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3.1 Ionic compounds 
Ionic bonds form when metals combine with non-metals, transferring electrons during chemical reactions, 

enhancing stability due to full outer shells. Examples include sodium chloride and chlorine. 

 
Atoms in a reaction obtain full outer shells and become 'like' the noble gas nearest 

to them in the Periodic Table. This is demonstrated using a dot-and-cross diagram, 

where electrons are crossed and dots. 

 

To lose electrons in this way is called oxidation. The chlorine atom has 

become a chloride ion with an electronic configuration like argon. To 

gain electrons in this way is called reduction. In the chemical process 

producing sodium chloride both oxidation and reduction have taken 

place and so this is known as a redox reaction 

 

Bonding involves the attraction of oppositely charged ions, such as 

sodium and chloride ions, through strong electrostatic forces, 

resulting in the formation of sodium chloride. This type of bonding is 

called ionic bonding 

 

All students should be able to describe the formation of ionic bonds between elements of Group I and Group VII 

and draw dot-and-cross diagrams. Extended learners should be able to do this for any metallic and non-metallic 

element, including drawing dot-and-cross diagrams. 
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Figure 3.4 illustrates electron transfers between magnesium and oxygen atoms in magnesium oxide formation, 

where oppositely charged Mg2+ and O2− atoms attract each other. 

 

Ionic structures  

Ionic structures are solids at room temperature and have 

high melting and boiling points. The ions are packed together 

in a regular arrangement called a lattice. Within the lattice, 

oppositely charged ions attract one another strongly. 

 

Figure 3.6 shows only a tiny part of a small crystal of sodium 

chloride. Many millions of sodium ions and chloride ions 

would be arranged in this way in a crystal of sodium chloride 

to make up the giant ionic lattice structure. 

 

Properties of ionic compounds Ionic compounds have the 

following properties.  

 

» They are usually solids at room temperature, with high 

melting and boiling points. This is due to the strong 

electrostatic forces holding the crystal lattice together.  
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» They are usually hard substances.  

» They mainly dissolve in water. 

 

» They usually conduct electricity when in the molten 

state or in aqueous solution. The forces of attraction 

between the ions are weakened and the ions are free 

to move to the appropriate electrode.  

 

» They usually cannot conduct electricity when solid, 

because the ions are not free to move. 

 

Formulae of ionic substances 

Ionic compounds contain positive and negative ions with balanced charges. For example, sodium chloride has a 

formula NaCl, while magnesium chloride has a formula MgCl2. Oxidation numbers indicate the oxidation or 

reduction of an ion compared to its atom. For example, Na+ has an oxidation number of +1, while Mg2+ has an 

oxidation number of +2. Some elements, like copper and iron, have two ions with different oxidation numbers, 

forming different compounds with chlorine. Table 3.1 shows the oxidation numbers of a series of ions and includes 

groups of atoms with net charges. For example, magnesium nitrate has a formula of Mg(NO3)2, with two nitrate 

ions for every magnesium ion. 
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Oxidation number 

The following points should be remembered when using oxidation numbers. 

» Roman numerals (I, II, III, IV, V, VI, VII, VIII) are used in writing the oxidation number of an element.  

 

» This number is placed after the element that it refers to.   

 

» The oxidation number of the free element is always 0,  

 

» In simple monatomic ions, the oxidation number is the same as the charge on the ion. So iodine has an oxidation 

number of 0 in I2 but an oxidation number of −1 in I−.  

 

» Compounds have no charge overall. Hence the oxidation numbers of all the individual elements. 

 

» An increase in the oxidation number, for example from +2 to 

+3 as in the case of Fe2+ to Fe3+, is oxidation 

 

» However, a reduction in the oxidation number 

 

During a redox reaction, the substance that brings about 

oxidation is called an oxidising agent and is itself reduced 

during the process. A substance that brings about reduction is 

a reducing agent and is itself oxidised during the process. 

 

The reaction involves the oxidation of manganate(VII) ions to iron(III) ions, and the reduction of manganate(VII) 

ions to pale pink manganese(II) ions. Potassium iodide, a common reducing agent, produces a color change from 

yellow-brown to blue-black when added to a solution of iron(III) solution, indicating the reduction of iron(III) ions. 
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Redox processes can be identified by examining the oxidation numbers on the two sides of a chemical equation. 

