. Ammonia is the most soluble of all gases.it highly dissolves in water 
to form ammonia solution that turns red litmus paper to blue. 

  NH3 (g)                 +             H2O (l)                                                             NH4OH (aq) 

The high solubility of ammonia gas can easily be demonstrated using a fountains 
experiment as shown below 
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Dry ammonia gas is filled in a thick walled flask that is then fitted with two capillary tubes. 
The flask is inverted over a trough full of water when all the clips are closed. Clip x is 
carefully opened to only allow in few drops of water. All ammonia gas dissolves in the water 
and this creates a vacuum of low pressure in the flask. When clip y is opened, atmospheric 
pressure acting on the surface of water in the trough, forces water to enter through the 
tube and comes out spreading at high pressure. This is called a fountain. 

 

Laboratory preparation of ammonia gas 

 Ammonia gas is prepared by heating a mixture of an ammonium salt and an alkali. Most 
effectively heating a mixture of ammonium chloride and calcium hydroxide. 2NH4Cl (s) +  

                                        

 

 

 

 

 

 

 

 

 

A mixture of solid ammonium chloride and calcium hydroxide is thoroughly ground to 
increase on its surface area for reaction and put in a hard glass flask that is then fitted with 
a delivery tube. The flask is clamped slating to avoid condensed water from running back 
and interfere with the process. The mixture is heated gently and ammonia gas is produced 
as per equation below 

 Ca(OH)2 (s)        +       NH4Cl(s)                                          CaCl2 (s)     +    2NH3 (g)    +     2H2O (l) 

The gas is passed through calcium oxide to dry since they do not react together because 
they are all basic. The gas is then collected by upward delivery since it is less dense than air. 
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Industrial manufacture of ammonia gas 

Ammonia gas is manufactured on large scale by Haber process. This process involves 
heating a mixture of nitrogen gas and hydrogen gas in presence of a catalyst called finely 
divided iron. This reaction is so exothermic that the molecules of ammonia gas produced 
decompose at high temperature to give hydrogen and nitrogen. Therefore low 
temperatures must be used 

N2 (g)          +           3H2 (g)                                                        2NH3 (g)       +        Heat 

 

 

 

Factors affecting the maximum yield of ammonia gas in a Haber process 

1. Temperature. 

At high temperature, the reaction is faster but the yield of ammonia is low since some of it 
decompose into nitrogen and hydrogen. While at low temperature, the reaction is slow but 
the yield of ammonia gas is high. A good yield at a desirable rate is obtained at about 450oc- 
500oc 

2. Catalyst. 

Since at low temperature the reaction is very slow, a catalyst called finely divided iron is 
used to speed up the rate of reaction. 

3. Pressure. 

Since the reaction involves gaseous reactants whose molecules are far apart, high pressure 
of about 200atms-1000atms is applied to compress the reacting molecules together for the 
reaction 

Chemical properties of ammonia gas 

1. Ammonia does not burn in air. It only burns in air that has plenty of oxygen with a 
greenish-yellow flame. And it is oxidized to nitrogen gas. 

 4NH3 (g)         +        3O2 (g)                                                      2N2 (g)          +       6H2O (l) 

 Catalytic oxidation of ammonia gas 

In presence of platinum catalyst heated at 200oc, ammonia gas is oxidized to nitrogen 
monoxide gas. This reaction is so exothermic that it causes the catalyst to glow red hot. 

 4NH3 (g)          +        5O2 (g)                                  4NO (g)      +       6H2O (l)      +     Heat 
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NB. The brown fumes are due to nitrogen monoxide formed being further oxidized to 
nitrogen dioxide gas          2NO (g)         +        O2 (g)                                                      2 NO2 (g)                                      

2. Ammonia gas is a strong reducing agent.it reduces heated metal oxides especially of 
copper and lead to their respective metals. A colourless condensate (water) is formed as 
shown in equations below. 

3CuO (s)       +      2NH3 (g)                                      3 Cu (s)    +     N2 (g)    +     3H2O (l)                     

3PbO (s)       +      2NH3 (g)                                     3Pb (s)      +     N2 (g)    +     3H2O (l) 

 

 

 

Chemical test for ammonia gas 

Ammonia gas is tested in the laboratory by using hydrogen chloride gas. When ammonia 
gas is reacted with hydrogen chloride gas, dense white fumes of ammonium chloride is 
formed           NH3 (g)        +        HCl (g)                                                                                       NH4Cl 
(g) 

                                                      

 

 

 

Uses of ammonia gas. 

