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MODULE 5

UNIT 2

GASES

Introduction

Our environment has many gases. These gases play an important role in our day to day living.  Carbon dioxide is very useful to plants for photosynthesis.  Oxygen is essential to all living organisms.  

Air also contains water vapour.  This is a compound of oxygen and hydrogen.  When water vapour condenses it forms water, another essential compound because without water, life doesn’t exist.  This Unit will look at a few gases present in our environment.

OBJECTIVES

After completing this Unit, you should be able to:

· discuss the commercial preparation of  carbon dioxide

· discuss the preparation of  carbon dioxide in the laboratory

· describe the physical properties of carbon dioxide

· describe the chemical properties of carbon dioxide

· explain the uses of carbon dioxide as "dry ice"

· describe the commercial preparation of oxygen

· describe the properties of oxygen

· discuss the uses of oxygen

· discuss the commercial preparation of hydrogen

· describe the physical properties of hydrogen

· discuss the uses of hydrogen

· compare the distribution/availability of water

· discuss the economical/effective utilisation of water

· describe the physical properties of water

· describe the chemical test for water

· define hard or soft water

· describe hard water as containing dissolved calcium and magnesium salts

· define scum as a product of soap and the magnesium  and calcium salts in water

· distinguish between temporary and permanent water hardness

· establish that temporary water hardness is caused by the process of calcium and/or magnesium hydrogen carbonate

· describe the softening of temporary hard water by boiling

2.0
Carbon dioxide - Preparation

Carbon dioxide is released into the air by respiration. 

It is also produced during the fermentation processes.   As a matter of fact, this is how we prepare carbon dioxide on a large scale.  The carbon dioxide is a by-product of the process of fermentation.

In the laboratory, we prepare a sample of carbon dioxide by the action of an acid on a carbonate.

	(   Before proceeding further, complete the following activity.

	Activity 1

On a large scale (industrially) carbon dioxide is generated in various ways.

(a)  
Give two of these 

1st ……………………………………………………………………………………

2nd…………………………………………………………………………………

b) 
How is a sample of carbon dioxide prepared and collected in the    

             laboratory?  Include a labelled diagram.




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

2.1
Carbon Dioxide - Properties 

Carbon dioxide is the only gas that turns lime water milky.   You can try this yourself.  Exhale through a tube dipped in lime water in a test tube.  Lime water in fact is calcium hydroxide in water.

The milkiness is calcium carbonate.

[image: image1.wmf]calcium hydroxide + carbon dioxide               calcium carbonate + water

· Carbon dioxide is colourless, tasteless and odourless.  

· [image: image2.wmf]It dissolves in water to form carbonic acid.


water + carbon dioxide                  carbonic acid 

· It doesn’t support combustion.  Put a lighted candle in a gas jar of carbon dioxide.  It goes off.

	(   Before proceeding further, complete the following activity.



	Activity 2

(a) Give 3 physical properties of carbon dioxide

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

(b) Give 3 chemical properties of carbon dioxide

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

(c) How do we test for the presence of carbon dioxide in a gas jar suspected to contain the gas?

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


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

2.1.1
Carbon dioxide – Uses 

When you uncork a bottle of soda water, bubbles of carbon dioxide are seen coming out.   Carbon dioxide is purposely put in soft drinks like soda, lemonade and coke to produce this fizz.

Solid carbon dioxide resembles ice in appearance.  It is also known as dry ice.  

· It is used in aeroplanes to keep food cold.  

· It can also produce interesting effects in the theatre and on television.  This is because the solid changes to vapour directly a phenomenon known as sublimation.  On stage, lumps of carbon dioxide dropped in a bucket of boiling water gives odourless smoke without any fire risks.  This is the smoke or fog you see on TV.

	(   Before proceeding further, complete the following activity.

	[image: image3.wmf][image: image4.png]—r
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Activity 3

Tick ‘yes’ or ‘no’ for each statement below concerning the uses of carbon dioxide.

   Yes 
      No

I. As a fuel in gas burners.

II. As a preservative of fruit juice.

III. When dissolved under high pressure in water 

   it is used to make soda water.

IV. In extinguishing small fires.

V. In combination with ammonia, in the manufacture 

   of the fertilizer, urea.

VI. In making ‘dry ice’ which is widely used as a cooling agent.




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

2.2
Oxygen

The air around us contains oxygen.  This oxygen is essential for life.  During respiration, the oxygen breaks down glucose from our food to produce the energy we require to get on with our daily activities. This issue is taken up in depth in Module 4 of the Biology Section.

