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MERRYLAND HIGH SCHOOLS – ENTEBBE 

S2 CHEMISTRY HOLIDAY WORK 2021 

 

NB: Please copy these notes in your notes book 

 

ORGANIC CHEMISTRY 

This is the study of compounds that contain carbon. 

Compounds like carbon dioxide, carbonates, hydrogen carbonates and metal 

carbonates are considered to belong to the field of inorganic chemistry. 

  

The uniqueness of carbon: 

Carbon atoms can combine with one another in any number.  To form stable 

chains of carbon atoms of any length. 

 

Carbon forms bonds with so many elements like oxygen, nitrogen, halogens 

etc. 

Carbon can form 4 covalent bonds.  The formation of those bonds leaves no 

valency electron unshared and at the same time completes the valency shape. 

 

The simplest organic compounds are known as hydrogen carbons. 

 

Definition: 

A hydrocarbon is a compound that contains carbon and hydrogen only. 

 

The compounds of carbon belong to many different families known as 

Homologous series. 
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Definition: 

A homologous series is a group of compounds that conform to the same general 

molecular formular, have similar methods of preparation, same chemical 

properties and as the series ascends there is a gradual change in the physical 

properties i.e. melting point and boiling point. 

 

These include; 

 Alkanes 

 Alkenes 

 Alkynes 

 Alcohols 

 

ALKANES: 

These conform to a general formula CnH2n+2  n = 1, 2, 3 ...... 

 

Physical properties of alkanes: 

1. The first four members are gases at room temperature i.e. methane, 

ethane, propane and butane while the next are liquids of low boiling 

points. 

2. There densities gradually increase with increase in molecular mass, but 

are below 1gcm-2 i.e. they are less dense than water. 

3. They are insoluble in water but soluble in organic solvents like benzene 

 

Nomenclature of alkanes: 

1. The names of alkanes end with – ane 

2. The number of carbon atoms in the alkane determines the name of the 

compound e.g. 
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Formula  Name  

CH4 Methane 

C2H6 Ethane 

C3H8 Propane 

C4H10 Butane  

 

All carbon atoms exhibit a valency of 4 e.g. in methane, one carbon atom is 

bonded to 4 hydrogen atoms tetrahedrally. 

Methane  

 H 

   
 C 

 
H  H 

 
 H 
 

The structures of the other compounds are; 

Ethane 
 

       H     H 

    

HCCH 

               
        H     H 
 

OR  CH3CH3 

 

Propane: 

 
         H   H     H 

              

HCCCH 

                     
        H    H     H 

OR  CH3CH2CH3 

 



Page 4 of 41 
 

Butane: 
 

       H     H    H     H  

                            

HCCCCH 

                           
       H     H     H    H  
 

 
 

Isomerism in Alkanes: 

Isomerism is a phenomenon that arises when two or more compounds have the 

same molecular formular but different structural formulae hence different 

physical and chemical properties. 

 

An isomer is a compound that has the same molecular formulae with other 

compounds but with a different structural formular hence different physical 

and chemical properties. 

 

Note: 

Alkanes exhibit chain isomerism. 

Chain isomerism is one where compounds have the same molecular formula 

but with different arrangements of carbon atoms giving rise to branched or 

unbranched chains. 

For C4H10, the isomers are 

CH3CH2CH2CH3. Butane CH3CHCH3   2-methypropane 

                     
           CH3 

Note: 

For alkanes, it is only Butane that exhibits isomerism. 

 

Preparations of Alkanes: 
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1. Hydrogenation of alkenes using Nickel as a catalyst at 140o – 150oC 

(Hydrogenation means addition of hydrogen) 

                       CH2  =  CH2 H2 / Ni     CH3CH3 

                       Ethene      140o – 150o       Ethane 

 

CH3CH  =  CH2 H2 / Ni CH3CH2CH3 

Propene    Propane 

2. The industrial preparation is done by fractional distillation of crude oil 

since each component has a different boiling point. 

 

Chemical properties of alkanes: 

Alkanes burn in excess oxygen to form carbon dioxide and water. 

CH4(g)  +  2O2(g)     CO2(g)  +  2H2O(l) 

Methane 

2C2H6(g)  +  7O2(g)       4CO2(g)  +  6H2O(l) 

Ethane 

C3H8(g)  +  5O2(g)   3CO2(g)  +  4H2O(l) 

Propane 

2C4H10(g)  +  13O2(g)  8CO2(g)  +  10H2O(l) 

Butane 

 

Note: 

Alkanes burn in limited supply of oxygen to form carbon monoxide and water. 

 

Uses of Alkanes: 

i) Methane is used as a fuel gas 

ii) Propane and butane are liquidified and stored under pressure in steel 

cylinders.  The two gases are used for welding. 
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iii) Alkanes are used as engine fuels e.g. petrol, diesel, aviation oil et. 

iv) Kerosene is used for lighting in homes 

v) Alkanes are used in lubricating machines 

vi) Making candles. 

 

 

Test for Alkanes: 

Alkanes are saturated hydrocarbons therefore they don’t easily react. 

They only react under drastic conditions 

Alkanes have no effect on bromine liquid r acidified potassium manganite (VII) 

solution. 

When the alkane is bubbled into either of the reagents, there will be no 

observable change. 

 

ALKENES: 

These are unsaturated hydrocarbons that conform to a general formular 

CnH2n (n = 1, 2, 3, 4....) and each member of the group has a carbon-carbon 

double bond. 

( C = C  ) as the functional group. 

The double bond is weaker that the single bond therefore alkanes undergo 

more reactions that alkanes. 

The double bond restricts the rotation of carbon atoms leading to the formation 

of isomers in higher alkenes. 

C2H4  Ethene 

C3H6  Propene 

C4H8  Butene 
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Ethene: 

Structure of Ethene 

 
   H 
     H 

 C = C 
   H      H 
 

 

Physical properties of Ethene: 

It is a gas at room temperature 

It is colourless 

It is slightly less dense than air 

It is almost insoluble in water. 

 

Laboratory preparation of Ethane (By dehydration of ethanol using excess hot 

concentrated sulphuric acid. 

 

 

To a known volume of ethanol in a flask, add excess concentrated sulphuric 

acid slowly with constant sharing and under a tap. 
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The experiment is then set up as shown above. 

The reaction mixture is then heated using a sand bath upto 180oC. 

