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SELF-STUDY LEARNING

FOREWORD

Following the outbreak of the COVID-19 pandemic, government of Uganda 
closed all schools and other educational institutions to minimize the 
spread of the coronavirus. This has affected more than 36,314 primary 
schools, 3129 secondary schools, 430,778 teachers and 12,777,390 
learners.

The COVID-19 outbreak and subsequent closure of all has had drastically 
impacted on learning especially curriculum coverage, loss of interest in 
education and learner readiness in case schools open. This could result in 
massive rates of learner dropouts due to unwanted pregnancies and lack 
of school fees among others. 

To mitigate the impact of the pandemic on the education system in 
Uganda, the Ministry of Education and Sports (MoES) constituted a 
Sector Response Taskforce (SRT) to strengthen the sector’s preparedness 
and response measures. The SRT and National Curriculum Development 
Centre developed print home-study materials, radio and television scripts 
for some selected subjects for all learners from Pre-Primary to Advanced 
Level. The materials will enhance continued learning and learning for 
progression during this period of the lockdown, and will still be relevant 
when schools resume.

The materials focused on critical competences in all subjects in the 
curricula to enable the learners to achieve without the teachers’ 
guidance. Therefore effort should be made for all learners to access and 
use these materials during the lockdown. Similarly, teachers are advised 
to get these materials in order to plan appropriately for further learning 
when schools resume, while parents/guardians need to ensure that their 
children access copies of these materials and use them appropriately.
I recognise the effort of National Curriculum Development Centre in 
responding to this emergency through appropriate guidance and the 
timely development of these home study materials. I recommend them for 
use by all learners during the lockdown.

Alex Kakooza
Permanent Secretary
Ministry of Education and Sports
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SELF-STUDY LEARNING

ABOUT THIS BOOKLET

Dear learner, you are welcome to this home-study package. This content 
focuses on critical competences in the syllabus.

The content is organised into lesson units. Each unit has lesson activities, 
summary notes and assessment activities. Some lessons have projects 
that you need to carry out at home during this period. You are free to use 
other reference materials to get more information for specific topics.

Seek guidance from people at home who are knowledgeable to clarify in 
case of a challenge. The knowledge you can acquire from this content can 
be supplemented with other learning options that may be offered on radio, 
television, newspaper learning programmes. More learning materials can 
also be accessed by visiting our website at www.ncdc.go.ug or 
ncdc-go-ug.digital/. You can access the website using an internet enabled 
computer or mobile phone.

We encourage you to present your work to your class teacher when 
schools resume so that your teacher is able to know what you learned 
during the time you have been away from school. This will form part of 
your assessment. Your teacher will also assess the assignments you will 
have done and do corrections where you might not have done it right.

The content has been developed with full awareness of the home learning 
environment without direct supervision of the teacher. The methods, 
examples and activities used in the materials have been carefully selected 
to facilitate continuity of learning.

You are therefore in charge of your own learning. You need to give 
yourself favourable time for learning. This material can as well be used 
beyond the home-study situation. Keep it for reference anytime.

Develop your learning timetable to ca ter for continuity of learning and 
other responsibilities given to you at home.

Enjoy learning
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PHYSICAL CHEMISTRY 

LESSON 1 THE STRUCTURE FUNCTIONING OF THE MASS SPECTOMETER 
 

LEARNING OBJECTIVE: 

By the end of this section you be able to; 

1. State what a mass spectrometer is 
2. Draw a labelled diagram of the mass spectrometer 
3. Describe how the mass spectrometer works  

Key Terms: 

Spectrum pattern; of a sample is a pattern representing the distribution of ions 
by mass (more correctly: mass-to-charge ratio) in a sample. 

Mass/charge ratio: the mass-to-charge ratio of an ion is a physical quantity used to 
identify isotopic or molecular ions produced in the mass spectrum. They are used find 
the molecular weight of the sample. 

 

INTRODUCTION 

At this level you are already aware that matter is made of entities/units that are 
particles in nature. Particles of matter can be atoms, molecule or ions. Individual 
particles are too small to be seen. A single particle of matter is more than 100,000 
times smaller than the width of the human hair. Every form of matter has its own 
particles, having a particular mass. Despite their small size the mass of particles of 
matter can be determined using an instrument called the mass spectrometer. The 
sample of matter must first be broken down into free gaseous particles before 
introducing it into the mass spectrometer. In this lesson you are going to learn about 
mass spectrometer and it’s in determining mass of particles. 

KEY INQUIRY QUESTION; 

Why do you think equal volumes of different substances have will always have 
different masses/weight? 

Activity 1 To find out about the stages through which the particle pass in mass 
spectrometer.  

1. Carefully read the information in the table below. It contains information about 
the main parts of the mass spectrometer the function of the part. The order in 
which the parts are placed in the table does not represent the correct 
stages/steps through are acted on in the mass spectrometer. 
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PART OF THE MASS 
SPECTROMETER 

FUCTION 

A computerized, 
electrical 
detector/Recorder 

This can be used to identify the particles (atoms or 
molecules) in the original sample. It records in a 
spectrum pattern how many ions arrive for each 
mass/charge. 

NB: In early spectrometers photographic ddetectors 
were used instead, producing a chart of peaked 
lines called a mass spectrograph. In modern 
spectrometers, you slowly vary the magnetic field 
so each separate ion beam hits the detector in turn. 

Ionisation Chamber The gaseous particles of the sample whose masses 
are being determined are hit/bombarded with a 
beam of high-speed electrons. The high-speed 
electrons cause the particles (atoms or molecules) 
turn into ions. This is because the high-electron 
knock out electron from the particle of the sample 
to form positive ions. This process is 
called ionization. For a particle represented by the 
symbol X the ionization equation is written as;  

X(g) + e                X(g) + 2e 
Deflection Chamber 
 

The accelated beam bean of ionized are directed 
into a magnetic field (the invisible, magnetically 
active region between the poles of a magnet). When 
this moving beam of particles having positive 
electric charge enter a magnetic field, 
they bend into an arc. The degree/extent of bending 
depends on the on mass and charge on the ion. The 
lighter particles (and more positively charged ones) 
bending more than heavier ones. In this region the 
ions formed from the sample split into a spectrum. 
This means each different type of ion bent to a 
different degree according to its mass and its 
electrical charge (mass/charge ratio). 

Acceleration chamber The ions formed from the gaseous move into a 
powerful electric field. This region has two metal 
plates charged to high voltages which ions to 
accelerate or gain some speed/velocity. 

  
2. Re-write the names of the parts and their functions in the correct order in which 

samples are acted upon in the mass spectrometer. Number them in their 
respective order/stages from 1 to the last (4) 

3. Diagram in figure below is a sketch of the cross section through the mass 
spectrometer 
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Label the parts X, Y, W and Z 

 
Conclusion/Comment 

From the activity you have carried out, make a conclusion by filling in the spaces 
below; 

The mass spectrometer is an instrument used for determining………………………. of 
matter. 

Before the sample the sample of matter is introduced into mass spectrometer it must 
be …………………………………………….  The mass spectrometer is made up 
…………. Parts. These parts are;  
……………………………………………………………………………. 
………………………………………….. 

Summary 

The mass spectrometer is an evacuated/vacuum tube 

In the mass spectrometer the vaporized sample undergoes the following important 
stages/steps 
1. It is bombarded by a stream of highspeed electrons and ionized to form positive 

ions 
Note; Particles with large molecular size, containing many atoms will be 
fragmented/broken into different sizes of molecular ions whose results may be 
reliable 

2. The positive ions are accelerated so that they gain a certain velocity a d move in 
form of a beam of positive ions into the magnetic field. 

3. In the magnetic field the ions are deflected according to charge/mass ratio. 
4.  On the detector, ions with same charge-mass ratio are detected and recorded on 

a particular position at mass scale unit. For a particular element the ions 
resulting from the different isotopes are recorded as relative or percentage 
abundance/frequencies. 

 
Revision questions 
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1. Explain why the region having the region of the mass spectrometer having the 
magnetic field is curved into an arc 

2. Why do you think the mass spectrum cannot be suitable to determine mass of 
particles of the following substances? 
a) Substances with very high boiling and sublimation points 
b) Organic substances with large molecules like proteins, carbohydrate. 

3. An element has three isotopes as; isotope-51, Isotope-49 and Isotope-54. The 
vapor of the element was passed through the mass spectrometer, the path 
produced is represented in the diagram in Figure SM2 below 

 

 

 

 

 

 
a) Identify the paths K, R and G in relation to each of the isotopes 
b) Give reason for your answer in (a) above 

 

LESSON 2 INTERPRETING THE MASS SPECTRUM 
 
LEARNING OBJECTIVE: 
By the end of this section you be able to; 

1 Interpret data in the mass spectrometer 
2 Use data in the mass spectrum to determine relative atomic/molecular 

masses and carry out calculations 
Key Terms: 
Relative abundance/frequency 

INTRODUCTION 
You are already aware that in the mass spectrometer, the different ions are 
separated according to their masses. The number of ions represented by each of the 
masses are counted or compared and represented as a fraction of the total or 
percentage. This fraction or percentage is known as relative frequency or abundance 
or intensity. I can be given in figures or in graphical form. In this ln this activity you 
will learn how to interpret result produced in the mass spectrum and use it compute 
the relative atomic mass 

Activity 2 To find out about the stages through which the particle pass in mass 
spectrometer. 
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Read the information below. It’s a brief outline of the results obtained when chlorine 
was analysed in the mass spectrometer 

2. Express the number of each of each isotope as; fraction, decimal number and 
percentage. In each case compute the sum of the terms you have expressed 
for all the Isotopes. 
a) Summarise your working in the table below 

Terms of 
Expression 

Isotope 35 Isotope 37 Sum 

Fraction    
Decimal number    
Percentage    

   
b) Use the decimal numbers or percentages representing the frequencies 

of the different isotopes to sketch graphical outline of relative 
frequencies’ 
NB: The values you have obtained in the table are relative/percentage 
frequencies/abundance/intensities 

3 Using the hint given below and the results from your table above, calculate 
the relative atomic mass of chlorine. 
Hint:  Relative atomic mass of elements that have isotopes is calculated as 

the average of the masses of all the isotopes.  

