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Chapter 1: Energetics  
[6.1]   Standard enthalpy of reaction is the enthalpy change under standard conditions for a reaction in the 
molar quantities. Standard conditions are 298K and 100kPa pressure. 

[6.2], [6.3]   

[6.2]   Always exothermic reactions 
have a negative sign and endothermic 
reactions have a positive sign. 

 

 

 

 

 

 

 

 

 

 

 

 

[6.4] 

 Standard enthalpy of formation. 
The enthalpy change when 1 mole of the compound is formed from its element under 
standard conditions (standard enthalpy change of a compound is zero) 

 Standard enthalpy of combustion.  
The enthalpy change when 1 mole of substance is completely burnt in excess oxygen 
under standard conditions. 

 Standard enthalpy of mean bond enthalpy. 
The mean energy required to break 1 mole of gaseous bond to make gaseous atoms. 
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 Standard enthalpy of atomization. 
The enthalpy change when 1 mole of atoms in the gaseous state is formed from the 
element under standard conditions. 

 Standard enthalpy of neutralization. 
The enthalpy changes when one mole of water is formed by the reaction of an acid 
with alkali under standard conditions. 

 First ionization energy. 
The enthalpy change when one mole of unipositive gaseous ion is produced by 
removing one mole of electron from a gaseous atom. 

[6.5]    

 

 

 

 

 

[6.6]   Hess’s Law states that the enthalpy change for a chemical reaction is independent of the route 
taken. This means that the enthalpy change for the overall process will be identical regardless of how many 
steps are taken. Consider the following reaction: 
                                A+B→C+D                                ΔHx 

The enthalpy change for the reaction that forms products C+D directly (ΔHx) will be the same as the 
sum of the enthalpy changes for the 
production of C+D via an indirect route 
where intermediate products are 
formed and subsequently react to 
produce C+D. One method of calculating 
an enthalpy change for a process 
involves rearranging a set of given 
reaction equations with known values. 
The following points must be noted when manipulating equations: 

 The enthalpy change for the process (ΔH) is independent of the route taken (This is 
Hess’s law). 
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 The enthalpy change (ΔH) is proportional to the quantities of reactants and products. 
For example, burning twice as much fuel will result in twice the enthalpy change for the 
process. 

 If a reaction is reversed then the sign of the enthalpy change must also be reversed. 
 Changing the physical state of any reactant (or product) will involve an enthalpy change. 

 

[6.8]   When even using a calorimetry, the enthalpy change is not always accurate as energy is easily lost 
form the system. There are many ways heat loss can occur like conduction, convention or inaccuracies in 
measuring temperature. One way to minimize the evaporation of the fuel, a lid can be placed on the spirit 
burner. To minimize the evaporation of the 
fuel, a lid can be place on the spirit burner. 
Even screens or copper calorimeter can be 
used to minimise the heat loss. In 
calculations, the heat specific capacity of 
the solution is 4.18kJmol-1. This is the value 
for water not the actual solution so this 
means inaccuracies in calculations occurs. 

  

 

[6.9]   Bond enthalpy- Bond enthalpy (which is also known as bond-dissociation enthalpy, average bond 
energy, or bond strength) describes the amount of energy stored in a bond between atoms in a molecule. 
The higher the bond enthalpy, the more energy is needed to break the bond and the stronger the bond. 

Mean bond enthalpy is the mean bond enthalpy is the enthalpy change needed to break the 
covalent bond into gaseous atoms, averaged over different molecules These values are positive because 
energy is required to break a bond. 
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[6.10]   This can be practiced by doing the question wise tutes. 

[6.11]   Bond enthalpy data gives some indication about which bond will break first in a reaction, how easy 
or difficult it is and therefore how rapidly a reaction will take place at room temperature. 
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Chapter 2: Intermolecular Forces  
[7.1], [7.2]    

i. London forces (instantaneous dipole- induced dipole). 
Another name for London forces is Van der Waals forces. London forces are known 
to be the weakest force. London forces are raised due to the instantaneous dipoles 
of adjacent atoms. All non- polar molecules have London forces. If the central atom 
has no lone pairs and it has the same element around its central atom than the 
molecule is always non- polar. The strength of the London forces depends on the Mr 
of the molecules and its shape. Therefore, it can be stated that if the Mr value is 
large, the intermolecular forces are 
stronger. Straight chain molecules 
have stronger London forces than 
branched chain molecules. This is 
because straight chain molecules as 
they can pack much closer together 
and this reduces the distance over 
which the force acts, making the 
intermolecular force stronger. 
 

ii. Permanent dipole- permanent dipole interactions.  
Permanent dipoles act between polar molecules. All the polar molecules can have 
dipole- dipole attractive forces. Polar molecules display attractions between the 
oppositely charged ends of the molecules. This type of intermolecular bond is 
stronger than London 
dispersion forces with the same 
number of electrons. Polar 
bonds form due to the 
difference in electronegativity. 
For example, a water molecule 
(H2O) has a 

large permanent electric dipole moment. Its positive and negative charges are not 
centred at the same point; it behaves like a few equal and opposite charges 
separated by a small distance. 
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iii. Hydrogen bonds. 
Nitrogen or Oxygen or Fluorine atoms each with hydrogen will form intermolecular 
Hydrogen bonding. This is the strongest dipole- dipole attractive force. Generally, 
bond angle of hydrogen bond is 180°. The 
lone pair on these atoms forma bond with 
a δ+ hydrogen atom from another 
molecule, shown with a dotted line, H2O, 
NH3 and HF all have hydrogen bonds 
between molecules.  