Ethene is produced according to the equation. 

CH3CH2OH  Excess concentrated H2SO4 C2H4 

Ethanol           180oC / -H2O  Ethene 

The gas evolved is passed through sodium hydroxide solution to remove 

sulphur dioxide formed as a byproduct and ethene is collected over water. 

Note: 

Alkenes can also be produced by catalytic cracking of Alkanes e.g.  

C4H10(g) Al2O3    2C2H4(g)  +  H2(g) 

The disadvantage of catalytic cracking is that it produces side products like 

hydrogen. 

 

Chemical properties of ethane: 

1. Combustion:  

Ethene burns in excess oxygen to form carbon dioxide and water. 

C2H4(g)  +  3O2(g)      2CO2(g)  +  2H2O(l) 

Ethene burns in limited oxygen supply to form carbon monoxide and water. 

C2H4  +  2O2(g)  2CO(g)  +  2H2O(l) 

 

2. Reaction with bromine liquid 

When ethane is bubbled into Bromine liquid, the red liquid turns colourless. 

   H             H  H  

     H                 

 C = C   +   Br2  HCCH  

   H      H                 
             Br  Br 

             1, 2-dibromo ethane 
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OR 

C2H4  +  Br2  C2H4Br2 

NB:  If bromine water is used instead of bromine liquid, the reddish brown 

solution turns colourless. 

 

3. Ethene turns a purple solution of acidified manganite (VII) colourless. 

Note: 

Reactions 2 and 3 can be used as confirmatory tests for ethane and they 

confirm that ethene is unsaturated. 

4. Ethene reacts with hydrogen in presence of Nickle as a catalyst at 140o 

to 150oC to form ethane. 

 

   H             H  H  

     H                 

 C = C   H2/Ni   HCCH  

   H      H     140o to 150oC              
             H  H 

 ethene         ethane 

 
 

Uses of ethane: 

Manufacture of polythene 

Manufacture of polyvinyl / chloride 

It is used in the manufacture of plastics  

Manufacture of ethanol. 

 

Questions: 

1. a) Write the structural formular of 

(i) Ethene 
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(ii) Ethane 

b) Name one reagent which can be used to distinguish between 

ethane and ethane.   

c) State what would be observed if ethene was treated with the 

reagent you have named in (b) above. 

d) Give a reason why ethane would give a different observation. 

2. a) Alkanes and Alkenes are hydrocarbons. 

i) Define the term hydrocarbon. 

ii) State the structural difference between alkanes and akenes. 

b) The boiling points of straight chain alkanes having two to seven 

carbon atoms as shown in the table below: 

No. of carbon atoms 2 3 5 6 7 

Boiling point (oC) -79 -42 37 69 98 

 

Plot a graph of the boiling points against the carbon atoms. 

c) From the graph, determine the boiling point of the alkane with 4 

carbon atoms. 

d) (i) What is the shape of your graph? 

(ii) State the relationship between the boiling point of an alkane 

and the number of carbon atoms in the alkane. 

e) (i) Name one reagent other than bromine that can be used to  

distinguish between ethane and ethane. 

(ii) State what would be observed if the reagent you have named 

in (e)(i) was separately treated with ethane and ethane. 

 

ALKANOLS: 

These are organic compounds that conform to a general formular CnH2n + 1 

OH. (n = 1, 2, 3 .....).  They have the hydroxyl group as their functional group 

or reaction site 
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Alkanols include: 

CH3OH Methanol 

C2H5OH Ethanol 

C3H7OH Propanol etc. 

 

ETHANOL: 

The molecular formular is C2H6O  OR C2H5OH 

 

Structural formula of ethanol: 

  H   H 

        

     HCCO-H   

        
  H   H 
 

Physical properties of ethanol: 

It is a colourless liquid 

It is volatile 

It boils at 78oC 

It has a characteristic smell 

It is soluble in water in all proportions. 

 

Preparation of ethanol: 

a) Locally 

1. From bananas 

Juice is extracted from ripe bananas by squeezing them using spear grass. 

The juice is filtered to remove any solid impurities. 
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The filtrated juice is then poured in a locally made wooden container and 

mixed with ground roasted sorghum. 

The container is covered and the mixtures allowed to ferment for two or more 

days. 

The resulting solution is crude ethanol locally known as tonto. 

The crude ethanol is purified by simple distillation. 

2. From millet or sorghum 

a) Millet flour is mixed with water and the product is buried under ground 

for about 1 week to allow starch to be converted into sugar. 

The product is removed, roasted and then dried. 

It is then mixed with water and powder of germinated millet seeds. 

The product is allowed to ferment for 2 to 3 days in a suitable container 

in which sugar is converted to crude ethanol.  Locally known as malwa. 

 

b) By fermentation: 

Starch is put in a large container to which malt (Barley) is added and the 

mixture maintained at 60oC for about 1 hour. 

The malt supplies an enzyme diastase which catalyses the hydrolysis of starch 

to maltose. 

2C6H10O5  +  H2O(l) Diastase C12H22O11 (aq) 

  Starch      60oC     Maltose 

 

The mixture is then cooled to room temperature and yeast added to it.  The 

yeast contains an enzyme maltase which catalyses the hydrolysis of maltose to 

glucose. 

C12H22O11(aq)  +  H2O(l) Maltose   2C6H12O6 
Maltose     25oC  Glucose 

Yeast contains another enzyme zymase which catalyses the decomposition of 

glucose, to ethanol and carbon dioxide. 
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C6H12O6(aq)  2C2H5OH(l)  +  2CO2(g) 

Glucose   Ethanol 

The ethanol formed is purified by simple distillation. 

 

Purification of ethanol locally: 

Ethanol is purified by simple distillation 

The crude ethanol is put in a drum fitted with a coiled delivery tube which 

passes through cold water. 

When heated, the ethanol vapour distills off first at 78oC and it is condensed by 

the cold water. 

It is collected in a clean container as a colourless liquid. 

Social effects of taking ethanol: 

It leads to mortal accidents 

It leads to fights among people. 

Separation of families etc. 

 

Chemical properties of ethanol: 

1. Ethanol burns in oxygen with a blue flame to form carbon dioxide and 

water. 

C2H5OH10  +  3O2(g)  2CO2(g)  +  3H2O(l) 

 

2. Ethanol reacts with excess concentrated sulphuric acid to form ethane at 

180oC.  