The sum of all the values for the expression: 

 Mass of Isotope x Relative/percentage frequency 

Relative atomic mass =∑ Mass of Isotope x Relative/percentage frequency. 

Conclusion/Comment 

The data/information produced on the recorder of the mass spectrometer is called a 
mass spectrum. 

When an element is analysed, the mass spectrum gives information about 
……………… and…………………. all the different …………………………….. present 
in the element. This information is then used to calculate the relative atomic mass of 
the element 

The total number of isotopic ions produced were 992 
248 ions of this total (992) were Isotopes recorded at position of mass unit 37. 
The rest of the ions; 744  in number were recorded at mass scale unit 35 
 Summary: 

Mass of Isotope Number of Isotopes recorded 
35 744 
37 248 

  Total number of ions:  744 + 248 = 992 
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Revision questions 

1. The table shows the mass numbers and the percentage abundance of an element 
Q. 

MASS PERCENTAGE 
ABUNDANCE 

54   5.84 
56 91.68 
57 2.  17 
58      .31 

 Calculate the relative atomic mass of Q 

2. Copper has a relative atomic mass of 63.55 and consists of two isotopes of mass 
number 63 and 65. Calculate the percentage composition of the isotopes.  

3. The mass spectrum of chlorine shows peaks at masses 70, 72, and 74. the 
heights of  the peaks are in ratio of 9:6:1 

Calculate: a) The average atomic mass of chlorine 
  b)  The relative abundance of 35Cl and 37Cl. (3 marks) 

 

LESSON 3 INTRODUCTION TO MOLE AND HOW ITS RELATED TO FORMULA 

LEARNING OBJECTIVE: 
By the end of this section you be able to; 

1. Explain the term mole as unit of measurement in relation to Avogadro 
number. 

2. Calculate molar masses 
3. Apply conversion factors in calculations 

Key Terms: 
Relative atomic or molecular mass 
Molar Mass 
Moles 

Pre-requisite knowledge 
 Avogadro number  
 Formula 

INTRODUCTION 
In your last lesson you learnt how mass of a particle (atoms, molecules, ions) of 
mater can be determined using a mass spectrometer. There was little emphasis put 
on the unit for measurement of mass of an atom or molecule using the scale of mass 
spectrometer. This was partly because an atom or molecule is very minute. 
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Therefore, the unit of measurement of mass used in the mass spectrum is far smaller 
than micro levels of ordinary/common units of measurements such as grams. On the 
mass spectrum the smallest and lightest atom has a mass of 1 (unit.) You can refer to 
this unit as relative atomic mass unit (amu). This is could be taken as basic unit for 
the mass spectrum. The mass a hydrogen atom in grams is 1.66 x 10 -22 g. You may 
then ask yourself; if mass of a hydrogen atom from mass spectrum is 1amu (1.66x10-

22g) how many hydrogen atoms are there in 1g of hydrogen atom? In this section you 
are going to find out about the relationship between relative atomic mass, molar 
mass, moles, Avogadro Constant NA  

Activity 1 Part A : To find out how molar mass, relative atomic mass, Avogadro’s 
constant are related. 

In this activity you will be asked to carry out some numerical computation. The 
results from the numerical computation will help you in making decisions or 
conclusion at the end of the activities. You can use the following hint to guide you in 
the calculations 

Hint 

1. Relative atomic mass (rmm) of an element refers to the mass of a single atom. 
It has no unit. In this case relative atomic mass of any other element is a 
measure of number of times its atom is heavier than a hydrogen atom. 

2. Mass of a single atom in gram of any element is given by the expression; 

Mass in g of Single atom in g = Mass of H-atom in g x Relative atomic mass (rmm) of 
the atom 

• Mass of a hydrogen atom in grams is 1.66 x 10 -22 g 
• Relative atomic mass of an element is a measure of number of times its atom is 

heavier than a hydrogen atom 
3. Molar mass is the mass of one mole of particles(atoms). It has units in grams. It 

is numerically equal to relative atomic mass. 

Materials you will need 
 Calculator 
 Periodic Table 
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1. Copy the table M1 given below 
  

 
 
 
 
Element 

  

Mass in g of Single atom in g = Mass of H-
atom in g x Relative molecular mass 
(rmm) of the atom 

Number atoms present in molar mass 
(NA) 

𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍 =
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒎𝒎𝒎𝒎𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒂𝒂𝒂𝒂𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒈𝒈𝒈𝒈
 

 
 
 

Calculation 

 
 
 

Answer/Result 

 
 
 

Calculation 

 
 
 

Answer/Result 

1 
 

Carbon 14 14 (1.66 x 10 -22 X 14)g  = (2.324 x  10 -23) g 
�

14
2.324 x  10−23�

 
  = 6.02 x 1023 

2        
3        

4        
5        
6        
7        
8        
9        
10        
11        
12        
13        
14        
15        

 

2. With the help of a Periodic Table, fill the names elements of your choice, their 
respective relative atomic and numerically same values in grams for molar 
mass. 

3. Carry out calculation to fill the remaining spaces in the table. 
4. Describe your finding from the calculation about the number particles in one 

mole of an element 
5. Write a statement that defines one mole of a substance in terms of number of 

particles 

Activity 1 Part B: How to calculate relative atomic mass, molar mass and moles 

In this activity you will learn about relative molecular/relative formula mass and 
how to use it to calculate moles of a substance 

1. (i)Carefully read the information given brief text and the illustrative calculation 
attached to the text. 

“A molecule is a particle that contains two or more atoms chemically combined 
together. The mass of a molecule is known as its relative atomic mass. If the atoms 
combined together are the same, then it’s a molecule of an element; (examples 
include O2, H2, N2, Cl2). If the atoms are different then it’s a molecule of a compound 
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(H2O, CO2, Na2O,). Molecules are represented by the formula of the compound or 
polyatomic element. Relative molecular mass can be computed from the relative 
formula mass. Relative formula mass is the sum of the relative atomic masses of all 
the atoms in represented in the formula. The molar mass of compound or element 
has unit in gram and is numerically equivalent to relative molecular/formula mass. 
Molar mass of a compound is the mass of one mole of the compound and contains 
Avogadro number of molecules. Therefore, moles of a substance in any given mass is 
the ratio in grams of the substance to the molar mass of the substance. The 
mathematical expression for moles is given as;  

 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 = 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒈𝒈𝒈𝒈𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

  ”  

Illustration: To find relative formula mass, percentage composition, molar mass of 
sulphuric acid (H2SO4) and moles of 4.9 g of sulphuric acid 

 Finding relative atomic mass and molar mass 
Formula of sulphuric acid; H2SO4  

Relative atomic masses of the atoms in H2SO4:   H = 1, S = 32, O = 16 

Number of each atom in the formula H2SO4, and their resulting relative mass:  

2 atoms of Hydrogen resulting relative mass = 2 x 1= 2 

1 atom of sulphur resulting relative mass = 1 x 32= 32 

4 atoms of oxygen resulting relative mass = 4 x 6 = 64 

Sum of relative masses (hence relative molecular/formula mass) = 2 + 32 + 64 
         = 98 

Molar mass (mass of one mole) of sulphuric acid (with formula; H2SO4) is 98g 

 Finding moles of sulphuric acid in 4.9g 
The percentage of each element in a compound is given by the expression; 

Percentage composition = ( 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒂𝒂𝒂𝒂 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒓𝒓𝒓𝒓𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒕𝒕𝒕𝒕𝒓𝒓𝒓𝒓 𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝒊𝒊𝒊𝒊𝑴𝑴𝑴𝑴
𝑹𝑹𝑹𝑹𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝒂𝒂𝒂𝒂𝑺𝑺𝑺𝑺𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒕𝒕𝒕𝒕𝒓𝒓𝒓𝒓 𝒂𝒂𝒂𝒂𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒄𝒄𝒄𝒄𝑴𝑴𝑴𝑴𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊𝒄𝒄𝒄𝒄

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏)%  

Therefore; - Percentage of hydrogen in sulphuric acid = ( 𝟐𝟐𝟐𝟐
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

       =2% 

Percentage of Sulphur in sulphuric acid = ( 𝟑𝟑𝟑𝟑𝟐𝟐𝟐𝟐
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

          = 33% 

Percentage of Oxygen in sulphuric acid = ( 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

         = 65% 
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1. Copy the table M1 given below 
  

 
 
 
 
Element 

  

Mass in g of Single atom in g = Mass of H-
atom in g x Relative molecular mass 
(rmm) of the atom 

Number atoms present in molar mass 
(NA) 

𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍 =
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒎𝒎𝒎𝒎𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒂𝒂𝒂𝒂𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒈𝒈𝒈𝒈
 

 
 
 

Calculation 

 
 
 

Answer/Result 

 
 
 

Calculation 

 
 
 

Answer/Result 

1 
 

Carbon 14 14 (1.66 x 10 -22 X 14)g  = (2.324 x  10 -23) g 
�

14
2.324 x  10−23�

 
  = 6.02 x 1023 

2        
3        

4        
5        
6        
7        
8        
9        
10        
11        
12        
13        
14        
15        

 

2. With the help of a Periodic Table, fill the names elements of your choice, their 
respective relative atomic and numerically same values in grams for molar 
mass. 