 

 

[7.3]   Anomalous properties of water resulting from hydrogen bonding: 

a. Its high melting and boiling temperatures when compared with similar molecules. 
Since the strongest intermolecular force is hydrogen bonding, molecules with hydrogen 
bonds have a higher meting and 
higher boiling points compared to 
molecules with the same size 
without hydrogen bonding. Even 
though water has a simple 
molecular structure, they have 
high melting or boiling points and 
this is due to the presence of the hydrogen bond. Hydrogen bonds usually require a high 
amount of energy to break the bonds apart. 

b. The density of ice compared to that of water. 
Ice is less dense than water. This is due to ice's density being less than liquid water's 
density. Upon freezing, the density of ice decreases by about 9 percent. Most of an iceberg 
exists below the water surface. 
The best way to visualize 
how water can have 
different densities is to look at 
the frozen form of water. 
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[7.4]   This can be practiced by doing the question wise tutes. 

[7.5]   Physical properties shown by substances, in terms of intermolecular forces: 

i. London forces are present between the alkane molecule chain. Boiling point trends 
of alkanes are affected by the chain length and branching of the alkane molecule. 
When the chain length increases, this means the Mr value increases. This means 
there are stronger intermolecular forces between the longer chain alkanes. This 
means more energy is needed to break the bond apart so higher boiling point.  

ii. Straight chain molecules have stronger London forces. Therefore, when there is a 
branching, the alkane chain gets weaker as they are less able to pack tightly 
together. The distance over which intermolecular forces acting on the branched 
molecule gets increased and this weakens the attractive forces. As a result, 
branched- chain alkanes have lower boiling points than straight- chain alkanes.  

iii. Alcohols with the same number of electrons as alkanes have a higher boiling 
temperature. This is because alcohols have a OH group which means there is 
hydrogen bonding along with London forces but, alkanes have only London forces. 
As said before, hydrogen bonds are the strongest intermolecular force. Therefore, 
alcohols with the same electrons as alkane will have a higher boiling point. 

iv. HF has the highest boiling point this is followed by HI, then HBr with HCl having the 
lowest boiling point of the four molecules. This is because HF is able to 
form Hydrogen 
bonds whereas the other 
three molecules are unable 
to do so because 
their electronegativity is 
not large enough to create 
a sufficient dipole. 

 

 

 

[7.6]   Factors influence the choice of solvent: 

i. Water is one of the popular solvent used for dissolving ionic 
compounds. This is known as the hydration of the ions. This 
process, in which either a positive or a negative ion attracts water 
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molecules to its immediate vicinity, is called hydration. When 
water molecules move closer to ions under the influence of their 
mutual attraction, there is a net lowering of the potential energy 
of the microscopic particles.  

ii. Water can also dissolve alcohols. This is due to hydrogen bonding. 
Water can dissolve some alcohols by forming hydrogen bonds with 
their hydroxyl group. 

iii. Yet when it comes to polar molecules, water is a poor solvent for 
polar molecules. Polar molecules like halogenoalkanes cannot form 
hydrogen bonds with water. 

iv. Non- aqueous solvents are often used for compounds which have 
the same type of intermolecular force.  
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Chapter 3: Redox Chemistry and Group 1, 2 and 7 
[8.1]   Oxidation number, also called oxidation state, the total number of electrons that an atom either 
gains or losses in order to form a chemical bond with another atom. The rules for finding oxidation number 
follows as: 

 The oxidation number of an element is zero. 
 The addition of the oxidation numbers of a compound will be zero. 
 The addition of the oxidation numbers of a charged ion will be the total 

charge. Example: SO4
2-, the addition of the oxidation numbers of this ion will 

be equal to -2. 
 Hydrogen has an oxidation number of +1. 
 Oxygen has an oxidation number of -2. 
 Group 1 atoms have an oxidation number of +1. 
 Group 2 atoms have an oxidation number of +2. 
 Halogens have an oxidation number of -1. 

[8.2]   Exceptional rules when finding oxidation number:  

 In peroxides (R-O-O-R’), the oxidation number of Oxygen is -1. 
 In metal Hydrides, the oxidation number of Hydrogen is -1. 

