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Lesson 1   STRUCTURE OF MATTER 

 

We know that matter is composed of molecules which are in incessant motion by kinetic 

molecular theory. However, the structure of matter can be described by: Evidence of the 

particle nature of matter and simple atomic structure. We shall look at them one after 

the other.  

A. Evidence of the particle nature of matter 

1. Brownian motion 

This is the random movement of the particles suspended in a fluid (liquid or gas). This 

random movement could be seen as a result of the collision between the particles of the 

matter and the molecules of the fluid (liquid or gas) 

We shall recall that atomic theory of matter assumes that all matter is made up of tiny 

particles called atoms and that these atoms are at all times in a rapid state of motion 

which depends on the temperature of matter and other factors.  

2. Law of definite proportions 

The law states that when two or more elements combine to form a compound, they 

always do so in the same proportions by weight. For example, two parts of hydrogen 

(H2) and sixteen parts of oxygen (O) are combined to form water (H2O). 

3. Diffusion 

This is the tendency of molecules to migrate and fill an empty space due to their random 

thermal motions. However, this diffusion is due to the movement of the molecules and 

it takes place in gases and liquids and slowly in solids. 
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B. Simple atomic structure 

Atom: this is the smallest particle of an element which can take part in chemical reaction.  

 

 

 

 

 

Atomic structure 

From the diagram above, we have seen that atom is made up of three components: 

proton, neutron and electron. Protons and neutrons are located in the nucleus of the atom. 

The electrons are in the orbits around the heavy nucleus. Protons are positively charged, 

neutrons have no charge and electrons are negatively charged. The electrons are very 

light (about 
1

1840
 of the mass of the proton). The electrons are held in orbits due to the 

electrostatic attraction between them and the protons of the nucleus. In a neutral atom, 

the total charges due to electrons must balance the total charges due to the protons. 

Molecules: this is the smallest particle of a substance which can have a separate 

existence and still retain the properties of that substance. For example, one molecule of 

hydrogen is made up of two atoms of hydrogen. But one molecule of water is a 

combination of two atoms of hydrogen and one atom of oxygen. Atoms combine in 

simple proportions to form molecules. The size of a molecule is very small. It is of the 

order of 10-9m – 10-10m (10-7cm – 10-8cm). Because of the small size, 1gram of an 

element contain several millions of molecules. Example: 1 gram of hydrogen contains 

about 1023 molecules.  

 

STATES OF MATTER 

Matter can exist in three states which are solids, liquids, and gases.  

Solid: the molecules of solids are very closely packed. They are held rigidly together 

by intermolecular forces of cohesion. When a small solid is heated, the molecules 

acquire more energy and vibrate fasted and farther away from their average position. At 

the melting point, when the molecules have acquired enough kinetic energy as to break 

the intermolecular forces binding them together. The molecular structure collapses and 

the molecules thus freed, move farther apart and become liquids.  



BUBENDORFF MEMORIAL GRAMMAR SCHOOL, ADAZI-NNUKWU 
 
 

BMGS …. Greatness Through Hardwork 

Liquid: the molecules of the liquids are freer to move about. The intermolecular forces 

binding them are weaker than those in solids. When the temperature of liquid increases, 

at the boiling point, the molecules of the liquid gain enough energy to overcome the 

intermolecular forces and then escape from the liquid state to gaseous state through the 

process of vaporization.  

 

Gases: the molecules of the gases are very free to move in all directions. They are only 

restricted by the walls of the container. Gases can be easily compressed than liquids and 

solids because the molecules of gases are relatively far apart unlike the liquids and the 

gases.   

 

 

ASSIGNMENT 

1. Give the difference between solids, liquids and gases in terms of  

a. The separation of the molecules. 

b. The motion of the molecules. 

2. What is diffusion 

3. Explain three evidences of particle nature of matter you know. 
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Lesson 2     CRYSTALS 

This is a piece of solid matter in which the atoms, molecule or ions are arranged in a 

highly regular repeating pattern or lattice. However, crystals are small particles which 

make up a crystalline substance. The particles in crystals are arranged in regular three-

dimensional framework or pattern called crystal lattice which repeat over and over again 

in all directions. This high degree of regularity in the arrangement of the molecules is 

the main feature which distinguishes solid from liquid and gas. 

 

Structure of simple crystals 

A simple crystal can be seen as being composed of a huge number of simple basic units 

or building block called unit cells. As we pack the unit cells up and down, side by side 

in all directions, we can build the entire lattice.  A simple cubic lattice can be formed 

when the atoms or molecules or ions are placed at the corners of imaginary cubes 

stacked side by side, up and down like building blocks: examples of such is sodium 

chloride crystal. The atoms of sodium (Na) and chlorine (Cl) take alternating positions 

in the cube.  