3. Carry out calculation to fill the remaining spaces in the table. 
4. Describe your finding from the calculation about the number particles in one 

mole of an element 
5. Write a statement that defines one mole of a substance in terms of number of 

particles 

Activity 1 Part B: How to calculate relative atomic mass, molar mass and moles 

In this activity you will learn about relative molecular/relative formula mass and 
how to use it to calculate moles of a substance 

1. (i)Carefully read the information given brief text and the illustrative calculation 
attached to the text. 

“A molecule is a particle that contains two or more atoms chemically combined 
together. The mass of a molecule is known as its relative atomic mass. If the atoms 
combined together are the same, then it’s a molecule of an element; (examples 
include O2, H2, N2, Cl2). If the atoms are different then it’s a molecule of a compound 
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(H2O, CO2, Na2O,). Molecules are represented by the formula of the compound or 
polyatomic element. Relative molecular mass can be computed from the relative 
formula mass. Relative formula mass is the sum of the relative atomic masses of all 
the atoms in represented in the formula. The molar mass of compound or element 
has unit in gram and is numerically equivalent to relative molecular/formula mass. 
Molar mass of a compound is the mass of one mole of the compound and contains 
Avogadro number of molecules. Therefore, moles of a substance in any given mass is 
the ratio in grams of the substance to the molar mass of the substance. The 
mathematical expression for moles is given as;  

 𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 = 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒈𝒈𝒈𝒈𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

  ”  

Illustration: To find relative formula mass, percentage composition, molar mass of 
sulphuric acid (H2SO4) and moles of 4.9 g of sulphuric acid 

 Finding relative atomic mass and molar mass 
Formula of sulphuric acid; H2SO4  

Relative atomic masses of the atoms in H2SO4:   H = 1, S = 32, O = 16 

Number of each atom in the formula H2SO4, and their resulting relative mass:  

2 atoms of Hydrogen resulting relative mass = 2 x 1= 2 

1 atom of sulphur resulting relative mass = 1 x 32= 32 

4 atoms of oxygen resulting relative mass = 4 x 6 = 64 

Sum of relative masses (hence relative molecular/formula mass) = 2 + 32 + 64 
         = 98 

Molar mass (mass of one mole) of sulphuric acid (with formula; H2SO4) is 98g 

 Finding moles of sulphuric acid in 4.9g 
The percentage of each element in a compound is given by the expression; 

Percentage composition = ( 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒂𝒂𝒂𝒂 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒓𝒓𝒓𝒓𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒕𝒕𝒕𝒕𝒓𝒓𝒓𝒓 𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝒊𝒊𝒊𝒊𝑴𝑴𝑴𝑴
𝑹𝑹𝑹𝑹𝒓𝒓𝒓𝒓𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒊𝒊𝒊𝒊𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒓𝒓𝒓𝒓𝒂𝒂𝒂𝒂𝑺𝑺𝑺𝑺𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝑴𝑴𝑴𝑴𝒐𝒐𝒐𝒐 𝑴𝑴𝑴𝑴𝒕𝒕𝒕𝒕𝒓𝒓𝒓𝒓 𝒂𝒂𝒂𝒂𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒄𝒄𝒄𝒄𝑴𝑴𝑴𝑴𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊𝒄𝒄𝒄𝒄

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏)%  

Therefore; - Percentage of hydrogen in sulphuric acid = ( 𝟐𝟐𝟐𝟐
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

       =2% 

Percentage of Sulphur in sulphuric acid = ( 𝟑𝟑𝟑𝟑𝟐𝟐𝟐𝟐
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

          = 33% 

Percentage of Oxygen in sulphuric acid = ( 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 )% 

         = 65% 
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 Finding moles of sulphuric acid in 4.9g 
Molar mass of sulphuric acid (H2SO4) is 98g 

98g of sulphuric acid contains has 1 mole 

1g of sulphuric acid contains has ( 𝟏𝟏𝟏𝟏
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 ) moles, 

4.9g of sulphuric acid contains has ( 𝟏𝟏𝟏𝟏
𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗

 𝒙𝒙𝒙𝒙 𝟔𝟔𝟔𝟔.𝟗𝟗𝟗𝟗 ) moles, 

Which is equal to 0.05 moles 

Conclusion/Comments 
The mole is a concept used for measurement amounts of matter. One mole as a unit 

of  

measurement contains…………………. Particles. The mass of a single atom is known 
as  

………………. of the atom. Mass of one mole of atoms is known as the 
………………... of the atom of the element. The relative atomic mass and molar mass 
are similar in ……………………., but differ in that ……………………………... 

Evaluation 

 1. Find: 
a) Number of carbon atoms in 6 grams of carbon rod (C=12). 
b) Mass of 1.505 x 1023 atoms of Sulphur (S=32) 
c) (i) molecules of chlorine (ii) atoms atoms of chlorine 3.55 g of gaseous 

chlorine; Cl2? (35.5) 
2. Find the moles of the following 
 a) 5.3g of anhydrous sodium carbonate; Na2CO3 (Na = 23, C = 12, O = 16) 
 b) 15g of Aluminium sulphate; (Al)2(SO4)3 (Al = 27, S= 32. O = 16) 
3. a) How many moles of Sulphur dioxide molecules are present in 16 g of 

Sulphur dioxide, SO2? 
b) What mass of magnesium (Mg = 24) would contain the same number of 

atoms as 4 g of carbon. 
c) Calculate the mole of each element present in 18.4 g of iron (III) 

sulphate. 
4. Calculate the percentage; 

a) composition by mass of magnesium oxide, (Mg = 24, O = 16). 
b) of water of crystallization in hydrated sodium carbonate, 
Na2CO3.10H2O. 
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LESSON 4 CONCENTRATION OF SOLUTION 
 
LEARNING OBJECTIVE: 

By the end of this section you be able to; 
1. Explain the concept of concentration in terms of amount of substance 

dissolved in a solvent 
2. Interpret the meaning of percentage composition by volume (v/v) and 

percentage composition by mass (m/m) 
3. Carry out calculations involving concentration. 

Pre-requisite Knowledge 
 Relative atomic mass 
 Molar mass 

Key Terms: 
 Concentration 
 Molarity 

 

INTRODUCTION 

In this lesson you learn how to apply the knowledge you gained about moles in 
measuring amount of solute in a given solution. The amount of solute in per unit 
amount of solution is called concentration (How much solute is present in one unit of 
the solute).  

Mathematically concentration can be expressed as the ratio of amount of solute to 
amount of solution. Concentration can be expressed in many terms depending on 
units used to measure amount solute and amount of solution. In this lesson you 
going to find out about some the terms used to express concentration   

Activity: To find out how to express the concentration of solutions of salt dissolved in 
water 

Materials you will need 
 Calculator 
 Periodic Table 
 Common Salt 
 Clean water 
 Small weighing scale or small 

spoon 

 cups 
 Stirrer 
 Any container you can use to 

estimate volume’ 

Steps  
1. Weigh any three different portions of salt (for example 20g, 40g and 60g.) 

You can estimate the masses/weight of the salts arbitrarily using a small spoon  
2. Measure equal volume of water (for example 500ml/half a litre into the separate 

cups. Label them as cup A, cup B and cup C. 



11

SELF-STUDY LEARNING

10 
 

 Finding moles of sulphuric acid in 4.9g 
Molar mass of sulphuric acid (H2SO4) is 98g 
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Sulphur dioxide, SO2? 
b) What mass of magnesium (Mg = 24) would contain the same number of 

atoms as 4 g of carbon. 
c) Calculate the mole of each element present in 18.4 g of iron (III) 

sulphate. 
4. Calculate the percentage; 

a) composition by mass of magnesium oxide, (Mg = 24, O = 16). 
b) of water of crystallization in hydrated sodium carbonate, 
Na2CO3.10H2O. 
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 Calculator 
 Periodic Table 
 Common Salt 
 Clean water 
 Small weighing scale or small 

spoon 

 cups 
 Stirrer 
 Any container you can use to 

estimate volume’ 

Steps  
1. Weigh any three different portions of salt (for example 20g, 40g and 60g.) 

You can estimate the masses/weight of the salts arbitrarily using a small spoon  
2. Measure equal volume of water (for example 500ml/half a litre into the separate 

cups. Label them as cup A, cup B and cup C. 
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3. Add one of the portions into one, another portion into the next cup and the 
third portion into the third cup. Stir each of the mixtures until the salts dissolve 
into a uniform solution. Taste each of the solution and describe the difference. 
This is how difference in concentration feels. 

4. Carry out the following calculations on the solution in each cup. 
(i) Find the amount of salt in grams present in one centimeter cubed in each cup 

and give the units  
Hint: You use the methods below: 

Mass of salt in 1cm3 = ( 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒈𝒈𝒈𝒈𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒎𝒎𝒎𝒎
𝑽𝑽𝑽𝑽𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒂𝒂𝒂𝒂𝑴𝑴𝑴𝑴𝒂𝒂𝒂𝒂

 ) 
OR (Use first principle) 
500 cm3 of solution dissolved 30g, 
1 cm3 of solution dissolved ……………………………… 

(ii) Change the masses salt dissolve into moles and find the amount of salt in moles 
present in one centimeter cubed. Give the units (Na= 23, Cl=35.5) 

(iii) Convert the volume of solution into decimeters cubed/litres and find the 
amount of salt in grams present in one decimeter cubed/litres. Give the units 

(iv) Find the amount of salt in moles present in one decimeter cubed/litre. Give the 
units. This concentration on moles per decimeter cubed or per litre is also 
known as MOLARITY. The unit for molarity molar and abbreviated as M. 
Compare the values of the molarity with strength of taste you felt for each 
solution. 