CH3CH2OH  Conc. / excess H2SO4 C2H4 
    -H2O / 180oC 

3. Ethanol turns a purple solution of acidified potassium manganite (VII) 

colourless i.e. it reduces manganite (VII) ions to manganese (II) ions. 
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4. Ethanol turns an orange solution of acidified potassium dichromate 

solution green. 

 

Test for ethanol: 

To a known volume of ethanol, add an equal volume of ethanoic acid followed 

by 3 drops of concentrated sulphuric acid. 

Warm the mixture gently for some time and allow it to cool. 

Carefully add, sodium carbonated solution to neutralize any acid remaining 

and then smell the products. 

 

Observation: 

A sweet fruity smelling product is formed. 

 

Uses of ethanol: 

Used in thermometers to measure temperature. 

Used as fuel 

Used to sterilize surgical instruments 

Used as a beverage 

It is used as a solvent in many organic reactions. 

Manufacture of perfumes 

Used in paper chromatography 

Used in preparation of ethane. 

 

Questions: 
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a) Name the row materials used in your environment to make an alcoholic 

drink. 

b) Briefly describe how ethanol can be obtained from the materials you have 

named in (a). 

c) State how ethanol prepared in (b) can be concentrated and suggest one 

way of determining whether ethanol is pure or not. 

d) Ethanol can be used to prepare ethane, write the equation and state the 

conditions for the reaction leading to the formation of ethane. 

e) State two uses of ethanol apart from preparation of ethane. 

Alkynes: 

These are unsaturated hydrocarbons that conform to a general formular 

CnH2n-2  (n = 2, 3, 4 ....) 

 

Nomenclature of alkynes: 

Alkynes follow the same rules as for alkanes but the ending – ane in alkanes 

changes to –yne in alkynes e.g. C2H2 Ethyne, C3H4 Propyne. 

 

Ethyne: 

The molecular formula of ethyne is C2H2. 

 

Structure of ethyne: 

H – C  C – H  

 

Test for ethyne 

Ethyne turns red bromine liquid colourless and a puple solution of acidified  

manganite (VII) colourless. 
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Uses of ethyne: 

Manufacture of plastics 

Used in the oxy-acetylene for welding. 

 

Question: 

A hydrocarbon Y contains 92.3% carbon and 7.69% hydrogen by mass 

Y has a formular mass of 26 

a) Calculate the empirical formular of Y. 

b) Determine the molecular formular of Y. 

c) Write the structural formula of Y. 

 

CARBOXYLIC ACIDS: 

These are organic compounds that conform to a general formula CnH2n.COOH

 (n = 0, 1, 2, ....)  

Each member has the carboxyl group as the functional group. 

The members in this group include; 

HCOOH Methanoic acid 

CH3COOH Ethanoic acid 

C2H5COOH Propanoic acid 

 

Properties of ethanoic acid: 

It is a colourless liquid 

It has a smell of vinegar 

It is soluble in Water 

It is hygroscopic 
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It is a weak acid which partially ionizes in solution 

It reacts with highly electropositive metals to form salts and hydrogen gas. 

2CH3COOH(aq)  +  2Na(s)  2CH3COONa(aq)  +  H2(g) 

It reacts with bases and carbonates to form a salt water and carbon dioxide 

gas. 

2CH3COOH(aq) + K2CO3(aq)  2CH3COOK(aq) + H2O(l) + CO2(g) 

It reacts with ethanol in the presence of concentrated sulphuric acid to form an 

ester (A sweet smelling product) 

 

1. ACIDS, BASES AND SALTS  

1.1. Acids  

An acid is a substance which when dissolved in water produces hydrogen ions 

as the only positively charged ions  

1.1.1. Common Acids  

Acids in daily life:  

Ethanoic acid – found in vinegar and tomato juice  

Citric acid – found in citrus foods like lemons, oranges and grapefruit  

Lactic acid – found in sour milk and yoghurt, and in muscle respiration  

Tartaric acid – found in grapes  

Tannic acid – found in tea and ant’s body  

Formic acid – found in bee stings  

Hydrochloric acid – found in stomach juices  

1.1.2. Laboratory acids: 3 common laboratory acids/Mineral 

acids  

Hydrochloric acid (HCl)  
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Sulphuric acid (H2SO4) 

Nitric acid (HNO3)  

Dilute acids – solution containing small amount of acid dissolved in water  

Concentrated acids – solution containing large amount of acid dissolved in 

water  

1.1.3. Basicity of an acid 

Basicity of an acid is the number of hydrogen ions (H+) ions produced by a 

molecule of an acid  

 

 

1.1.4. Some Acids with Their Basicity  

The fizz of drinks  

Soft drink tablets contains solid acid (e.g. citric acid, C6H8O7) & sodium 

bicarbonate  

When tablet is added to water, citric acid ionises and the hydrogen ions 

produced reacts with sodium bicarbonate to produce carbon dioxide gas, 

making them fizz  

1.1.5. Strong and Weak Acids  

Acids are grouped into weak and strong acids. 

An acid is termed as strong or weak depending on its ease to release its 

hydrogen ions. 

Acids  Reaction with water  Basicity  

Hydrochloric acid  HCl(aq) → H+(aq) + Cl-(aq)  Monobasic  

Nitric acid  HNO3(aq) → H+(aq) + NO3-(aq)  Monobasic  

Ethanoic acid  CH3COOH(aq) ⇌ H+(aq) + CH3COO-(aq)  Monobasic  

Sulphuric acid  H2SO4(aq) → 2H+(aq) + SO4
2-(aq)  Dibasic  

Phosphoric acid  H3PO4(aq) ⇌ 3H+(aq) + PO4
3-(aq)  Tribasic  
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Strong acids – They are those which are completely ionised in aqueous 

solution and they are strong electrolytes. All mineral acids are strong acids. 

Their reactions are irreversible. E.g. H2SO4, HNO3, HCl  

H2SO4 (aq) → 2H+(aq) + SO4
2-(aq)  

In the above equation H2SO4 has completely been ionised in water producing 

sulphate and hydrogen ions. 