For instance, magnesium dissolves in sulfuric acid, producing hydrogen gas with an oxidation number of 0 and +1 

respectively. 

 
The reducing agent, magnesium, undergoes oxidation by sulfuric acid, resulting in an increase in its oxidation 

number, while the reducing agent, magnesium, reduces the oxidation number of hydrogen. 

3.2 Covalent bond 
A covalent bond is a stable atom-to-atom interaction 

where electrons are shared in their outer shells, forming 

a noble gas electronic configuration, as seen in hydrogen 

molecule H2. 

 

A single covalent bond is formed between two hydrogen atoms, resulting in a molecule of hydrogen. This bond, 

represented by a single line, ensures that the two hydrogen atoms share a pair of electrons, forming an electronic 

configuration similar to helium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hydrogen chloride and helium share electrons to obtain their nearest noble gas electronic configurations. Hydrogen 

shares one electron to gain helium's electronic configuration, while chlorine shares one to gain argon's electronic 

configuration. 
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Other covalent compounds 

Methane (natural gas) is a gas whose molecules contain atoms of carbon and hydrogen. The electronic 

configurations are: 

 
Carbon atoms need four more electrons for noble gas neon, and one for helium. Sharing electrons forms these 

configurations, as shown in Figure 3.15 and Figure 3.16. 

 
Ammonia is a gas containing the elements nitrogen and 

hydrogen. It is used in large amounts to make fertilisers. The 

electronic configurations of the two elements are; 

 
Water is a liquid containing the elements hydrogen and oxygen. 

The electronic configurations of the two elements are: 

 
The oxygen and hydrogen atoms share electrons, forming a water molecule with two single covalent bonds, as 

shown in Figure 3.19 and Figure 3.20. 
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Carbon dioxide is a gas containing the elements carbon and oxygen. The 

electronic configurations of the two elements are: 

 
 

Carbon and oxygen atoms share four and two electrons to obtain neon's 

electronic configuration, achieved through double covalent bonds, 

respectively, while carbon dioxide is a linear molecule. 

 

As with the carbon dioxide molecule the double bond can be shown by a 

double line between the two oxygen atoms, representing two shared pairs 

of electrons. 

 
Each nitrogen atom has the electronic configuration shown below: 

 

 
Methanol, CH3OH, has three distinct atom configurations, requiring a dot-

and-cross diagram to ensure that atoms bonding do not have both dots or 

crosses. 

 
The carbon atom shares four electrons with three hydrogens, each sharing 

one more. The oxygen atom shares one with the carbon atom, resulting in 

the electronic configuration of helium and neon. 
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Covalent structures  

Compounds containing covalent bonds have molecules whose 

structures can be classified as either simple molecular or giant 

covalent. 

Properties of covalent compounds  

Covalent compounds have the following properties 

 

»Simple molecular compounds, such as gases, liquids, or solids, have low melting and boiling points due to weak 

intermolecular forces of attraction. Covalent substances have higher melting points due to strong bonds. Ionic 

compounds have stronger interionic forces. 

 

» Generally, they do not conduct electricity when molten or dissolved in water. This is because they do not contain 

ions. However, some molecules react with water to form ions 
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» Generally, they do not dissolve in water. However, water is an excellent solvent and can interact with and dissolve 

some covalent molecules better than others. Covalent substances are generally soluble in organic solvents 

 

 



www.focuscollege.lk  +94 74 213 6666  
   

11 
 

Graphite 

Figure 3.28a demonstrates graphite's layer structure, 

with each layer bonded to three carbon atoms through 

strong covalent bonds. These layers pass easily, but there 

are weak attraction forces, allowing unbonded electrons 

to move freely, enabling graphite to conduct electricity. 

Diamond   

The diamond structure is a three-dimensional structure 

formed by covalent bonding of carbon atoms, similar to 

silicon(IV) oxide. This rigidity accounts for the extreme 

hardness of both substances. Diamond can be made by 

heating graphite to 300°C at high pressures, while 

graphite can be made by heating coke and sand in an 

electric arc furnace. 

