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Chapter 1: Principle of Chemistry   
A. States of matter 

 [1.1]    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1.2]   A physical change is a type of change in which the 
form of matter is altered but one substance is not 
transformed into another. 

 Solid to liquid= by heating  
 Liquid to solid = by keeping in low 

temperature (Cooling) 
 Liquid to gas= heating  
 Gas to liquid= cooling 

 Atomic arrangement Movement of particles Energy of 
particles 

SOLID Arranged very 
closely packed  

The particles can mainly 
move, they can just 
vibrate. 

Least energy  

LIQUID Particles are closer 
together compared 
to gas but further 
apart compared to 
solid. They have 
random 
arrangement. 

Particles can flow and 
move about. 

More energy than 
solids but less 
energy compared 
to gases 

GAS Particles are the 
most spread and 
far apart. They 
have random 
arrangement. 

They can spread in all 
directions. 

The particles 
contain the most 
energy. 
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 Solid to gas= heating  
 Gas to solid= cooling 

[1.3]   Diffusion is the movement of particles from a high concentrated area to a low concentrated area. 
Using diffusion occurs in gases or liquids as particles are able to move and 
it doesn’t occur in solids, since particles cannot move in solids. The example 
of diffusion is dilute coloured soliton by adding them to water. The colour 
tends to diffuse through the water molecules. In order for diffusion to 
occur particles must be able to move, so only liquids and gases can diffuse, 
not solids. 

[1.4]    

 Solute- this is the substance that dissolves in a solvent. 
 Solvent- solvent is the liquid in which the solute dissolves. 
 Solution= this is the mixture formed when a solute has 

dissolved in a solvent.  
 Saturated solution- this is a solution that has excess solute and there is no more solvent 

that can be dissolved.  

[1.5C]   Solubility is usually shown as the grams of solute that will dissolves in 100g of water. 

[1.6C]   These are main points needed to plot and interpret solubility curves: 

 Solubility graphs represent solubility in g per 100g of water plotted against temperature. 
 To plot a solubility of curve, the maximum mass of a solvent that can be dissolved in 100g of 

water before a saturated solution is formed, is determined at a series of different 
temperatures. 

 Usually solubility of solids increases with increasing temperature. 
 Solubility of gases increases with increasing pressure. 
 An unsaturated solution would be any mass that is below the line for a solute at a specific 

temperature. 
 An unstable and fully saturated solution would be any mass above the line for a solute at a 

specific temperature. 

[1.7C]   The experiment goes as follows  

 Pour 200cm3 of deionised water into a 250cm3 beaker. 
 Keep this beaker in a water bath and the water should be constantly monitored by 

keeping a thermometer. 
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 Add known masses of the solid. Add the solid little by little until it stops dissolving 
and solid remains. 
 The mass of solid that was soluble should be recorded. 
 Repeat the above steps for other temperatures. Take at least 6 different 

temperatures: like 0°C, 10°C, 20°c, 30°C, 40°C, 50°C. for some temperatures an ice 
bath can be used. 

 

 

 

 

 

 

 

 

 

 

 

 

B. Elements, compounds and mixtures 
[1.8]    

 Elements- elements is entirely made out of one type of atom. Like H2, O2 or N2 
 Compound- two or more elements are chemically bonded together to produce a pure 

substance. Usually compounds can’t be separated by physical separation methods. Examples 
of compound are H2O, H2O2 OR NaHCO3. 

 Mixture- this contains two or more elements or compounds that are NOT chemically bonded. 
Also, chemical properties of each substance in the mixture are unchanged. 

[1.9]   A pure substance has a fixed melting and boiling point, but that a mixture may melt or boil over a 
range of temperatures. 
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[1.10]    

 Simple distillation 
 To obtain a liquid product from a reaction mixture that has a boiling temperature 

much lower than other substances in reaction mixture. 
 Distillation of an impure liquid involves heating it in a flask connected to a condenser. 
 Liquid with the lowest boiling temperature evaporates or boils off first and passes 

into condenser first and can be collected in the receiver. 
 Purpose of thermometer is to monitor the temperature of vapour as it passes into 

condenser. 
 Temperature steady indicates that one compound is being distilled  
 Temperature begins to rise, indicates that is different compound is being distilled. 
 Advantage is that it is quicker and easy to set up than fractional distillation. 
 Yet disadvantage is that it does not separate the liquid as well as fractional 

distillation.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fractional distillation  
 Same apparatus as simple distillation but with a fractionating column between heating 

flask and still head. 
 Column is usually fitted with glass beads or pieces of broken glass. These act as 

surface on which the vapour leaving the column can condense and then be evaporated 
again as more hot vapour passes up the column. 
 Vapour experiences several repeated distillation as it passes up the column, which 

provides a better separation. 
 Fractional distillation takes longer than simple distillation.  
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 Fractional distillation is best used when differences in boiling temperature is small 
and when there are several compounds to be separated from a mixture. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Filtration  
 This is used to separate an undissolved solid 

from a mixture of the solid and a liquid 
solution. 
 The experiment goes as follows: the filter 

paper is place in the filter funnel. The filter 
funnel is held above a beaker that collects 
the filtered solvent. Filter paper will allow 
only small liquid particles to move through 
and this is known as a filtrate. The solid 
particles are too large so, they won’t be able 
to pass through the filter paper. 

 Crystallization  
 This is a separated a dissolved solution form a solution and the solid should be much 

more soluble in hot solvent than sold solvent. 
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 The methods occur as follows: first warm the solution in an open container until a 
saturated solution is left. An open container will allow the evaporated vapour to move 
out. Allow the saturated solution to cool. The solid will come out of the solution and 
the crystal will start to grow. Collect the crystal and wash between cold distilled 
water and dry between filter paper. 

 

 

 

 

 

 

 

 

 

 
 Paper chromatography 

 This is used to separate substance that have different solubilities in a solvent like 
coloured ink. 
 The method is as follows: draw the base line in the chromatogram paper using a 

PENCIL. The spot of the ink or solvent to be tested is spotted on the base line. Hang 
the paper over a solvent like water and the base of the solvent should be below the 
base line. The spots will separate into different components. Once the water has 
travelled 2/3 of the paper, remove the chromatogram paper form the beaker and 
draw a line at the solvent front. Solvent front is the maximum height reached by the 
solvent. Leave it to dry. Once the paper has dried, calculate the Rf values. Compare 
the Rf values 
of the known 
spots from 
data booklet 
with the 
unknown spots. 
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 The stationary phase is the chromatography paper and the mobile phase is the water. 

[1.11]   Chromatography helps to identify components that make a particular solvent spot. It also separates 
the mixture into individual components, so this reveals number of components in a mixture and these 
components can be identified using Rf values. 

[1.12] 

 

 

  

 

 

 

 

[1.13]   The method is as follows: 

 Draw the base line in the chromatogram paper using a PENCIL. 
 The spot of the ink or solvent to be tested is spotted on the base line. 
 Hang the paper over a solvent like water and the base of the solvent should be below the 

base line.  
 The spots will separate into different components.  
 Once the water has travelled 2/3 of the paper, remove the chromatogram paper form 

the beaker and draw a line at the solvent front.  
 Solvent front is the maximum height reached by the solvent.  
 Leave it to dry.  
 Once the paper has dried, calculate the Rf values.  
 Compare the Rf values of the known spots from data booklet with the unknown spots. 
 The stationary phase is the chromatography paper and the mobile phase is the water. 
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C. Atomic structure  
[1.14]    

 Atom- atom is known to be the smallest particle of an element. An atom consists of a 
nucleus which is made of protons and neutrons and electrons are on electron shells that 
surround the nucleus. 

 Molecule- this is formed by different atoms that are chemically bonded together. This can 
also be made by the atoms of the same elements. Example of molecules are N2 or H2O or 
CaO. 

[1.15]    

 Relative charge Relative mass Position 
PROTON +1 1 Present in the 

nucleus  
NEUTRON 0 1 Present in the 

nucleus 
ELECTRON -1 1/ 1836 Present in the 

electron around 
which is orbiting 
the nucleus. 

 

 

 

 

 

 

 

 

[1.16]    

 Atomic number- this is the number of protons in the nucleus of an atom. 
 Mass number- the is the total number of both neutrons and protons present in an atom. 
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 Isotopes- these are atoms of the same element that contains the same number of protons 
and electrons but different neutrons. This means they have the same atomic number but 
different mass number. 

 Relative atomic mass (Ar)- this is an average value of an atom of an element will compared 
to 1/12th of the mass of an atom of Carbon- 12. 