(v) Given the density of solution is 1gcm-3, Convert the volume of solution into 
kilograms and find the amount of salt in moles present in one kilogram of 
solution. Give the units 

Conclusion/Comments 
Concentration of a solution is a measure amount of solute present in a solution. 
Concentration can be expressed in various terms depending on the units used to 

measure 
amount of solute and amount of solution. One of the terms used to express 
concentration is Molarity. Molarity is a term used to express concentration when the 
amount of the 
solute is measured in…………., ant that of the solution is measured in 
…………………… The unit for molarity is……………………………, abbreviated as 
………… 

Evaluation 
1. Calculate the molarities of 

a) 7g of potassium hydroxide KOH, in 250cm3 solution  
b) 9.8g of sulphuric acid in 2 dm3 of solution 
c) of 21.2 g of sodium carbonate dissolved in 10 litres of solution (Na=23, 
C=12, 

2. Find the mass of  
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(a) sodium sulphate, in 100cm3of 2 M solution. 
(b) potassium carbonate, K2CO3 in 50cm3 of 0.2 M solution 

3. Calculate the concentration in grams per litre; 
 a) of 0.02 moles of nitric acid dissolved in 200 cm3 of solution 
 b) of 0.005 moles of sodium carbonate dissolved in 25 cm3 of solution 

INORGANIC CHEMISTRY 

SENIOR FIVE SELF STUDY MATERIAL   

 TOPIC ONE: PERIODIC TABLE 

Lesson 1.1: The third short period of the Periodic Table 

Learning Outcomes: By the end of this lesson, you should be able to: 

(a) State the elements in the short period of the Periodic Table. 

(b) Plot graphs and explain the following observed trends as you go across the 
period; 
 Atomic number and nuclear charge 
 Valence electrons  
 Atomic radius  
 First ionisation energy 

Introduction 
 The original form of the Periodic Table was first put forward by Mendeleev in 1869 

when he arranged the known elements in the order of their relative atomic masses. 
 The horizontal rows of the Periodic Table are called periods. Period 3, or the third 

period, refers to the third row from the top of the Periodic Table. 
 There are only 2 gaseous elements in period 3; chlorine and argon. These are 

definitely non-metals since metals do not exist as gases at room temperature and 
pressure. We cannot classify any of the other elements as metals or non-metals 
based on their state at room temperature and pressure because both metals and 
non-metals can exist as solids. 

 Elements in period 3 of the Periodic Table show variation across the period in 
regard to their atomic number, nuclear charge, atomic radii, electronegativity, 
first ionisation energy, melting and boiling points, and metallic lustre. 

Materials you need:  
Periodic Table, pen, and book/paper. 

Activity 1.1 Identifying the elements in period 3 of the Periodic Table.  

In this activity, you will Write the electronic configuration of the elements you have 
identified I the Periodic Table. 
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In this activity, you will Write the electronic configuration of the elements you have 
identified I the Periodic Table. 
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Activity 1.2: Analysing the variation of melting and boiling point across period 3 
elements in the Periodic Table. 
Procedure: 
2. The table below gives the melting point and boiling point of period 3 elements. 

Let's see if we can classify each of the elements of period 3 as either a metal or a 
non-metal as well:  

Name of  
Element and  
(Symbol) 

Sodiu
m 
(Na) 

Magne
sium 
(Mg) 

Alumi
nium 
(Al) 

Silicon 
(Si) 
 

Phosp
horus 
(P) 

Sulph
ur 
(S) 

Chlori
ne 
(Cl) 

Argon 
(Ar) 

Melting 
Point  
(°C) 

98 639 660 1410 44 113 -101 -189 

Boiling 
Point  
(°C) 

883 1090 2467 2680 280 445 -35 -186 

3. (i) Describe the trend in boiling and melting point across period 3 elements. 
(ii) Plot a graph to represent the above data 

4. Explain the shape of your graph. 

Hint on graph work. A good chemistry graph should have, title (heading), good scale, 
axis correctly labelled, correctly plotted points and a line or curve. 
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Discussion 

Name of  
Element 
(Symbol) 

Sodiu
m 

(Na) 

Magne
sium 
(Mg) 

Alumi
nium 
(Al) 

Silicon 
(Si) 

Phosp
horus 

(P) 

Sulph
ur 
(S) 

Chlori
ne 

(Cl) 

Argon 
(Ar) 

Melting 
Point  
(°C) 

98 639 660 1410 44 113 -101 -189 

Boiling 
Point  
(°C) 

883 1090 2467 2680 280 445 -35 -186 

Trend:  higher  highes
t  

lower  

 

Conclusion or Summary. 
 The following general trends are observed as you go across period 3 from left to 
right: 
 Atomic number, and therefore charge on the nucleus (nuclear or core charge) 

increases 
 Number of valence electrons increases 
 Atomic radius decreases 
 First ionisation energy increases 
 electronegativity increases (excluding argon) 
 elements on the left are metals, elements on the right are non-metals 
 melting points change from high to low 
 boiling points change from high to low 
 electrical and heat conductors on the left to insulators on the right 
 metallic lustre on the left to dull on the right 
 colour changes from grey on the left to coloured on the right 

Follow up activity. 

a) Research on the trend in the following physical properties across the period and 
down the group in the Periodic Table? 
i) atomic radius 
ii) ionization energy 
iii) electronegativity 
iv) melting and boiling points 

b) State and explains the factors that affect the values of atomic radius, ionization 
energy, electronegativity. 
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TOPIC 2: CHEMISTRY OF GOURP II ELEMENTS IN THE PERIODIC TABLE 

Lesson 1.3 Physical properties of group II elements in the Periodic Table.  

Lesson Outcome; by the end of the lesson a learner should be able to identify the 
elements in group II and describe the trend in physical properties down the group. 

Introduction: In this lesson we shall identify the elements in group II of the Periodic 
Table and learn about the trend in physical properties down the group. 

Inquiry question: How does the physical property such as ionization energy, atomic 
radius, melting point, density, vary down group II elements? 

Materials needed; Periodic Table, pen graph paper, book. 

Activity.1. Studying the Periodic Table   

i) Identify the elements in group II of the Periodic Table and state their atomic 
number. 

ii) Write the electronic configuration of each of the elements. 
iii) Deduce the electronic structure of the elements in group II of the Periodic Table. 

Activity 2. Study the trend in physical property of group II elements in the table 
below 

Table 2. Group II elements.  

Element Be Mg Ca Sr Ba 
Ist I.E (KJmol-1) 900 740 590 550 500 
2nd I.E(KJmol-1) 1800 1460 1150 1060 970 
Atomic radius(nm) 0.11 0.16 0.20 0.21 0.22 
Melting point (oC) 1280 650 838 768 714 
Density(gm-3) 1.86 1.74 1.55 2.60 3.50 

a) State the trend in the following physical properties 
i) ionization energy 
ii) atomic radius 
iii) melting point  
iv) density. 

b) Explain the trends stated in (i) above. 

Recap. 

The following general trends are observed as you go across period 3 from left to 
right: 
 Atomic number, and therefore charge on the nucleus (nuclear or core charge) 

increases 
  Number of valence electrons increases 
 Atomic radius decreases 
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 First ionization energy increases 
  electronegativity increases (excluding argon) 
 elements on the left are metals, elements on the right are non-metal 
 melting points change from high to low 
 boiling points change from high to low 
 electrical and heat conductors on the left to insulators on the right 
 metallic lustre on the left to dull on the right 
 colour changes from grey on the left to coloured on the right 

 

TOPIC. CHEMICAL REACTIONS OF GROUP I and II ELEMENTS. 

Lesson 1.3. Comparing Chemical Properties Of Group I And II Elements 

Learning Outcome: By the end of this lesson a learner should be able to compare the 
chemical properties of group I and II elements. 

Introduction: The elements in this block have their valence electrons placed in the S-
orbital. The outer most configurations are: Group I (Alkali metals) -nS1, group II 
(Alkaline earth metals)-nS2 where n is principal quantum number. 

Inquiry question. Compare the physical and chemical properties of group I and II 
elements. 

Activity1. From the Periodic Table, identify the elements in group I and II and write the 
electronic configuration of each of the elements. 

2. Discuss the chemical properties of group I and II elements. 

Discussion. Reaction with, 

(a). Hydrogen 

The hot metals react with dry hydrogen gas to form ionic hydrides i.e. 

2Na (s)        +       H2 (g)                                                   2 NaH (s) 

Mg (s)       +        H2 (g)                                                    MgH2 (s) 

(b). Water 

All the elements except Beryllium react with water with increasing vigour down the 
group to liberate hydrogen gas. 

Reactivity of group (II) elements with water increases down the group as atomic 
radius increases due to increase of Electro positivity. 

Magnesium reacts slowly with cold water but vigorously with steam 

Mg (s)    +    H2O (g)                                              MgO (s)        +     H2 (g) 
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Calcium, Barium Strontium reacts readily with water to form the hydroxide and 
hydrogen gas. 

M (s)    +     2 H2O (l)                                                               M(OH)2 (aq)    +      H2  (g) 

Where M= Ca, Ba and Sr. 

All group I elements readily react with cold water to form strong alkaline solution e.g. 

2K (s)        +    2H2O (l)                                            2KOH (aq)        +        H2 (g) 

(C). Acids 

Group I elements react violently with dilute mineral acids to form salt and hydrogen 
gas. 

2M (s)   +   2H+ (aq)                                                     M+ (aq)     +    H2 (g) 

Group II elements react but the reaction becomes more vigorous down the group 
except with dilute sulphuric acid. e.g. 

Mg (s)  + 2 H+(aq)                                                    Mg2+ (aq)     +  H2 (g) 

Calcium, Strontium and Barium react slowly with dilute sulphuric acid due to 
formation of sparingly soluble salt which prevent further reaction e.g. 

