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MODULE 5

UNIT 3

ACIDS AND BASES
Introduction

Acids and Bases belong to an important group of chemicals useful to us in the home and elsewhere too.   Think of the vinegar used as a dressing in salads.  It is ethanoic acid which is a weak acid.

Fruits like apples and citrus fruits contain acids.  The tea we drink contains tannic acid.  Hydrochloric acid is secreted in the stomach to assist digestion.

Any substance that can counteract an acid is called a base.  You must surely be aware of us using indigestion tablets.  Excess hydrochloric acid causes indigestion which is very uncomfortable.  To combat this we take tablets containing sodium bicarbonate, a base.

Acid rain is a problem for farmers, as plants cannot tolerate acidic soils.  Quicklime is a base added to treat acidic soils.  Some fertilizers too contribute to the acidity of the soil.  

In the Biology section Module 8 Unit 3 - Section 3.8, we discuss acid rain, please refer to it.  In this Unit, we shall look at Acids and Bases.
OBJECTIVES

After completing this Unit, you should be able to:

· explain what is meant by acids and bases

· give examples of acids and bases

· describe the properties of acids and bases

· name some natural sources of acids and bases

· define neutralisation

· explain the uses of acids

· explain the uses of alkalis

· classify acids and alkalis into weak and strong ones using pH scale

· prepare an indicator using coloured leaves and flowers

3.0
Acids

Acids are substances with sour tastes.  In everyday life, we come across a number of acids.  Vinegar contains acid - we use it for adding a special touch to salads.  When we suffer from indigestion we may be having excess acidity in the stomach.

Do be careful; do not put acids found on your laboratory benches in your mouth.  It is dangerous to do so.

	(   Before proceeding further, complete the following activity.

	Activity 1

Give the name of each of the acids:

(a)        it is present in small quantities in the stomach

…………………………………………………………………………………….

(b)       it is part of the lead acid accumulator in many motor vehicles.

…………………………………………………………………………………….

(c)       it forms the basis of nitrogen - containing fertilisers

…………………………………………………………………………………….

(d) it is used as a seasoning for green salads

…………………………………………………………………………………….

(e)       it is present in milk which has gone sour

…………………………………………………………………………………….

(f)        it is present in soda water

…………………………………………………………………………………….

(g) it is present in fruits of the citrous family

……………………………………………………………………………………

(h) it is used in preserving a number of fruit juices

……………………………………………………………………………………




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

Acids which are found in laboratories have to be handled with care – especially the concentrated ones.  In order to dilute a concentrated acid, water has to be used.  It is important to know that for such purposes we should add acid to water (and never water to acid).

	(   Before proceeding further, complete the following activity.

	Activity 2 

So far we have come across a large number of acids.

How can we define an acid?

……………………………………………………………………………………………

(a) Name three acids which are normally available in the science laboratory.

(1)
…………………………………………………………………………

(2) …………………………………………………………………………

(3) ………………………………………………………………………..

(b)        Bottles containing concentrated acids should be handled with care.  Why is it so?

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

(c)       How is a concentrated acid converted into the corresponding dilute acid?

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




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

3.1
Bases

To ‘combat’ acidity we use substances known as bases.  For instance when we have to cure indigestion due to excess acidity in the stomach, we use ‘antacids' that are bases.

You must have seen people rubbing baking soda on bee stings.  Again baking soda is a base which counteracts the acidic liquid released by the bee.

	(   Before proceeding further, complete the following activity.

	Activity 3

Give the chemical names of the following bases

1. Caustic soda

…………………………………………………………………………………..

2. Caustic potash

…………………………………………………………………………………..

3. Lime water

…………………………………………………………………………………..

4. Slaked lime

…………………………………………………………………………………..

5. Quick lime

…………………………………………………………………………………..




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

3.1.1
 Bases – Uses & Application

Bases have a number of uses/applications.  These include those in industries, agricultural practices and pharmaceuticals.

	(   Before proceeding further, complete the following activity.

	Activity 4

Give the name of the base in each case.

1.
It is used in the manufacture of soap.
…………………………………………………………………………………..

2.  
It is applied to counteract excess acidity of the soil.

……………………………………………………………………………………

3.  
It is used to prepare paints for concrete walls.

…………………………………………………………………………………..