HCl(aq) → H+(aq) + Cl-(aq) 

Strong acids react more vigorously with metals than weak acids – hydrogen gas 

bubbles are produced rapidly 

Weak Acids - acids that partially ionise in water. The remaining molecules 

remain unchanged as acids.  They are weak electrolytes. Their reactions are 

reversible. E.g. Ethanoic acid (CH3COOH), carbonic acid (H2CO3), phosphoric 

acid (H3PO4) 

H3PO4(aq) ⇌ 3H+(aq) + PO4
3-(aq)  

Weak acids react slowly with metals than strong acids – hydrogen gas bubbles 

are produced slowly.  

1.1.6. Physical Properties of Acids  

1) Acids have a sour, sharp taste e.g. lemons are sour due to citric acid  

2) - Acids change the colour of indicators i.e they turn blue litmus 

paper to red. 

3) They are corrosive 

4) They have a pH of less than seven. 

Chemical properties of acids 

Acids turn common indicator litmus – blue litmus to red  

1) - Acids react with metals  

Acids react with metals to produce hydrogen gas. The gas is tested with a 

burning splint which shows hydrogen burns with a ‘pop’ sound.  

Mg(s) + 2HCl (aq) → MgCl2 (aq) + H2 (g) 

Observation. 
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A grey solid dissolves with effervescence of a colourless gas to form a colourless 

solution. 

2)- Acids react with carbonates and hydrogen carbonates (bicarbonates)  

A salt, carbon dioxide gas and water are formed. To test for Carbon dioxide   

gas, the gas produced is bubbled into limewater which forms a white 

precipitate.  

Carbonates:  

MgCO3(s) + 2HCl (aq) → MgCl2 (aq) + CO2 (g) + H2O (l)  

Observation 

The white solid dissolves with effervescence of a colourless gas to form a 

colourless solution. 

Hydrogen carbonates/Bicarbonates:  

NaHCO3(s or aq) + HCl(aq) → NaCl(aq) + CO2(g) + H2O (l)  

3)- Acids react with metal oxides and hydroxides  

Metal oxides & hydroxides react slowly with warm dilute acid to form salt and 

water  

CuO(s) + H2SO4(aq) → CuSO4(aq) + H2O (l)  

Observation. 

A black solid dissolves to form a blue solution. 

1.1.7. Storage of Acids  

Acids are stored in clay pots, glass or plastic containers as sand, glass and 

plastic do not react with acids. If it’s stored in metal container, metal would 

react with acids  

 

1.2. Bases and Alkalis  

Bases are oxides or hydroxides of metals and react with an acid to from a salt 

and water only 

Alkalis are bases which are soluble in water  
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Laboratory Alkalis  

- Sodium Hydroxide, NaOH  

- Aqueous Ammonia, NH4OH  

- Calcium Hydroxide, Ca(OH)2  

    Potassium hydroxide (KOH) 

All alkalis produce hydroxide ions (OH-) when dissolved in water. Hydroxide 

ions give the properties of alkalis. They don’t behave as acids in absence of 

water.  

Alkalis are therefore substances that produce hydroxide ions, OH-(aq), in 

water. 

 

Types of Alkalis 

Strong alkalis 

These are alkalis which ionize completely when in aqueous solution. 

Examples of strong alkalis. 

Sodium hydroxide 

Potassium hydroxide. 

Calcium hydroxide  

Ca(OH)2(s) → Ca2+(aq) + 2OH-(aq)  

Weak alkalis 

These alkalis which ionize partially when in aqueous solution. 

E.g. ammonia solution.  

NH3(g) + H2O(l) ⇌ NH4
+ (aq) + OH-(aq)  

1.2.1. Properties of Alkalis  

1) Alkalis have a slippery feel  

Concentrated alkalis are corrosive and burn skin (caustic (i.e. burning) alkalis)  

2) Alkalis change the colour of indicators  

Alkalis turn common indicator litmus – red litmus to blue  

3) Alkalis react with acids  
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The reaction is called a neutralisation reaction. 

1.2.2. Neutralisation reactions  

A reaction in which an acid reacts with a base to form a salt and water only 

Energy is given out during the reaction. Common neutralisation reactions 

include: 

NaOH(aq) + HCl(aq)→NaCl(aq) + H2O(l) 

2NaOH(aq) + H2SO4 (aq)→Na2SO4 (aq) +2H2O(l) 

KOH(aq) + HCl(aq)→KCl(aq) + H2O(l) 

Na2CO3 (aq) + H2SO4 (aq)→ Na2SO4 (aq) +H2O(l) + CO2(g) 

4)  Alkalis react with ammonium compounds  

They react with heated solid ammonium compounds to produce ammonia gas  

(NH4)2SO4(s) + Ca(OH)2(aq) → CaSO4(aq) + 2NH3(g) + 2H2O(l)  

1.2.3. Uses of Alkalis  

Alkalis neutralise acids in teeth (toothpaste) and stomach (indigestion)  

Soap and detergents contain weak alkalis to dissolve grease  

Floor and oven cleaners contain sodium hydroxide (strong alkalis)  

Ammonia (mild alkalis) is used in liquids to remove dirt and grease from glass  

1.3. Indicators and pH  

1.3.1. pH 

pH is the acidity or alkalinity of a substance. The pH scale ranges from 0 to 14. 

Solution with pH 7 are neutral, those with a pH less than 7 are acidic and 

those greater than 7 are alkaline. 

1.3.2. pH scale 

 Is used in measuring acidity and alkalinity in aqueous solutions  
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 The PH scale is normally made up of pH values or numbers e.g. pH 7 for 

neutrality  

 Acidity ranges from 1 to 6 and alkalinity ranges from 8 to 14  

 Strength of an acid increases as the value of the numbers (pH) decreases 

i.e. (6<5<4<…1) represents increasing acidity  

 Strength of an alkali increases as the value of the numbers increases i.e. 

(8>9>10>…14) represents increasing alkalinity  

1.4. Indicators  

Indicators are substances that have different colours in acidic and alkaline 

solutions  

Common indicators:  

Litmus  

Methyl orange  

Phenolphthalein  

The table shows the change of Colours made by some indicators 

Indicator  Colour in 

acids  

colour changes 

at pH  

Colour in 

alkalis  

Phenolphthalein Colourless  9  Pink  

Methyl orange  Red  4  Yellow  

Litmus  Red  7  Blue  

Screened methyl 

orange  

Red  4  Green  

Bromothymol blue  Yellow  7  Blue  

 

1.5. Measuring pH of a Solution  

1. Universal indicators  
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It can be in paper or solution form. Universal paper can be dipped into a 

solution then pH found is matched with the colour chart. It gives approximate 

pH value.  