2.2.1
Industrial Preparation

Oxygen, a component of air, is isolated industrially making use of air.  Here is how it is done.  Air is freed from carbon dioxide by absorbing this gas in a sodium hydroxide solution. The remaining air is dried and liquefied.  Liquid air contains nitrogen, oxygen and argon.  These are separated by fractional distillation. The 3 are collected separately.

You may wish to refer to fractional distillation in Module 2, Unit 2 (Section 2.5.3).

	(   Before proceeding further, complete the following activity.

	Activity 4

Air contains oxygen, nitrogen, carbon dioxide, rare gases etc.

Outline how air is used as a source for the commercial preparation of oxygen.

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




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

2.2.2
Oxygen - Properties 

· It is colourless, odourless, and tasteless. 

· It dissolves slightly in cold water.

· It supports combustion.  

· It also reacts with many substances producing oxides e.g.

calcium + oxygen                 calcium oxide

magnesium + oxygen                 magnesium oxide

2.2.3
Oxygen - Uses  

Oxygen has many uses in everyday life.  

· You must have seen divers, firemen, rescuers and astronauts with oxygen cylinders in situations where there is a shortage of air.

· In hospitals, patients with respiratory difficulties are given oxygen.

· In the manufacture of steel, we use oxygen to purify the steel.

· If you have the opportunity of visiting workshops, watch the artisans welding and cutting metals.  They use a flame produced by a gas coming from two cylinders.  One cylinder is acetylene gas and the other is oxygen.  The mixture burns strongly, producing a very hot flame.  This very hot flame cuts metals by melting them.

· When the metals melt, they can be joined or welded to each other.

	(   Before proceeding further, complete the following activity.

	Activity 5

(a) Give six properties of oxygen.

1. 4.

2. 5.

3. 6.

(b)       Make a list of the uses of oxygen.

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


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

2.3
Hydrogen

You should recall us saying in Module 2, Unit 2 that water is a compound made from two elements i.e. hydrogen and oxygen.

2.3.1
Industrial Preparation

Hydrogen is produced on a large scale by heating a mixture of natural gas (methane) and steam.

methane + water                   carbon dioxide + hydrogen

We can now proceed with the following investigation.  


      Investigation 1: Preparation of hydrogen in the laboratory

We can easily prepare a sample of hydrogen in the laboratory by getting a metal and an acid to react. 

	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:



· zinc

· dilute hydrochloric acid

· flask

· funnel

· rubber bung

· gas jar, stand

· trough of water

· delivery tube

Method:

(a) Put zinc granules in the flask and assemble the apparatus as shown below.  The acid is added through the funnel until the acid is above the bottom of the funnel.


Record your observation.

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

(b)
Bring a lighted splinter near the mouth of the jar.

Record what you see and hear.

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




I am sure that in (a) you observed bubbles (effervescence).  In (b) a 'pop' sound is heard.

	(   Before proceeding further, complete the following activity.

	Activity 6

On a commercial scale, hydrogen is prepared from water/steam. 

Outline how it is carried out.

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


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

2.3.2 Hydrogen - Properties 

· Hydrogen is colourless, odourless and tasteless.

· It is about 20 times lighter than air and is insoluble in water.

2.3.3
Hydrogen - Uses 

· In the meteorological services, weathermen fill weather balloons with hydrogen before release into the atmosphere.

· In the food industry, it is made to react with vegetable oils to produce margarine.

· We make ammonia using hydrogen with nitrogen.

· As a fuel - when burnt (in air) it releases energy.

	(   Before proceeding further, complete the following activity.

	Activity 7

(a) 
Give five properties of hydrogen.

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

(b) 
Make a list of the uses of hydrogen.

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


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

2.4
Water 

Water is a very precious liquid on our planet.  It used to be abundant, but now with growing populations, deforestation, industrialisation and frequent droughts it is becoming a very scare resource.  We therefore have to ensure that we use it economically because it occupies a central position in our life.  Remember “no water, no life”.  There is always a risk that we may run out of clean water.  There are several sources of water.  The liquid is put to a variety of uses.

2.4.1
Sources of Water

Rain water is normally collected in reservoirs, dams, lakes etc.  I think you’ll agree with me that this collected rain water is not fit for domestic consumption.  It contains bacteria, dissolved substances etc. which can be harmful to health.  After treatment, this water is pumped to our homes through pipes.  Obviously there is a cost to this.

Unfortunately in some parts of our region, water has not reached all the homes.  This may mean fetching water from public fountains, wells, springs etc.  We recommend boiling this water before human consumption.

It may be useful to refer to the Biology Section Module 8, Unit 1 - Section 1.7.1 where we discuss the water cycle.

	(   Before proceeding further, complete the following activity.