[1.17]    

 

 

D. The periodic table 
[1.18]   Elements are arranged in the ascending order of atomic number. This means elements within the 
same group have similar properties. Elements is the same period have the same amount of electrons in 
their outer most electron shell and this shows that elements in the same period have the same chemical 
properties. The columns of the periodic table are the GROUPS and the rows of the table are the PERIODS. 
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[1.19]    

 Hydrogen (H)- 1 
 Helium (He)- 2 
 Lithium (Li)- 2, 1 
 Beryllium (Be) - 2, 2 
 Boron (B) - 2, 3 
 Carbon (C) - 2, 4 
 Nitrogen (N) – 2, 5 
 Oxygen (O) - 2, 6 
 Fluorine (F) - 2, 7 
 Neon (Ne) - 2, 8 
 Sodium (Na) - 2, 8, 1 
 Magnesium (Mg) - 2, 8, 2 
 Aluminium (Al) - 2, 8, 3 
 Silicon (Si) - 2, 8, 4 
 Phosphorus (P) - 2, 8, 5 
 Sulphur (S) - 2, 8, 6 
 Chlorine (Cl) - 2, 8, 7 
 Argon (Ar) - 2, 8, 8 
 Potassium (K) - 2, 8, 8, 1 
 Calcium (Ca) - 2, 8, 8, 2 

[1.20]    

 Electrical conductivity. 
 Metal are generally electric conductors. 
 Non- metals are not electric conductors expect for graphite. 

 Acid- base character of each oxide. 
 Metal oxides are basic 
 Non-metal oxides are acidic. 

[1.21]   Metal- majority of the metals are 
found to the left and towards the bottom of the 
periodic table. Non- metal is found towards the 
right and top of the periodic table. 

 

 

https://sciencenotes.org/hydrogen-facts/
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[1.22]   Period number represents the number of electron shells. For example: period 2 will have 2 
electrons shells. Group number represents the number of electrons in the outer shells. For example: Group 
2 will have 2 electrons on the outermost electron shell. 

[1.23]   The number of electrons in the outer shell is responsible for the way different elements react. 
This means elements with the same number of electrons on their outer electron shell will undergo similar 
reaction, therefore elements in the same group have similar chemical properties. 

[1.24]   Nobel gases usually have a filled outermost electron shell as the outermost electron shell has 8 
electrons in group 0 elements. There is one exception which is helium. They are unreactive as they can’t 
form molecules because of the stable arrangement of electrons. 

E. Chemical formulae, equations and calculations 
[1.25]   X is representing any molecule or element. 

1. Solid- X(s) 
2. Liquid- X(l) 
3. Gas- X(g) 
4. Aqueous- X(aq) 

[1.26]   Relative formula mass (Mr) of a compound is the sum of the relative atomic masses of the atoms 
in the numbers shown in the formula.  
[1.27]   Mole is a unit that is used to measure the chemical amounts. The mass of one mole of a substance 
in grams in equal to its relative formula mass. 

[1.28] 

 

 

 

 

 

 

 

[1.29]   This can be practiced by doing past papers. 
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[1.30]    

 

 

 

[1.31]  

 First weigh in some pure Magnesium. 
 Heat the magnesium to burning so magnesium oxide is formed. The formation 

happens as Magnesium with react with the oxygen in the air. 
 Weight the mass of the magnesium oxide. 
 The mass of magnesium used and the mass of magnesium oxide produced is 

recorded. 
 The calculations are done to calculate: 

a. Mass of oxygen= mass of magnesium oxide- mass of magnesium  
b. Moles of magnesium  
c. Moles of oxygen  
d. Calculate the ration of moles of magnesium to moles of oxygen. 
e. Use the ratio to form the empirical formula. 

[1.32], [1.33]   Empirical formula-  this is a chemical formula showing the simplest ratio of elements in a 
compound rather than the total number of atoms in the molecule. Molecular formula- The molecular 
formula indicates the exact number of atoms in the molecule. To convert empirical formula to molecular 
formula: 

 Convert the mass of each element to moles using the molar mass from the periodic table. 
 Divide each mole value by the smallest number of moles calculated. Round to the nearest whole 

number.  
 This is the mole ratio of the elements and is represented by subscripts in the empirical formula. 

[1.34C]    
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[1.35C] 

 

 

 

 

 

[1.36]   The experiment goes as follows: 

 First weigh in some pure Magnesium. 
 Heat the magnesium to burning so magnesium oxide is formed. The formation 

happens as Magnesium with react with the oxygen in the air. 
 Weight the mass of the magnesium oxide. 
 The mass of magnesium used and the mass of magnesium oxide produced is 

recorded. 
 The calculations are done to calculate: 

a. Mass of oxygen= mass of magnesium oxide- mass of magnesium  
b. Moles of magnesium  
c. Moles of oxygen  
d. Calculate the ration of moles of magnesium to moles of oxygen. 
e. Use the ratio to form the empirical formula. 

F. Ionic bonding  
[1.37]   Metals loses electrons to forma negatively charged ion. Non- metals gain electrons to form a 
positively charged ion. 

[1.38]    

1. Group 1= [+1] 
2. Group 2= [+2] 
3. Group 3=[ +3] 
4. Group 5=[ -3] 
5. Group 6= [-2] 
6. Group 7= [-1] 
7. Compounds have no overall charge, therefore the charge in the ions must 

cancel 
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[1.39]   This can be practiced by doing past papers.  

[1.40]   This can be practiced by doing past papers. But here is an example for NaCl.    

 

 

 

 

 

 

[1.41]   Ionic compounds are held together by strong electrostatic forces of attraction between oppositely 
charged ion. Ionic bonding is the result of strong net electrostatic attraction between ions. Positively 
charged ions are formed when an atom loses an electron and a negative charged ions are formed when an 
atom gains an electron. Therefore, ions are formed when electron are lost or gained. 

[1.42]   Giant ionic lattice structures have strong electrostatic forces of attraction between oppositely 
charged ions. They require a lot of energy to overcome these forces of attraction, therefore these 
compounds have higher melting and boiling points. 

[1.43]   Ionic compounds conduct only in aqueous or molten solution as there are free ions that help to 
move the charge. Yet, solid ionic compound can’t conduct electricity.  

G. Covalent bonding 
[1.44]   A covalent bond is a chemical bond that involves the sharing of electron pairs between atoms. 
These electron pairs are known as shared pairs or bonding pairs, and the stable balance of attractive and 
repulsive forces between atoms, when they share electrons, is known as covalent bonding. 
[1.45]   There is electrostatic attraction between the positive nuclei of the atoms and the pairs of 
negative electrons that are shared between them.  
[1.46]   This can be practiced by doing past papers. But here are some examples: 
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 Hydrogen  

 

 
 
 
 
 

 Water 
 
 
 
 
 
 

 Oxygen 
 
 
 
 
 
 
  

 Methane  
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[1.47]   Simple molecular structures have weak intermolecular forces between the molecules, so less 
energy is needed to break the bond between this molecules, therefore simple molecular compounds have 
low melting and boiling points. 
[1.48]   The larger the molecules, the more surface area to form (weak) bonds with 
neighbouring molecules, and the more energy needed to make the molecules break free. So the melting and 
boiling points of simple covalent substances increase as the molecular mass increases. 

[1.49]   Giant covalent structures are solid with very high melting and boiling points, and this is because 
giant covalent structure has strong covalent bonds between them, so more energy is needed to break the 
bonds apart. 

[1.50]    

 Diamond  
Diamond is a giant covalent structure in which each carbon atom is covalently bonded to four 
other carbon atoms in a tetrahedral, three-dimensional structure. Diamond’s properties 
include:  

i. high melting and boiling points. Diamond’s many covalent 
bonds are strong and substantial energy is needed to break 
them. 

ii. does not conduct electricity. Diamond has no free ions 
or delocalised electrons to move and carry the charge. 

iii. hardness. Diamond’s three-dimensional tetrahedral 
structure with strong covalent bonds makes it very hard. 

 
 Graphite  

Graphite has a giant covalent structure in which: 
 Each carbon atom forms three covalent bonds with other carbon atoms 
 The carbon atoms form layers of hexagonal rings 
 there are weak forces of attraction between the layers 
 there is one, non-bonded – or delocalised – electron for each atom 

Graphite’s properties include: 
 high melting and boiling points. Graphite’s 

many covalent bonds are strong and 
substantial energy is needed to break them.  
 Good electrical conductivity. Each carbon 

atom has an unbonded electron. The 
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unbonded electrons are delocalised electrons that are free to move and carry charge. 
 softness. The weak forces between graphite’s layers allow them to slide. 
 Graphite is used as a lubricant and in pencils. 

 
 Graphene 

Graphene is a single-atom thick layer of graphite with strong covalent bonds between each 
carbon atom. The atoms are arranged in hexagons. Its properties include: 

 High melting and boiling points. Graphene’s many covalent bonds are strong and 
substantial energy is needed to 
break them. 
 Good electrical conductivity. 

Each carbon atom has an 
unbonded electron. The 
unbonded electrons are delocalised electrons that are free to move and carry charge. 

very strong. Graphene’s strong covalent bonds makes it 100 times stronger 
than steel. It is also the thinnest material possible – one atom thick – and 
very lightweight and transparent. 

