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MODULE 2

UNIT 1

MATTER AND CHANGE OF STATE

INTRODUCTION

We are surrounded by many forms of matter.  At every moment of our life we are making use of matter.  We breathe oxygen from the air.  We drink water.  Oxygen, air and water are forms of matter.  Iron we use for construction is another example.

In this Unit we consider matter – its different states and how to convert one state into another.

Objectives

After completing this Unit, you'll be able to:

· state that matter exists in tiny particles

· describe the 3 states of matter

· describe the movements of particles in the 3 states of matter

· explain Brownian motion

· describe the process of chemical change and compare it to physical change

· relate chemical reactions to new substances being formed

· state that properties of reactants differ completely from those of products.

1.0 matter – a definition

We define matter as anything that occupies space.

Here are a few examples of matter

· Water

· Ice

· Nitrogen

They all occupy space.  Fill a glass with water.  Notice the water filling up space in the glass.  The same thing happens to ice in a bucket.  It occupies space in the bucket.

Note:
Matter is also covered in Physics - Module 2: 2.1

	(   Before proceeding further, complete the following activity.

	Activity 1

Write down ten other examples of matter.

1………………………………………………  6…………………………………………

2………………………………………………  7…………………………………………

3……………………………………………… 8………………………………………….

4……………………………………………… 9………………………………………….

5……………………………………………… 10………………………………………..


You will find the answer at the end of the Module.

1.1
the nature of matter

Matter is made up of particles.  We can therefore say that matter is of a particulate nature.  In fact the particles of matter are tiny, so tiny that we cannot see them with the naked eye.  This course material you are reading right now is made of particles.  To describe the particles in elements, Sir John Dalton framed the ATOMIC THEORY.  He put forward the concept of any element as being made up of atoms (indivisible particles).  Atoms of different elements differ.

1.2 States of matter

Matter exists in different states.  We normally talk about 3 states of matter i.e. the:

· Solid state

· Liquid state

· Gaseous state

	(   Before proceeding further, complete the following activity.

	Activity 2

Give a few examples of matter in each of the following states:

1.      Solid

…………………………………………………………………………………………………………………………………………………………………………

2. Liquid

…………………………………………………………………………………………………………………………………………………………………………….

3.      Gaseous

………………………………………………………………………………………………………………………………………………………………………….


You will find the answer at the end of the Module.

Let's now turn to some of the characteristics of the Solid State. 

Characteristics

1.2.1 Solid State

In the solid state, the tiny particles are:

· very close together, (in fact, closely packed)

· held together by strong forces of attraction,

· unable to move throughout the solid,

· able to vibrate only,

· unable to move because they are tightly bound.

	(   Before proceeding further, complete the following activity.

	Activity 3

In the space below sketch the tiny particles of a solid. (Represent each particle as a sphere/round)




You will find the answer at the end of the Module.

Apart from the characteristics of a solid already mentioned, it

· also has a fixed volume

· has a definite shape

This can be explained by the fact that particles in solids are held by strong forces of attraction.

1.2.2
Liquid State

A liquid flows easily and it can be frozen to a solid or boiled to vapour.  A common liquid which we are all familiar with is water.

	(   Before proceeding further, complete the following activity.

	Activity 4

(a)       Give 5 other examples of liquids.

      …………………………………………………………………………………………………………………………………………………………………………..

(b)     Can you suggest how a liquid can be

(i)    frozen…………………………………………………………………..

(ii)    boiled…………………………………………………………………..




You will find the answer at the end of the Module.

In the liquid state, the tiny particles:

· are further apart than in a solid

· are under the effect of weaker forces of attraction (than in solids)

· move about in a disorderly manner inside the bulk of liquid.

	(   Before proceeding further, complete the following activity.

	Activity 5

(a)      In the space below, sketch the tiny particles of a liquid.

 A liquid has a fixed volume but no fixed shape.  A liquid always takes the shape of the vessel in which it is placed.

(b)      In the space below sketch 3 different containers and show them full of a liquid.




You will find the answer at the end of the Module.

Having looked at both the solid and liquid states, it is now appropriate for us to turn to the gaseous state.

1.2.3
Gaseous State

Whereas a solid has a definite shape, a gas has no definite shape.  We must visualise the particles in a gas state as being in a disorderly motion.

	(   Before proceeding further, complete the following activity.

	Activity 6

One example of a gas is nitrogen.

(a)        Give other examples of gases.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)      Bearing in mind the fact that the tiny particles in a gas are still further apart (than in a liquid), sketch the tiny particles in a gas.  Use the space below.




You will find the answer at the end of the Module.