Ba (s)     + H2SO4 (aq)                                               BaSO4 (s)     +     H2 (g) 

Magnesium, Calcium and Barium react with very dilute nitric acid to liberate hydrogen 
gas e.g. 

Mg (s)         +    2HNO3 (aq)                                            Mg (NO3)2 (aq)        +     H2 (g) 

Question. Compare the reaction of beryllium and barium with sulphuric acid 

(d). Oxygen 

Group II elements form normal oxides .i.e. 

2M (s)        +     O2 (g)                                                    2MO(s) 

However barium and Strontium can form peroxides when the normal oxide is heated 
in more oxygen .e.g.  

    2BaO (s)    +    O2 (g)                                                               2BaO2 (s) 

Group I elements burn in excess oxygen to form variable oxides .i.e. 

Lithium forms only a normal oxide .i.e 

  4 Li (s)   + O2 (g)                                                2 Li2O (s) 

Sodium forms a yellow normal peroxide .i.e. 

 2Na (s)    + O2 (g)                                      Na2O2 (s) 
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Potassium, Caesium and Rubidium form super oxides when burnt in excess in oxygen 
e.g. 

K (s)           +          O2 (g)                                                        KO2(s) 

All the oxides are basic except beryllium oxide which is amphoteric .i.e. 

BeO(s) + 2 H+ (aq)                                              Be2+ (aq)    + H2O (l) 

BeO(s) + 2 OH- (aq) + H2O (l)                                              Be (OH)4
2-(aq) 

The peroxides form hydroxides and hydrogen peroxides when dissolved in water 

Na2O2(s)    + 2 H2O (l)                                                          2NaOH (aq) +   H2O2 (aq) 

The super oxides liberate oxygen gas, hydrogen peroxide and the hydroxide when 
dissolved in water. 

2KO2 (s)   + 2H2O (l)                                                   2KOH (aq)   +   O2 (g)   +  H2O2 (aq) 

Question. (a)  Be, Mg, Ca and Ba belong to group II of the Periodic Table. Describe the 
reactions of the elements with; 

(i)     Water 

(ii)  Air 

(b) Explain why Lithium doesn’t form peroxide or superoxide when burn in oxygen. 

(c)  State what is observed when potassium super oxide is dropped in water. Write 
the equation of reaction. 

(e). Chlorine (Halogens) 

The hot metals directly combine with chlorine to form ionic halides except beryllium 
i.e. 

2 Na (s)   +  Cl2 (g)                                       NaCl (s) 

Ca (s) + Cl2 (g)                                              CaCl2 (s) 

The anhydrous chlorides are ionic except beryllium chloride which is covalent 

NOTE: Beryllium behaves differently from the rest of the elements. 

Follow up activity; Research on the qualitative analysis of group II cat ions i.e.Mg2+, 
Ca2+, Ba2+. In each case, state the reagent used and your observation. Write an equation 
for the reaction. 

 

SELF STUDY MATERIAL 5 

TOPIC. CHEMISTRY OF GROUP II ELEMENTS IN THE PERIODIC TABLE. 
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Group II elements react but the reaction becomes more vigorous down the group 
except with dilute sulphuric acid. e.g. 

Mg (s)  + 2 H+(aq)                                                    Mg2+ (aq)     +  H2 (g) 

Calcium, Strontium and Barium react slowly with dilute sulphuric acid due to 
formation of sparingly soluble salt which prevent further reaction e.g. 

Ba (s)     + H2SO4 (aq)                                               BaSO4 (s)     +     H2 (g) 

Magnesium, Calcium and Barium react with very dilute nitric acid to liberate hydrogen 
gas e.g. 

Mg (s)         +    2HNO3 (aq)                                            Mg (NO3)2 (aq)        +     H2 (g) 

Question. Compare the reaction of beryllium and barium with sulphuric acid 

(d). Oxygen 

Group II elements form normal oxides .i.e. 

2M (s)        +     O2 (g)                                                    2MO(s) 

However barium and Strontium can form peroxides when the normal oxide is heated 
in more oxygen .e.g.  

    2BaO (s)    +    O2 (g)                                                               2BaO2 (s) 

Group I elements burn in excess oxygen to form variable oxides .i.e. 

Lithium forms only a normal oxide .i.e 

  4 Li (s)   + O2 (g)                                                2 Li2O (s) 

Sodium forms a yellow normal peroxide .i.e. 

 2Na (s)    + O2 (g)                                      Na2O2 (s) 
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Potassium, Caesium and Rubidium form super oxides when burnt in excess in oxygen 
e.g. 

K (s)           +          O2 (g)                                                        KO2(s) 

All the oxides are basic except beryllium oxide which is amphoteric .i.e. 

BeO(s) + 2 H+ (aq)                                              Be2+ (aq)    + H2O (l) 

BeO(s) + 2 OH- (aq) + H2O (l)                                              Be (OH)4
2-(aq) 

The peroxides form hydroxides and hydrogen peroxides when dissolved in water 

Na2O2(s)    + 2 H2O (l)                                                          2NaOH (aq) +   H2O2 (aq) 

The super oxides liberate oxygen gas, hydrogen peroxide and the hydroxide when 
dissolved in water. 

2KO2 (s)   + 2H2O (l)                                                   2KOH (aq)   +   O2 (g)   +  H2O2 (aq) 

Question. (a)  Be, Mg, Ca and Ba belong to group II of the Periodic Table. Describe the 
reactions of the elements with; 

(i)     Water 

(ii)  Air 

(b) Explain why Lithium doesn’t form peroxide or superoxide when burn in oxygen. 

(c)  State what is observed when potassium super oxide is dropped in water. Write 
the equation of reaction. 

(e). Chlorine (Halogens) 

The hot metals directly combine with chlorine to form ionic halides except beryllium 
i.e. 

2 Na (s)   +  Cl2 (g)                                       NaCl (s) 

Ca (s) + Cl2 (g)                                              CaCl2 (s) 

The anhydrous chlorides are ionic except beryllium chloride which is covalent 

NOTE: Beryllium behaves differently from the rest of the elements. 

Follow up activity; Research on the qualitative analysis of group II cat ions i.e.Mg2+, 
Ca2+, Ba2+. In each case, state the reagent used and your observation. Write an equation 
for the reaction. 

 

SELF STUDY MATERIAL 5 

TOPIC. CHEMISTRY OF GROUP II ELEMENTS IN THE PERIODIC TABLE. 
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Lesson 5. Diagonal relationship between elements. 

Learning outcome: By the end of the lesson a learners should be able to discuss the 
diagonal relationship among elements in the Periodic Table. 

Introduction 

Inquiry question. Define the term diagonal relationship? 

Diagonal relationship is the similarity in chemical properties between elements in 
period two to their diagonal neighbours in period three and adjacent groups. 

The pairs of elements with similarity in chemical properties include: 

• Lithium and Magnesium 

• Beryllium and Aluminum 

• Boron and Silicon 

The similarity in chemical properties is due to following reasons: 

• Similar polarizing power or charge density 

• Similar electronegativity 

• Similar electropositivity 

• Similar electrode potential 

Similarities in chemical properties include: 

Li and Mg Be and Al B and Si 

Both react with 
nitrogen on 
heating to form 
nitrides. 

Oxides and hydroxides are amphoteric. 
Be(OH)2 (s) + 2OH- (aq)                     Be(OH)4

2- (aq) 
Al(OH)3 (s)  + OH- (aq)                     Al(OH)4

- (aq) 

Both form 
acidic oxide 
as B2O3 and 
SiO2 

Their hydrogen 
carbonates exist in 
solution 
 

Both react with Conc. Sodium hydroxide solution to 
form a complex and hydrogen gas. 
Be(s)+2OH-(aq)+2H2O(l)                  Be(OH)4

2-(aq) + H2(g) 
2Al(s)+2OH-(aq)+6H2O(l)                2Al(OH)4

-(aq) + H2(g) 

Both form 
series of 
covalent 
hydrides. 

Both form normal 
oxides when 
heated in oxygen 
(air) 

Their chlorides and bromides are covalent and 
dimerize in vapour phase as Be2Cl4 and Al2Cl6. 
2AlCl3 (s) Al2Cl6 (g) 
 

Both form 
chlorides 
which 
hydrolyse 
readily. 
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Their hydroxides 
and carbonates 
are sparingly 
soluble in water 

 
Both form ionic carbides which hydrolyse to form 
methane. 
Be2C (s) + 4H2O(l)                          CH4(g) + Be(OH)2 (aq) 
Al4C3(s) + 12H2O(l)                      3CH4(g) + 4Al(OH) 3(aq) 

Form 
covalent 
compounds. 

Carbonates, 
hydroxides, 
peroxide 
decompose on 
heating to give an 
oxide. 

 
Both are rendered passive concentrated nitric acid. 

Form 
borides and 
silicides 
with metals. 

Nitrates 
decompose on 
heating to give an 
oxide, nitrogen 
dioxide and 
oxygen. 

 
Both form fluoro complexes. e.g. BeF4

2- 
 

Halides (except 
fluorides) and 
chlorates(VII) are 
soluble in organic 
solvent. 

  

Follow up activity 

State three properties in which: 

(a) Lithium differs from the rest of group I elements. 

(b) Beryllium differs from the rest of group II elements. 

(c) Boron differs from the rest of group III elements. 

(d) Beryllium resembles other elements in groupie of the Periodic Table 

 

TOPIC: THE CHEMISTRY OF GROUP IV ELEMENTS. 

Lesson 5.1. Physical properties of group IV elements. 

Learning Outcome: At the end of the lesson, a learner should be able to discuss the 
trend in physical properties of group IV elements. 