 Fullerenes 
These are the molecules of carbon atoms that have hollow shapes. They contain different 
number of carbon atoms. One example is Buckminsterfullerene. (it is spherical and contain 
60 carbon atoms). There properties are that they have: 

 Low melting and boiling points  
Each carbon atom is usually joined to 3 other carbon atoms and these 
are result of weak intermolecular forces of attraction between the 
molecules. Therefore, only small amount of energy is needed to break 
the bonds apart. 

 Conducts electricity  
The fourth electron is delocalised and is able to move about and this 
helps to conduct electricity. This is because each carbon is attached 
to 3 other carbon atoms. 

 Carbon nanotubes 
These are cylindrical fullerene with very 
high length to diameter ratios. Their 
properties make them useful for 
nanotechnology, electronics and materials. 
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[1.51]   Covalent bonds between atoms are quite strong, but attractions between molecules/compounds, or 
intermolecular forces, can be relatively weak. Covalent compounds do not conduct electricity; this is 
because covalent compounds do not have charged particles capable of transporting electrons. Only graphite 
and graphene can conduct electricity. 

H. Metallic bonding  
[1.52C], [1.53C], [1.54C] 

A metallic bond is the sharing of many detached electrons between many positive ions, where the electrons 
act as a "glue" giving the substance a definite structure. It is unlike covalent or ionic bonding. Metals have 
low ionization energy. Therefore, the valence electrons can be delocalized throughout the metals.  

 
 
 
 
 
 
 
 
  

There is strong electrostatic attraction between the negatively charged electrons with the positive metal 
ions. The properties of metals are: 

 They are good thermal conductors. 
 They conduct electricity due to delocalised electrons. 
 There layer of atoms in the metallic structure help them to be malleable and ductile.  
 Most metals have higher melting and boiling points. 

Electrolysis  
[1.55C]   Covalent bonds as they don’t have free electrons. 

[1.56C]   Ionic compounds in molten or aqueous state have electrons that are able to move so they are 
able to move and conduct electricity.  

[1.57C]    

1. Negatively charged ion- anion 
2. Positively charge ion- cation  
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[1.58C]    

 During electrolysis, the positive ions move towards to the negative electrode known 
as cathode and negative ions move to the positive ions known as anode.  
 This is the experiment of electrolysis of lead (ii) Bromide 

a. Add Lead (II) Bromide into a beaker and heat so it will turn molten. 
b. Add two graphite rods as the electrodes and connect this to a power 

pack or battery. 
c. Turn on power pack or battery, which will allow electrolysis to take 

place. 
d. Negative bromide ions move to the positive electrode (anode) 

and lose two electrons to form bromine molecules. There is bubbling 
at the anode as brown bromine gas is given off. 

e. Positive lead ions move to the negative electrode (cathode) 
and gain electrons to form a grey lead metal which deposits on the 
surface of the electrode. 

 Negative electrode 
CATHODE 

Positive electrode 
ANODE 

Lead (ii) bromide 
 

Lead (ii) ions  
Lead solid is produced not 
in the solution, so there 
are only positive ions  

Bromide ions 
Liquid bromine produced 
not in the solution, so 
there are only negative 
ions 

Aqueous Sodium chloride  
 

H+ ions and H2(g) is 
produced [this is because 
Sodium is more reactive 
than hydrogen] 

Cl- ions and Cl2(g) are 
produced. 

Dilute copper sulphate  
 

Cu2+ ions. Cu(s) is 
produced as Copper is 
less reactive than 
hydrogen) 

OH- ions. O2 is produced 
(SO4

2- are not halide 
ions) 

Dilute sulphuric acid 
 

H+ and H2(g) is produced 
(these are the other ions 
that are present in 
H2SO4) 

OH-. O2 is produced 
(SO4

2- are not halide 
ions) 
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[1.59C] 

 

 

 

 

[1.60C] 

1. Add the ionic solution to be tested into a beaker and heat so it will turn 
molten. 

2. Add two graphite rods as the electrodes and connect this to a power pack or 
battery. Electrodes do not touch as it would cause the current to flow form 
one electrode to other without passing through the solution. 

3. Turn on power pack or 
battery, which will allow 
electrolysis to take place. 

4. Negative ions move to the 
positive electrode (anode). 

5. Positive lead ions move to 
the negative electrode 
(cathode). 

 

 

 

 

 

 
 

 Oxidation Reduction 
Electrons Loss of electrons Gain of electrons 
Oxygen Gain of O2 Loss of O2 
Hydrogen Loss of H2 Gain of H2 
Oxidation number Increase  Decrease  
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Chapter 2: Inorganic Chemistry 

A. Group 1 (alkali metals)- Lithium, Sodium and Potassium  
[2.1]   All group 1 elements will react with water to produce an alkaline solution and hydrogen. 
Furthermore, they tend to react vigorously with water. Group 1 elements are known as the alkali elements. 
All group 1 elements have one electron in the outermost energy shell. The equations for each are as 
follows: 

 Lithium  
2Li(s) +  2H20(l)  2LiOH(aq) + H2(g) 
 Sodium  

2Na(s) +  2H20(l)  2NaOH(aq) + H2(g) 
 Potassium 

2K(s) +  2H20(l)  2KOH(aq) + H2(g)  

[2.2]   The reactions occur as follows: 
 Lithium  

 There will be bubbles of Hydrogen gas produced. 
 Reaction with Lithium is slower than the reaction with Sodium. 
 Lithium doesn’t melt and dissolve as the melting point of Lithium is 

very high. 
 Sodium  

 There will be bubbles of Hydrogen gas produced. 
 Sodium will float o water because of its less density and it will 

gradually melt and form a shiny ball that dashes around the surface of 
the water. 

 Since Sodium has a lower melting point, it will melt from the heat that 
is produced with Sodium reacts with water. 

 There will be a white trail of NaOH produced which dissolves in the 
water producing a highly alkaline solution. 

 Potassium  
 This reaction is stronger than the reaction with Sodium. 
 There will be bubbles of Hydrogen gas produced. 
 Potassium will melt into a shiny ball as it dashes around the surface of 

the water. 
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 Since there is enough heat produced, hydrogen will burn with a lilac 
flame. 

Reactivity of group 1 elements increases down the group. This means as you go down the group: 

 More bubbles will be formed 
 More vigorous reaction caused 
 The alkali metal is more reactive. 

[2.3]   As you down group 1 element, their reactivity increases. Rubidium, Caesium and Francium are the 
most reactive group 1 elements. Furthermore, Francium is rare and radioactive so it is difficult to confirm 
its predictions. 

[2.4C]   As you down group 1 element, their reactivity increases. This is because down the group, it is 
easier to remove its outermost electron and form positive ions. As you down the group, the number of 
energy levels increases and this means the nuclear attraction decreases, whereas shielding effect 
increases. Due to this the outermost electron is easily removed. 

 

B. Group 7 (halogens)- Chlorine, Bromine and Iodine  
 [2.5]    

 

 

 

 

 

[2.6]   the trends of group 7 elements are as follows: 

 Melting and boiling points 
Melting and boiling point of Halogens increases down the group. This means 
Fluorine has the lowest melting and boiling point but, Astatine has the highest 
melting and boiling point. 

 States  
The states of group 7 elements get harder and fixed down the group. This 
means Fluorine is a gas and Astatine will be a solid. 
 

Group 7 elements 
(Halogens) 

Physical state at 
room temperature   

Colour  Colour in aqueous 
solution  

Fluorine  Gas Pale yellow - 
Chlorine  Gas Pale green Green- blue 
Bromine Liquid Reddish brown Orange 
Iodine Solid Purple Dark brown 
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 Colour 
The colour o group 7 elements get darker as you go down the group. Fluorine 
will have a lighter colour and Astatine will have a darker colour. 

[2.7]   A displacement reaction is where a more reactive element will replace a least reactive element in a 
compound. Down the group 7 elements, the reactivity of group 7 elements decreases. This also means the 
reactivity of group 7 elements increases up the group.  

 2KBr (aq) + Cl2 (aq) → 2KCl (aq) + Br2(aq) 
Chlorine is more reactive than Bromine as chlorine is above bromine in the periodic 
table. This is why chlorine displaces bromines to form KCl. 

[2.8C]   Down the group 7 elements, the reactivity of group 7 elements decreases. This also means the 
reactivity of group 7 elements increases up the group. This is because down the group 7, the number of 
electron shells increases and this decreases nuclear attraction as the distance from the nucleus to the 
outermost electrons increases down the group. Therefore, down the group 7, it is hard to gain an electron 
so reactivity decreases. 