Let's now look at the movements of the tiny particles in a gas.  They 

· move about at random

· are under the effect of very weak forces of attraction (in fact these are negligible)

· collide among themselves

· collide with the inner walls of the container

· fill entirely the closed vessel in which the gas is present.

	(   Before proceeding further, complete the following activity.

	Activity 7

(a)     How can a gas be converted into its corresponding liquid?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)      What name is given to the above process?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




You will find the answer at the end of the Module.

1.3
brownian motion

The particles in gases and liquids keep on moving in a disorderly manner.  During such motion, it is inevitable that they collide with one another.  At each collision there is a change in direction of the motion of each particle.

The erratic motion of the tiny particles in gases and liquids are called Brownian motion.  This Brownian motion leads to 'mixing up'.  It derives its name from Robert Brown, the scientist who made the discovery more than 160 years ago.

	(   Before proceeding further, complete the following activity.

	Activity 8

(a)   In the space below sketch the Brownian motion.

(b)       Brownian motion is faster

(i)   at higher/lower temperatures

………………………………………………………………………………….

(ii)   with heavier/lighter particles

………………………………………………………………………………….




You will find the answer at the end of the Module.

1.4
dIFFUSION

Brownian motion leads to 'spreading' or 'mixing up' of tiny particles.  This is called diffusion.  Let's illustrate this with an example.

When a crystal of potassium permanganate is dropped in a beaker of water, the water gradually turns purple.  Both crystal and water are matter and we said earlier that matter is made up of particles.  The purple particles of the crystal mix with the water particles.  The movement of different particles, so that they become evenly mixed is called diffusion.

Note:
This is also a topic we deal with in Physics - Module 2, 2.3 and Biology - Module 2, Unit 4: 4.0 - 4.4

	(   Before proceeding further, complete the following activity.

	Activity 9

(a)         If you take a gas jar full of a coloured gas (say a reddish-brown gas such as nitrogen dioxide) and invert it over a gas jar of air (of course, colourless),

What would you expect to happen after a few minutes?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Explain your answer.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)         Using a bottle of perfume how could you demonstrate the process of diffusion.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




You will find the answer at the end of the Module.

We can now proceed with the following investigation.  

[image: image1.wmf]
      Investigation 1:  Showing mixing up

	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· A glass of water

· A few drops of blue ink
Method:  

Put water in the glass (about three quarters full)

Put a few drops of ink, observe at intervals of 4 hours.

(a)   What do you observe just after?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)   What change do you see after 4 hours?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(c)    Record your observations after

4 hours…………… .., 24 hrs…………………




I am sure you observed the ink sinking to the bottom.  At first the blue colour appeared at the bottom only.  It gradually spread upwards.  Eventually the tiny particles of ink and water got mixed up to form a pale blue mixture.

	(   Before proceeding further, complete the following activity.

	Activity 10

(a)       Is diffusion slower or faster in liquids as compared to gases?

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..

(b)        Is there diffusion in solids?

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..




You will find the answer at the end of the Module.

1.5
PHysical and chemical changes

In Science, we often observe changes undergone by a number of substances.  These changes occur in various ways.  We can change a substance by:

I. adding water to it, stirring it to form a solution;

II. mixing it with another substance;

III. heating it in air;

IV. allowing it to stand in air.

Take salt e.g. once we've added water to it, it changes by dissolving in the water.  In Chemistry we refer to Physical and Chemical changes.  We must know what Physical and Chemical changes are.

Any change in Science can be classified as a Physical or Chemical change.

1.5.1
Physical Change

A physical change is one which does not produce any new substance.  Moreover it can be reversed.

One example is allowing a few ice cubes to stand in its mould.  After some time the ice melts to give liquid water.  If this liquid is now placed back in the refrigerator, the liquid water turns to ice once again.

You will note:

· no new substance is formed;

· the change can be reversed, that is you can get back the ice.

The melting of ice is an example of a Physical change.

Dissolving is also a physical change.  You are familiar with sugar or salt dissolving when stirred in water.  The two do not dissolve to the same extent.  We say that they have different solubilities in water.

A given amount of water dissolves more of sugar than of salt.  While trying to dissolve more of the salt or sugar, a stage is reached when no more dissolves.  We say that we have reached a saturated solution.

It is useful to know that solubility of sugar in water increases with temperature.

1.5.2
Chemical Change

This is just the opposite of physical change.  A chemical change is a change which always produces new substances.  Moreover it is not reversible.

An example is the gentle heating of some sugar in a spoon.  New substances are formed.  The black solid left is carbon.  Can you get back the sugar?

Other examples of chemical changes include burning of wood, magnesium, paper, rusting of iron.