	Activity 8

(a) 
Draw up a list of the sources of water

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

(b) 
What use is made of water at home?

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

(c) 
How is water used on the farm?

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

(d) 
Give other uses of water (not included in (b), (c) above.

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


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

2.4.2
Water - Properties 

· Pure water freezes at 00C.  

· It is the only liquid that boils at 1000C.

Unusual properties

Note: Water has some unusual properties, e.g. its boiling point of 1000c is exceptionally high.  We can explain this as follows:  The forces of attraction between water molecules are strong.  Therefore more heat energy is required to break these forces of attraction.  
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When water freezes, its volume increases and its density decreases.  You must have noticed cubes of ice floating on drinks.  Solid ice is less dense than liquid water.  Again icebergs float rather than sink.

	(   Before proceeding further, complete the following activity.

	Activity 9

Tick ‘yes’ or ‘no’ for each of the following concerning the physical properties of water.
Yes 
   No

1. It is a colourless liquid







2. It has a pleasant smell 






3. It has no taste








4. It is odourless








5. It boils at 100k








6. It freezes at 273k








7. Its boiling point is 1000C







8. Its freezing point is O0C







9. It does not burn








10. It turns red litmus blue


11. It turns blue litmus red




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

We can now proceed with the following investigation.  


      Investigation 2: Chemical test for water
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Water

· Dry cobalt chloride paper (blue)

· Anhydrous copper sulphate (white)

· Watch glass

· Dropper
Method:  

(a)    Dip a piece of cobalt chloride paper in water.

Record the colour change.

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

(b)    Sprinkle a little anhydrous copper sulphate in a clean watch glass.  With the help of a dropper, add a few drops of water to the white copper sulphate.

Record the colour change
……………………………………………………………………………………………………………………………………………………………………………………………..




I am sure that in (a) you noted a change from blue to pink.

In (b) the change is from white to blue.

2.5
Water – Hard and Soft

The water from our taps is clean but not necessarily pure.  In many regions, river water and hence reservoir water contains small amounts of dissolved calcium salts and dissolved magnesium salts.  These salts are washed from the rocks present in the soil.  They are not harmful to us.  With soap, these salts form products which appear as SCUM floating on water.  We describe such water as ‘hard water’.  

Distilled water, rain water are examples of ‘soft water’.  With soap, soft water forms a lather readily but no scum.  They do not contain calcium and magnesium salts dissolved in them. 

	(   Before proceeding further, complete the following activity.

	Activity 10

(a) Name 2 calcium salts normally present in ‘hard’ water.

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

(b) Name 2 magnesium salts contained in natural samples of ‘hard’ water.

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


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

2.5.1
Hardness - Temporary and Permanent

Now that you know about hard and soft water, we would like to point out that hardness can be either temporary or permanent.

Temporary hardness: this is a hardness that we can easily remove from the water to render it soft.  If your region has hard water, try and look inside an electric kettle.  You will notice a deposit on the sides of the kettles.  This is calcium carbonate.

Temporary hardness is caused by calcium bicarbonate dissolved in the water.  When boiled, the calcium bicarbonate decomposes to calcium carbonate.  This deposits on the sides on the kettle.  The water becomes soft.

Permanent hardness: this type of hardness is not easily removed, therefore the name permanent

Permanent hardness is due to calcium sulphate and magnesium sulphate dissolved in the water.

	(   Before proceeding further, complete the following activity.

	Activity 11

(a) 
Hardness in water is of 2 types.  One type is temporary hardness as it can be removed by boiling.

What is the other type of hardness in water?


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

(b)  
i.  Temporary hardness is caused by calcium hydrogen carbonate and by 

…………………………………..

ii. The other type of hardness, namely ………………… is caused by  

     calcium sulphate and by ………………………….

(c)  
Suggest how boiling removes temporary hardness.



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

   POINTS TO REMEMBER

· Carbon dioxide is obtained on a large scale by heating calcium carbonate.

· In the laboratory, carbon dioxide is prepared by reacting together calcium carbonate and hydrochloric acid.

· Oxygen is obtained commercially by the fractional distillation of liquid air.

· Hydrogen is obtained on a large scale using steam and carbon as raw materials.

· Water is a compound of hydrogen and oxygen.

· Water is the only liquid which freezes at 00 C and boils at 1000C. 

· Soft water forms a lather readily with soap.

· Hardness in natural samples of water is caused by the presence of magnesium salts and calcium salts in water.

� EMBED MS_ClipArt_Gallery  ���





Hydrogen





Dilute Hydrochloric Acid





Zinc





Water





� EMBED MS_ClipArt_Gallery  ���





(




















Water molecule





Forces of attraction











PAGE  
36

_1053758648