2. pH meter  

A hand-held pH probe is dipped into solution and a meter will show the pH 

digitally or by a scale. Measures pH of water in lakes and streams accurately  

3. pH sensor and computer  

A probe is dipped into solution and will be sent to computer through interface 

used to measure pH of solution. The pH reading is displayed on computer 

screen.  

 

pH Around Us  

- Substances in body involved in good digestion have different pH values  

- Blood to heart and lungs contains carbon dioxide   making blood slightly 

acidic  

- Acids are used in food preservations (ethanoic acid to preserve vegetables; 

benzoic acid used in fruit juices, jams and oyster sauce)  

- pH affects plant growth – some plants grow in acidic soil; some need alkaline 

soil  

- When hair is cleaned with shampoo which is alkali to dissolve grease, hair 

can be damaged unless it’s rinsed or acid conditioner is used to neutalise 

excess alkali  

 

1.6. Ionic Equations  

Ionic equation is equation involving ions in aqueous solution, showing 

formation and changes of ions during the reaction  

Rule to make ionic equations:  

- Only formulae of ions that change is included; ions don’t change = omitted  
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- Only aqueous solutions are written as ions; liquids, solids and gases written 

in full  

 

Reaction between Metals and Acids  

For example, reaction of sodium with hydrochloric acid  

2Na(s) + 2HCl(aq) → 2NaCl(aq) + H2(g)  

Its ionic equation is written as:  

2Na(s) + 2H+(aq) + 2Cl-(aq) → 2Na+(aq) + 2Cl-(aq) + H2(g)  

Since 2 CI-(aq) ions don’t change, they’re not involved in reaction. As the ionic 

equation is used to show changes in reactions, we omit CI-(aq) ions. So, what is 

left is:  

2Na(s) + 2H+(aq) → 2Na+(aq) + H2(g)  

 

Reaction between Soluble Ionic Compounds and Acids  

E.g. Reaction of sodium hydrogencarbonate with hydrochloric acid  

NaHCO3(aq) + HCl(aq) → NaCl(aq) + CO2(g) + H2O (l)  

Its ionic equation is:  

Na+(aq) + H+(aq) + CO3
2-(aq) + H+(aq) + Cl-(aq) → Na+(aq) + Cl-(aq) + CO2(g) + 

H2O(l)  

Since Na+(aq) and Cl-(aq) ions don’t change, we omit them, leaving:  

H+(aq)  +  CO3
2-(aq) + H+(aq)  → CO2(g) + H2O (l) 

CO3
2-(aq)) + 2H+(aq)  → CO2(g) + H2O(l)  

 

Reaction between Insoluble Ionic Compounds and Acids  

E.g. Reaction between iron (II) oxide and sulphuric acid  

FeO(s) + H2SO4(aq) → FeSO4(aq) + H2O(g)  

Its ionic equation is:  

FeO(s) + 2H+(aq) + SO4
2-(aq) → Fe2+(aq) + SO4

2-(aq) + H2O(g)  

Note: FeO is written in full as it’s solid (although it’s an ionic compound)  

Since SO4
2-(aq) ions don’t change, omit SO4

2- ions, leaving:  

FeO(s) + 2H+(aq) → Fe2+(aq) + H2O(g)  
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E.g. Reaction between calcium carbonate and hydrochloric acid  

CaCO3(s) + 2HCl(aq) → CaCl2(aq) + CO2(g) + H2O(l)  

Its ionic equation is:  

CaCO3(s) + 2H+(aq) + 2Cl-(aq) → Ca2+(aq) + 2Cl-(aq) + CO2(g) + H2O(l)  

Since 2 Cl-(aq) ions don’t change, omit Cl- ions, leaving:  

CaCO3(s) + 2H+(aq) → Ca2+(aq) + CO2(g) + H2O(l) 

Reactions Producing Precipitate  

E.g. Reaction between calcium hydroxide and barium sulphate  

Ca(OH)2(aq) + BaSO4(aq) → Ba(OH)2(s) + CaSO4(aq)  

Its ionic equation is written as:  

Ca2+(aq) + 2OH-(aq) + Ba2+(aq) + SO4
2-(aq) → Ba(OH)2(s) + Ca2+(aq) + SO4

2-(aq)  

Since Ca2+(aq) and SO4
2-(aq) ions don’t change, omit them, leaving:  

Ba2+(aq) + 2OH-(aq) → Ba(OH)2(s)  

 

Displacement Reactions  

E.g. Reactions between magnesium with zinc sulphate  

Mg(s) + ZnSO4(aq) → MgSO4(aq) + Zn(s)  

Its ionic equation is written as:  

Mg(s) + Zn2+(aq) + SO4
2-(aq) → Mg2+(aq) + SO4

2-(aq) + Zn(s)  

Since SO4
2-(aq) ions don’t change, omit them, leaving:  

Mg(s) + Zn2+(aq) → Mg2+(aq) + Zn(s)  

 

Neutralization  

Neutralization is the reaction between acid and base to form salt and water 

only.  

From ionic equation, it is known that the reaction only involves H+ ions from 

acids with OH- ions from alkali to form water.  

E.g. NaOH + H2SO4 forms Na2SO4 + H2O  

H2SO4 (aq) + 2NaOH(aq) → Na2SO4 (aq) + H2O(l)  

Ionic equation is:  

H+(aq) + OH-(aq)→ H2O(l)  
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Plants don’t grow well in acidic soil. Quicklime (calcium hydroxide) is added to 

neutralise the acidity of soil according to equation:  

Acid (aq) + Ca(OH)2(aq) → Ca(acid anion)(aq) + H2O(l)  

 

Reaction between Base and Ammonium Salts  

E.g. Reaction between NaOH and NH4OH  

NaOH(aq) + NH4Cl(aq) → NaCl(aq) + NH3(g) + H2O(l)  

Ionic equation:  

NH4
+(aq) + OH-(aq) → NH3(g) + H2O(l) 

Oxides 

Acidic Oxide  Basic Oxide  Amphoteric 

Oxide  

Neutral Oxide  

Oxides of non-

metals, 

usually gases 

which reacts 

with water to 

produce acids, 

e.g. CO2, NO2, 

P4O10, SO2  

Oxides of 

metals, 

usually solid 

which reacts 

with water to 

produce 

alkalis, e.g. 