At this stage we can say that in a Chemical change, new substances are formed.  But in a Physical change, no new substances are formed.  We hope this is clear in your mind.

	(   Before proceeding further, complete the following activity.

	Activity 11

List 5 other physical changes

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


You will find the answer at the end of the Module.

We can now proceed with the following investigation.  

[image: image2.wmf]
      Investigation 2:  Showing a chemical change
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Match box
· Matches
Method:  

Strike a match, let it burn for a while and blow it off.

Record your observations

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..

Does it represent a physical change or a chemical change?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Justify your answer.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


You must have observed light from the flame.  There is also heat equally from the flame.  A distinct smell occurs.  It represents a chemical change.  New substances are formed as a result of chemical changes i.e the wood of the match becomes black.  The wood has undergone a change - a chemical change.

We can now proceed with the following investigation.  

[image: image3.wmf]
Investigation 3:  Showing new substance being formed during a chemical reaction
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Magnesium ribbon
· Gas jar of oxygen
· Pair of tongs
· Burner
Method:  

Using a pair of tongs, hold a magnesium ribbon in a flame.

When it catches fire, hold it in the gas jar of oxygen.

(a)     Record your observations.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(b)    What type of change is it?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(c)   How can you represent the change?

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..

(d)   What are the reactants?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(e)   What about product(s)?

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




I am sure that in

(a)
you observed the magnesium burning with a very brilliant (dazzling) flame.  A white 'ash like' powder is left in the gas jar.  The 'powder' is magnesium oxide.

For
(b)
the change is chemical


(c)
the answer is:

[image: image4.wmf]

magnesium + oxygen

heat

magnesium oxide



[REACTANTS]



 [PRODUCT]

For
(d)
the reactants are magnesium and oxygen to the left of the arrow.

For
(e)
the product is magnesium oxide to the right of the arrow.

	(   Before proceeding further, complete the following activity.

	Activity 12

When a piece of calcium is dropped in water, bubbles of a gas (hydrogen) occur. The other product is calcium hydroxide.

(a)      What is the reactant?

…………………………………………………………………………………………………………………………………………………………………………

(b)       What are the products?

…………………………………………………………………………………………………………………………………………………………………………

(c)       How can we represent the reaction?

…………………………………………………………………………………………………………………………………………………………………………

(d)     In general, taking the reactants as A and B and products as C and D how can a chemical reaction be represented?

……………………………………………………………………………………………………………………………………………………………………………..


You will find the answer at the end of the Module.

On the left hand side of the arrow we show the reactants, on the right hand side of the arrow we show the products.

We said earlier that new substances are formed in chemical reactions.  We now turn to another chemical reaction forming a new substance.  We must also note that the new substance has different properties as we shall soon find out.

We can now proceed with the following investigation.  

[image: image5.wmf]
      Investigation 4: Showing a chemical change and new substance formed therein
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Iron (filings)
· Sulphur (powder
· Burner
· Glass rod
Method:  

In a crucible, prepare a mixture of iron filings and sulphur.  Heat the crucible (with a lighted burner) and stir with a glass rod.  Record your observations

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..



You must have noted the yellow colour of sulphur disappearing and giving way to a black substance (iron sulphide).

	(   Before proceeding further, complete the following activity.

	Activity 13

Complete the items below to show a comparison of the properties of iron sulphide with those of iron and sulphur.

(a)     Do they have the same feel (between the fingers)?

…………………………………………………………………………………………………………………………………………………………………………

(b)     Do they have the same colour?

…………………………………………………………………………………………………………………………………………………………………………

(c)     Their 'behaviour' towards a magnet.

…………………………………………………………………………………………………………………………………………………………………………

(d)     Their reactions with dilute hydrochloric acid.

…………………………………………………………………………………………………………………………………………………………………………


You will find the answer at the end of the Module.

Points to Remember

· Matter is defined as anything that occupies space.

· Matter exists in three different states namely solid, liquid and gas.

· Matter is made up of tiny particles.

· The solid state has a fixed shape and volume.

· The liquid state takes the shape of the containing vessel.

· A gas fills completely the vessel in which it finds itself.

· The tiny particles in solids are closely packed together.

· The tiny particles in liquids are further apart.

· In gases, the tiny particles are still further apart.

· In liquids and gases, the tiny particles are in disorderly (zig zag) motion.  This is called Brownian motion.

· Brownian motion of tiny particles is responsible for diffusion (mixing up) in liquids and gases.

· A change can be physical or chemical.

· In a physical change no new material is formed.

· In a chemical change, new substances are formed.

· A mixture has the properties of its components/constituents
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