4. 
Its solution in water has a strong (pungent) smell.  It is used in dry- cleaning for removing stains from clothes.

……………………………………………………………………………………

5. 
It is used as a reagent for detecting/showing the presence of carbon dioxide.

……………………………………………………………………………………


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

3.1.2
 Bases – Natural Sources

Limestone found in quarries and corals in the sea are natural substances.  They have a chemical name i.e. calcium carbonate.  When we decompose calcium carbonate on heating, calcium oxide is produced.  This is commonly known as quicklime.  Quicklime is a base.

3.2
Indicators

There are specific reagents we use in order to detect the acidic nature, or otherwise, of a given substance.  They are known as indicators.  In a sense, they indicate the presence or absence of acidity.  They comprise a plant dye in solution.

	(   Before proceeding further, complete the following activity.

	Activity 5

Look around your laboratory.

Identify the indicator, in each case, which is available as 

(1)
blue strips of paper.

Answer: ………………………………………………………………………..

(2)    an orange solution in water.
Answer: …………………………………………………………………………


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

We can now proceed with the following investigation.  

[image: image1.wmf]
      Investigation 1: Testing for an acid
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Blue litmus paper

· Methyl orange solution

· Dilute hydrochloric acid

· Test tubes
Method:  

(a) to a small sample of dilute hydrochloric acid taken in a test tube add a piece of blue litmus paper.

Record your observations.

………………………………………………………………………………………………………………………………………………………………………………………………
(b) to a small portion of dilute hydrochloric acid taken in a test tube add a few drops of methyl orange.

Record your observations.

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





I am sure that in (a) you noted the blue litmus paper turning red.  

In (b) the solution turns red.

Acids turn litmus red.

We can now proceed with the following investigation.  

[image: image2.wmf]
      Investigation 2: Reaction of acids with carbonates
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Dilute hydrochloric acid

· Dilute nitric acid

· Marble chips (calcium carbonate)

· Test tubes
Method:  

(a) In a clean test tube take about 5cm3 of dilute hydrochloric acid.  Now add a few marble chips.

Record your observations.

………………………………………………………………………………………………………………………………………………………………………………………………
(b)  
Take about 5cm3 of dilute nitric acid in a test tube.  Add a few marble chips.

Record your observations.

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



I am sure that in both cases you noted bubbles of gas i.e. effervescence.  (The gas in both cases is carbon dioxide).

Acids liberate carbon dioxide from carbonates.

We can now proceed with the following investigation.  

[image: image3.wmf]
      Investigation 3: Reaction of acids with some metals
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Dilute hydrochloric acid

· Dilute sulphuric acid

· Zinc granules

· Magnesium ribbon

· Test tubes
Method:  

(a) In a test tube take about 5cm3 of dilute sulphuric acid.  Add a few zinc granules.

Record your observations.

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

(b) In a test tube take about 5cm3 of dilute hydrochloric acid.  Add a few strips of magnesium ribbon.

Record your observations.

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




I am sure that in both cases you observed effervescence.  (The gas evolved in each case is hydrogen).

Acids liberate hydrogen from some metals like Magnesium and Zinc which are above Hydrogen in the reactivity series.

We can now proceed with the following investigation.  

[image: image4.wmf]
      Investigation 4: Effect of an alkali on some indicators
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Test tube rack with test tubes

· Calcium hydroxide solution

· Methyl orange indicator

· Phenolphthalein indicator
Method:  

(a) 
In the first test tube take about 3cm3 of calcium hydroxide solution.

(b)  Drop a piece of red litmus paper, in the test tube.

(c) 
To the second add a few drops of methyl orange solution.

(d) 
To the third add a few drops of phenolphthalein solution (in alcohol)

 N.B. Phenolphthalein doesn't dissolve in water.

Record your observations below:

(a) with litmus ……………………………………………..

(b) with methyl orange ……………………………………………..

(c) with phenolphthalein ……………………………………………..




I am sure that you observed red litmus turning blue in (a).

In (b) a yellow colour should be seen. 

In (c) you should have observed a pink colour.

We can now proceed with the following investigation.  

[image: image5.wmf]
      Investigation 5 : Reaction of some alkalis with Ammonium salts.

	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Hard glass test tubes

· Burner

· Test tube holder

· Ammonium Sulphate (solid)

· Sodium hydroxide solution

· Quick Lime (or slaked lime)

Method:  

(a)      Take a little ammonium sulphate in a hard-glass test tube.  Add about 5cm3 sodium hydroxide solution.  Heat the mixture using a flame.