 

C. Gases in the atmosphere  
[2.9]    

1. Oxygen= 21% 
2. Nitrogen= 78% 
3. Argon= 0.9% 
4. Carbon dioxide= 0.04% 

[2.10], [2.14]    

The experiment done to determine the percentage by volume of oxygen in air using metals. The results of 
this experiment is that the water level will rise to replace the volume of oxygen lost during this reaction.  

 Initially, put some iron fillings into the end of a burette. 
 Hold the burette vertically in the trough of the water with the help of a clamp. 
 Measure and note the starting height of water level in the burette. 
 Leave apparatus for week  
 Measure the final height of the water level in the burette. 

Calculations: 
Volume of Air at the Start = (Total Burette Volume – Initial Burette Reading) 
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Volume of Oxygen Used (Reacted with Iron) = (Initial Reading – Final Reading) 
Percentage Volume of Oxygen Calculation: 

 
 
 
 

 

 
 
 
 
 

 

The experiment done to determine the percentage by volume of oxygen in air using non- metals: 

 Add Phosphorus onto an evaporating dish and place it on a trough of water, making 
sure it is floating 
 Ignite Phosphorus using a candle 
 Cover this with a bell jar 
 Measure and note the 

starting height of the water 
level in the bell jar 
 Leave apparatus for 

several days 
 Measure and note the 

final height of the water level 
in the bell jar  

 
 
 

[2.11]   Combustion reaction is a reaction in which the substance reacts with the oxygen in the air to 
release energy in the form of heat. 
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 Magnesium- 
A white powder is produced which is known as Magnesium oxide. There is also an 
intense white flame. 

2Mg(s)  +  O2(g)  2MgO(s) 

 

 Sulphur 
There is a blue flame along with a colourless and a poisonous gas produced. 

S(s) + O2(g) SO2(g) 

 

 Hydrogen 
This is an exothermic reaction and water is the end product. 

2H2(g) + O2(g) 2H2O(l) 

 

[2.12]   Thermal decomposition is a process where a compound is broken down into different chemical 
substances and this is caused by heat. The products of the thermal decomposition of metal carbonates are 
Metal oxide and carbon dioxide. Example are as follows: 

i. Copper (ii) carbonate 
CuCO3  CuO  +  CO2 

ii. Sodium carbonate 
Na2CO3 Na2O  +  CO2 

[2.13]   Initially, IR radiation is coming from the Sun as waves with short wavelengths. When it hits the 
Earth’s surface, some of the energy is absorbed by the Earth’s surface so the wavelength increases. The 
IR wave will bounce off the Earth’s surface and knocks the atmosphere and the IR radiation is absorbed by 
the greenhouse gases (these are the gases that absorb and emit IR radiation emitted by the Earth which 
causes global warming and the main gases are carbon dioxide, CFC, nitrous oxide, methane and water 
vapour). Then the wavelength increases again and reflects back to the Earth’s surface, and this continues. 
This is how IR radiation is trapped in the Earth’s surface and this causes the average global temperature to 
increase. Due to anthropogenic activities, like forest fires or exhaustion of gases from cars, can increase 
the amount of greenhouse gases in the Earth’s atmosphere. Greenhouse gases are the reason for trapping 
the IR radiation into the Earth’s surface. Greenhouse gases are essential but excess greenhouse gases can 
cause large amount of IR radiation getting trapped into the Earth’s surface. This can lead to an increase in 
the average global temperature. This is known as Global warming. Effects of global warming are: 

 Animals will start to shift. 
 Prey will decrease so predator will decrease and eventually become extinct. 
 Entire ecosystem will change and adaptation changes for survival  
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 Bleaching or coral reefs 
 Life cycle change and enzyme activity changes. 
 Unwanted number of species can increase like pests. 
 Sex of the reptiles are affected. 

 

D. Reactivity series  
[2.15], [2.17]   The arrangement of metals in the reactivity series based on the reactions of metals with 
water and acids. The top metals are known to react vigorously with water and dilute acids and the bottom 
metals in the reactivity series are known to react slowly with water and dilute acids. The reactivity series 
is as follows(The top of the list is the most reactive and the bottom is the least reactive): 

 Potassium  
 Sodium  
 Lithium 
 Calcium  
 Magnesium  
 Aluminium  
 Carbon 
 Zinc 
 Iron 
 Hydrogen  
 Copper 
 Silver 
 Gold 

Reactions with water 

 K  +  H2O                            KOH  +  H2 
 Na  +  H2O                            NaOH  +  H2 
 Li  +  H2O                            LiOH  +  H2 
 Ca  +  H2O                            Ca(OH)2  +  H2 
 Elements below Calcium in the reactivity series do not react with water. 

 
 Potassium  

 They react violently with water  
 They melt into a shiny ball while dashing around the surface. 
 They burn with a lilac flame. 
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 Sodium  
 They react very quickly 
 Bubbles of hydrogen gas form. 
 The solid ill melt into a shiny ball 

 Lithium  
 They react quickly. 
 Bubbles of gases will form. 

 Calcium 
 They react slowly. 
 Bubbles of gases form  
 A white precipitate will be produced. 

 Elements below Calcium in the reactivity series do not react with water. 

Reactions with HCl or H2SO4 

 Potassium  
 K  +  HCl                      KCl  +  H2 
 K  +  H2SO4                      K2SO4  +  H2 

 Sodium  
 Na  +  HCl                      NaCl  +  H2 
 Na  +  H2SO4                      Na2SO4  +  H2 

 Lithium  
 Li  +  HCl                      LiCl  +  H2 
 Li  +  H2SO4                      Li2SO4  +  H2 

 Calcium 
 Ca  +  HCl                      CaCl2  +  H2 
 Ca  +  H2SO4                      CaSO4  +  H2 

 Magnesium  
 Mg  +  HCl                      MgCl2  +  H2 
 Mg  +  H2SO4                      MgSO4  +  H2 

 Zinc 
 Zn  +  HCl                      ZnCl2  +  H2 
 Zn  +  H2SO4                      ZnSO4  +  H2 

 Iron 
 Fe  +  HCl                      FeCl2  +  H2 
 Fe  +  H2SO4                      FeSO4  +  H2 

 Elements below iron in the reactivity series do not react with acids. 
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 Potassium  
 Vigorously  
 Bubbles of gas produced 
 Potassium disappears 

 Sodium  
 Vigorously  
 Bubbles of gas produced 
 Sodium disappears 

 Lithium  
 Vigorously  
 Bubbles of gas produced 
 Lithium disappears 

 Calcium 
 Vigorously  
 Bubbles of gas produced 
 Calcium disappears 

 Magnesium  
 React quickly   
 Bubbles of gas produced 
 Magnesium disappears 
 Reaction is known to be exothermic  
 A colourless solution is formed  

 Zinc 
 Reacts more slowly   
 Bubbles of gas produced 
 Zinc disappears 
 A colourless solution is formed  

 Iron 
 Reacts more slowly even slower than zinc 
 Bubbles of gas produced 
 Iron disappears 
 A pale green solution is formed  

 Elements below iron in the reactivity series will not react with acids. 
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[2.16]   The more reactive elements will displace the least reactive elements in a reaction and the 
reactivity of elements are shown in the reactivity series. In reactions like metal and metal oxide, if the 
metal is more reactive than the metal in the oxide, this metal will displace the metal in the oxide. If it is 
not, no reaction will occur. The same is with reactions of metals and aqueous of metal salts. 

[2.18]   Rust is a chemical reaction that occurs between iron and water and oxygen to form iron (iii) oxide. 
This is also known as the corrosion of iron. Conditions for rusting to occur are: 

 Oxygen  
 Water  
 Presence of NaCl will increase the speed of rusting. 

[2.19]   The methods for prevention of rusting are: 

 Galvanising  
 This can prevent the iron from rusting using the element in the reactivity 

series.  
 Galvanising is when the iron is coated with a layer of zinc carbonate. This 

will result the zinc to react with the oxygen in the air. This protect the 
iron by being a barrier. 

 Since zinc is more reactive than iron, it reacts with oxygen and water and 
corrodes instead of the iron. 

 If the coating is damaged or scratched, the iron is still protected from 
rusting by the sacrificial method where magnesium can be used. 

 Painting the iron 
 Coating the iron with plastic  
 Using oil or grease to cover the iron 

[2.20] 

 Metal oxide- this is a compound that consists of a metal and oxygen. 
 Reduction 
 Oxidation 

 
  
 
 
 
 

 Oxidation Reduction 
Electrons Loss of electrons Gain of electrons 
Oxygen Gain of O2 Loss of O2 
Hydrogen Loss of H2 Gain of H2 
Oxidation number Increase  Decrease  
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 Reducing agent- this causes another reactant to be reduced and it is oxidised 
itself. 

 Oxidising agent- this causes another reactant to be oxidised and it is reduced 
itself.  

[2.21]   The method goes as following: 

 Into a conical flask, add 100cm3 of with HCl acid or Sulphuric acid. 
 Add the metal to be testes. 
 Observe the reaction and the rate in which bubble formation occurs. 

