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Week 1    

IONIC THEORY 

  Electrovalent and covalent compounds 

Properties / characteristics of electrovalent(ionic) compounds 

1. Ionic compounds exist as aggregates of ions of opposite charge, which are held 

together by strong electrostatic forces, leading to the formation of giant 

crystalline solids at room temperature.  

2. They have high melting boiling points due to their strong electrostatic forces 

which hold the ions together. For example, the melting point of sodium chloride 

is 8010C and boils at 14670C.  

3. In solid state, their crystals ae electrically neutral and brittle, hence they do nit 

conduct electricity in solid state.  

4. In fused or molten state, they form mobile ions that transfer charge s and enable 

them to conduct electricity.  

5. They dissolve in water to give aqueous solutions that contain mobile hydrated 

ions, which make them to be electrolytes and hence conduct electricity.  

6. They are insoluble in organic solvents; hence, they do not form ions or conduct 

electricity in organic solvents such as ethanol, kerosene, petrol, and propane. 

 

Characteristic physical properties of covalent compounds 

(a) Covalent compounds are formed by the sharing of electrons between atoms. This 

leads to the formation of discrete molecules.  

(b) The compounds exist at room temperature as gases – such as nitrogen and oxygen, 

as liquids with low boiling points – such as propane and ethanol and as solids 

with low melting points such as camphor and iodine.  

(c) They are non-electrolytes in fused or molten state. This is because, they do not 

form ions which are responsible for the transfer of charges in fused or molten 

state during electrolysis.  

(d) They are insoluble in water, being non-polar 

(e) They are soluble in non-polar solvents like propane, carbon disulphide, ethanol, 

tetrachloromethane, and benzene, but they are non-electrolytes.  
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ELECTROLYTES AND NON-ELECTROLYTES 

Electrolytes are compounds in molten (or in fused) state and in aqueous solution that 

conduct an electric current and are decomposed during the process.  

Generally, dilute mineral acids such as HCl, HNO3, and H2SO4, alkalis like NaOH and 

KOH, and ionic salts such as NaCl, Na2CO3, Ba(NO3)2 and CuSO4 are electrolytes.  

Non-electrolytes are compounds in molten state or in solution and do not allow the 

electric current. 

Generally, covalent solids such as sugar (sucrose and glucose) and paraffin wax and 

liquids such as kerosene, petrol, and alcohols are non-electrolytes.  

 

CONDUCTORS AND NON-CONDUCTORS 

Conductors are elements which allow electric currents to pass through them. They are 

usually metals such as magnesium wire, iron nails, zinc rod, cooper plate, and graphite 

(an allotrope of carbon). Metals and graphite are good conductors of electricity, because 

their atoms possess mobile electrons that move freely from one atom to another and 

hence, able to carry electric current along.  

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

They are usually non-metals such as sulphur, phosphorus and diamond. Non-metals are 

poor conductors of electricity because their atom do not possess mobile electrons, hence 

no flow of electrons within the atoms.  

Non-metals that have intermediate properties between conductors and non-conductors 

are termed semi-conductors.  Examples are silicon and germanium 

The differences between a conductor and an electrolyte 

 Conductor  Electrolyte 

1.  A metal or graphite An ionic or polar compound  

2.  Conducts electricity in solid state Conduct when molten or 

solution 

3.  Electric current is carried by the flow of 

electrons (electronic conduction) 

Electric current is Carrie by 

the flowing ions 

4.  Transmits heat by conduction Transmits heat by 

convection 

5.  Not decomposed by electricity Decomposed by electricity 
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STRONG AND WEAK ELECTROLYTES 

The strength is an electrolyte is either strong or weak.  

Strong electrolytes are compounds that are completely (100%) ionized or dissociated 

into ions in water. They include: 

a. Strong mineral acids such as HCl, HNO3 and H2SO4 

b. Strong alkalis such as NaOH and KOH 

c. Soluble ionic salts such as NaCl and CuSO4 

Weak electrolytes are compounds that are only slightly dissociated in water. They are; 

a. Weak acids, such as CH3COOH, H2CO3, and H2SO4 

b. Weak bases, such as aqueous ammonia and lime water 

 

Electrochemical series and preferential discharge of ions 

Relative position of ions in the electrochemical series 

Cations  

K+ 

Ca2+ 

Na+ 

Mg2+ 

Al3+ 

Zn2+ 

Fe2+ 

Sn2+ 

Pb2+ 

H+ 

Cu2+ 

Ag+ 

Hg+ 

Au+  
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NB: the preference for ion that will be 

discharged is higher for ions that are lower in 

series than those higher. That is, the preferential 

discharge increases down the series and the 

elements below hydrogen  
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PREFERENTIAL DISCHARGE OF IONS     

Discharge of ions in electrolysis simply refers to an ion being considered for either 

reduction or oxidation at the electrode level for positively charged ions (cations) and 

negatively charged ions(anions) respectively. 