[8.3]   In the nomenclature of inorganic chemistry, the oxidation number of an element that may exist in 
more than one oxidation state is indicated by a roman numeral in parentheses after the name of 
the element. Example: iron(II) chloride (FeCl2) and iron(III) chloride (FeCl3). 

[8.4]   This can be practiced by doing the question wise tutes. 

[8.5]    

 REDUCTION OXIDATION 
Hydrogen  loss Gain 
Electrons  Loss Gain  
Oxygen  gain Loss  
Oxidation number  Increase Decrease  

 

S block elements which are group 1 and 2, usually lose electrons, so they get oxidised so they have positive 
oxidation numbers. This means group 1 will have an oxidation number of +1 and group 2 will have an 
oxidation number of +2. 
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P block elements usually gain electrons. This means they get reduced and they have negative oxidation 
number. Group 7 will gain an electron so they have an oxidation number of -1. 

[8.6]   A reducing agent is an element or compound that loses an electron to an electron recipient 
(oxidizing agent) in a redox chemical reaction. 

In chemistry, an oxidizing agent is a substance that has the ability to oxidize other substances — in other 
words to accept their electrons. Common oxidizing agents are oxygen, hydrogen peroxide and the halogens. 

[8.7]   A Disproportionation reaction is a reaction in which a compound undergoes oxidation as well as 
reduction. For example:  2H2O2 =2H2O + O2. Here hydrogen peroxide is oxidized to oxygen and is reduced 
to water. 

[8.8]   Oxidation number is a useful concept in terms of the classification of reactions as redox and as 
disproportionation.  

This can be practiced by doing the question wise tutes. 

[8.9]   Metals form positive ion by losing electrons with an oxidation number, whereas non- metals form 
negative ion by the gain of electrons with a decrease in oxidation number. 

[8.10]   This can be practiced by doing the question wise tutes. 

[8.11]   The 1st ionisation of Group 1 will decrease down the group. The reason for this is because down the 
Group 1, the atomic radii increases and also shielding effect increases. Due to this an electron from group 1 
elements can be easily removed. The 1st ionisation of Group 2 will decrease down the group. The reason for 
this is because down the Group 2, the atomic radii increases and also shielding effect increases. Due to 
this, an electron from group 2 elements can be easily removed. 

[8.12]   Group 1 elements will lose one electron to form a +1 charge ion. The reactivity of Group 1 elements 
will increase down the group. This is because down the group 1, atomic radii increases down the group due 
to addition of new electron shells, which increases electron shielding. This makes the outer most electron 
to easily be lose. Group 2 elements will lose two electrons to form a +2 charge ion. The reactivity of Group 
2 elements will increase down the group. This is because down the group 2, atomic radii increases down 
the group due to addition of new electron shells, which increases electron shielding. This makes the outer 
most electrons to easily be lose. 

 

 

 

 

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Oxidizing_agent
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Oxidize
https://en.wikipedia.org/wiki/Electron_acceptor
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Halogen
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[8.13]   Reaction of Group 1 and 2 elements with Oxygen. 

Group 1 and 2 elements will react with oxygen to form oxides. If Group 1 elements 
react with excess Oxygen, Group 1 peroxides will be formed. 

 
 
 
 
 
 
 
 
Reaction 1 and 2 elements with Chlorine 
Group 1 and 2 elements will react with chlorine gas to form metal chlorides. Group 1 
and group 2 elements will react with Chlorine to form white precipitate. As you down 
group 1, the reactions become more vigorous as elements are more reactive down the 
group. 

 
 
Reaction 1 and 2 elements with water  
All the alkali metals react vigorously with cold water. In each reaction, hydrogen gas 
is given off and the metal hydroxide is produced. The speed and violence of 
the reaction increases as you go down the group. This shows that the reactivity of 
the alkali metals increases as you go down Group 1. 
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Group 2 metal react with water to produce a metal hydroxide and 
hydrogen gas. The 
metal hydroxide 
forms as an 
alkaline solution.  
 
 
 
 
 
 
 
 
 

 
 

[8.14]   Reaction of Group 1 and 2 oxides with dilute acid. 

Group 1 and 2 oxides will 
react with dilute acids 
to form a salt and 
water. This is    called 
as a neutralisation 
reaction. 

 
 
 
 

Reactions of hydroxides of group 1 and 2 elements with dilute acid. 

Group 1 and 2 hydroxides will react with dilute acids to form a salt and water. This is    called as a 
neutralisation reaction. 
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[8.15]   Solubility of Group 2 compounds 

 Solubility of Group 2 Hydroxide 
The solubility of Group 2 hydroxide increases down the group.  

 Solubility of Group 2 Sulphates  
The solubility of Group 2 sulphates decreases down the group.  

[8.16]   Thermal stability relates to thermal decomposition.  