These are the two main equations needed for this experiment  
    Metal    +   Hydrochloric Acid     →     Metal Chloride    +    Hydrogen 

 Metal    +        Sulphuric Acid         →     Metal Sulphate       +    Hydrogen 

 

 

 

 

 

 

 

 

 

E. Extraction and uses of metals 
[2.22C]   There are many metals and metal compound found in the 
Earth’s crust. Some metals include gold, iron, Aluminium, Sodium and 
some metal oxides include Aluminium oxide and iron oxide. These are 
often mixed with other substances. Some of the metals are extracted 
from the Earth’s crust through methods like electrolysis. Extraction 
is usually a reduction process. Taking out of unreactive metals are 
usually not extracted as they are not found as uncombinded elements 
as they do not easily react with other metals to form impure 
compounds. 
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[2.23C]    

 

 

 

 

 

 

 

 

 

[2.24C]   

 The highest reactive elements are gained by electrolysis extraction  
Metals that are more reactive than carbon (like aluminium) are extracted by electrolysis 
of molten compound. This is because they are too reactive to be extracted by the 
reduction with carbon. Aluminium is manufactured by the electrolysis of a molten mixture 
of aluminium oxide and rhyolite using carbon as the positive electrode (anode). 
Electrolysis is an expensive method as large amounts of energy are needed to melt the 
compound to produce the electric current (so you wouldn’t extract a metal using 
electrolysis if it could be done more cheaply using carbon. 

 
 
 
 
 
 
 
 
 

 Extraction by heating with carbon (including iron) 
This is used to extract metals below carbon in the reactivity series. The extracted is 
done by heating with a reducing agent such as carbon or carbon monoxide in a blast 
furnace. 
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OTHER METHODS OF EXTRACTION ARE: 

 Bacterial extraction- this is done when some bacteria absorb the metal compounds. 
They produce solutions called leachates that contains the metals. 
 Phytoextraction-  this is a type of extortion where some plant absorbs metal 

compounds through their roots and they concentrate these compounds as a results. The 
plants can be burnt to produce an ask that will contain the metal compounds. 

[2.25C]   The uses of each metal: 

 Aluminium  
 Food cans are they are not toxic. 
 Window frames- since they are resistant to corrosion  
 Saucepans- good conductor of heat 
 Overhead power cables- good electric conductors.  
 Aeroplane bodies- low density 

 Copper 
 Electric wire- good conductor of electricity and they are malleable  
 Water pipes- good conductors of heat and they are unreactive. 

 Iron  
 They are strong so can be used to make iron nails, car bodies or ships 

and bridges. 
 Steel 
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 Low carbon steels can be used to make car body panels as they are 
malleable. 

 High carbon steels can be used to make cutting tools as they are hard and 
strong. 

 Stainless steel is used to make cutlery and sinks as they are resistant to 
corrosion. 

[2.26C], [2.27C]   An alloy is a mixture of metals of the one or more elements, usually other metals or 
carbon. 

 
 
 
 
 
 

Alloys tend to be harder than pure metal. This is because alloys contain atoms or different size which 
makes the distorts the regular structure of atoms. This make it hard for the layers of the alloys to slide 
over and this makes it stronger. Yet, pure metals have a regular arrangement and this makes it easy for 
the layers to slide past each other easily. 

F. Acids, Alkali and titrations 
[2.28], [2.30]   The methods used to distinguish between acidic and alkaline solutions: 

 Litmus 

                                       Use litmus paper 
 Blue litmus paper will turn RED for acids 
 Red litmus paper will turn BLUE for bases. 
 

 Phenolphthalein  
 Methyl orange  

Indicator Colour in acidic 
solution 

Colour in neutral 
solution 

Colour in basic 
solution 

pH range of 
colour change 

Methyl orange RED ORANGE  YELLOW 3- 4 
Phenolphthalein COLOURLESS COLOURLESS PINK 8- 10 

 pH scale 
 less than 7 indicates an acidic solution  
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 exactly 7 indicates a neutral solution  
 more than 7 indicates an alkaline solution 

 
 universal indicator  

 

 

 

 

 

 

[2.29]     

 pH 0- 3= strong acid 
 pH 4- 6= weak acid  
 pH - 7= neutral solution  
 pH 8- 10= weak alkaline  
 pH 11- 14= strong alkaline  

[2.31]  

 Acids is a proton donor. 
 Weak acids 

Weak acids are defined as the substance or species that ionise incompletely 
or partially to produce or donate protons. Usually carboxylic acids are weak 
acids. 
CH3COOH  +  H2O              CH3COO-  +  H3O+ 

 Strong acids 
Strong acid completely ionizes so their initial concentration is usually equal to 
the H+ concentration. 
 

 Alkali is a proton acceptor. 
 Weak alkali  

Weak bases are defined as the species or substances that incompletely 
ionises to accept a proton. Usually ammonia is the most common weak base. 
Other than ammonia, amines can also behave as weak bases.] 
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                                           NH3 + H2O                        NH4
+  +  OH-             (NH3 gas) 

                                      NH4OH                                  NH4
+ +  OH-                 (NH3 solution) 

 
 Strong alkali  

Strong base completely ionizes so their initial concentration is usually equal 
to the OH- concentration. 

[2.32]   Neutralisation reactions is when an acid is added to a basic solution, the pH of the mixture will 
fall to form a neutral solution. Whereas, when an alkaline is added to an acidic solution, the pH of the 
mixture will rise to form a neutral solution. 

[2.33C]   The method goes as following: 

 Use a pipette to measure an alkaline 
solution into a conical flask 
 Use pipette to measure alkali solution into 

conical flask 
 Add drops of indicator (Phenolphthalein or 

Methyl Orange) 
Add acid into burette and note the starting 

volume 
Add acid in burette into alkali in flask 

continuously swirling until indicator changes to 
colour indicating the solution is neutral. 
 Note the final volume of acid in burette 
 Repeat until you have three concordant 

results (within 0.1 of each other) 
 

G. Acids, Bases and Salt preparations 
[2.34]   General rules for predicting the solubility of ionic compounds in water: 

 Common sodium, potassium and ammonium compounds are soluble   
 All nitrates are soluble • common chlorides are soluble, except those of silver and 

lead(II)  
 Common sulphates are soluble, except for those of barium, calcium and lead(II)  
 Common carbonates are insoluble, except for those of sodium, potassium and ammonium 
 Common hydroxides are insoluble except for those of sodium, potassium and calcium 

(calcium hydroxide is slightly soluble). 
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[2.35], [2.36]   When acids react, they lose electrons to form positively hydrogen ions (H+ion). When 
alkali reacts, they gain electrons to form the negative hydroxide ion (OH- ion). H+ ion makes the solution 
acidic and OH- ions make the solution alkaline.  

 Acids is a proton donor. 
 Alkali is a proton acceptor. 

[2.37]   Products formed in each reaction: 

 Acids and metals 
 Salt and hydrogen 

 Acids and bases 
 Salt and water  

 Acids and metal carbonates 
 Salt, carbon dioxide and water  

[2.38]   All bases are soluble in water and they dissolve to form OH- ions. Metal oxides, metal hydroxides 
and ammonia all act as bases and that alkalis are bases that are soluble in water: 

 Metal oxide 
 Salt and water 

 Metal hydroxide  
 Salt and water 

 Ammonia  
 Ammonium salt and water 

[2.39]   Experiment done to prepare a pure and dry sample of a soluble salt starting from an insoluble 
reactant: 

 Initially add dilute acid into a beaker. 
 Heat the beaker using a Bunsen burner. 
 Add an insoluble base into the warm dilute acid and stir until the bases is in excess. 

Make sure to add the base little by little. 
 Filter the mixture into an evaporating basin to remove excess base. 
 Heat the solution to evaporate the water 

so the solution will be saturated. 
 To check if the solution is saturated, you 

can dip a cold glass rod into the solution 
and notice if crystals are forming at the 
end of the glass rod. 
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 Leave the filtrate in a warm place to dry and crystallise. 
 Then decant the excess solution. 
 Blot the crystal or damp between filter paper to dry the crystals. 

[3.40C]   Experiment done for the preparation of soluble salts: 

 Add some measured alkali into a conical flask with the help of a pipette.  
 Add few drops of an indicator like phenolphthalein. 
 Add the acid into a burette and note the starting volume 
 Add the acid into the alkaline solution drop by drop until the appropriate colour change 

of that particular indicator occurs. 
 Record the final volume of the acid in the burette and calculate the volume of acid added 

by subtracting this value from the starting volume of the acid. 
 Add the same volume calculated of the acid into the same volume of alkali used without 

the indicator. 
 Heat to partially evaporate to make a saturated solution. 
 To check if the solution is saturated, you can dip a cold glass rod into the solution and 

notice if crystals are forming at the end of the glass rod. 
 Leave the filtrate in a warm place to dry and crystallise. 
 Then decant the excess solution. 
 Blot the crystal or damp between filter paper to dry the crystals. 