 

 

 

 



www.focuscollege.lk  +94 74 213 6666  
   

12 
 

3.3 Metallic bonding 

Metals have a stable electronic configuration due to the 

movement of electrons in their outer shell. When lost, these 

electrons form a lattice of positive ions, forming a metallic 

bond with strong electrostatic forces. 

Properties of metals  

Metals have the following properties. 

 

» They conduct electricity due to the mobile electrons within 

the metal structure. When a metal is connected in a circuit, 

the electrons move towards the positive terminal while at 

the same time electrons are fed into the other end of the 

metal from the negative terminal 

 

»Metals are malleable and ductile, with strong bonds that 

can be bent or hammered into various shapes. These 

bonds are not rigid but still re-form when a force is applied. 

 

» They usually have high melting and boiling points due to 

the strong attraction between the positive metal ions and 

the mobile ‘sea’ of electrons. 

 

» They have high densities because the atoms are very 

closely packed in a regular manner, as can be seen in 

Figure 3.36. Different metals have different types of 

packing of atoms and in doing so they produce the 

arrangements of ions shown in Figure 3.37 
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Revision questions  
 

1) Potassium iodide is an ionic compound. 

i) Describe what happens, in terms of electron loss and gain, when a potassium atom reacts with an iodine atom. 

ii) Describe the structure of solid potassium iodide. You may draw a diagram. 

iii) Explain why potassium iodide has a high melting point. 

 

b) Potassium iodide and lead nitrate are both soluble. Lead iodide is insoluble. 

i) Describe how a pure dry sample of lead iodide could be made from solid potassium iodide and solid lead nitrate. 

ii) Write an ionic equation for the formation of lead iodide, Pbl2, when potassium iodide and lead nitrate react with 

each other. 

State symbols are not required. 

 

c) When chlorine gas is bubbled through an aqueous solution of potassium iodide, a redox reaction takes place. 

 
i)State the colour change expected in this reaction. 

ii) Identify the reducing agent in this reaction. Explain your answer. 

 

2) a) Iron pyrite, FeS2, is known as Fool's Gold because it is a shiny yellow solid which is similar in appearance to 

gold. Iron pyrite is an ionic compound. Gold is a 

metallic element. 

Iron pyrite, FeS2, contains positive and negative ions. The positive ion is Fe2+. Deduce the formula of the negative 

ion. 

 

b) A student is provided with a sample of iron pyrite and a sample of gold. Suggest how the student could 

distinguish between the two substances. 

 

c) Sulfur dioxide is produced on a large scale by heating iron pyrite strongly in air. The iron pyrite reacts with oxygen 

in the air producing iron (III) oxide, Fe2O3, and sulfur dioxide. 

Construct a chemical equation for the reaction between iron pyrite and oxygen. 

 

3) Nitrogen can form ionic compounds with reactive metals and covalent compounds with non-metals. 

Nitrogen reacts with lithium to form the ionic compound lithium nitride, Li3N. 

 

i)Write the equation for the reaction between lithium and nitrogen. 

 

ii) Lithium nitride is an ionic compound. Draw a diagram which shows its formula, the charges on the ions and the 

arrangement of the valency electrons around the negative ion. 

Use x for an electron from a lithium atom. 

Use o for an electron from a nitrogen atom. 
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4)  

 

 

 

 

 

 

 

 

 

 

 

b) What determines the order of the elements in a period? 

 

c)When liquid nitrogen boils the following change occurs. 

 
The boiling point of nitrogen is very low even though the bond between the atoms in a nitrogen molecule is very 

strong. Suggest an explanation. 

 

d) Draw a diagram showing the arrangement of the outer shell electrons in a molecule of nitrogen. 

 

5)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Draw a diagram showing the arrangement of the outer electrons in one covalent molecule of sulfur chloride. 

Use x to represent an electron from a sulfur atom. Use o to represent an electron from a chlorine atom. 

 

Explain the difference in electrical conductivity between the following. 

i)Solid and liquid strontium chloride 

ii) Liquid strontium chloride and liquid sulfur chloride 
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6) a) Selenium and sulfur are in Group VI. They have similar properties. 

One of the main uses of selenium is in photoelectric cells. These cells can change light into electrical energy. 

i)Name a process which can change light into chemical energy. 

ii) Name a device which can change chemical energy into electrical energy. 