Thermal decomposition of Group 1 nitrates and carbonates 

Group 1 nitrates and carbonates undergo thermal decomposition. Only Lithium acts in the same way as 
Group 2 elements. Yet, the rest of the group 1 elements don’t act the same way as Lithium does. The 
remaining Group 1 nitrates will produce metal nitrite and oxygen. The group 1 carbonates wont decompose 
as they need very high temperatures to undergo thermal decomposition. 

     4Li(NO3) 2Li2O + 4NO2 + O2 
     2NaNO3 2NaNO2 + O2 
     2KNO3 2KNO2 + O2    
 
     Li2CO3 Li2O  +  CO2 

     OTHER GROUP 1 CARBONATES DON’T DECOMPOSE. 
 

Thermal decomposition of Group 2 nitrates and carbonates  

Group 2 nitrates and carbonates both undergo thermal decomposition. Group 2 carbonates will produce 
carbon dioxide and a metal oxide. Usually these metal oxides appear as a white powder. Whereas, group 2 
nitrates will produce a metal oxide, nitrogen dioxide and oxygen.  

     2Be(NO3)2   BeO + 4NO2 + O2 
     2Mg(NO3)2   MgO + 4NO2 + O2 
     2Ca(NO3)2   CaO + 4NO2 + O2 
     BeCO3 BeO  +  CO2 

     MgCO3 MgO  +  CO2 

     CaCO3 CaO  +  CO2 

When going down both group 2 nitrates and group 2 carbonates, the compounds thermal stability increases, 
as they will need more energy for the thermal decomposition of the ions. 
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When considering both group 1 and group 2 elements, going down the group, the ionic radius increases but 
the overall charge is the same. Downing down the group of both group 1 and 2, the charge density 
decreases. The smaller ions are able to polarise the negative ion which is either the carbonate ion or the 
nitrate ion, and the more this negative ion is polarised, the less heat is required to separate the two ions. 
Therefore, smaller ions form less stable carbonates and nitrates, and larger cations form more stable 
carbonates and nitrates. 

[8.17]   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. 

 

 

 

 

 

 

 

Electrons gain energy and move in to the higher energy level. When they are in the higher energy level, 
electron get unstable and they tend to move down. When they drop back to the ground state, they emit the 
radiation from the visible spectrum. These are the flame test colours for the following ions: 

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

[8.18]    

Carbon dioxide (CO2) = 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. 

Oxygen (O2) = 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. 

Nitrogen dioxide (NO2) = Nitrogen dioxide is an acidic gas. A blue 
litmus paper can be held on top of the test tube which releases 
NO2. This will turn the blue litmus paper red. Furthermore, this 
gas is a reddish- brown gas so this is another way to identify this 

gas. 

 

 

 

 

 

 

[8.19]   Test for Anions. 

 Sulphate ion (SO4
2-) 

Use acidified Barium chloride (BaCl2) and this will react with the Sulphate ion 
to form a white precipitate of Barium sulphate. 

 Hydroxide ion (OH-) 
Usually, OH- ions are considered to be alkaline. They can be identified by 
either using a damp litmus paper (red litmus paper will turn blue) or a 
universal indicator can be used. The positive result will be either a blue or a 
purple colour. 

 Carbonate ion (CO3
2-) and hydrogencarbonate (HCO3

-) 
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. 
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[8.20]   

   

 

 

 

 

 

 

 

 

 

[8.22]    

 

 

 

 

 

 

 

 

 

[8.24]   Group 7 contains non-metal elements placed in a vertical column on the right of the periodic 
table. The elements in group 7 are called the halogens. The halogens exist as simple molecules. Each 
molecule contains two halogen atoms joined by a single covalent bond. The table shows the colour and 
physical states of chlorine, bromine and iodine at room temperature. The melting points and boiling 
points of the halogens increase going down group 7. This is because, going down group 7: The molecules 
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become larger and this results in the intermolecular forces become stronger, so more energy is needed to 
overcome these forces. 

 
 
 
 
 
 
 

Halogen Appearance at room 
temperature 

Colour in aqueous 
solution 

Colour in non- 
polar organic 

solution 
Chlorine GREEN GAS PALE GREEN PALE GREEN 
Bromine RED- BROWN 

LIQUID 
ORANGE/ YELLOW RED 

Iodine GREY- BLACK 
SOLID 

BROWN VIOLET 

 As you go down Group 7, atomic radius and shielding effect increases. This means electrons in the outer 
shells are less strongly to the nucleus, and so are more easily removed. So, electronegativity decreases 
down the group 7.  

Group 7 elements gain an electron to form a -1 charge. When going down the group 7, the reactivity of 
group 7 elements decreases. Down the group 7, atomic radius increases. This is because nuclear attraction 
decreases and shielding effect increases, when going down group 7, due to the additional electron energy 
shells. 