 
 
 
 
 
 
 

 

 

[3.41C]   Experiment done for the preparation of insoluble salts: 

An insoluble salt can be made by a precipitation reaction by mixing two soluble salt solutions 

 Initially dissolve the soluble salts in water and mix it together using an electric stirrer. 
 Filter to remove the precipitate from the mixture. 
 Wash the filtrate with water to remove traces of other solutions. 
 Leave it in an oven to dry. 
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[2.42]   prepare a sample of pure, dry hydrated copper(ii) sulphate crystals starting from copper (ii) 
oxide: 

 Add dilute sulphuric acid into a beaker and heat using a Bunsen burner flame 
 Add copper (II) oxide (insoluble base), a little at a time to the warm dilute sulphuric 

acid and stir until the copper (II) oxide is in excess (stops disappearing) 
 Filter the mixture into an evaporating basin to remove the excess copper (II) oxide. 
 Leave the filtrate in a warm place to dry and crystallise. 
 Then decant the excess solution. 
 Blot the crystal or damp between filter paper to dry the crystals. 

[2.43C]   Prepare a sample of pure, dry lead (ii) sulphate: 

 Dissolve Lead (II) Nitrate and Potassium Sulphate in water and mix together using a 
stirring rod in a beaker 
 Filter to remove precipitate from mixture 
 Wash residue with water to remove traces of potassium nitrate solution 
 Leave in an oven to dry 

 

H. Chemical tests 
[2.44]   Tests done to identify each gas: 

 Oxygen 
The glowing splint test is a test for 
an oxidising gas, such as oxygen. In 
this test, a splint is lit, allowed to 
burn for a few seconds, then blown 
out by mouth or by shaking. 
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 Carbon dioxide  
A standard test for the presence of 
carbon dioxide is its reaction with 
limewater (a saturated water solution 
of calcium hydroxide) to form a milky-
white precipitate of calcium hydroxide. 

 
 Hydrogen  

Put a lit split and it will burn with a squeaky pop sound if hydrogen is 
present. 

 Ammonia 
Use a damp red litmus paper or a damp universal indicator paper. If ammonia 
is present, the damp red litmus paper will turn blue or the damp universal 
indicator paper turns purple if ammonia is present. 

 Chlorine 
Use a damp litmus paper or a moist starch- iodine paper into test solution. If 
chlorine is present, damp litmus paper is bleached white or the moist starch 
iodine paper turns blue. 
 

[2.45], [2.46]   The flame test is a qualitative test used in chemistry to help determine the identity or 
possible identity of a metal or metalloid ion found in an ionic compound. If the compound is placed in the 
flame of a gas burner, there may be a characteristic colour 
given off that is visible to the naked eye. The following method 
is how to carry out a flame test: 

[1] Use a Platinum wire and dip the 
wire in HCl acid. 
[2] Dip the wire in the solid sample. 
[3] leave the wire in the non- 
luminous part of the Bunsen flame. 
[4] observe the flame colour. 

 

 
 



  

42 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

 Lithium- Red 
  Sodium- Yellow 
 Potassium- Lilac 
 Calcium- Orange- red 
 Barium- Apple green 
 Copper- Blue- green 
 Strontium- Crimson red 
 Magnesium has no colour as the re- emitted radiation is not in the visible spectrum. 

[2.47]   Tests for the cations: 

 NH4
+-Add aqueous sodium hydroxide to the solution, under test and warm the 

mixture. If ammonium ions are present then a pungent-smelling gas is 
produced. The gas produced turns damp red litmus paper blue. It is ammonia, 
NH3. 

 Cu2, Fe2+ and Fe3+- add aqueous NaOH and if each ion is present a coloured 
precipitate is observed and recorded. 
 Cu2+= blue precipitate  
 Fe2+= green precipitate 
 Fe3+= brown precipitate 

[2.48]   Tests for anions: 

 Cl-, Br- and I- -add silver nitrate and if each anion is present, the colours 
would be: 
 Cl-- white precipitate  
 Br-- cream precipitate  
 I- - yellow precipitate  

 SO4
2- - Use acidified Barium chloride (BaCl2) and this will react with the 

Sulphate ion to form a white precipitate of Barium sulphate. 
 CO3

2- - An acid, such as dilute hydrochloric acid, is added to 
the test compound. Carbon dioxide gas bubbles if carbonate ions are present. 
Limewater is used to confirm that the gas is carbon dioxide. 

[2.49], [2.50]    The tests for water are: 

 Chemical test 
 Add anhydrous coper (ii) sulphate  
 If water is present, a blue crystal which is hydrated copper (ii) sulphate 

will form. 
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 Physical test. 
 Boiling point of pure water is 100°C. 
 Freezing point of pure water is O°C. 
 If either is increases or decreases, then this indicates that the sample fo 

water contains impurities.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

44 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

Chapter 3: Physical Chemistry 
A. Energetics 

[3.1]  

 Endothermic reactions- these are the type of reaction, where energy is taken 
form the surrounding and this causes the temperature of the surrounding to 
decrease. Energy change is positive in endothermic reactions. Example: thermal 
decomposition of CuCO3 or reaction between ethanoic acid and sodium carbonate. 
 Exothermic reactions- these are the type of reaction, where energy is given out 

to the surrounding and this causes the temperature of the surrounding to 
increase. Energy change is negative in endothermic reactions. Examples include 
combustion, neutralisation reaction or reaction between water and calcium oxide. 

[3.2], [3.3], [3.4] 

 Calorimetry experiment for combustion  
a. Put 100cm3 of water into a copper can. The water can be 

measured using a measuring cylinder. 
b. Initially, measure and record the starting temperature of the 

water. 
c. Fill the spirit burner with test substance and measure and record 

its mass. 
d. Keep the burner under the copper can and light the burner. 
e. Stir the water constantly with the thermometer and continue 

heating until the temperature rises by about 20-30°C and then 
turn off the flame. 

f. Measure and record the highest temperature of the water. 
g. Measure and record the final mass of the burner and the 

remaining alcohol. 
h. These are calculation that should be done: 
Rise in temperature of water= Final temperature - initial temperature 
Mass of alcohol burnt= initial mass- final mass 
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 Calorimetry experiment for displacement, dissolving and neutralisation 
a. Place the solution into a polyester cup. Put about 25cm3 of the 

solution and measure using a measuring cylinder. 
b. Measure and record the starting temperature of the solution. 
c. Add the measured amount of the reactant (solid for dissolving, 

solution 2 for displacement and neutralisation) into the 
polystyrene cup and stir the mixture. 

d. Measure the final temperature of the mixture. 
e. The calculations needed for this experiment: 
Rise in temperature of water= Final temperature - initial temperature 
Mass of solution= solution 1 +solution 2 

[3.5C] 

 

 

 

 

 

 

 

 

 

[3.6C] 

 Endothermic reaction is known to be bond breaking. If more energy is absorbed 
than is released, then the reaction is endothermic. 
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 Exothermic reaction is known to bond making. If less energy is absorbed than is 
released, then the reaction is exothermic. 

[3.7C]   Bond energy is known as the amount of energy needed to break a bond. 

 

 

 

[3.8]   THIS WILL BE PRACTICED USING PAST PAPERS. 

 

B. Rates of reaction  
[3.9], [3.10], [3.11]   How each of the factors have an effect on the rate of reaction: 

i. Effect of surface area of a solid. 
When surface area increases of the solid increases, the rate of reaction 
increases. This is because there is more surface area that the particles will 
be exposed to the reactants and this leads to more frequent and successful 
collisions, which thereby increases the rate of the reaction. 

ii. Effect of concentration of a solution. 
When concertation of a solution increases, the rate of the reaction increases. 
This is because there are more reactant leading to more frequent and 
successful collisions and this increases the rate of the reaction. 

iii. Effect of temperature. 
When temperature increases, the rate of the reaction increases. This is 
because the reactants gain more kinetic energy and they collide more 
frequently and this leads to more successful collisions, thereby the rate of 
the reaction increases. 

iv. Effect of catalyst  
The catalyst would increase the rate of the reaction without being used up. 
They provide an alternative pathway by lowering the activation energy so 
more colliding particles will have necessary activation energy to react. 

v. Effect of pressure of a gas 
When pressure increases, the rate of the reaction increases. This is because 
there are more reactants particles in a given volume and this will increase the 
number of collision so the rate of the reaction will increase. 
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[3.12], [3.13]   A catalyst would increase the rate of the reaction without being used up. They provide an 
alternative pathway by lowering the activation energy so more colliding particles will have necessary 
activation energy to react. 