CaO, K2O, 

BaO  

Oxides of 

transition 

metals, 

usually solid, 

which reacts 

with 

acids/alkalis 

to form salt 

and water, e.g. 

Al2O3, FeO, 

PbO  

Oxides that 

don’t react 

with either 

acids/alkalis, 

hence do not 

form salts, e.g. 

H2O, CO, NO  

 

A salt is a compound formed when either all or part of the ionisable hydrogen 

of an acid is replaced by a metallic or an ammonium ion. 

Examples of salts and their corresponding salts  

Acid  Salt  Name of the salt  

HCl NaCl Sodium chloride  

HCl KCl Potassium chloride  
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HCl NH4Cl Ammonium chloride  

HNO3 AgNO3 Silver nitrate  

H2SO4 CuSO4 Copper sulphate 

H2SO4 MgSO4 Magnesium sulphate  

H2SO4 Na2SO4 Sodium sulphate  

H2SO4 NaHSO4 Sodium hydrogen 

sulphate  

 

1.6.1. Types of salts  

Normal salts  

Acid salts  

 

A normal salt: is formed when all the ionisable hydrogen in an acid has been 

replaced by a metal or metallic radical e.g sodium chloride (NaCl), Sodium 

carbonate (Na2CO3) 

An acid salt: is formed when only part of the ionisable hydrogen in an acid has 

been replaced by a metal or metallic radical e.g sodium hydrogen sulphate 

(NaHSO4), sodium hydrogen carbonate (NaHCO3) etc… 

 

1.6.2. Preparation of Salts  

The method of preparation of a salt depends on whether the salt is soluble or 

insoluble in water. 

Soluble salts are prepared by crystallisation method while insoluble salts are 

prepared by precipitation method.  

Soluble salts can also be prepared by reacting a metal and an acid  

Zn(s) + 2HCl(aq)→ZnCl2(aq) + H2(g) 

Some soluble  salts can also be prepared by direct synthesis  
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E.g. chlorides of aluminum and iron can be prepared from their elements 

directly  

Al(s) + 3Cl2(g) → 2AlCl3(s) 

Fe(s) + 3Cl2(g) → 2FeCl3(s) 

NB: The gas is passed over the heated metal in each case  

1.6.3. Soluble and Insoluble Salts 

 

Soluble  Insoluble  

All Nitrates  -  

All Sulphates  Barium sulphate (BaSO4), Lead sulphate 

(PbSO4), Calcium sulphate (CaSO4) is 

slightly soluble 

All Chlorides  Lead (II) chloride (PbCl2), silver chloride 

(AgCl)  

Potassium, Sodium, Ammonium 

salts  

-  

Potassium carbonate (K2CO3), 

sodium carbonate (Na2CO3), 

ammonium carbonate (NH4CO3) 

All Carbonates  

Potassium oxide (K2O),  sodium 

oxide (Na2O)  

All Oxides  

Oxides and hydroxides of 

potassium, sodium and 

ammonium  

All other oxides and hydroxides (those of 

calcium and magnesium are slightly 

soluble) 

1.6.4. Preparation of Insoluble Salts  

Insoluble salts, e.g. BaSO4, CaSO4, PbSO4, PbCl2 , AgCl and most carbonates, 

can be prepared by reacting a compound containing the wanted cation with 
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another compound containing the wanted anion. This is a precipitation 

reaction/double decomposition.  

 

E.g. Preparation of barium sulphate (BaSO4) from Barium chloride and 

dilute sulphuric acid  

Barium chloride (BaCl2) which contains the wanted barium ion, is reacted with 

potassium sulphate solution  which contains the wanted sulphate ion, to 

produce solid barium sulphate (BaSO4) and aqueous potassium chloride (KCl). 

BaSO4 is then separated from KCl by filtration, leaving a colourless filtrate 

(KCl(aq)) & BaSO4 left on filter paper. The salt is then washed with water to 

completely remove KCl & filter paper is squeezed with another filter paper to 

dry BaSO4 and finally dried. 

 

 

BaCl2 (aq) + K2SO4(aq)                         BaSO4(s)  + 2KCl(aq) 

 

Preparation of lead (II) sulphate  

An insoluble salt of lead (II) sulphate is prepared by precipitation. This is done 

by mixing solutions containing a sulphate and lead (II) ions  

A soluble salt of lead is mixed with a soluble sulphate 

When lead ions combine with the sulphate ions, lead (II) sulphate is formed  

Pb2+(aq) + SO4
2-(aq)→ PbSO4(s) 

Lead (II) nitrate solution is put in a beaker and the solution is heated. Sodium 

sulphate solution is then added. A white precipitate of lead (II) sulphate is 
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formed. The precipitate is filtered off as a residue and washed with distilled 

water. The crystals are then dried. 

Pb(NO3)2( aq) + Na2SO4 (aq)→ 2NaNO3(aq) + PbSO4(s) 

Ionically  

Pb2+(aq)+ 2NO3
-(aq) + 2Na+(aq) + SO4

2-(aq)→ 2NO3
-(aq) +  2Na+(aq) + PbSO4(s) 

Pb2+(aq) + SO4
2-(aq)→ PbSO4(s) 

 

 

Preparation of lead (II) chloride  

Dilute hydrochloric acid is put in a beaker and lead (II) nitrate solution is 

added. A white precipitate is formed which is filtered off. The precipitate is 

washed and dried.  

Pb(NO3)2( aq) + 2HCl (aq)→ 2HNO3(aq) + PbCl2(s) 

Ionically  

Pb2+(aq)+ 2NO3
-(aq) + 2H+(aq) + 2Cl-(aq)→ 2NO3

-(aq) +  2H+(aq) + PbCl2(s) 

Pb2+(aq) + 2Cl-(aq)→ PbCl2(s) 

1.6.5. Preparation of Soluble Salts  

Soluble salts are prepared by the action of an acid on a metal, metal carbonate, 

metal oxide, metal hydroxide or alkali  

Soluble salts of lead, copper, iron and zinc can be prepared as follows; 

1. Add metal, metal oxide or metal carbonate to dilute acid until the metal 

is in excess and heat  

2. Filter off the excess solid and concentrate the filtrate by heating  

3. Cool the solution to crystallize and filter off the crystals  

4. Dry the crystals to obtain a dry salt  

 

Preparation of copper (II) sulphate from sulphuric acid and copper (II) 

oxide 
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To warm dilute sulphuric acid in a beaker, add copper (II) oxide little by little 

until in excess. The excess oxide is the filtered off.  