 

b) The electron distribution of a selenium atom is 2+8+18+6. 

 

i)Selenium forms an ionic compound with potassium. Draw a diagram which shows the formula of this ionic 

compound, the charges on the ions and the arrangement of the outer electrons around the negative ion. 

Use o to represent an electron from an atom of potassium. 

Use x to represent an electron from an atom of selenium. 

 

ii) Draw a diagram showing the arrangement of the outer electrons in one molecule of the covalent compound 

selenium chloride. 

Use x to represent an electron from an atom of selenium. Use o to represent an electron from an atom of chlorine. 

 

iii) Predict two differences in the physical properties of these two compounds. 

 

c) The selenide ion reacts with water. 

 
What type of reagent is the selenide ion in this reaction? Give a reason for your choice. 

 

7) a) Sulfur monochloride, S2Cl2, has a simple molecular structure. 

It was suggested that the structure of sulfur monochloride included a double covalent bond between the two 

sulfur atoms. 

Suggest what is meant by the term double covalent bond? 

 

b) After analysis of the structure of sulfur monochloride, S2Cl2, it was found that only single covalent bonds were 

present in its structure. 

Complete the diagram below to show the bonding arrangement in a molecule of sulfur monochloride. 

Show the outer shell electrons only. 

 
c) Predict two properties of sulfur monochloride. 

3d) Sulfur monochloride can be produced in the laboratory by feeding chlorine gas into a flask containing sulfur in 

its elemental form, S8 

Write a balanced symbol equation for this reaction. 
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8) a) Methane, CH4, and propane, C3H8, are both simple molecular compounds that are gases at room temperature. 

Predict which of the two compounds has the higher boiling point. 

Explain your answer. 

 

b) A carbon atom can form up to four covalent bonds. A hydrogen atom cannot form four hydrogen bonds. 

State how many covalent bonds a hydrogen atom can form and explain why there is a difference. 

 

c) Germanium also will form up to four covalent bonds. 

Draw the dot-and-cross diagram of the simple molecule digermane, Ge2H6. 

 

d)Explain why digermane does not conduct electricity. 

 

9) a) Lead is an excellent roofing material. It is malleable and resistant to corrosion. Lead rapidly becomes coated 

with basic lead carbonate which protects it from further corrosion. 

Lead has a typical metallic structure which is a lattice of lead ions surrounded by a 'sea' of mobile electrons. This 

structure is held together by attractive forces called a metallic bond. 

 

i) Explain why there are attractive forces in a metallic structure. 

 

ii)Explain why a metal, such as lead, is malleable. 

 

b) Basic lead (II) carbonate is heated in the apparatus 

shown below. Water and carbon dioxide are 

produced. 

 

Silica gel absorbs water. Silica gel often contains 

anhydrous cobalt (II) chloride. 

When this absorbs water, it changes from blue to 

pink. 

Suggest a reason. 

 

c) Basic lead(II) carbonate has a formula of the type xPbCO3.yPb(OH)2 where x and y are whole numbers. 

 

Determine x and y from the following information. 

 
When heated, the basic lead(II) carbonate gave 2.112 g of carbon dioxide and 0.432 g of water. 

 

Mass of one mole of CO2 = 44 g 

Mass of one mole of H2O = 18 g 

Number of moles of CO2 formed = 

Number of moles of H2O formed. 

X=       and       y = 

Formula of basic lead (ii) carbonate is …………… 
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10) a) An ore of the important metal zinc is zinc blende, ZnS. This is changed into zinc oxide which is reduced to the 

impure metal by carbon reduction. 

 

i)How is zinc oxide obtained from zinc sulfide? 

 

ii)Write a balanced equation for the reduction of zinc oxide by carbon. 

 

iii) The major impurity in the zinc is cadmium. The boiling point of zinc is 907°C and that of cadmium is 767 °C. 

Name a technique which could be used to separate these two metals. 

 

b) In common with most metals, zinc is a good conductor of electricity. It is used as an electrode in cells. 

 

i)Give two other uses of zinc. 

 

ii) Describe the metallic bonding in zinc and then explain why it is a good conductor of electricity. 

 