1. Ammonia is used in manufacture of fertilizers e.g. ammonium sulphate, ammonium 
phosphate etc. 

2. Ammonia gas is used in the manufacture of nitric acid 
3. Ammonia gas is used in the manufacture of plastics e.g. nylon 
4. Ammonia solution is used in softening temporary hard water 
5. Ammonia solution is used to remove grease stains from clothes. 

Nitric acid. HNO3 

Nitric acid is another compound of nitrogen. It is a colourless liquid with a density of 
1.41g/cm3. Nitric acid is so corrosive that it rapidly destroys skin, rubber, wood, paper, and 
metals. Therefore, its laboratory preparation must involve only glass apparatus 

Laboratory preparation of nitric acid 



23 
 

In the laboratory, nitric acid is prepared by heating a mixture of potassium nitrate and 
concentrated sulphuric acid. 

An acid salt is usually formed instead of a normal salt .this is because a normal salt requires 
high temperature to be formed. This is not possible to be reached when using glass 
apparatus. 

KNO3 (s)      +      H2SO4 (l)                                                             KHSO4 (aq)        +      HNO3 (aq) 

                                                 

 

 

 

A mixture of potassium nitrate and concentrated sulphuric acid is put in a glass retort and 
covered with a glass cork.it is then heated gently and nitric acid vapor formed is condensed 
in a glass receiver as a yellow liquid by cold tap water. 

NB. Some nitric acid vapor formed in the glass retort decomposes to form brown fumes of 
nitrogen dioxide gas. When this dissolves in the colourless nitric acid, a yellow liquid is 
formed. 

 4HNO3 (g)                                                 4NO2 (g)             +           O2 (g)           +            2H2O (l) 

Industrial manufacture of nitric acid 

Nitric acid is manufactured on large scale by contact process. This process mainly involves 
catalytic oxidation of ammonia gas. Ammonia gas from Haber process is mixed with excess 
air and the mixture passed over heated platinum wire gauze at 200oc to form nitrogen 
monoxide gas 

4NH3 (g)             +            5 O2 (g)                                    4NO (g)          +           6H2O (l)      +     Heat 

The nitrogen monoxide gas obtained is immediately oxidized to nitrogen dioxide gas by 
excess air 

2NO (g)                  +               O2 (g)                                                       2NO2 (g) 

A mixture of nitrogen dioxide gas and excess air is then passed through a cooling tower 
containing broken glasses in which water flows slowly. The mixture dissolves in water to 
form nitric acid. 

 4NO2 (g)          +           O2 (g)       +        2H2O (l)                                                    4HNO3 (aq) 

 Uses of nitric acid 



24 
 

1. Nitric acid is used in manufacture of fertilizers e.g. ammonium nitrate 
2. Nitric acid is used in the manufacture of plastic e.g. nylon 
3. Nitric acid is used in the manufacture of explosives. 

Chemical properties of nitric acid 

1. Dilute nitric acid behaves like any other dilute acid.ie it reacts with bases to form salt and 
water only. It reacts with metals to form salt and hydrogen gas only. Dilute nitric acid also 
reacts with carbonates with effervescence forming salt, water and carbon dioxide gas. Etc 

      Zn (s)       +        2HNO3 (aq)                                          Zn (NO3)2 (aq)      +      H2O (l) 

      CuO (s)     +          2HNO3 (aq)                                       Cu (NO3)2 (aq)       +     H2O (l) 

2. Concentrated nitric acid is a strong oxidizing agent. It oxidizes both metals and non-
metals when it is hot. 

a). non-metals mainly carbon and sulphur, are oxidized by hot concentrated nitric acid to 
carbon dioxide gas and sulphuric acid respectively. 

 C (s)        +        4HNO3 (aq)                                             CO2 (g)        +       4NO2 (g)     +       2H2O (l) 

 S (s)        +       6HNO3 (aq)                                      H2SO4 (aq)         +          6NO2 (g)      +    2H2O (l) 

b). metals most especially copper, is oxidized by hot concentrated nitric acid to copper (ii) 
nitrate. Brown fumes of nitrogen dioxide gas are evolved. 