During electrolysis of a compound in solution, there are usually more than one kind of 

each of the two types of ions (cations and anions). This is so because water which is the 

usual solvent of the solution, has the ability to dissociate during electrolysis.  

H2O(aq)   H+ + OH- 

Consider the electrolysis of sodium chloride(NaCl). Both NaCl and H2O will dissociate  

NaCl(aq)  Na+ + Cl- 

H2O   H+ + OH- 

Therefore, there will be two types of cations (Na+ and H+) and two types of anions (Cl- 

and OH-). But each of the electrode (cathode and anode) can only consider (discharge) 

one only. As such competition for discharge arises, whichever of the two ions get 

consideration (is discharged) gives rise to preferential discharge of ions. 

Conditions governing discharge of ions 

There are three factors that govern discharge of ions in electrolysis. 

a. Position in the electrochemical series 

b. Concentration of the ions in the electrolyte 

c. The nature of the electrode 

 

a. Position in the electrochemical series 

The position of ion in the electrochemical series is same with that of the corresponding 

elements.  

For cations. Those cations which will accept electrons (get reduced) most easily are 

given preference, if all other factors are constant. A less electropositive i.e. lower in the 

series will be given preference over that which is above it in the series (more 

electropositive). This is obvious since the former gains electrons more easily from the 

cathode and becomes discharged very easily while the later remains in the solution as 

anion. Examples; H+ is always discharged in aqueous solution of metals above it in the 

series.  
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For anions. A less electronegative anion is usually discharged (other factors being equal) 

to another which is lower down the series. That is to say, an anion lower in the series is 

given preference to that which is higher in the series. For example, OH- are usually 

discharged in the electrolysis of aqueous solution due to its higher position.  

b. The effects of concentration 

Higher concentration of ions usually promotes its chance of discharge if other factors 

remain constant. However, this influence is due to the fact that concentration is effective 

only when competing ions are closely positioned in the electrochemical series. It 

becomes ineffective when the competing ions are far apart. Consider the electrolysis of 

concentrated NaCl (brine) using carbon electrodes.  

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

(aq) 

H2O   H+
(aq) + OH-

(aq) 

At the cathode. Both H+ and Na+ will compete, but H+ is discharged.  

H+ (aq) + e    H 

H + H   H2 (g) 

H+ is discharged at the cathode despite the high concentration of Na+. this is because of 

the large distance between Na+ and H+ in the electrochemical series. This is to say that 

the factor of position in the electrochemical series is more important when the 

competing ions are far apart. At the anode, both Cl – and OH – will compete but, Cl is 

discharged.  

Cl- 
(aq)   Cl + e 

Cl + Cl  Cl2 (g) 

Here, the high concentration of Cl- ions make them preferred for discharge than OH-. 

Since the two (H+ + Cl-) are not far from each other in the electrochemical series. 

c. The nature of the electrode 

Some electrodes, usually metals, have strong affinity for certain ions and therefore, may 

influence ionic discharge. These types of electrode are usually referred to as active 

electrodes in contrast to inert electrodes (such as graphite) which take no part in the 

electrolytic reaction. For example, consider the electrolysis of concentrated brine, NaCl 

using two different types of cathode (graphite and mercury) separately. At graphite 

cathode H+ is preferentially discharged against Na+ as expected from the factor of 

position in the electrochemical series.  



BUBENDORFF MEMORIAL GRAMMAR SCHOOL, ADAZI-NNUKWU 

 

BMGS … Greatness Through Hardwork 

But with mercury cathode, the mercury will tend to prefer Na+ to form Sodium amalgam, 

Na/Hg and readily discharges Na+ against H+, their relative positions in the 

electrochemical series, notwithstanding. the reactions at the two cathodes are: 

H+ (aq) + e-   H 

H + H   H2 (g) 

Mercury cathode 

Na+ (aq) + Hg (s) + e-   Na/Hg(s)  

Sodium amalgam. 
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Week 2   

ELECTROLYSIS 

Definition of terms 

a) Electrolysis this is the proves n which electric current passes through an 

electrolyte and by so doing decomposes the electrolyte.  

b) Electrolytes : they are the substances which either in solution or, molten state, 

allow electric current to pass through them and by so doing get decomposed.  

c) Non-electrolytes: are substances which either in solution or molten state do not 

allow the assuage of electricity through them. 

d) Molten state: refers too that un which a solid ionic compound melts as a result 

of heating. To produce a molten state no solvent is added.  

e) Solution state: refers to dissolving the solid ionic substance in water. 