  
 
 
 
 
 
 
 
 
 

 

 

[3.14C] 

 

 

 

 

 

 

 

 

[3.15], [3.16]   The experiment done to check the effect of surface area and concentration on the rate of 
reaction: 

 Surface area is changed by adding different sizes of marble chips (sizes means 
like powder form or granules) 
 Concentration is changed by taking different concentration of Hydrochloric acid. 
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 The method goes as follows: 
a. Initially add HCl into a conical flask. 
b. Set up the apparatus as shown 
c. Then add the marble chips into the conical flask 
and close the flask. 
d. Measure the volume of gas produced in a fixed 
time period like every 5 minutes.  
e. Repeat this experiment with different marble 
sizes or different concentration.  

f. Remember if concentration is changed, the marble size should be 
kept constant. You can only change one variable at a time.  

 

The experiment done to check the effect of different solids on the catalytic decomposition of hydrogen 
peroxide 

 You can use different catalyst as the independent variable like Manganese (iv) 
oxide. 
 The method goes as follows: 

a. Using a measuring cylinder, measure 100cm3 of Hydrogen peroxide 
and add into a 250cm3 conical flask. 

b. Set up the apparatus as shown above (in the previous question) 
c. Add the solid catalyst into the conical flask and close the conical 

flask using a bung. 
d. Measure the volume of gas produced in a fixed time period like 

every 5 minutes.  
e. Use different catalyst and repeat the exact experiment. 

 

C. Reversible reactions and equilibria 
[3.17]   A reversible reaction is a reaction that occurs in both directions, which means products can react 
to give the reactants and reactant will react to the products. 

[3.18] 

i. Dehydration of hydrated copper (ii) sulphate  
a. In the presence of water, the white solid will turn blue. 
b. The forward reaction, when water is added. 
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c. The reverse reaction happens when hydrated copper (ii) sulphate 
is heated and this causes the water to evaporate. 

d. CuSO4 .5H2O                            CuSO4(s)  + 5H2O (l) 
ii. Effect of heat on Ammonium chloride 

a. The white ammonium chloride will break down into ammonia and 
HCl which is a colourless gas. This happens due to heat. 

b. These gases can react together to form the white solid ammonium 
chloride. 

c. NH4Cl(s)                                NH3(g) + HCl)g)  

[3.19]   A reversible reaction can be reach dynamic equilibrium in a sealed container. 

[3.20C]  Chemical reactions can either go in both directions (forward and reverse) or only in one 
direction. Dynamic equilibrium has two conditions: the rate of the forward reaction is equal to the rate of 
backward reaction, the concentrations of the reactants and the products remain constant. 

 Characteristics of a dynamic equilibrium: 

 Forward and backward reaction should have the same rate. 
 Concentration of reactants and product remain constant. 
 Both forward and backward reaction should be happening. 

[3.21C]   A catalyst will not affect the position of equilibrium. This is because a catalyst will increase both 
forward and backward reaction at the same rate and also catalyst increases the rate of a reaction by 
providing an alternative pathway by lowering the activation energy. 

[3.22C]   Le Châtelier's principle states that if a change is made to the conditions of a system at 
equilibrium, then the position of equilibrium moves to oppose the change in conditions. This principle can be 
used to predict how the position of equilibrium will change when the reaction conditions are changed. 
According to Le Chatelier’s principle: 

i. Temperature  
In endothermic reaction, when temperature increases, the reaction shifts to the 
products and this means yield of endothermic products increases. When temperature 
decreases in an endothermic reaction, it shifts to the reactant side so the yield of 
the reaction decreases.  
In exothermic reaction, when temperature increases, the dynamic equilibrium shifts 
to the reactant side, thereby reducing the equilibrium yield. When temperature 
decreases in exothermic reaction, dynamic equilibrium will shift to the product side, 
and this will increase the yield of the reaction. 
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ii. Pressure affects the equilibrium 

Pressure applies ONLY to gaseous molecules. Increasing pressure will shift the equilibrium to the side with 
the fewer number of moles. Whereas, decreasing pressure will result in shifting the equilibrium to the side 
with the higher number of moles 
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Chapter 4: Organic Chemistry 
A. Introduction  

[4.1]   Hydrocarbon is an organic compound which entirely consist of hydrogen and carbon for example 
C2H6 or C4H8. 

[4.2], [4.5]    All the examples will be of butane. 

i. General formula  
Example: CnH2n+ 2 for alkanes 

ii. Molecular formula 
Example: C4H10 
iii. Empirical formula  

Example: C2H5 is the empirical formula (simplest formula) of C4H10 
iv. Structural formula 

Example: CH3CH2CH2CH3 
v. Skeletal formula  

Example:  

 

 
vi. Displayed formula  

 
 
 

 

 

[4.3]  

 Homologous series is a group of compounds with similar structural formula that can be 
represented by a general formula where those members differ by one –CH2- group. Like the 
homologous series of alkane or alkene or alcohol. 

 Functional groups are specific groupings of atoms within molecules that have their own 
characteristic properties, regardless of the other atoms present in a molecule. Common 
examples are alcohols, amines, carboxylic acids, ketones, and ethers. 
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 Compounds with similar molecular formulae and different structural formulae are called as 
isomerism. 

[4.4] 

a. Identify the longest carbon chain. This chain is called the parent chain. 
b. Identify all of the substituents (groups appending from the parent chain). 
c. Number the carbons of the parent chain from the end that gives the substituents the 

lowest numbers. When comparing a series of numbers, the series that is the "lowest" 
is the one which contains the lowest number at the occasion of the first difference. 
If two or more side chains are in equivalent positions, assign the lowest number to 
the one which will come first in the name. 

d. If the same substituent occurs more than once, the location of each point on which 
the substituent occurs is given. In addition, the number of times the substituent 
group occurs is indicated by a prefix (di, tri, tetra, etc.). 

e. If there are two or more different substituents they are listed in alphabetical order 
using the base name (ignore the prefixes). The only prefix which is used when 
putting the substituents in alphabetical order is iso as in isopropyl or isobutyl. The 
prefixes sec- and tert- are not used in determining alphabetical order except when 
compared with each other. 

f. If chains of equal length are competing for selection as the parent chain, then the 
choice goes in series to: 
a) the chain which has the greatest number of side chains. 
b) the chain whose substituents have the lowest- numbers. 
c) the chain having the greatest number of carbon atoms in the smaller side chain. 
d)the chain having the least branched side chains. 

g. A cyclic (ring) hydrocarbon is designated by the prefix cyclo- which appears directly 
in front of the base name.  

[4.6] 

i. Substitution reaction- A substitution reaction is a chemical reaction during 
which one functional group in a chemical compound is replaced by another 
functional group. 

ii. Addition reaction- Addition reaction, any of a class of chemical reactions in 
which an atom or group of atoms is added to a molecule. 

iii. Complete combustion reaction- this is a reaction where a substance reacts 
with oxygen to form CO2 and water.  

iv. Incomplete combustion- this is a reaction where a substance reacts with 
oxygen to form CO and water  
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B. Crude- oil  
[4.7]   Crude oil means a mixture of hydrocarbons that exists in liquid phase in natural underground 
reservoirs. 

[4.8], [4.9]   Crude oil is separated into fractions by fractional distillation. The crude oil enters the 
fractionating column and crude oil is evaporated and its vapours condenses at different temperatures in 
the fractionating column. Each fraction contains hydrocarbon molecules with a similar number of carbon 
atoms and a similar range of boiling points. Products with short carbon chain have lower boiling points, 
meaning they rise higher up the column 
before reaching their boiling point. 
Therefore, they are collected at the top of 
the column. Products that have long carbon 
chains have higher boiling points. They 
condense and are collected at the bottom of 
the fractionating column.  

 

 

 

 

 

 

[4.10]   Small molecules have low boiling point, light in colour, easy to light and runny. Larger molecules 
have high boiling point, dark in colour, hard to light and thick in viscosity.  
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[4.11]   Fuel is a substance, when burned, releases heat energy. 

[4.12]   Products of each combustion are: 

i. Complete combustion- CO2 and water 
ii. Incomplete combustion- CO and water 

[4.13]   Incomplete combustion and the toxic gas is carbon monoxide. Carbon monoxide will bind to the 
haemoglobin of the human blood and this will limit the oxygen transport in the blood. 

[4.14], [4.15], [4.16] 

i. Formation of oxides of nitrogen in car engines- due to the high temperature 
reached when fuel is burnt in car engines, the nitrogen and oxygen in the air 
tends to react to form nitrogen monoxide. [ N2(g) +  O2(g)           2NO(g)]. The 
nitrogen monoxide released from the car engines can react with oxygen to 
form nitrogen dioxide. [2NO(g) + O2(g)           2NO2(g)]  

ii. Combustion of hydrocarbon fuels- the combustion of hydrocarbon can lead to 
the formation of impurities like sulphur compounds that will be oxidised to 
form SO2. [S(g) + O2(g)           SO2(g)] 

iii. Acid rain- Acid rain is caused by a chemical reaction that begins when 
compounds like sulphur dioxide and nitrogen oxides are released into the air. 
These substances can rise very high into the atmosphere, where they mix and 
react with water, oxygen, and other chemicals to form more acidic pollutants, 
known as acid rain. 