The filtrate which remains in the container is concentrated by heating to 

evaporate off most of the water. The saturated solution is left to cool for some 

time. 

Crystals are formed and then filtered off, washed with distilled water to remove 

any soluble impurity and put on a filter paper for drying 

CuO(s) + H2SO4(aq) → CuSO4(aq) + H2O(l) 

CuSO4(aq) + 5H2O(l) → CuSO4.5H2O(s) 

NB: Salts of lead (II) nitrate, zinc sulphate and magnesium sulphate can be 

prepared in the same way. 

 

Preparation of zinc sulphate from zinc  

To warm dilute sulphuric acid in a beaker add zinc granules or powder until 

when effervescence of hydrogen gas stops.  

Add more zinc metal to make sure that all the acid has been used up   

Filter to remove excess zinc and other insoluble impurities. The filtrate is a 

colourless solution containing zinc sulphate  

Allow the filtrate to crystallize by heating it so that water can freely evaporate  

Colourless needle like crystals will be obtained after evaporation  

Crystals are formed and then filtered off, washed with distilled water to remove 

any soluble impurity and put on a filter paper for drying 

Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g) 

ZnSO4(aq) +7 H2O(g) → ZnSO4.7 H2O(s) 

NB: Other salts such as magnesium sulphate, copper (II) sulphate and iron (II) 

sulphate can be prepared in the same way. But with copper (II) sulphate, 

concentrated sulphuric acid is used instead of dilute sulphuric acid with 

copper metal.  

 

Preparation of salts by action of an acid on a carbonate  

E.g. Preparation of lead (II) nitrate from lead (II) carbonates  
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Dilute nitric acid is put in a beaker and lead (II) carbonate added little at a time 

until no more reacts  

Filter off excess lead (II) carbonate and collect a colourless filtrate  

Evaporate the filtrate. After evaporation crystals of lead (II) nitrate are formed. 

PbCO3(s) + 2HNO3(aq) → Pb(NO3)2(aq)+ CO 2 (g) + H2O(l)  

Salts of copper (II) sulphate, copper (II) nitrate, zinc sulphate and calcium 

chloride can be prepared in the same way.  

 

Preparation of salts from an acid and an alkali (Neutralization) 

E.g. Preparation of sodium chloride  

Pipette 25cm3 of sodium hydroxide into a conical flask 

Add 2 drops of phenolphthalein indicator  

Run dilute hydrochloric acid from the burette dropwise until the colour of the 

solution turns from pink to colourless. The solution at this time is neutral. 

Note the volume of the acid that was used. The whole process is repeated using 

exactly the same volume of the acid and base but without the addition of the 

indicator. 

The solution obtained contains sodium chloride  

Transfer this solution to an evaporating basin and evaporate it to dryness 

After evaporating crystals of sodium chloride are formed. 

The crystals are filtered off, washed with distilled water 2 to 3 times to remove 

any soluble impurity. The crystals are then dried by pressing them between two 

filter papers. 

NaOH(aq) + HCl(aq) → NaCl(aq) + H2O(g) 

The process can also be used to prepare salts of potassium and ammonium  

 

Experiment illustrating neutralization  

25.0cm3 of acid, as a standard solution, is placed in a conical flask using 

pipette. A few drops of the indicator are added & titrated with an alkali from 

the burette until the indicator changes colour, showing that all the acid has 

just reacted. Volume of alkali added is measured. Prepare another 25.0cm3 of 
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acid again, using the same pipette add the same volume of alkali as before 

without an indicator. The product is then evaporated to dryness to obtain the 

salt. 

 

Reacting Metal with Acid 

Only metals like zinc and magnesium, which moderately react with dilute 

acids, are used.  

E.g. Reacting zinc with dilute sulphuric acid to prepare zinc sulphate 

Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2O(l)  

Zinc is added to dilute sulphuric acid until in excess to ensure no more 

sulphuric acid is present. Then the mixture is filtered off to separate zinc from 

zinc sulphate. The filtrate which contains zinc sulphate is then placed in 

evaporating dish to evaporate most of water then it’s cooled after zinc sulphate 

crystals are formed. The crystals are then filtered and squeezed between filter 

papers to dry.  
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By Reacting an Insoluble Base with Acid  

E.g. Reacting magnesium oxide with Acids  

MgO(s) + H2SO4(aq) → MgSO4(aq) + H2(g)  

The same method as reaction of acid with metal is used, so refer to diagram 

and above explanation, substituting reactants and products.  

 

By Reacting a Carbonate with Acid  

E.g. Reacting calcium carbonate with Acids  

K2CO3(s) + H2SO4 (aq) → K2SO4 (aq) + CO2 (g) + H2O (l)  

The same process is used as reaction of acid with metal, just that carbon 

dioxide is produced. Carbon dioxide can be tested by bubbling it into limewater 

which will turn limewater colourless to milky.  
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1.6.6. Action of heat on salts  

Carbonates  

 Potassium and sodium carbonates are stable and do not decompose on 

heating  

 Ammonium carbonate decomposes when heated to give ammonia gas, 

Carbon dioxide   and water  

(NH4)2CO3(s) → NH3(g) + CO2(g) + H2O(l) 

 The rest of the carbonates decompose on heating to form metal oxides 

and Carbon dioxide   gas  

MgCO3(s)     MgO(s)   +   CO2(g) 

 White powder         White residue   

 Colourless gas  

ZnCO3(s)      ZnO(s)   +   CO2(g) 

 White  powder       Yellow residue - hot 

 colourless gas  

     White residue – cold 

PbCO3(s)      PbO(s)  +   CO2(g) 

 White powder        White residue – hot  colourless 

gas  

    Yellow residue - cold 

CuCO3(s)      CuO(s)   +  CO2(g) 

 Green powder         Black residue  Colourless gas  

NB: The difference between lead oxide and zinc oxide is that lead oxide is 

brown when hot and yellow when cold while zinc oxide is yellow when hot and 

white when cold.  