Cu (s)         +          4HNO3 (aq)                                 Cu (NO3)2 (aq)      +     2NO2 (g)     +     2H2O (l) 

When the acid is 50%concentrated, i.e. diluted with equal volume of water, nitrogen 
monoxide gas is formed instead of nitrogen dioxide gas. 

Cu (s)       +         8HNO3 (aq)                                   Cu(NO3)2 (aq)        +        2NO (g)     +     4H2O(l)  

NB. Metals like aluminum and iron are normally rendered passive (un-reactive) by 
concentrated nitric acid. This is because their reaction forms an oxide layer on their surfaces 
which prevents them from further reaction with the acid 

c). a green solution of iron (ii) sulphate is also oxidized by concentrated nitric acid to a 
brown solution of iron (iii) sulphate. This occurs in the presence of sulphuric acid. 

Nitrates NO3- 

These are compounds formed when all the ionisable hydrogens of nitric acid are replaced 
by a metal or ammonium ions. These compounds contain a nitrate ion. NO3-. Nitrates are 
crystalline solids, they are deliquescent substances that are all soluble in water 

Effect of heat on nitrates 
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All nitrates decompose when heated but the products formed only depends on the position 
of their metals in the reactivity series. 

a). most reactive metals e.g. potassium and sodium form very stable nitrates. These only 
slightly decompose when heated to form their respective metal nitrites and oxygen gas. 

KNO3 (s)                                             KNO2 (s)             +                O2 (g) 

 b). from calcium up to copper, their nitrates are fairly stable. They decompose when 
heated to form their respective metal oxides, nitrogen dioxide gas and oxygen. Most 
nitrates of divalent metals e.g. lead (ii) nitrate, decompose with a crackling sound. 

2Pb (NO3)2 (s)                                                     2PbO (s)          +        4NO2 (g)        +          O2 (g) 

2Cu (NO3)2 (s)                                                     2CuO (s)          +       4NO2 (g)         +          O2 (g) 

c). metals below copper in the reactivity series, e.g. silver, mercury and gold, form unstable 
nitrates which decompose completely to their respective metals, nitrogen dioxide gas and 
oxygen gas. 

2AgNO3 (s)                                                            2Ag (s)           +        2NO2 (g)            +          O2 (g) 

NB. Ammonium nitrate does not contain any metallic component in it. Therefore it 
decomposes differently when heated. Only di nitrogen oxide and water are formed. 

NH4NO3 (s)                                                     N2O (g)               +            2H2O (l)  

The brown ring test for nitrates 

An equal volume of a freshly prepared iron (ii) sulphate solution is added to a solution 
suspected to contain a nitrate. The test tube is tilted in a slanting position and concentrated 
sulphuric acid carefully poured in along the sides of the test tube. 

Observation 

A brown ring is formed at the junction between sulphuric acid and the mixture of iron (ii) 
sulphate and the nitrate. This brown ring is a complex compound commonly known as  

Nitroso iron (ii) sulphate.FeSO4.NO 
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NITROGEN DIOXIDE GAS. NO2 

This is a reddish-brown gaseous oxide of nitrogen.it is chemically known as nitrogen (IV) 
oxide.it has a pungent-irritating smell and therefore very poisonous. The gas liquefies at 
very low temperatures to a yellow liquid. Nitrogen dioxide gas is denser than air and very 
soluble in water. Its high solubility in water can be demonstrated with a fountains 
experiment. 

Nitrogen dioxide gas dissolves in water to form a mixture of acids .i.e. nitric acid and nitrous 
acid. 

  NO2 (g)           +            H2O (l)                                                HNO3 (aq)          +           HNO2 (aq) 

 NB. Nitrous acid can easily be oxidized by air (oxygen) to nitric acid .therefore when 
nitrogen dioxide gas is dissolved in water and the mixture exposed to air, only nitric acid is 
formed. 

 4NO2 (g)               +           2H2O (l)          +          O2 (g)                                                   4HNO3 (aq) 

Nitrogen dioxide gas does not also support burning. But a burning piece of magnesium 
continues to burn in nitrogen dioxide gas to form a white powder of magnesium oxide. 