NB: the two (molten and solution) give the same effect which makes the ions of the 

compound free so that they can move freely.  

f) Electrodes: these are metals or graphite carbon (conductors) through which 

electricity enters or leaves the electrolyte. 

There are two types of electrodes: 

a. Cathode this is the negatively charged electrode through which electricity 

leaves the electrolyte. It is connected to the negatively charged terminal of the 

electric current supply. Example; cells / battery. Cations from the electrolytes 

are attracted to the cathode.  

b. Anode  this is the positively charged electrode through which the electricity 

enters the electrolyte. It is connected t the positive terminal of the electric 

current supply. During electrolysis, the negatively charged ions, anions are 

attracted to the cathode due to its deficiency in electrons. 

g) Electrolyte cell: this is an arrangement of two electrodes in an electrolyte used 

for electrolysis. In an electrolytic cell, oxidation and reduction occur 

simultaneously but at different points. Oxidation takes place at the anode whereas 

reduction occurs at the cathode.  

Electrolysis occurs in electrolytic cell, which is made up of a pair of electrodes dipping 

into an electrolyte held in a suitable container.  
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h) Electrochemical series: is the arrangement of ions starting with ions of least 

preference for discharge and ending with ion most preferred for discharge.  

i) Conductors: these are metallic elements or graphite that allow electricity to flow 

through them.  

j) Non-conductors: they are also called insulators, are non-metallic elements that 

do not allow electricity to pass through them.  

 

ELECTROLYSIS OF ELECTROLYTES 

All ionic compounds will conduct electricity when either in molten or solution. In 

molten or solution state, the ionic lattice of the solid is broken up to give ions which can 

move freely in the liquid. The current is carried by ions moving to the electrodes.  

Behaviour of ions in an electrolyte  

 

 

 

 

 

 

 Random movement of ions in 

an electrolyte 
Migration of ions when an 

electric current is passed. 

An Electrolytic cell 
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Mechanism of electrolysis 

An electrolyte is composed of positive and negative ions and conducts electric current 

in molten (or fused) state or when dissolved in water.  

The mechanism of electrolysis is based on the ionic theory and depends on whether the 

electrolyte is in molten form or an aqueous solution.  

 

ELEXTROLYSIS OF MOLTEN COMPOUNDS 

1.) Electrolysis of molten sodium chloride. 

Sodium chloride, NaCl is a typical ionic compound. In solid state, the sodium and 

chloride ions in the crystals are not mobile, but in molten state, the electrolyte produces 

mobile Na+ as the only positive ion and Cl- as the only negative ion.  

NaCl(s)   Na+
(s) + Cl-

(l) 

When the current is completed in the electrolytic cell, electrons move along the wire 

from the negative pole of the battery to the cathode. The cathode becomes electron rich 

and is therefore negatively charged, positive ions, Na+ migrate to the cathode. Positive 

ions are called cations (cathode ions). The anode, which is attached to the positive pole 

of the battery becomes electron deficient and id therefore positively charged, hence 

negative ion, Cl- migrate to anode. Negative ions are called anions (anode ions). 

 

 

Electrolysis of Molten Sodium Chloride 
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At the cathode: only sodium ions, Na+ are at the cathode. There, they ace[pt electrons 

from the electron-rich cathode and are discharged as neutral atoms.  

Na+
(s) + e-   Na(s) 

Sodium metal is therefore deposited at the cathode. This is reduction i.e. reduction 

occurs at the cathode.  

At the anode:  only chloride ions, Cl- are at the anode, where they lose their negative 

charges to the electron-poor anode and are discharged as neutral atoms. 

Cl- (s)   Cl(g) – e- 

This is oxidation. i.e. oxidation occurs ate the anode. Since chlorine is diatomic, its 

atoms are in pairs to form molecule. i.e.  

Cl(g) + Cl(g)   Cl2 (g) 

Chlorine gas is liberated at the anode, the electron lost by the anode flow along the wire 

back to the battery until the cycle is completed. Hence, overall anode reaction is  

2Cl-   Cl2(g) + 2e- 

In electrolysis of molten sodium chloride, 2 moles of electrons are lost to the anode. In 

order to liberate one mole of chlorine, therefore two moles of electrons must be gained 

at the cathode, so that two moles of sodium atoms are deposited.  

The overall chemical reaction in the electrolytic cell is obtained by the addition of the 

two half-cell equations  

At anode:  2Cl- (l)   Cl2(g) + 2e- (oxidation) 

At cathode:   2Na+
(c) + 2e-      2Na(s) (reduction) 

Net equation:   2Na(c) + 2Cl-   2Na(s) + Cl2(g) 

 

2.) Electrolysis of acidified water  

Acidified water refers to water on which little amount of tetraoxosulphate (VI) acid is 

added. The electrolytic cell used here us designed for the collection of gaseous products 

at the two electrodes. Platinum electrodes are usually used. The standard electrolytic 

cell used for carrying out the electrolysis is called the Hoffman’s voltammeter.  

