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MODULE 5

UNIT 1

METALS AND NON-METALS
Introduction

You will also recall us, dividing the elements into metals and non-metals with interesting properties and applications in Module 2 – Unit 2.

In the present Unit we are going to consider metals and non-metals as two categories of elements.    In so doing we will look at some more properties.

OBJECTIVES

After completing this Unit, you will be able to:

· list the physical and chemical properties of metals 

· list  examples of metals and their uses

· name the form in which carbon appears in nature

· describe the allotropes of carbon

· list the physical properties of carbon

· list the chemical properties of carbon as chemical

· describe the use of some of the chemical properties of carbon.

1.0
Metals

You must have noticed builders using a variety of metals on construction sites e.g. iron bars to reinforce the concrete, aluminium for the windows, copper wires for the electrical installation and so on.  The choice of metals depends on the physical and chemical properties of the metal.

	(   Before proceeding further, complete the following activity.

	Activity 1

Iron is a common metal.

Name ten other metals

1. 6.

2. 7.

3. 8.

4. 9.

5.                                                       10


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

1.1
PROPERTIES

Properties can be either Physical or Chemical in nature.  Such properties help us to differentiate between the nature of elements for example depending on their physical or chemical properties elements have been grouped as being either metals or non-metals.
In the following sections, we will look at the Physical and Chemical properties of the elements: metals and non-metals.

1.1.1
Properties – Physical

· Most metals are solids.  

· They conduct electricity as well as heat.  

· Usually they are lustrous.

· They are strong.

	(   Before proceeding further, complete the following activity.

	Activity 2

Write true or false for each of the following physical characteristics of metals.

1. All metals are solids ……………………………….

2. Metals have shiny appearances ………………………….

3. Metals are good conductors of heat ……………………….

4. Metals are poor conductors of electricity …………………….

5. Metals feel cold when touched ……………………………..




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

If you go around a metal workshop near your home, you will surely notice how metals are available as sheets or wires.    Others are available as tubes, rods, and bars.  In fact, a whole range is possible.  Have you ever tried touching a piece of metal?  I hope you’ve discovered the coldness.  When we touch a metal it conducts heat away from our fingers.

	(   Before proceeding further, complete the following activity.

	Activity 3

Metals are described as malleable, ductile and cold (to the touch)

Explain each of the above:
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


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

1.1.2
Properties - Chemical

· Several metals undergo reactions with acids and bases.  

· They give off bubbles of hydrogen with solutions of acids or bases.  

· They react with non-metals.

	(   Before proceeding further, complete the following activity.

	Activity 4

Give one example in each case of a

(a) metal reacting with hydrochloric acid solution to produce bubbles of hydrogen gas.

…………………………………………………………………………………

(b) metal reacting with sodium hydroxide solution to form bubbles of hydrogen gas.

…………………………………………………………………………………




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

1.2
Bonding iN Metals

A metal is characterised by metallic bonding within itself.  When a metal combines with a non-metal the bonding is ionic.  Bonding is a topic we’ve already covered in Module 4 Unit 2.  So do refer to it to refresh your memory, as we won’t elaborate further on bonding here.

	(   Before proceeding further, complete the following activity.

	Activity 5

Explain in terms of electrons, bonding in a

(a) metal

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

(b) compound between a metal and a non-metal.

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


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

1.3
Metals – Uses and Applications

You must have seen a large number of metals in everyday use and application.  There is hardly a moment of our life when we are not making use of metals.  The coins in our pocket are metals.

Their uses/applications depend upon their physical and chemical properties.  You wouldn’t for example use a metal that rusts easily as a material for garden gates or water pipes.  In no time you will have to replace them.

	(   Before proceeding further, complete the following activity.

	Activity 6 

Give examples of the metals used

(i)         in making coins ……………………………………………………………….

(ii) to galvanise iron ………………………………………………………………

(iii) as jewels ………………………………………………………………………

(iv) for electrical conductors ……………………………………………………..

(v) as cooking utensils ……………………………………………………………

(vi) in cutlery ………………………………………………………………………..

(vii) during construction (bridges, buildings) …………………………………….

(viii) for making cans ………………………………………………………………..

(ix) for making sheets ……………………………………………………………….

(x) in dry cells ………………………………………………………………………




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

You will recall us looking at non-metals in Module 2, Unit 2 - Section 2.3.1.  We shall now look at them in a bit more detail.

1.4 Non-Metals

Non-metals fall into another class of elements.  Obviously they are quite different from metals.  This difference becomes clearer when we look at their properties which we shall turn to now.

1.4.1
Properties - Physical

· They are not strong.  They break up easily.

· They are poor conductors of electricity and heat.

· They have low melting points and boiling points.

1.4.2
Properties - Chemical

Most of them react with oxygen on heating 

[image: image1.wmf]e.g. sulphur + oxygen      sulphur dioxide.

They burn to form the oxide.