Describe the smell.
………………………………………………………………………………………………………………………………

(b) Take half-spoonful of ammonium sulphate crystals in a hard-glass test tube.  Now add 1 spoonful of quicklime (or slaked lime).  Heat the mixture using a flame.

Note the smell.

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



I am sure that in both cases you noticed a sharp pungent smell.  This smell is of ammonia gas. 

Alkalis react with ammonium salts to liberate ammonia gas.

We can now proceed with the following investigation.  

[image: image6.wmf]
      Investigation 6: Reaction of an alkali with Zinc and Aluminium
	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

· Boiling tubes

· Zinc granules

· Aluminium foil

· Sodium hydroxide solution
Method:  

(a) In a boiling tube take about 10cm3 sodium hydroxide solution.  Now drop (carefully) aluminium foil in the solution.

Record your observations
………………………………………………………………………………………………………………………………………………………………………………………………

(b) Repeat (a) using zinc granules instead of aluminium foil.  

…………………………………………………………………………………………………………………………………………
Record your observations
………………………………………………………………………………………………………………………………………………………………………………………………




I am sure that you observed bubbles of a colourless gas.  (The gas is hydrogen).  Also the reaction mixture becomes hot in each case.
3.2.1
Indicators - Preparation

We said earlier that indicators are plant dyes.  We can prepare them ourselves. The following investigation helps us to do this.

We can now proceed with the following investigation.  

[image: image7.wmf]
      Investigation 7 : Preparing an indicator

	For each investigation you will require the materials indicated.  

You should record your answers in the space provided.


	Materials needed:

Petals of roses or dahlias

· Coloured leaves

· Pestle and mortar

· Thin cloth (or filtration apparatus)
· Water
Method:  

Take a clean pestle and mortar.  Using it, grind a mixture of coloured petals and leaves.  To the paste, add water, grind again.

Filter the mixture through a thin cloth (or filtration apparatus).  Collect the coloured solution.

How can you verify that the coloured solution is a simple indicator?

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


I am sure you thought of testing samples of the coloured solution separate with an acid (e.g. hydrochloric acid) and with a base (e.g. ammonia solution).  Different colours
should result.  Hence the solution extracted from petals and leaves is in fact an indicator.

3.3
Neutralisation

We saw earlier in 1.1 that acids can be ‘combated’ by ‘bases’.  In fact we describe the reaction between an acid and a base as neutralisation.  An acid can neutralise a base.  A base can neutralise an acid.  The products of neutralisation are a salt and water.

You can personally experience neutralisation.  Get hold of an acid drop sweet if you can and suck it for a few minutes.  The sour taste will be obvious because of the citric acid.  Now lick some sodium bicarbonate.  The sour taste should disappear.   The citric acid is neutralised.

	(   Before proceeding further, complete the following activity.

	Activity 6

Complete the blanks below:

1. An acid is neutralised by a ………………………………..

2. A base is neutralised by an …………………………………

3. Thus, neutralisation is a chemical reaction between an …………………………………. and  a…………………………….

4. The main product of a neutralisation reaction is …………………………….




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

3.3.1
Neutralisation - Application

In agriculture, the yields of crops are affected by the nature of the soil.   This is because most plants grow best when the soil is not too acidic nor too basic.  With acid rain, this balance can be shifted.  Excess acidic nature or basic nature can be “corrected” by neutralisation.

	(   Before proceeding further, complete the following activity.

	ACTIVITY 7

(a) If a soil is found to be too acidic and has to be neutralised, what can be done?

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

(b) In case a soil is found to be too basic and has to be made less basic or even neutralised, what has to be done?

…………………………………………………………………………………………………………………………………………………………………………………………
(c)          At times we suffer from indigestion due to excess acidity in the stomach.  What medical treatment is required in such cases?

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




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

3.4
Table Salt - Preparation

Table salt or kitchen salt is sodium chloride.  It can be prepared by the neutralisation of sodium hydroxide by hydrochloric acid.

	(   Before proceeding further, complete the following activity.

	Activity 8

This concerns the preparation of a sample of table salt by neutralisation.

(a) Give the chemical name of table salt

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

(b) Name the acid to be used in its preparation.

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

(c) Name the base to be used in its preparation.

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

(d) In a beaker we take about 20cm3 of the dilute used acid from (b) and add 2 drops of indicator (methyl orange solution).   

We add the base from (c), a little at a time, with stirring/swirling until the red first changes to orange.  We now add a spoonful of powdered charcoal and boil (to absorb the indicator).  