 

Sulphates and hydrates  

Most sulphates are hydrated and when heated, they lose their water of 

crystallisation to form anhydrous salts which are resistant to further heating 
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and therefore do not decompose. Therefore hydrated sulphates do not 

decompose on heating e.g.  

MgSO4.7 H2O(s) → MgSO4(s) + 7 H2O(l) 

CuSO4.5 H2O(s) → CuSO4(s) + 5H2O(l) 

Blue     White  

Na2SO4.10H2O(s) → Na2SO4(s) + 10H2O(l) 

FeSO4.7 H2O(s) → FeSO4(s) + 7 H2O(l) 

On further heating, the anhydrous iron (II) sulphate formed decomposes to give 

sulphur dioxide, sulphur trioxide and leaves a brown solid of iron (III) oxide 

2FeSO4(s) → Fe2O3(s) +  SO2(g)+ SO3(g) 

When ammonium sulphate is heated it decomposes to give ammonia, sulphur 

trioxide and water  

(NH4)2SO4(s) → NH3 (g) + SO3(g) +H2O(l) 

Hydrated and Anhydrous salts. 

Hydrated salts contain water of crystallisation while anhydrous don’t contain 

water of crystallisation. 

Water of crystallisation is the definite amount of water with which some 

substances combine chemically to form crystals from their solution. 

1.7. Solubility of salts  

It  is the number of grams of solute dissolved in 100g of water to give a 

saturated solution at a particular temperature  

Or solubility of a solute in a solvent at a given temperature is the number of 

moles of a solute necessary to saturate one kilogram of a solvent at that 

temperature  

NB: Solubility increases with temperature for most of the salts  

Saturated solution: Is one which cannot dissolve any more solute at a given 

temperature and pressure  

Or  
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A saturated solution is one which contains much more solute than it can 

dissolve at that temperature  

Solubility can be expressed as  

1. Mass of solute (g) per 100g of a solvent i.e. grams per 100g of solvent 

(g/100g of solvent) 

2. Mass of solute (g) per 1000g of a solvent i.e grams per 1000g of solvent 

(g/1000g of solvent) 

Some salts are highly soluble in water e.g. potassium nitrate, sodium nitrate, 

sodium chloride, potassium chloride, sodium carbonate, potassium carbonate. 

Others are sparingly soluble in water at room temperature e.g. lead chloride, 

silver chloride, barium sulphate, lead sulphate, calcium carbonate etc… 

The solubility of these sparingly soluble salts increases as temperature 

increases. 

1.7.1. Solubility curves  

A solubility curve is a plot of mass of solute dissolved in 100g of water against 

temperature  

Or: solubility curve is a graph of solubility versus temperature for a solute  

 

 

 

 

 

 

 

 

 

 

From solubility curves above:  
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The salt whose solubility increases most with increase in temperature is 

potassium nitrate  

The salt whose solubility decreases most with increase in temperature is 

calcium sulphate 

The temperature at which two curves intercept is the temperature at which 

solubility of the two salts is the same  

The salt whose solubility shows very little dependence on temperature is 

sodium chloride  

1.7.2. Uses of solubility   

If a solubility curve of a salt is available, it can be used to obtain the 

solubilities of the salt at various temperatures  

The solubility curve can be used to determine the temperature at which a 

certain quantity of salt, when dissolved in water can produce a saturated 

solution  

The solubility curve can be used to calculate the mass of salt obtained by 

cooling the solution from a higher to a lower temperature  

 

 

Example  

a. Calculate the mass of potassium chlorate that can be crystallized by 

cooling the solution from 70oC to  30oC 

b. Use the solubility curve to determine the solubility of potassium chlorate 

at  50oC 

Solution: 

The solubility of potassium chlorate at  70oC is 160g/100g water and solubility 

at  30oC is 60g/100g water. Therefore the mass of potassium chlorate that can 

be crystallized by cooling the solution from 70oC to  30oC = 160-60 =100g 

The solubility of potassium chlorate at  50oC is 100g/100g water. This is 

obtained by extrapolation of the line indicated by the dotted line on the graph  
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1.8. Determination of solubility of salts  

E.g. Determination of solubility of potassium nitrate  

Some potassium nitrate crystals are crushed in a mortar and placed in a 

boiling tube. Little water is added to about halfful. The boiling tube is put in a 

beaker of water and the beaker is warmed.  More potassium nitrate crystals are 

added while stirring until some remain undissolved at the bottom of the tube.  

Read the temperature of the solution. When the temperature reads 55oC, put 

off the flame and allow the apparatus to cool. When the temperature drops to 

50oC, decant the saturated solution into a weighed dish leaving the solid 

potassium nitrate behind 

Calculate the mass of potassium nitrate dissolved in 100g of water at 50oC, 

using the results obtained. This will be the solubility of potassium nitrate at 

50oC 

Sample results  

Mass of dish      =14.32g 

Mass of dish + potassium nitrate solution  =35.70g 

Mass of dish + potassium nitrate solid  =18.60g 

Temperature of the saturated solution  = 50oC 

Therefore  

Mass of water =35.70 – 18.60 =17.10g 

17.10g of water dissolved 4.28g of potassium nitrate =18.60-14.32 = 4.28g 

17.10g of water dissolved 4.28g of potassium nitrate  

18.60g of water will dissolve =
4.28

17.10
 

100g of water dissolve =(
4.28

17.10
𝑋100)g 

    =25g 

Therefore, the solubility of potassium nitrate is 25g/100g of water at 50oC 

Exercise  

1. 10g of a saturated sodium chloride solution was evaporated and 6g of 

solid sodium chloride was left. Calculate  

a. Solubility of sodium chloride  
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b. The percentage of sodium chloride in a saturated solution  

2. 75g of a saturated solution contains 30g of a salt. Calculate its solubility 

3. The solubility of X is 40g/100g of water. Calculate the mass of X that can 

be dissolved in 60g of water to give a saturated solution  

4. The table below shows the solubilities of salt P in water at different 

temperatures 

Temperature  /oC 10 20 30 40 50 60 

Solubilities (g/100g of 

solvent) 

18 20 24 30 38 50 

a. Plot   a graph of solubility of P 

b. Use your graph to determine solubility of P at 25oC (Ans =22g/100g of 

water) 

c. Calculate the mass of P that would dissolve in 45g of water at 25oC (Ans 

=9.9g) 

 

Read about hydrolysis of salts 

 