[8.25]   The halogen is known to be as good oxidising agents. This is because they accept electrons from 
the species being oxidised and are reduced. Furthermore, the oxidising power decrease as you go down 
group 7. Since the atomic radius increases down the group 7, the ability to gain electrons will decrease. 
When considering about the reducing agent of group 7, the negative ion (known as halide ions) donates 
electrons to the species being reduced. The reducing power of group 7 halides will increase down the 
group 7, this is because of the weak nuclear attraction and high shielding effect. 

[8.26], [8.27] 

The reaction between chlorine and cold dilute sodium hydroxide solution: 

          2NaOH  +  Cl2 NaCl + NaClO + H2O 
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NaClO is known as Sodium chlorate (i). This is a good example of a disproportionation reaction. This is a 
common way for the manufacture of bleach. 

 
 
 
 
 
 

 

Chlorine will react with hot alkali and this is also an example of disproportionation reaction. 
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[8.28]   The trends in physical properties, chemical properties described for chlorine, bromine and iodine, 
predictions can be made for other halogens, including fluorine and astatine. 
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Chapter 4: Introduction to Kinetic and Equilibria  
[9.1]   In order for a reaction to happen, they must fulfil the following conditions: 

a. Particles should collide. 
b. Particles should collide in a proper orientation. 
c. Particles should have minimum amount of energy to conduct. 

[9.2]   Activation energy is the minimum amount of energy that must be provided to compounds to result 
in a chemical reaction. 

[9.3]    

 

 

 

 

 

 

 

 

[9.4]   When temperature increases (which means when the reaction is heated), molecules gain kinetic 
energy. This causes particles to vibrate more which means molecules collide more frequently. This will 
result in more successful collisions. When more molecules collide, the rate of the reaction increases. The 
opposite happens when temperature decreases. As a result, increasing the temperature means rate of the 
reaction increases. In the Maxwell- Boltzmann distribution, when temperature increases, the curve will 
shift to the right but the area if the curve of both curves should be same. 
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[9.5], [9.8]   A catalyst increases the rate of a reaction but it doesn’t get used up. A catalyst provides 
an alternative pathway which requires a lower activation energy in order for the reaction to occur. In the 
Maxwell- Boltzmann distribution curve, the curve doesn’t shape in shape but the position of the activation 
energy is shifted to the left. 

 
 
 
 
 
 
 
 
 

[9.6]   Reaction profile of a catalysed reaction. 

 

 

 

 

 

 

 

 

[9.7]   Catalysts speed up a chemical reaction by lowering the amount of energy you need to get one 
going. Catalysis is the backbone of many industrial processes, which use chemical reactions to turn raw 
materials into useful products. Catalysts speed up the rate of reaction, which saves money because the 
plant doesn't have to operate for as long to produce the same amount of product. Catalysts allow the 
reaction to work at a much lower temperature. This reduces the energy used up in a reaction which is good 
for sustainable development. 

[9.9]   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. 
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The ones that go in two directions are known as reversible reactions, and you can identify them by the 
arrows going in two directions, like the example below.  

H2O(l) ⇌ H+(aq) + OH-(aq) 

Dynamic equilibrium only occurs in reversible reactions, and it’s when the rate of the forward reaction is 
equal to the rate of the reverse reaction. These equations are dynamic because the forward and reverse 
reactions are still occurring, but the two rates are 
equal and unchanging, so they’re also at equilibrium. 
Dynamic equilibrium is an example of a system in a 
steady state. This means the variables in the 
equation are unchanging over time (since the rates of 
reaction are equal). If you look at a reaction in 
dynamic equilibrium, it’ll look like nothing is 
happening since the concentrations of each substance 
stay constant. However, reactions are actually 
continuously occurring. 

[9.10], [9.11] 

Rate of a reaction is the greater the frequency of successful collisions between reactant particles, the 
greater the reaction rate. 

Product yield is a measure of a chemical reaction's efficiency, as a ratio of moles of product to moles of 
reactant. 

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. 

ii. Concentration 
When concentration of reactants increases, the equilibrium will shift to the product 
side and this will increase the product yield. The concentration of product increases, 
means the reactant side will be favoured and this will decrease the product yield. 

iii. Catalyst  
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Catalyst does not to affect the equilibrium position as they affect the forward and 
backward reaction equally. Therefore, they do allow equilibrium to be reached faster. 

iv. Pressure  
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.  

 ENDOTHERMIC REACTION EXOTHERMIC REACTION 
Increase in Concentration  To the side with less 

number of moles 
To the side with less 
number of moles 

Decrease in Concentration  To the side with more 
number of moles 

To the side with more 
number of moles 

Increase in Pressure  ONLY FOR GAS 
To the side with less 
number of moles. 

ONLY FOR GAS 
To the side with less 
number of moles. 