[4.17]   Long chain hydrocarbon is the large number of hydrocarbon molecules and short chain hydrocarbon 
are the fragments of the long chain hydrocarbon. Cracking is a chemical process which is used in oil 
refining. To produce by-products such as cooking oil, ethanol, liquefied petroleum gas, diesel fuel, jet fuel 
and other petroleum distillates, cracking removes large hydrocarbon molecules in raw crude oil. Two types 
of cracking are thermal cracking (600- 700°C) and catalytic cracking. Catalytic cracking is cracking done 
using a catalyst like silica or alumina. 
[4.18]   The following reasons are why cracking is necessary: 

a. Short chain hydrocarbons burn well and flow well.  
b. Cracking is used to produce petrol that is fuel for cars. 
c. Cracking produces alkanes which are raw material in the plastic industry.  
d. Hydrogen produced during cracking is used in the manufacture of ammonia in Haber 

process. 
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C. Alkanes  
[4.19], [4.20]   Alkane is a saturated hydrocarbon. Saturated means there are no carbon- carbon double 
bond (C=C). General formula of alkane is CnH2n+2. The letter ‘n’ means the number of Carbon atoms and ‘m’ 
represents the number of double bonds. 
[4.21] 

 

 

 

 

 

 

 

 

[4.22]    Alkanes can undergo substitution reaction with halogen in the presence of UV light. The reaction 
is a substitution between one of the hydrogen atoms in the alkane and a halogen atom. 
 

 

D. Alkenes  
[4.23], [4.24], [4.25]   Alkenes are a type of hydrocarbon, which means they have only hydrogen and 
carbon. Alkenes contain C=C double bond. Alkenes are known as an unsaturated hydrocarbon compounds. 
Unsaturated means the presence of C=C double bond. Alkenes have a general formula CnH2n. The letter ‘n’ 
means the number of Carbon atoms and ‘m’ represents the number of double bonds. Alkenes classified as 
unsaturated hydrocarbons as they contain a double covenant bond. 

[4.26]  
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[4.27], [4.28]   The reaction between alkenes and bromine is a type of addition reaction. This is where 
the bromine atoms are joined in the C=C bond. The main qualitative test for a C= C double bond is the 
reaction of alkene using Bromine water and Bromine. The colour change is from brown to colourless. If the 
presence of alkene needs to be identified, reacting with bromine water or reacting with bromine will be 
helpful. If there is a colour change of brown to colourless, this proves the presence of alkene. 

 
 
 
 
 
 
 
 
 

 

 

E. Alcohols 
[4.29C]   Alcohols are a homologous series that contain the –OH functional group. 
[4.30C] 
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[4.31C]    

 Complete combustion of ethanol and the products are carbon dioxide and water. 
 Reaction with oxygen in air to form ethanoic acid (microbial oxidation) 
 Oxidation using Potassium dichromate (vi) in dilute sulphuric acid. 

i. Primary alcohol to aldehydes. 
Primary alcohols can be oxidized to either aldehydes or carboxylic acids depending on 
the reaction conditions. In the case of the formation of carboxylic acids, 
the alcohol is first oxidized to an aldehyde which is then oxidized further to the acid. 

ii. Primary alcohol to carboxylic acid. 
Making Carboxylic Acids by Oxidation of Primary Alcohols or Aldehydes. Primary 
alcohols and aldehydes are normally oxidized to carboxylic acids using 
potassium dichromate(VI) solution in the presence of dilute sulphuric acid. During 
the reaction, the potassium dichromate(VI) solution turns from orange to green. 
iii. Secondary alcohol to ketone. 

A secondary alcohol is oxidised; it is converted to a ketone. The hydrogen from the 
hydroxyl group is lost along with the hydrogen bonded to the second carbon. The 
remaining oxygen then forms double bonds with the carbon. This leaves a ketone, as 
R1–COR2. 

[4.32C]   Methods for the manufacture of ethanol: 

a. Reacting ethene with steam 
 Uses non- renewable resources. 
 This is a continuous process. 
   The rate of reaction is fast. 
 This produces pure ethanol. 
 The conditions needed are high pressure and temperature. So the 

cost is high. 
b. Fermentation of glucose. The products are carbon dioxide and ethanol 

 Uses renewable resources 
 This is a batch process  
 The rate of reaction is slow 
 This produces a dilute solution  
 The only condition is low temperature. 

[4.33C]   Fermentation is a chemical process that uses microorganism such as yeast to produce ethanol 
and carbon dioxide. The conditions needed for fermentation are: 
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 Absence of air- this will cause the yeast to respire anaerobically. 
 Optimum temperature- this is needed to prevent the denaturation of enzymes 

 

F. Carboxylic acids 
[4.34C]   Carboxylic acids are a homologous series that contains the functional group –COOH. 
[4.35C] 

 

 

 

 

 

 

[4.36C]   Reactions of carboxylic acid with: 

i. Metals- the products are salt and hydrogen 
ii. Metal carbonate- the products are salt, water and CO2 

[4.37C]   Vinegar is an aqueous solution containing ethanoic acid. Vinegar is essentially a dilute solution 
of acetic (ethanoic) acid in water. Acetic acid is produced by the oxidation of ethanol by acetic acid 
bacteria, and, in most countries, commercial production involves a double fermentation where the ethanol is 
produced by the fermentation of sugars by yeast. 

 

G. Esters  
[4.38C]   Esters are made up using carboxylic acid or acyl chloride with an alcohol. They have fruity like 
pleasant smell. This has a functional group of -COO- 

[4.39C]   Esters are usually formed using a carboxylic acid and an alcohol. The –OH part of the carboxylic 
acid will be removed and the H of the OH group in alcohol will be removed and the two molecules will join to 
form an ester and water. 
The catalyst is a acid. 
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[4.40C]   CH3COOCH2CH3 

 

 

 

[4.41C] 

 First part of the chain is the alcohol part and always the alcohol part should end with 
‘yl’. 

 The second part of the name is the carbon chain of the carboxylic acid and it should 
end with ‘oate’ 

 
 
 
 
 
 
 
 
 

 

[4.42C]   Uses of esters: 

 Esters can be used for the manufacture of perfumes and food flavourings. 
 Natural esters are found in pheromones. 
 Naturally occurring fats and oils are fatty acid esters of glycerol. 

[4.43C]   Manufacture of ethyl ethanoate: 

 Simple distillation is done, so set up the apparatus as follows. 
 A mixture of ethanoic acid, ethanol and sulphuric acid is put into the round bottom 

flask.  
 Using an electric heater, heat the solution. Don’t use a naked flame because ethanol 

is flammable. 
 The ester is distilled off as soon as it is formed and this is collected in a separate 

beaker. This formation occurs due to the condensation that happens in the 
condenser. 
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 Esters tends to have a lower boiling point as they are volatile. They become the first 
to evaporate and this is removed 
from the distillation to avoid 
reversible reactions. 

 

 

 

H. Synthetic polymers 
[4.44]   Addition polymerisation occurs when to small monomers join together and no by- product is 
formed. Usually alkenes act as the monomer of the additional polymerisation as the double bond can be 
break and bond with the other monomers. 

[4.45], [4.46] 

 Initially, identify the repeating unit. 
 Change the single bond in the monomer into a double bond. 
 Remove the bond form each of the repeating unit. 

 
 
 
 
 
 
 
 

 

[4.47]   Additional polymers are non- biodegradable means disposal of them can be difficult. Not being 
not biodegradable means that microorganisms cannot break them down so this causes problems like filling 
land sites or even pollution. Waste polymers can be processed in different ways. Some can be recycled, 
which involves either melting the waste polymer or forming the polymer into a new product. Waste 
polymers can be incinerated. This involves combustion at very high temperatures. Incineration releases a 
lot of energy which can be used to heat homes or to generate electricity. There are problems with 
incineration: 

 Carbon dioxide is produced, a greenhouse gas which contributes to global warming 
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 Toxic gases are produced which need removing before they leave the chimney 

[4.48C]   Condensation polymerisation is a reaction where dicarboxylic acid will join together with a 
dialcohol. Polyesters are formed as the result of condensation polymerisation. This is when polymeristaion 
occurs between dicarboxylic acid and dialcohol. Here there is a by- product formed. 

 

 

 

 

 

 

 

[4.49C] 

 

[4.50C]   Biopolyesters are considered biodegradable as they are able to naturally biodegrade in the 
environment. This means, less amount of bottles will remain in the environment leading to pollution. 

 

 

 