 4Mg (s)              +          2 NO2 (g)                                                    4 MgO (s)        +          N2 (g) 

Reason  

The flame on a burning magnesium is hot enough to decompose nitrogen dioxide gas into 
nitrogen and oxygen in which it continues to burn forming magnesium oxide. 

Laboratory preparation of nitrogen dioxide gas  

Nitrogen dioxide gas is usually prepared in the laboratory by heating metal nitrates. Most 
effectively lead (ii) nitrate is used because it crystallizes without water of crystallization that 
would interfere with the process 

2Pb (NO3)2 (s)                                                      2PbO (s)              +             4NO2 (g)        +      O2 (g) 
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METAL EXTRACTION 

Metals are elements that lose their outer most shell electrons to form cations. They are 
solids at room temperature and have high melting and boiling points. Metals are malleable, 
sonorous and are good conductors of heat and electricity. 

Metals are extracted from their naturally occurring impure compounds that are found deep 
under the ground. These mineral compounds are commonly called ores 

An ore is a naturally occurring impure compound from which a metal can be extracted. 

Methods of extraction of metals. 

The method that is used in the extraction of a particular metal, depends on its position in 
the reactivity series and hence the stability of the ore it forms. 

1. Most reactive metals. 

These metals form very stable ores that require high energy process for extraction. They are 
therefore extracted by electrolysis method. They include; Potassium, Sodium, Calcium, 
Magnesium and Aluminum. 

2. Fairly reactive metals. 

Metals below carbon in the reactivity series, form fairly reactive ores that are usually in 
form of metal oxides. They are therefore extracted by reduction of their metal oxides using 
carbon or carbon monoxide gas. They include; Zinc, Iron and Lead. 

NB. The ores of these metals that are in form of sulphides or carbonates, are first roasted in 
air in order to convert them into their metal oxide forms so that they can be reduced by 
carbon monoxide gas. 

2 ZnS (s)               +         3O2 (g)                                                   2 ZnO (s)             +         2SO2 (g) 

 FeCO3 (s)             +          O2 (g)                                                    2 Fe2O3 (s)         +         4CO2 (g) 

3. Less reactive metals 

Metals below hydrogen in the reactivity series form unstable ores. Most of them e.g. gold 
exist naturally as pure metals. They are therefore extracted by physical methods. They 
include; copper, mercury, silver and gold. 

Extraction of sodium metal.  

Sodium is extracted from an ore called rock salt. (Fused sodium chloride).by electrolysis 
method in a downs cell. A downs cell is a steel box that is lined with fire bricks. It consists of 
graphite as anode and iron as cathode. 
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The cylindrical iron gauze also called diaphragm helps to prevent molten sodium formed at 
the cathode from reacting with chlorine gas that is formed at the anode. 

The impure sodium chloride (rock salt) has high melting point of about 800oc.this is 
expensive to run. Usually calcium chloride is added in order to lower the melting point to 
about 600oc. this also helps to produce a non-corrosive electrolyte mixture that does not 
also dissolve sodium metal produced. 

Extraction procedure 

Sodium is extracted from rock salt by electrolysis method in the downs cell. The cell consists 
of carbon graphite as anode and iron as cathode. The ore is mixed with calcium chloride to 
lower its melting point to 600oc and form a non-corrosive electrolyte mixture that does not 
dissolve molten sodium metal formed. The mixture is then put into the cell and high current 
of about 30000A is fed into the cell through the electrodes. During electrolysis, sodium 
chloride ionizes into sodium and chloride ions. 

     NaCl (l)                                               Na+ (l)      +        Cl- (l) 

Sodium ions are discharged at the cathode to form molten sodium metal. This collects in 
the diaphragm that is inverted over the cathode.it the rises up through the pipe to the 
storage tank where it can be collected under dry nitrogen gas. 

 Na+ (l)       +          e                                   Na (l) 

 Chloride ions are discharged at the anode to form chlorine gas .this is a bi-product of the 
extraction process. 

2Cl- (l)                                            Cl2 (g)               +             2e 
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Chemical properties of sodium metal. 