We filter.  We collect the colourless solution.  We evaporate off the water carefully from the solution.  We are left with a sample of…………………..

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


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

3.5
The pH Scale

To express the acidic nature, basic nature and neutral nature of materials, chemists have designed a numeric scale – the pH scale.  It is a scale from 0 to 14.  This scale shows how strong or weak an acid or base is.

· Acids have a pH below 7 

· Bases have a pH above 7 (up to 14) 

· 7 is neutral

	(   Before proceeding further, complete the following activity.

	Activity 9

(a) The pH scale is a scale of numbers ranging from …………………….. to ………………………………..

(b) For solutions which are neutral (neither acidic nor basic) the pH value is ………………………………….

(c) Solutions which are acidic have pH values in the range of ………………..

(d) Solutions, which are bases, have pH values in the range of …………………………..




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

The acids we commonly come across in the laboratory are sulphuric acid, nitric acid and hydrochloric acid.  They are described as ‘strong’ (pH values 0-4).  Strong bases have pH 11-14.

	(   Before proceeding further, complete the following activity.

	Activity 10

Acids and bases are separate groups of substances.  Each group is subdivided into ‘strong’ and ‘weak’.

(a) Name two strong acids.

…………………………………………………………………………………………..

(b) Name one weak acid.

…………………………………………………………………………………..

(c) Name two strong bases.

…………………………………………………………………………………………..

(d) Name one weak base.

…………………………………………………………………………………………..

(e) What is the pH range for

(1) strong acids ………………………………………

(2) weak acids …………………………………………

(3) strong bases ………………………………………

(4) weak bases ………………………………………




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

[image: image8.wmf] POINTS TO REMEMBER

· Acids have sour tastes.

· Acids are classified into strong and weak.

· Acids can be neutralised by bases and vice-versa.

· The pH scale ranges from 0 to 14.

· Acids have pH less than 7.

· Bases have pH greater than 7

Answers to Activities

Unit 1

Activity 1

1.
Aluminium
2.
Silver

3.
Gold

4.
Zinc

5.
Copper
6.
Tin

7.
Lead

8.
Mercury

9.
Calcium
10.
Barium

Activity 2

1.
False

2.
True

3.
True

4.
False

5. 
True

Activity 3

Malleable: can be ‘beaten’ or hammered into sheets.

Ductile: can be drawn into wires
When we touch a metal, heat from the hand is conducted away by the metal.  The hand is cooled.

Activity 4

(a)
Iron

(b)
Aluminium



Activity 5

(a) A metal has positive ions drowned in a ‘sea of electrons’.  Attraction between the ions and electrons results in metallic bonding.

(b) A metal has surplus electrons.  A non-metal lacks electrons.  The metal transfers surplus electrons and becomes positive.  The non-metal gains the electrons to become negative.  The positive and negative get bonded by attraction.

Activity 6

(i)
Silver, copper

(ii)
Zinc



(iii)
Gold


(iv)
Aluminium, copper



(v)
Aluminium


(vi)
Iron (as stainless steel)


(vii)
Iron



(viii)
Tin


(ix)
Lead


(x)
Zinc

Activity 7

1.  
Sulphur


2.
Carbon

3.
Hydrogen


4.
Nitrogen

5.
Phosphorous

6.
Chlorine

7.
Argon


8.
Iodine

9.
Helium


10.
Silicon

Activity 8

(a) Diamond, Graphite, Soot, Lamp-black, Coal

(b) Allotropes - Diamond, Graphite

Activity 9

(a) Diamond
(b)
Diamond
(c)
Graphite
(d)
Coal


(e)
Graphite
(f)
Diamond
(g)
Diamond

Answers to Activities

Unit 2

Activity 1

(a) 1st Heating limestone

            2nd Fermentation

(b) Carbon dioxide is prepared in the laboratory by the action of dilute hydrochloric acid on marble chips (calcium carbonate).

Lab preparation of carbon dioxide
[image: image9.png]



C
-
Loose cover

D
-
Delivery tube

F
-
Flat bottomed flask

G
-
Gas Jar

M
-
Mixture of Marble chips and hydrochloric acid

R
-
Rubber tubing

Activity 2

(a)
(i)
    It is a colourless gas.

(ii) It is odourless.

(iii) It does NOT support combustion.

(b)
(i)
    It turns lime water milky.

(ii) It is absorbed by sodium hydroxide solution.