Introduction; The elements in group IV of the Periodic Table include, Carbon, Silicon, 
Germanium, Tin, and Lead. Write their electronic configuration. The outer most 
electronic configuration is nS2nP2where n is the principal quantum numbers. 

Inquiry question; How do these elements exist? 
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Follow up activity 

State three properties in which: 

(a) Lithium differs from the rest of group I elements. 

(b) Beryllium differs from the rest of group II elements. 

(c) Boron differs from the rest of group III elements. 

(d) Beryllium resembles other elements in groupie of the Periodic Table 

 

TOPIC: THE CHEMISTRY OF GROUP IV ELEMENTS. 

Lesson 5.1. Physical properties of group IV elements. 

Learning Outcome: At the end of the lesson, a learner should be able to discuss the 
trend in physical properties of group IV elements. 

Introduction; The elements in group IV of the Periodic Table include, Carbon, Silicon, 
Germanium, Tin, and Lead. Write their electronic configuration. The outer most 
electronic configuration is nS2nP2where n is the principal quantum numbers. 

Inquiry question; How do these elements exist? 
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Prediction. Carbon exists as graphite, diamond and amorphous carbon. Silicon occurs 
as Silica (SiO2). Tin exist as grey tin and white tin. Lead occurs as a ore in form of galena 
(PbS) 

Activity 1. Table below shows the variation of melting point and density among 
group IV elements in the Periodic Table. Study it carefully and answer the given 
questions.  

Elements Melting point (oC) Density 
Carbon 4000 2.25 (graphite), 

3.5(Diamond) 
Silicon 1680 2.33 
Germanium 1210 5.35 
Tin 505 7.28(white), 5.75(grey) 
Lead 600 11.3 
Discussions  

Question. State and explain the trend in the melting and density of the elements in 
group IV. 

The melting points of group IV elements depend on the structure. Carbon and Silicon 
have giant atomic structures which require a lot of energy to break. However the 
melting point of silicon is lower than that of carbon since the covalent bonds in silicon 
atoms are longer thus weaker. 

Germanium is a Metalloid with an intermediate giant atomic structure. 

Tin and Lead are weak metals with a metallic structure however lead is more metallic 
than tin hence has a higher melting point. 

Other physical properties include, 

Electropositivity. Increases down the group thus metallic character also increases. 

Electronegativity, decreases down the group 

Oxidation states, the elements exhibit both +2 and +4 oxidation states. The +4-
oxidation state is attained by promoting one S- electron to an empty P orbital to avail 
four electrons. 

Down the group, the nS2 electrons become more reluctant to participate in bonding. 
This is called inert pair effect. Therefore, the stability of +2 oxidation state increases 
while that of +4 decreases. 

Question: Explain the cause of inert pair effect 

Solution: As the radius of the atoms increase down the group there is increasing 
tendency for the two bonding electrons in the S- Sub energy level to resist taking 
part in bonding. 
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Carbon behaves differently from the rest of the group members due: 

• Small Atomic radius 

• High electronegativity 

• Lack of vacant orbital 

Some of the properties in which Carbon differs from the rest of the members include: 

• It forms stable multiple bonds with itself and with other non-metals. 

• Carbon can form a number of hydrocarbons because it can catenate. Catenation is 
the ability of the element to form bonds between atoms of the same element. 

• It forms gaseous oxides unlike other members 

• The halides are stable to hydrolysis. 

 

TOPIC: CHEMISTRY OF GROUP IV ELEMENTS 

Lesson 5.2. Chemical properties of group IV elements. 

Learning Outcome: By the end of the lesson a learner should be able to discuss the 
chemical properties of the group IV elements. 

Discussion. Listen attentively to the conversation between Henry and Rose below 

Rose: How do group IV elements react with Water? 

Henry: When heated, coke reacts with steam to form water gas. 

 

Ge and Sn do not react with water. 

Hot silicon reacts with steam to form silicon dioxide and hydrogen gas I.e. 

Si (s)   + 2H2O (g)                                              SiO2 (s)   +   2H2 (g) 

Lead reacts slowly with soft water in presence of air (oxygen) to form lead (II) 
hydroxide 

2Pb (s)  + 2 H2O (l) + O2 (g)                                                Pb(OH)2 (s) 

Rose: What about reaction with Air? 

 Henry: The elements burn in air to form dioxides except lead which forms lead (II) 
oxide 

C (s)    +   O2 (g)                                          CO2 (g) 

H2O (g) + C (s) CO (g) + H2 (g)
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Carbon behaves differently from the rest of the group members due: 
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hydroxide 

2Pb (s)  + 2 H2O (l) + O2 (g)                                                Pb(OH)2 (s) 

Rose: What about reaction with Air? 
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Si (s)       +  O2 (g)                                          SiO2 (s) 

2Pb (s)     +  O2 (g)                                            2PbO (s) 

However in limited amount of air, Carbon forms carbon monoxide 

2C (s)    +   O2 (g)                                            2 CO (g) 

Rose: Now I know how to write the equations, and I can discuss the reactions with 
acids and alkalis. 

Henry: I believe you can discuss them Rose. 

Rose: The elements do not react with dilute acids except tin which reacts with dilute 
nitric acid as: 

NO3 
– (aq) + 4 Sn (s) + 10 H+ (aq)                                           4 Sn2+ (aq)  + NH4

+ (aq)  + 3 H2O (l) 

Silicon reacts with only with hydrofluoric acid to form hexafluoro silicic acid and 
Hydrogen gas 

Si (s)     +  6 HF (aq)                                             H2SiF6 (aq)  + 2 H2 (g) 

Hot nitric acid oxidizes tin, germanium and Carbon to dioxide and itself reduced to 
oxides of nitrogen 

3Sn (s)  + 4HNO3 (aq)                               3SnO2 (s) + 4NO (g) + 2H2O (l) 

Lead forms lead (II) nitrate, nitrogen monoxide and water 

3Pb (s)  + 8HNO3 (aq)                             3Pb (NO3)2 (aq)  + 2NO (g) + 4H2O (l) 

Rose: With alkalis 

All the elements except Carbon react with Conc. Alkali to form complex salts and 
hydrogen gas.I.e. 

Si (s)   +  2OH– (aq)   +  H2O (l)                                       SiO3
2- (aq)   +  2H2 (g) 

Henry: Finally, they react with Non-metals. 

When heated, the elements react with Sulphur, chlorine, fluorine and hydrogen 
chloride. e.g. 

Sn (s) + 2HCl (g)                                             SnCl2(s)  + H2 (g) 

Follow up activity. 

Question1.(a). Discuss the chemical reactions of group IV elements with, 

(i) air 

(ii) water 

(iii) acids 
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(iv) alkalis 

(b) In each case write a balanced equation for the reaction. 
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TOPIC: COMPOUNDS OF GROUP IV ELEMENTS. 

Lesson 5.3 Physical properties of the compounds of group IV. These are the chlorides, 
Hydrides, and Oxides. 

Learning Outcome;  

By the end of this lesson, you should be able to describe the trend in physical 
properties of the chlorides, Hydrides, and Oxides. 

Discussion. Group IV elements form different types of oxides. These include: 

(a) Monoxides:  CO and SiO are covalent compounds with simple molecular structure. 

GeO, SnO and PbO are amphoteric oxides with giant ionic structure 

Some of the reactions of the monoxide according to equations include: 

With alkaline solution 

PbO (s) +2 OH- (aq) + H2O (l)                                            Pb(OH)4
2- (aq) 

SnO (s)  + 2OH- (aq)  + H2O (l)                                     Sn (OH)4
2- (aq) 

 

With Acids 

SnO (s)   +  2 H+ (aq)                                                       Sn2+ (aq)  +  H2O (l) 

(b)  Dioxides 

Lead (IV) is prepared by reacting di lead (II) lead (IV) oxide with dilute nitric acid. 

Pb3O4 (s)  +  4HNO3 (aq)                                                2Pb(NO3)2  (aq)  + PbO2 (s)  +  2H2O (l) 

The dioxides are more stable than the monoxides except lead (IV) oxide. i.e. 

2PbO2 (s)                                             2PbO (s)   +   O2 (g) 

The table below shows the nature of the dioxides 

Oxide Nature Structure 
CO2 Acidic Simple molecular 
SiO2 Acidic Giant molecular 
GeO2 Amphoteric Intermediate 

Giant ionic and giant 
Metallic 

SnO2 Amphoteric 
PbO2 Amphoteric 
 

Lead (IV) oxide oxidizes strong hot concentrated hydrochloric acid to chlorine gas 

PbO2 (s)   + 4HCl (aq)                                                       Cl2 (g)    +   PbCl2 (s)  +   H2O (l) 

CO (g) + NaOH (aq) HCOONa (aq)
150oC
700KPa

27 
 

When excess concentrated hydrochloric acid is reacted with lead (IV) oxide at 0oC it 
forms a complex ion 

PbO2 (s)   + 4HCl (aq)  + 2Cl- (aq)                                                      PbCl6
2- (aq)   +  2H2O (l) 

Addition of concentrated ammonium chloride to the complex produces a yellow 
precipitate. i.e. 

PbCl6
2- (aq)  +   2NH4

+ (aq)                                            (NH4)2PbCl6 (s) 

2. Hydrides 

The elements form covalent tetra hydrides whose thermo-stability decreases down 

the group. 

3. Chlorides 

(a) Tetrachlorides 

These are covalent liquids with simple molecular structure and become less stable 

down the group due to an increase in M-Cl bond length 

Research on: Preparation of the tetrachloride’s of group (IV) elements. 

Note. Lead (IV) chloride readily decomposes to form chlorine and lead (II) chloride 

Question: Explain why Lead (IV) iodide does not exist. 

Reactions of tetrachlorides with water 

Carbon tetrachloride does not react with water because of lack of vacant d-orbital. 