Decrease in Pressure ONLY FOR GAS 
To the side with more 
number of moles 

ONLY FOR GAS 
To the side with more 
number of moles 

Increase in Temperature  To the product side  To the reactant side  
Decrease in Temperature  To the reactant side  To the product side 
Catalyst  No effect 

BUT YIELD INCREASES 
No effect 
BUT YIELD INCREASES 

 

IF THE PRODUCT SIDE IS FAVOURED, THIS MEANS THEY YIELD OF THE REACTION INCREASES. 
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Chapter 5: Organic Chemistry: Halogenoalkanes, Alcohols and 
Spectra 
 [10.1]    

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

 
 
 
 
 

ii. Elimination 
Elimination reactions are commonly known by the kind of atoms or groups of atoms 
leaving the molecule. The removal of a hydrogen atom and a halogen atom, 
for example, is known as dehydrohalogenation. When both leaving atoms are 
halogens, the reaction is known as dehalogenation. 

 
 
 
 
 
 

iii. Substitution  
A substitution reaction is a chemical reaction during which one functional group in a 
chemical compound is replaced by another functional group. 
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iv. Oxidation  
Oxidation reaction include when an element either loses an element or loses a 
hydrogen atom, gain of oxygen or when the oxidation number increases. 

 

 

 
v. Reduction  

Reduction reaction include when an element either gains an element or gains a 
hydrogen atom, loses of oxygen or when the oxidation number decreases. 

 
 
 
 

vi. Hydrolysis  
Hydrolysis is a chemical process in which a molecule of water is added to a 
substance. Sometimes this addition causes both substance and water molecule to 
split into two parts. 

 
 
 
 
 
 
 
 

 
vii. Polymerisation  

Polymerisation is the process of reacting monomer molecules together in a 
chemical reaction to form three-dimensional networks or polymer chains. 
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[10.2]   A reaction mechanism is the sequence of elementary steps by which a chemical reaction occurs. 
A reaction intermediate is a chemical species that is formed in one elementary step and consumed in a 
subsequent step. The slowest step in a reaction mechanism is known as the rate-determining step. 

 

 

 

 

 

 

 

[10.3]   In heterolytic fission, when a covalent bond is broken, the shared pair of electrons are taken by 
one of the atoms. This results in the formation of a negatively charged atom, because electrons are 
negatively charged. Whichever atom gets the electrons will then be a negatively charged atom (an anion). 

[10.4]   A nucleophile is a chemical species that donates an electron pair to form a chemical bond in 
relation to a reaction. All molecules or ions with a free pair of electrons or at least one pi bond can act 
as nucleophiles. Because nucleophiles donate electrons, they are by definition Lewis bases. 

[10.5]   Halogenoalkanes contain polar bonds. This is because of the electronegativity difference, since 
halogen is more electronegative than the carbon atom. Therefore, the electron density is drawn towards 
the halogen atom. 

 

  

 

 

[10.6]   Nomenclature of Halgenoalkane  

i. Structural formulae 
CH3CH2Cl 
CH3CH2CH2CH2CH2BR 
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ii. Displayed formulae 

 
iii. Skeletal formulae 

 
 
 
 

[10.7]    

 

 

 

 

 

 

 

 

[10.8], [10.10]   Reaction of halogenoalkane with: 

i. Aqueous alkali (KOH). 
Halogenoalkane reacts with Aqueous KOH or NaOH to produce an alcohol. This is a 
nucleophilic substitution reaction, where the OH- in the aqueous alkali replaces the 
halogen in the halogenoalkane. 

ii. Ethanoic potassium hydroxide. 
Halogenoalkane reacts with ethanoic KOH to produce alkenes. This is known as an 
elimination reaction.  

iii. Aqueous silver nitrate in ethanol. 
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The halogenoalkane is heated with aqueous silver nitrate, with ethanol added. The 
water in the mixture behaves as the nucleophile. The ethanol acts as a common 
solvent, ensuring that the halogenoalkane and aqueous silver nitrate mix together and 
react. 
This is the procedure:  
• You measure each halogenoalkane into a separate test tube, which is then placed in 
a water bath at 50 °C.  
• You put a solution of ethanol, water and aqueous silver nitrate into another test 
tube. This test tube is placed in the same water bath.  
• Once all the tubes have reached the same temperature, you add equal volumes of 
each mixture to each halogenoalkane.  
• You time how long it takes for each precipitate to form. 

Chloride ion (Cl-) Bromide ion (Br-) Iodide ion (I-) 
White precipitate 

AgCl 
Cream precipitate 

AgBr 
Yellow precipitate 

AgI 
 

iv. Alcoholic ammonia. 
Halogenoalkane is heated with alcoholic ammonia to form amines. This is also a 
nucleophilic substitution reaction. In this reaction, ammonia acts as a nucleophile.  

v. Alcoholic potassium cyanide. 
Halogenoalkane is heated with alcoholic potassium cyanide to form nitriles. This is 
also a nucleophilic substitution reaction. The CN- ion act as a nucleophile. This is type 
of reaction that causes an increase of the carbon chain length.  
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[10.9]   Reaction mechanism of halogenoalkane with: 

i. Aqueous potassium hydroxide. 

 
ii. Ammonia. 