1. Sodium burns in air (oxygen) with a bright yellow flame. Sodium oxide a white solid is 
formed in limited oxygen while sodium peroxide a yellow solid is form in excess oxygen. 

4Na (s)         +         O2 (g)                                          2 Na2O (s) 

2Na (s)        +          O2 (g)                                          Na2O2 (s) 

2. When a piece of sodium is dropped in cold water, it immediately melts to form a silvery 
ball. The ball then darts on water surface with a hissing sound producing a gas that burns 
with a yellow flame. 

2Na (s)         +          2H2O (l)                                        2 NaOH (aq)          +          H2 (g) 

3. Sodium metal continues to burn in chlorine gas forming white fumes that then condense 
to a white solid of sodium chloride. 

2Na (s)         +          Cl2 (g)                                             2 NaCl (s)                                       

Extraction of iron metal 

Iron is extracted from its ores by reduction method which takes place in a blast furnace. The 
main ores form which iron is extracted include; Haematite Fe2O3, Magnetite Fe3O4, and 
Spathic iron ore commonly known as Siderite FeCO3 

A blast furnace is usually about 30m tall and 10m wide at its bottom.it is made up of steel 
box that is lined with firebricks.it has special tubes commonly known as tuyeres and they 
contain hot air. 
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Extraction procedure. 

Iron is extracted from its ore haematite by reduction method in a blast furnace. Haematite 
is first roasted in air to remove water that would interfere with the reduction process. It is 
then mixed with coke and limestone and then put in the blast furnace from top while a blast 
of hot air is blown into the furnace from tuyeres located at the bottom. 

Coke first burns in the hot air to form carbon dioxide gas. This reaction is so exothermic that 
it rises the temperature in the furnace to about 1700oc 

C (s)                      +                       O2 (g)                                                                       CO2 (g)                                      

Carbon dioxide gas then spreads upwards in the furnace.it is reduced to carbon monoxide 
gas by hot unburnt coke 

 CO2 (g)                  +                    C (s)                                                                           2CO (g)                                  

 Carbon monoxide gas formed is a strong reducing agent that reduces hot haematite to 
molten iron .molten iron then flows to the bottom of the furnace where it is taped off. 

 Fe2O3 (s)              +              3CO (g)                                 2Fe (l)               +                3CO2 (g)                                   

  Limestone also decomposes at high temperature to form calcium oxide and carbon dioxide 
gas as waste gas. Calcium oxide then combines with the major impurity called silicon (iv) 
oxide to form calcium silicate a molten residue commonly known as slag. 

 CaCO3 (s)                                                              CaO (s)                       +                     CO2 (g)                                                                     

 CaO (s)                         +                     SiO2 (s)                                                              CaSiO3 (l)                                       

 NB. Slag floats and covers molten iron because it is less dense than iron. This also helps to 
prevent iron form being oxidized by hot air from the tuyeres      

Chemical properties of iron.       

1. In presence of cold water, iron reacts with oxygen to form a reddish brown substance 
called rust. While it burns in dry oxygen to form a blue-black solid called Tri iron tetra oxide.   

3Fe (s)                     +                     2O2 (g)                                                               Fe3O4 (s)                                               

2. Iron does not react with cold water in absence of oxygen. It only reacts with steam when 
strongly heated to form a blue black solid called tri iron tetra oxide. 

3Fe (s)                   +                 4H2O (g)                                                      Fe3O4 (s)        +       4H2 (g)           

3. When dry chlorine gas is passed over heated iron, iron glows red hot forming brown 
fumes that then sublimes to a black solid of iron (iii) chloride.  

2Fe (s)               +              3 Cl2 (g)                                                                        2 FeCl3 (s)                                      
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4. When a mixture of iron fillings and sulphur is heated, it first glows red hot and finally 
forms a black solid of 

Iron (ii) sulphide. 

Fe (s)              +             S (s)                                                         FeS (s)                                           

5. Iron dissolves in dilute acids (mainly sulphuric acid and hydrochloric acid) forming a green solution 
and hydrogen gas. 

Fe (s)            +            2 HCl (aq)                                                                FeCl2 (aq)           +            H2 (g)                                   

 Fe (s)           +             H2SO4 (aq)                                                              FeSO4 (aq)               +                H2 (g)                       
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