Other chlorides react with water rapidly to liberate hydrogen chloride. For silicon 

tetrachloride, the second product depends on the degree of hydration. 

SiCl4 (l) + 2H2O (l)                                                       SiO2(s) +    4HCl (g) 

SnCl4 (s) + 4H2O (l)                                                 SnO2.2H2O(s) + 4HCl (g) 

PbCl4 (l) + 2H2O (l)                                                   PbO2 (s) + 4HCl (g) 

(b)  Dichlorides 

The stable chlorides in the +2 oxidation states are only formed by tin and lead 

Sn (s)    + 2HCl (g)                                          SnCl2 (s)  +  H2 (g) 
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2. Hydrides 

The elements form covalent tetra hydrides whose thermo-stability decreases down 

the group. 

3. Chlorides 

(a) Tetrachlorides 

These are covalent liquids with simple molecular structure and become less stable 

down the group due to an increase in M-Cl bond length 

Research on: Preparation of the tetrachloride’s of group (IV) elements. 

Note. Lead (IV) chloride readily decomposes to form chlorine and lead (II) chloride 

Question: Explain why Lead (IV) iodide does not exist. 

Reactions of tetrachlorides with water 

Carbon tetrachloride does not react with water because of lack of vacant d-orbital. 

Other chlorides react with water rapidly to liberate hydrogen chloride. For silicon 

tetrachloride, the second product depends on the degree of hydration. 

SiCl4 (l) + 2H2O (l)                                                       SiO2(s) +    4HCl (g) 

SnCl4 (s) + 4H2O (l)                                                 SnO2.2H2O(s) + 4HCl (g) 

PbCl4 (l) + 2H2O (l)                                                   PbO2 (s) + 4HCl (g) 

(b)  Dichlorides 

The stable chlorides in the +2 oxidation states are only formed by tin and lead 

Sn (s)    + 2HCl (g)                                          SnCl2 (s)  +  H2 (g) 
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Pb (s) + Cl2 (g)                                                    PbCl2 (s) 

Tin (II) chloride reacts with water to form a basic chloride and hydrochloric acid. i.e. it 

undergoes hydrolysis 

 

However, in excess hot water tin (II) hydroxide is formed. 

 

Lead (II) Chloride is sparingly soluble in water and does not undergo hydrolysis. 

However, it dissolves on heating since solubility increases with temperature. 

 

Note. Lead (II) chloride is more soluble in concentrated hydrochloric acid than in water 

due to formation of a soluble complex of tetrachloro plumbate (II) 

 

Note. A solution containing tin (II) ions and lead (II) ions react with hydrogen sulphide 

gas to precipitate the metal sulphide (black) 

Sn2+ (aq)   + S2- (aq)                                             SnS (s) 

Pb2+ (aq)   S2- (aq)                                          PbS (s) 

  

SnCl2 (s) + H2O (l) Sn(OH)Cl (s) + HCl (aq)

SnCl2 (s) + 2H2O (l) Sn(OH)2 (s) + 2HCl (aq)

PbCl2 (s) Pb2+ (aq) + 2Cl- (aq)

PbCl2 (s) + 2Cl- (aq) PbCl42- (aq)
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ORGANIC CHEMISTRY  

TOPIC 1: INTRODUCTION TO ORGANIC CHEMISTRY  
Key Words 
alkane 
alkene 
catalytic cracking 
fractional 
distillation 

isomerization 
polymerization 
reforming 
residfining 

Sources of carbon  
The fractional distillation of crude oil 

 Fractional distillation is one of several  
processes used to refine crude oil. Refining  
converts crude oil into a range of useful products. 

 Crude oil is a complex mixture of hydrocarbons.  
During fractional distillation, this mixture is  
separated into a series of fractions (components)  
on the basis of boiling point. 

 The crude oil is passed through a furnace,  
where it is heated to 400°C and turns mostly into  
vapour. The gases pass into a distillation column  
within which there is a gradation of temperature.  
The column is hottest at the bottom and coolest  
at the top. 

 Hydrocarbons with the highest boiling points are  
the first to condense at the bottom of the column, along with any remaining 
liquid residue from the crude oil. This fraction provides bitumen for use in road 
building. 

 Rising up the column, other fractions condense out: first diesel oil, then kerosene, 
and finally gasoline. All of these fractions are used as fuels. 

 The hydrocarbons with the lowest boiling points remain as gases and rise to the 
top of the column. This fraction is used as a fuel in the refinery. 

 The hydrocarbon vapor moves up the column through a series of bubble caps. At 
each level, the  
hydrocarbon vapour passes through condensed hydrocarbon liquid. This helps to 
ensure a good  
separation into the various fractions. 

Crude oil composition  
 Crude oil varies in composition, depending on where it was obtained. Fractional 

distillation of different crude oils provides different proportions of the various 
fractions. 

Other refining processes 
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Other refining processes are used to modify the products of fractional distillation. 
These include isomerization, reforming, catalytic cracking, polymerization, and 
residfining.  

Isomerization  
Isomerization changes the shape of hydrocarbon molecules. For example, pentane is 
converted into 2- methlybutane.  

 
Reforming  
Reforming converts straight chain molecules into branched molecules in order to 
improve the efficiency of gasoline. One type of reaction involves the dehydration of 
saturated compounds to unsaturated compounds. Another involves the cyclization of 
hydrocarbons.  
Dehydration  

 
Cyclization  

 
Catalytic cracking  
In general, smaller hydrocarbon molecules, such as those in gasoline, are in greater 
demand than larger ones. Catalytic cracking redresses this balance by breaking 
(cracking) large alkane molecules into smaller alkane and alkene molecules.  

31 
 

 
Polymerization  
Polymerization combines small molecules to form larger molecules that can be used 
to make various products.  

 
Residfining  
residfining is the process used on the residue fraction to convert it into usable 
products. It also removes impurities that would damage the catalyst used in catalytic 
cracking. 

Carbon chains 
Catenation  
 Carbon has the ability to form long chains of carbon atoms in its compounds. This 

is called catenation.  

 

Melting and boiling points  
 Forces of attraction, called van der Waals forces, exist between molecules. As 

molecular size increases, there is more overlap between the molecules, and the 
intermolecular forces of attraction increase.  

Melting and boiling points of some chains 

 
 In order to melt and to boil, the forces of attraction between molecules must be 

overcome. The greater these forces, the more energy is needed. This is reflected 
in a steady increase in melting point and boiling point as molecules increase in 
size.  

Types of bonds  
 A carbon atom may form one, two, or three  

bonds with another carbon atom in its  
compounds. These bonds are described as  
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single bonds (C–C), double bonds (C=C),  
and triple bonds ( ).  

 Alkanes contain only carbon–carbon single  
bonds.  

 Alkenes contain a carbon–carbon double  
bond.  

 Alkynes contain a carbon–carbon triple  
bond.  

 Alkanes, alkenes, and alkynes are all  
hydrocarbons since they consist only of  
hydrogen and carbon atoms. 

Naming hydrocarbons 
 The name of a hydrocarbon indicates the number of carbon atoms in the molecule 

and what sort of carbon–carbon bonds is present.  

Chain length  
 The first part of name is determined by the number of carbon atoms in the 

molecule. The same prefixes are used for all groups of organic compounds.  

 
Functional group  
 The second part of the name is determined by the type of carbon–carbon bonds 

present. Each functional group has a unique suffix.  
 The position of the functional group in a carbon chain is identified by numbering 

the carbon atoms in the carbon chain.  

 
Examples of compound names  
 The first two examples in the diagram are alkanes. If there is one carbon atom in the 

molecule it is: “meth” (1 carbon atom in the chain) + “ane” (for alkane): methane. If there 
are four carbon atoms in the molecule it is: “but” (4 carbon atoms in the chain) +  
“ane” (for alkane): butane.  

 The third example is propane, an alkene with three carbon atoms: “pro” (3 carbon atoms 
in the chain) + “ene” (for alkene).  

 The fourth example is ethyne, an alkyne with a two-carbon chain: “eth” (2 carbon atoms 
in the chain) + “yne” (for alkyne). 
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ALKANES  

The first six alkanes  
 The alkanes form an homologous  

series of compounds that have the  
general formula CnH2n+2, where n  
is a positive integer. Each alkane  
molecule differs from the previous  
one in the series by -CH2-.  

 They have similar chemical properties  
and show a gradation of physical  
properties, such as melting point and  
boiling point, as the molecular size  
increases.  

 Alkane molecules are attracted to each  
other by van der Waals forces. As  
molecular size increases, there is more   
overlap between the molecules, and  
the intermolecular forces of attraction  
increase.  

 Alkane molecules are frequently shown  
as having a flat two-dimensional  
structure because this is easy to draw,  
but in reality, the four bonds around  
each carbon atom are directed toward  
the corners of a tetrahedron. The angle  
between any two bonds is 109.5°.  

 Alkanes are relatively unreactive  
substances when compared with other  
groups of hydrocarbons. Their most  
important reaction is combustion,  
and they are the main constituent of a  
range of fuels. Natural gas is largely  
composed of methane:  
               CH4 + 2O2 ➞ CO2 + 2H2O 
In a good supply of air, hydrocarbons  
burn to give carbon dioxide and water.  
In a restricted supply of air, carbon  
monoxide and/or carbon may be  
formed:  

C2H6 + 2O2 ➞ CO + C + 3H2O 
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Alcohols and Organic Acids Alcohols  

 A homologous series containing the –OH functional group: hydroxyl group (OH 
group is covalent. It is different from OH- ions in bases).  

 They have the general formula, CnH2n+1OH.  
 Each member differs from the member before it by CH2.  
 Names of alcohol ends with -ol.  
 Alcohols are soluble in water, colourless liquids and have low boiling points.  
 As the number of carbon atoms ↑, boiling point ↑, but solubility in water↓.  
 Ethanol is the most common alcohol. 