	(   Before proceeding further, complete the following activity.

	Activity 7

Oxygen is a common non-metal.

Make a list of ten other non-metals.

1. 6.

2. 7.

3. 8.

4. 9.

5. 10.




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

We can now proceed with the following investigation.  

[image: image2.wmf]
      Investigation 1: Burning of some non-metals
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· 3 gas jars of oxygen

· 3 combustion spoons

· samples of sulphur, phosphorous and carbon

· a Bunsen burner
Method:  

(a) In a combustion spoon put a little sulphur.

Using a lighted burner, heat the sulphur by heating below the spoon.  When the non-metal catches fire, lower it in a gas jar of oxygen.

Record your observations in the table below.
(b) Repeat the exercise using phosphorous instead of sulphur.

Finally use carbon in the combustion spoon.

Record your observations in the table below:

Non-metal being burnt

Colour of flame

Product

a.

Sulphur

b.

Phosphorous

c.

Carbon




I am sure that you observed a blue flame for burning sulphur, white flame for phosphorous and yellow for carbon.  In each case the product is the oxide of the non-metal being burnt.

We can now proceed with the following investigation.  

[image: image3.wmf]
      Investigation 2: Reaction of carbon with hot black copper oxide
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· A hard glass test tube

· Powdered charcoal

· Powdered copper oxide

· Test tube holder

· A Bunsen burner
Method:  

In a hard-glass test tube take an intimate mixture of powdered charcoal and black copper oxide.

(a) Using a test tube holder, heat it strongly in a                                     

luminous Bunsen flame

Record your observation

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


I am sure that you saw a shining pink deposit inside the test tube.  The pink substance is copper (formed by reaction of carbon (charcoal) with black copper oxide.

Note:  Carbon often reacts with certain metallic oxides when heated.  The products are the metal and carbon monoxide.   C + Cu0 
     Cu + C0.

1.5
Carbon

Carbon is an extremely important element essential for life.  It is found in our essential nutrients such as carbohydrates and proteins.  It is a non-metal.  It normally exists in many forms e.g.

· Diamond

· Graphite

· Coke

· Coal

· Soot

It also occurs naturally as compounds e.g. carbon dioxide in the atmosphere.

1.5.1
Carbon – Allotropes

Diamond and Graphite are known as Allotropes.  Allotropes are elements existing in two or more different forms in the same physical state.  Let us now look at them in slightly more detail.

Diamond

· Diamond is the hardest natural substance.  

· It is colourless.  

· It does not conduct electricity.  

· It has a very high melting point and in light it sparkles. 

This makes it ideal for:

· jewellery,

· cutting glass and stone.

Graphite

· Graphite on the other hand is a soft dark greasy solid. 

· It is a good conductor of electricity.  

· It breaks easily and it marks paper.  

Graphite is used as a:

· lubricant 

· in pencils because it marks paper.

1.5.2
Other forms of carbon

Coke, Coal, Soot

While diamond and graphite are pure forms of carbon, we can say that coke, coal and soot are impure forms.  They do not occur naturally like diamond and graphite.  We can obtain coke, charcoal and soot by heating coal, wood, animal bones in very little air.  

· Coke and charcoal provide energy when heated.  

· Coal can be used for heating and cooking.

· Coke is used in the extraction of iron in a blast furnace.

1.6
Properties of Carbon

We can summarise the properties of carbon as follows:

	Physical
	Chemical

	Black (except diamond)
	Burns in plentiful air forming carbon dioxide

	Solid at room temperature
	Burns in limited air forming carbon monoxide


Carbon monoxide is the poisonous gas produced from car exhausts.

	(   Before proceeding further, complete the following activity.

	Activity 8

Carbon is a non-metal.  In everyday life we come across carbon in different forms.

(a)
Give the name of these forms of carbon.

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

(b)
Select the 2 allotropes from (a)

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

Note that they contain atoms of carbon arranged differently.




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

	(   Before proceeding further, complete the following activity.

	Activity 9

This activity concerns forms of carbon.

Select your answer in each case from one of: diamond, graphite, coal.

(a)
It is transparent…………………………………………………………………

(b)
It is very hard …………………………………………………………………..

(c) It is soft and slippery…………………………………………………………..

(d) It is used (in the powder form) in the extraction of iron from its ores (in the presence of hot air in the blast furnace). …………………………………

(e) It conducts electricity …………………………………………………………

(f) It is used in rock-borers …………………………………………………….

(g) It is used in jewellery ………………………………




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


POINTS TO REMEMBER

· Metals are usually solids (except mercury).

· Metals have lustrous appearances.

· Metals are malleable, ductile and feel cold to the touch.

· Metals are very good conductors of heat and electricity

· Metals have affinity for non-metals.

· Non-metals generally do not conduct electricity (except graphite)

· Carbon exists as different allotropes.

· Carbon has many uses, depending upon their properties. 
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