 

There are two other types of unit cells apart from the simple cubic lattice. They are: 

face-centered cubic and the body-centred cubic. 

 

Face-centered cubic crystal 

In the face-centred cubic crystal, the unit cell has identical particles at each of the 

corners plus another in the centre of each face as shown below.  
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Zinc Sulphide, ZnS 

Examples of such crystals are those of many common metals like copper, silver, 

aluminum, lead, etc. 

Body-centered cubic crystal 

 

 

 

 

 

 

 

 

In body-centered cubic crystal, the unit cell has identical particles at each corner plus 

one in the centre of the cell as shown above. Examples of such crystals are chromium, 

iron, and platinum salts. These crystal patterns are not actually seen by the human eye 

but are revealed by X-ray diffraction.  

 

NON-CRYSTALLINE OR AMORPHOUS SUBSTANCES.  

Non-crystalline substances lack the regular arrangement of atoms characteristics of 

crystals. They are said to be amorphous or without form. Amorphous substances are 

more like liquids than solids. Examples of amorphous substances are glass and plastics. 

They do not form crystals. 
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Below is the cooling curve for crystalline substances.  

 

 

 

 

  

 

 

 

 

(a)  Cooling curve for crystalline substances 

 

(b)  Heating curve for crystalline substances 
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(c) Cooling curve for amorphous substances 

 

The differences between crystalline substances and amorphous substances are described 

in the table given below. 

Crystalline substances Amorphous substances 

1. They form crystals They do not form crystals 

2. They are soluble in water They are not soluble in water 

3. Their atoms are regularly arranged  Their atoms are not regularly arranged 

4. They have form They do not have form 

5. They have freezing point They do not have definite melting point 

 

ASSIGNMENT 

1. Explain the following 

a. Crystals 

b. Crystallization 

c. Amorphous substances 

2. Name three characteristics of crystals you know 

3. Distinguish between crystalline and amorphous substances. Give two examples 

of each. 

Temperature 
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Lesson 3     PHOTON 

A photon is an elementary particle that comprise waves of electromagnetic radiation. 

Also, it can be described as the quantum of electromagnetic radiation. The term 

quantum is the smallest elemental unit of a quantity, or the smallest discrete amount of 

something. Thus, one quantum of electromagnetic energy is called a photon. The plural 

of quantum is quanta. 

Particle Nature of Photon 

We have seen that photon is a component of electromagnetic waves. The photon has 

zero mass. However, we are going to see the particle nature of photon. From the 

definition of photon, it is an elementary particle, the quantum of all forms of 

electromagnetic radiation; including light. Thus, light is an electromagnetic wave. The 

particle nature of photon can be explained by the following; Photoelectric effect, 

Compton effect, Emission and absorption of light. 

1. Photoelectric effect: when light falls on a metal surface, electrons are emitted 

from the surface of the metal and that is called photoelectric effect. This concept 

of photoelectric effect shows that light behaves like particles. 

 

 

 

 

 

 

 

 

 

Liberation of electron from a metal surface 

The above diagram describes the liberation of electron from the surface of a metal. The 

incident photon has the energy given as ℎ𝑓,where f is the frequency of the light while h  

is the Planck’s constant (6.6𝑥10−34 𝑗𝑠). The quantity of energy needed to liberate the 

electron is known as work function.  

𝒉𝒇 
𝒆 
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Work function (w): this is the minimum energy required to liberate electron from a 

metal surface. When the electron has left the surface of metal, the maximum kinetic 

energy of the electron is given as 𝐸𝑚𝑎𝑥 = ℎ𝑓 − 𝑤.  

𝐸𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑖𝑡𝑡𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛. 

ℎ𝑓 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛 𝑤 = 𝑤𝑜𝑟𝑘 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 

Here, it is because of the particle nature of the light that electron could be liberated 

when light falls on a metal surface 

2. Compton Effect:  

 

 

 

 

 

 

 

When a single X-ray photon collides with a free electron, the electron recoils off as 

though it were an elastic sphere.  The scattered photon has a slightly lower frequency 

than the incident X-ray photon.  

In this phenomenon, matter in form of X-rays is shown to behave as a particle. The 

recoiling photon and electron are able to conserve energy and momentum.  

3. Emission and absorption of light: 

The concept of emission and absorption of light describes light as particle. It is 

assumed that light behaves like particle and that is why light could be absorbed and 

emitted just like electrons are emitted when light falls on  metal surface.  

 

 

ASSIGNMENT  

1. Explain the particle nature of photon 

2. Define photon 

𝒉𝒇 