 

 

 

 

[10.10]   

As the halogenoalkane and nucleophile come to the rate equation, the reaction is said 
to be a single step reaction. Therefore, both halogenoalkane and the nucleophile 
should be present in the rate determining step, that is in the mechanism. As both of 
them are involved, the mechanism is called as the SN2. In the mechanism, always the 
OH- (nucleophile) attacks to the side opposite to the halogen atom and produces a 
transition state at which the halogen atom and the OH group are connected to the 
carbon atom through dotted lines with 180° angle. When the C-Cl bond is broken in 
the transition state to give the final product at which now the OH group is connected 
to the carbon atom exactly opposite to the halogen atom. 
 
 
 
 
 
 
The SN2 mechanism produces a stereospecific product.  
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If the halogenoalkane is tertiary, only the halogenoalkane comes for the rate 
expression, which means only the halogenoalkane is present in the rate determining 
step.  
In the rate determining step halogenoalkane produces the carbocation and that is the 
slowest step. In the 2nd step, the OH- group will attach to the carbocation to give the 
final product. If the halogenoalkane is tertiary, the OH group can attach either to the 
same side or into the different side of the halogenoalkane. 
 
 
 
 

 

[10.12]   Reactivity varies depends on the halogen present in the halogenoalkane. Usually, electronegativity 
of the halogens decreases down the group. This eventually means C-F is more polar than C-I. This further 
can be described that C-F bond is shorter and stronger 
than the C-I bond. The greater the Mr of the halogen in 
the polar bond, the lower the bond enthalpy. A lower bond 
enthalpy means the bond is easily broken, therefore the 
rate of the reaction increases for halogenoalkanes as you 
move down the group. 

 

 

 

[10.13]   The greater the Mr of the halogen in the polar bond, the lower the bond enthalpy. A lower bond 
enthalpy means the bond can be broken more easily. Therefore, the rate of the reaction increases for 
halogenoalkane as you move down the group. 

[10.15]   Nomenclature of Halgenoalkane 

i. Structural formulae 
                         CH3CH2OH 
                        (CH3)2CHOH 

ii. Displayed formulae 
In displayed formula, NEVER WRITE –OH, instead write as –O-H. 
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iii. Skeletal formulae 

 

 

 

 

[10.16]    

 

 

 

 

 

 

 

[10.17]   Reaction of Alcohol with: 

i. Oxygen in air (combustion). 
Alcohols react with oxygen in air to 
form carbon dioxide and water. 
Since, it is a combustion reaction, 
it releases energy.  
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ii. Halogenating agent ‘PCl5’ 

This produces chloroalkanes. This is one of the test used to identify alcohols. PCl5 
reacts with alcohol to produce white steamy fumes that turn damp blue litmus red 
paper. 

 
iii. Halogenating agent ‘50% concentrated H2SO4’ 

This reaction produces bromoalkane. The KBr reacts with the sulphuric acid to form 
HBr.  
            KBr  +  H2SO4                       HBr + KHSO4 
             
 
 

iv. Halogenating agent ‘red phosphorus and iodine’ 
Instead of using phosphorus(III) bromide or iodide, the alcohol is usually heated 
under reflux with a mixture of red phosphorus and either bromine or iodine. 
The phosphorus first reacts with the bromine or iodine to give the phosphorus(III) 
halide. 

 
 
 
 

v. Concentrated phosphoric acid  
An elimination reaction to form the alkene. 
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[10.18]   Oxidation reactions of alcohols 

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. 
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Tests to identify Aldehydes. 

 [1] Reaction with Tollen’s reagent  

To make the Tollen’s reagent, Silver Nitrate, Sodium hydroxide and Ammonia solution is 
required. When making the Tollen’s reagent, 1st Silver Nitrate is reacted with Sodium 
hydroxide, to get a brownish precipitate of Ag2O, then Ammonia solution is added slowly 
just to dissolve the precipitate. 
AgNO3 + NaOH  Ag2O 
Ag2O + NH3 [Ag(NH3)2]+ 
When aldehyde and Tollen’s reagent is added and warmed, a silver mirror is formed 
from the Tollen’s regent while the aldehyde gets oxidised into a carboxylic acid. This is 
called as a Silver mirror test as well. 

[2] Reaction with Benedict’s or Fehling’s reagent 

Alkaline Cu2+ solution is known as Benedict’s or Fehling’s reagent. This also gives a 
carboxylic acid or aldehyde a brick red precipitate of Cu2O precipitate.  
BOTH TESTS SHOWS NEGATIVE RESULTS FOR KETONES. 