Homologous series 

Activity  

By doing your own research, provide the meaning of “homologous series”. What are the 
characteristics of such a series? Illustrate your answer by using examples of alkanes, 
alcohols, carboxylic acids. 

When members of a class of compounds having similar structures are arranged 
in order of increasing molecular mass, they are said to constitute a 
homologous series. 

Each member of such a series is referred to as a “homologous” of its 
immediate neighbours. For example, the following sequence of straight chain 
of alcohols forms a homologous series. 

 

Characteristics of a homologous series 
1. Any member of the series differs from the next by the unit –CH2- 

(methylene group) 
2. The series may be represented by a general formula of alcohols which is 

CnH2n+1 OH where n =1,2,3, etc. 
3. The chemical properties of the members of a homologous series are 

similar, though in some series the first members show different behaviour. 
4. The physical properties such as density, melting point and boiling point 

generally, increase within the molecular mass. 
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Self - Check 

 

General rules of nomenclature of organic compounds according to IUPAC 

Activity  

By your own research, describe the rules that are applied to name the organic 
compounds. Your answers can be given as a form of a report. 

The organic compounds are named by applying the rules set by the International 
Union of Pure and Applied Chemistry (IUPAC). The purpose of the IUPAC system of 
nomenclature is to establish an international standard of naming compounds to 
facilitate the common understanding. 
In general, an IUPAC name has three essential parts: 
 A prefix that indicates the type and the position of the substituents on the 

main chain. 
 The base or root that indicates a major chain or ring of carbon atoms found 

in the molecule’s structure. e.g. Meth- for one carbon atom, eth- for 2 carbon 
atoms, prop- for 3 carbon atoms, hex- for six carbon atoms, etc. 

 The suffix designates the functional group. 
Example -ane for alkanes, -ene for alkenes, -ol for alcohols, -oic acid for 
carboxylic acids and so on. 

Steps followed for naming organic compounds: 
1. Identify the parent hydrocarbon: 
       It should have the maximum length, or the longest chain 
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2. Identification of the side chains. 
Side chains are usually alkyl groups. An alkyl group is a group obtained by a 
removal of one hydrogen atom from an alkane. The name of alkyl group is 
obtained by replacing -ane of the corresponding alkane by –yl. 
Nomenclature of alkyl group  

 
A side chain must be identified by the smallest possible numbers. 

 
3. If the same substituent occurs two or more times, the prefix di, tri, tetra, ...is 

attached to substituent’s name. Its locants separate the prefix from the name 
of the substituent. 

 
4. Identify the remaining functional groups, if any, and name them. Different side 

chains and functional groups will be listed in alphabetical order. 
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The prefixes di, tri, tetra,...are not taken into consideration when grouping 
alphabetically. But prefixes such iso-, neo- are taken into account. 
Example: 

 
Identify the position of the double/triple bond. 
Example: 

 
Number the chain (left to right) or right to left. 
The sum of the numbers which show the location of the substituents is the 
possible smallest. 

 
The correct name will be the one which shows the substituents attached to the 
third and fifth carbon, respectively and not to the fourth and the fifth carbon 
atom. 
Numbers are separated by commas Hyphens are added between numbers and 
words. Successive words are merged in one word. 

 
Self – Check  
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Isomerism in organic compounds 

Activity  

 

 

Isomerism is the existence of compounds that have the same molecular formula 
but different arrangements of atoms; these compounds are called “isomers”. 
Isomers have different physical or/and chemical properties and the difference may 
be great or small depending on the type of isomerism. 
There are two main classes of isomerism: Structural isomerism and stereoisomerism. 

Structural isomerism 

Activity  

 
Structural isomers are compounds of the same molecular formula but with different 
structural formula.  
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1. Position isomerism 
Position isomers are compounds with the same molecular formula but different 
positions of the functional group or substituent(s). 

 
2. Chain isomerism 
Chain isomers are compounds with the same molecular formula, belonging to the 
same homologous series, with chain of carbon atoms of different length. 

 

 
3. Functional isomerism 
Functional (group) isomers are compounds which have the same molecular formula 
but different functional groups. 
Examples: 

 
Stereoisomerism 
1. Geometrical isomerism 
Geometrical isomers or cis-trans isomers are compounds with the same molecular 
formula, same arrangement of atoms but differ by spatial arrangements. 
This type of isomers is mainly found in alkenes due to the restricted rotation around 
the carbon-carbon double bond. 
The necessary condition for an alkene to exhibit geometrical isomerism is that each 
carbon doubly bonded has two different groups attached to it. 
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2. Optical isomerism 
Activity  
1. Look at your hands or the figure showing hands and chairs and discuss the 

relationship between them. 
2. What are the necessary conditions for such pairs of organic compounds to exhibit that 

relationship? 
3. What name is given to such compounds? 
 
Optical isomers are compounds with the same molecular formula and 
arrangements 
of atoms but have different effect on the plane polarised light. 
 A compound that rotates the plane polarised light is said to have an optical 

activity. 
 This type of isomerism occurs in compounds containing an asymmetric 

(asymmetrical) carbon atom or chiral centre. 
 When a molecule has chiral centre, there are two non-superimposable isomers 

that are mirror images of each other. 
 Such compounds are called enantiomers. 

 
Mirror images 

In a mirror, the left hand is the image of the right hand and they are non 
superimposable, i.e. they are enantiomers. An achiral object is the same as its 
mirror 
image, they are no superimposable. 

 

Self – Check  
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ALKANES 

Learning objectives 

By the end of this lesson, you should be able to; 
 name straight chain alkanes up to carbon-20 
 define homologous series 
 use IUPAC system to name straight and branched alkanes 
 describe the preparation methods of the alkanes 

INTRODUCTION  

Alkanes are the simplest class of organic compounds. They are made of carbon and 
hydrogen atoms only and contain two types of bonds, carbon-hydrogen (C-H) and 
carbon-carbon (C-C) single covalent bonds. They do not have functional groups. 
Alkanes form a homologous series with the general formula CnH2n+2 where n is the 
number of carbon atoms in the molecule. The first member of the family has the 
molecular formula CH4 (n=1) and is commonly known as methane and the second 
member with molecular formula is C2H6 (n=2) is called ethane. 

These compounds are also known as saturated hydrocarbons. This name is more 
descriptive than the term “alkane’’ because both their composition (carbon and 
hydrogen) and the fact that the four single covalent bonds of each carbon in their 
molecules are fully satisfied or ‘’saturated’’. 
 
Preparation of alkanes 

Lab preparation of methane gas 

 
 
Requirements  
Stand and accessories 
Delivery tube 

NaOH(s) 
calcium oxide(s) 
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Optical isomers are compounds with the same molecular formula and 
arrangements 
of atoms but have different effect on the plane polarised light. 
 A compound that rotates the plane polarised light is said to have an optical 

activity. 
 This type of isomerism occurs in compounds containing an asymmetric 

(asymmetrical) carbon atom or chiral centre. 
 When a molecule has chiral centre, there are two non-superimposable isomers 

that are mirror images of each other. 
 Such compounds are called enantiomers. 

 
Mirror images 

In a mirror, the left hand is the image of the right hand and they are non 
superimposable, i.e. they are enantiomers. An achiral object is the same as its 
mirror 
image, they are no superimposable. 

 

Self – Check  
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ALKANES 

Learning objectives 

By the end of this lesson, you should be able to; 
 name straight chain alkanes up to carbon-20 
 define homologous series 
 use IUPAC system to name straight and branched alkanes 
 describe the preparation methods of the alkanes 

INTRODUCTION  

Alkanes are the simplest class of organic compounds. They are made of carbon and 
hydrogen atoms only and contain two types of bonds, carbon-hydrogen (C-H) and 
carbon-carbon (C-C) single covalent bonds. They do not have functional groups. 
Alkanes form a homologous series with the general formula CnH2n+2 where n is the 
number of carbon atoms in the molecule. The first member of the family has the 
molecular formula CH4 (n=1) and is commonly known as methane and the second 
member with molecular formula is C2H6 (n=2) is called ethane. 

These compounds are also known as saturated hydrocarbons. This name is more 
descriptive than the term “alkane’’ because both their composition (carbon and 
hydrogen) and the fact that the four single covalent bonds of each carbon in their 
molecules are fully satisfied or ‘’saturated’’. 
 
Preparation of alkanes 

Lab preparation of methane gas 

 
 
Requirements  
Stand and accessories 
Delivery tube 

NaOH(s) 
calcium oxide(s) 
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Procedure  

The general equation for preparation of alkanes: 

  
Note: The reaction is practically used to reduce by one carbon the length of carbon 
chain. It is referred as decarboxylation of sodium carboxylates. 

Other reactions used for the preparation of alkanes are the following: 
1. Addition reaction of hydrogen to alkenes and alkynes in the presence of 
catalyst like Nickel, Palladium or platinum produces alkanes: this reaction 
is called hydrogenation reaction of alkenes and alkynes; it is also called a 
reduction reaction of alkenes and alkynes. 

 
2. From halogenoalkanes or Alkyl halides 
On reduction of alkyl halides with Zn and concentrated hydrochloric acid, alkyl 
halides are converted to alkanes. 

43 
 

 
3. From carbonyl compounds 
Reduction of carbonyl compounds, with amalgamated Zinc (alloy made of zinc 
and mercury) and HCl. This is the Clemmensen reduction). 

 
Under special conditions, reduction also is realized by use of H2 and Raney Nickel or 
using hydrazine (NH2NH2) and KOH. This is called Wolf Kushner reduction.  
 

Physical properties of alkanes 
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