(iii) When passed over heated carbon, it produces carbon monoxide.

       (c)       A little lime water is added and shaken.  The lime water turns milky.

Activity 3

(i)
No

(ii)
No

(iii)
Yes

(iv)
Yes

(v)
Yes
(vi)
Yes

Activity 4

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.

Activity 5

(a)
(i) 
      It is a colourless gas.

(ii) It is odourless.

(iii) It has no taste.

(iv) It allows substances to burn.

(v) It combines with heated carbon to form carbon dioxide.

(vi) It combines with burning sulphur to produce sulphur dioxide.

(b)      (i)
In burning substances

(ii) In germination of seeds

(iii) In respiration

(iv) In oxygen tents (in hospitals, clinics).

(v) In bottles used by divers, mountaineers, rescuers etc.

Activity 6

Steam is passed over heated carbon.  A mixture of hydrogen and carbon monoxide is produced.  It is reacted with steam to produce more hydrogen and carbon dioxide.  The latter is absorbed by water.  Hydrogen is left.

Activity 7

(a)
(i)
It is a colourless gas.

(ii) It is tasteless.

(iii) It is without smell.

(iv) It burns with a ‘pop’ sound.

(v) It is much lighter than air.

(b)     (i)
In the synthesis of ammonia.

(ii)  In converting edible oils into margarine.

(iii) To fill weather balloons.

(iv) To make synthetic petrol.

Activity 8

(a) Rain; River; Lake; Reservoir; Underground sources.

(b) For cleaning/washing; cooking; preparing tea, coffee, milk; drinking.

(c) Cleaning; drinking; irrigating.

(d) In cooling industrial machines; For recreational purposes.

Activity 9

1..
Yes
2.
No
3.
Yes
4.
Yes
5.
No 


6.
Yes            7.
Yes
8.
Yes
9.
Yes
10.
No


11.
No

Activity 10

(a) Calcium Sulphate; Calcium Hydrogen Carbonate

(b) Magnesium Sulphate; Magnesium Hydrogen Carbonate

Activity 11

(a)
(i)
Permanent hardness

(b)
(i)
Magnesium hydrogen carbonate

(ii)
permanent; magnesium sulphate

(c)
When water containing temporary hardness is boiled, the soluble compounds of calcium and magnesium responsible for it are decomposed.  The solid products of decomposition get deposited.  This temporary hardness is removed.

Answers to Activities

Unit 3

Activity 1

(a)
Hydrochloric acid


(b)
Sulphuric acid

(c)
Nitric acid



(d)
Vinegar (ethanoic acid)

(e)
Lactic acid



(f)
Carbonic acid

(g)
Citric acid



(h)
sulphurous acid

Activity 2

(a) It is a substance characterised by a sour taste.

(b) 1.
Sulphuric acid

2.
Hydrochloric acid 
3.
Nitric acid

(c) They are very corrosive to the skin, wood, floor and table tops.

(d) By taking water first and then adding slowly to it the concentrated acid while stirring.

Activity 3

1.
Sodium hydroxide


2.
Potassium hydroxide

3.
Calcium hydroxide solution
4.
Calcium hydroxide (solid)

5. 
Calcium oxide

Activity 4

1.  Sodium hydroxide


2.
Calcium hydroxide

3.
Calcium oxide


4.
Ammonia

5.
Lime water

Activity 5

1.
Litmus

2.
Methyl orange

Activity 6

1.
Base

2.
Acid

3.
Acid and base
     4.
 A salt

Activity 7

(a) A sufficient amount of slaked lime can be added.

(b) A suitable compound must be added just sufficient to cancel the basic nature for example, rock sand or organic litter such as poultry litter, beef litter.

(c) Tablets or suitable mixtures of bases are prescribed.  They contain magnesium oxide or magnesium hydroxide or aluminium hydroxide.

Activity 8

(a)
Sodium chloride
(b)
Hydrochloric acid
(c)
sodium hydroxide

(d)
table salt

Activity 9

(a)
zero to 14

(b)
7
(c)
 0 to less than 7  

(d)
more than 7 to 14

Activity 10

(a)
Hydrochloric acid, 
Nitric Acid

(b)     Vinegar (ethanoic acid)

(c)      Sodium hydroxide,
Potassium hydroxide

(d)
Ammonia

(e)
1.
   0 – 4


2.
4 – 7

     3.
11 – 14

4.
7 - 11
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