[10.19]   Techniques in the preparation and purification of a liquid organic compound. 

viii. Heating under reflux. 
Prevent the escape of volatile compounds from reaction mixture. 
All the vapour rising from the reaction mixture during heating enter the condenser 
and change back into liquids. They then return to the flask so that unreacted 
compound can react. 
Flask is heated using hot water or oil in a beaker heated by Bunsen burner or using 
an electric mantle. 
Antibumping granules in reaction mixture helps to make the boiling smooth and evenly 
distributed. 
Gentle flow of cold water enters at 
the bottom of condenser.  
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ix. Extraction with a solvent using a separating funnel. 

Two features; 
 Solvent added should be immiscible (do not form a mixture) with the solvent containing 

the desired organic product. 
 The desired organic product should be much more soluble in the added solvent than in the 

reaction mixture. 
Place the reaction mixture in a separating funnel and then add the chosen solvent- it should form a 
separate layer. 
Place the stopper in the neck of the funnel and gently agitate the contents of the funnel for a short 
while (put a finger on the stopper, invert, open the tap, agitate in a circular motion, close the tap 
and return the funnel to its normal position.) 
Allow the content to settle into 2 layers. 
Remove the stopper and open the tap to allow the lower layer to drain into a flask and then do the 
same to allow the upper layer to drain into a separate flask. 
Better to use the solvent in small portions rather than in a single volume because it is more 
efficient. 
Using more portions of solvent, but with the same 
total volume, removes more of the desired organic 
product.    
Desired organic product has been removed from 
reaction mixture, but is now mixed with the added 
solvent. 
Therefore, simple distillation or fractional 
distillation must now be to separate the desired organic product from the solvent used.  

 
x. 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 
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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.  

xi. Drying with an anhydrous salt  
No special technique is needed to dry on organic solid- it just needs to be left in a warm place or in 
a desiccator with suitable drying agent. Many organic liquids are prepared using inorganic reagents, 
which are often used in aqueous solution. A liquid organic product may partially, or even completely 
dissolved in water. Therefore, water may be an impurity that needs to be removed by a drying 
agent. One important feature of drying agent is that it does not react with the organic liquid. 
Anhydrous metal salts (usually CaCl2 , MgSO4 and Na2SO4) 
When they come into contact with water in an organic liquid, they absorb the water as water of 
crystallization. Drying agent is added to the organic liquid and the mixture is gently agitated or 
shaken, and then left for a period of time. Before use, a drying agent is powdery, but after 
absorbing water it look more crystalline. If a bit more drying agent is added and remain powdery, 
then this is an indication that liquid is dry, liquid also goes from cloudy to clear when water is 
removed. Drying agent is removed either by decantation (pouring the organic liquid off the solid 
drying agent) or by filtering.  

xii. Boiling temperature determination. 
The Thiele tube method is one of the simplest methods to determine a compound's 
boiling point, and has the advantage of using small amounts of material. The sample 
is placed in a small tube along with an inverted capillary tube. The setup is attached 
to a thermometer and heated inside a Thiele tube to slightly higher than the 
compound's boiling point (which is evidenced by a continuous stream of bubbles 
emerging from the capillary tube). The tube is then allowed to cool, and the moment 
liquid is drawn into the 
capillary tube, the 
temperature is the 
compound's boiling 
point. The boiling point 
of a compound is found 
and that value is 
compared with the data 
booklet value. The purer 
the substance the 
closer the value is to 
the data booklet value. 
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[10.21], [10.22]  

Mass spectra. 
A mass spectrum will usually be presented as a vertical bar graph, in which each bar 
represents an ion having a specific mass-to-charge ratio (m/z) and the length of the 
bar indicates the relative abundance of the ion. The most intense ion is assigned an 
abundance of 100, and it is referred to as the base peak. A mass spectrum will 
usually be presented as a vertical bar graph, in which each bar represents an ion 
having a specific mass-to-charge ratio (m/z) and the length of the bar indicates the 
relative abundance of the ion. The most intense ion is assigned an abundance of 100, 
and it is referred to as the base peak. Most of the ions formed in a mass 
spectrometer have a single charge, so the m/z value is equivalent to mass itself. 
Modern mass spectrometers easily distinguish (resolve) ions differing by only a 
single atomic mass unit (amu), and thus provide completely accurate values for the 
molecular mass of a compound. The highest-mass ion in a spectrum is normally 
considered to be the molecular ion, and lower-mass ions are fragments from the 
molecular ion, assuming the sample is a single pure compound. 

 
 
 
 
 
 
 
 
 
 
 

 
IR spectrum. 
The IR spectra tell you what types of vibrational modes (motion) the molecule 
responds with after it absorbs that light, and when you figure out which peaks 
correspond to which motions, you can figure out what functional groups the molecule 
has and (almost) what the molecule is. IR spectroscopy detects the absorption of 
light by a compound, in the IR region of the electromagnetic spectrum. To absorb 
light a molecule must have a bond within its structure that can exhibit what is 
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referred to as a 'dipole moment' which means electrons within a bond are not shared 
equally. 
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