During electrolysis 

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

H2SO4(aq)   2H+
(aq) + SO4

2-
(aq)  
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At the cathode, there is only one kind of cations H+, which is produced by both H2O and 

H2SO4. Therefore, H+ are discharged.  

H+ 
(aq) + e  H 

H + H   H2(g) 

At the anode, OH- is preferably discharged based on its position in the electrochemical 

series.  

H+
(aq)    OH- + e- 

OH + OH   H2O + O 

O + O   O2 gas 

summary of the reaction 

at the cathode, 4H+
(aq) + 4e-  2H2 (g) 

At the anode, 4OH(aq)   2H2O + O + 4e-
  

Product of the process 

This yields hydrogen gas at the anode. The ratio of hydrogen ( at the cathode) to oxygen 

(at the anode) by volume is 2 : 1 respectively. 

 Electrolysis of acidified water using Hoffman’s Voltammeter 
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Week 3 

ELEDTROLYSIS OF COPPEER II TETRAOXOSULPHATE (VI) (CuSO4) 

In the electrolysis using carbon electrodes  

CuSO4 (aq)   Cu2+
(aq) + SO4 

2-
(aq) 

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

(aq)
  

At the cathode,  

Cu2+ + 2e-  Cu(s) 

At the anode, 

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

 
  

You must have observed that the paleness of the blue colour of your electrolyte 

CuSO4(aq). If the electrolysis continues for some more times, it will eventually become 

colorless. This is due to the removal of the Cu which is being deposited at the cathode 

as a red brown deposit. At this point, the electrolyte is a solution of H2SO4 because it 

contains excess of H+ and SO4
- remaining in the solution. 

In the electrolysis using copper electrodes, we have same deposition. 

CuSO4 (aq)   Cu2+
(aq) + SO4 

2-
(aq) 

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

(aq)
  

At the cathode 

Cu2+ + 2e-  Cu(s) 

At the anode 

None of the anions are discharged due to the nature of electrode copper. The atoms of 

the copper anode lose their electrons to become Cu2+ in the solution  

Cu(s)  Cu + 2e- 

Accordingly, the overall effect is that copper leaves the anode and is deposited on the 

cathode. Thus, will continue until the anode is completely removed. There is no change 

in the colour intensity of the electrolyte. This process is used industrially in the 

purification of copper. Impure copper is used as an anode and thin sheets of pure copper 

are used as cathodes. Copper II tetraoxosulphate (VI) solution is used as electrolyte. The 

impurities are collected at the bottom of the electrolytic cell. Many other metals, such 

as nickel, and lead may be refined in a similar way.  
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FARADAY’S LAWS OF ELECTROLYSIS 

It was Michael faraday in 1883 who defined the laws of electrolysis which makes it 

possible to calculate how much chemical change will take place during electrolysis. He 

observed that the quantity of products is dependent on these factors 

(i) The magnitude of the steady current passed 

(ii) The time of flow of the steady current  

(iii) The ionic charge of the liberated or deposited element 

Faraday’s 1st law of electrolysis 

It states that the mass (in grams) of an element discharged or deposited during 

electrolysis is directly proportional to the quantity of electricity (Q) passing through the 

electrolyte.  

Mathematically: 𝑀 ∝ 𝑄.      𝑏𝑢𝑡 𝑄 = 𝐼𝑡 

Where I = current measured in amperes 

  t = time of flow measured in seconds 𝑀 ∝ 𝐼𝑡.   𝑏𝑦 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑖𝑛𝑔 𝑎 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝐸,        𝑀 = 𝐸𝐼𝑡 

Where E = electrochemical equivalent of the substance.  

Faraday’s 2nd law of electrolysis 

It states that when the same quantity of electricity is passed through different 

electrolytes, the relative number of moles of the elements discharged are inversely 

proportional to the charges on the ions of the elements.  

Uses of electrolysis 

(1) Electroplating 

This process involves depositing a thin layer of one metal on top of another metal. It is 

used to prevent corrosion of very susceptible metals such as iron. When iron is 

electroplated with nickel, for example, rusting is prevented or delayed because nickel 

does not easily corrode. 

(2)  Purification of metals 

(3) The extraction of very reactive metals by electrolysis is used to obtain for 

example, Na, Ca and Al industrially. 

(4) Manufacturing of chemicals 

Electrolysis is also used in the manufacture of very useful chemicals such as chlorine, 

hydrogen, and sodium hydroxide. 


