
Week 4 

BOND POLARITY 

 The electron pairs shared between 

two atoms are not necessarily shared 

equally. 

 The property of shared pair of 

electrons being closer to one atom 

than the other in a covalent bond is 

called bond polarity. 

A covalent bond may be: 

1. Non-polar covalent bond - when both 

atoms share electron pairs in a bond 

equally, i.e, when there are no 

charges present on atoms, the 

electron density is symmetrically 

distributed. Non-polar covalent bond 

occurs between atoms with identical 

electronegativity. In this way the 

electrons are evenly shared between 

two atoms forming the bond. For 

example, H-H bond in H2 molecule is 

a non-polar covalent bond making H2 

a non-polar molecule. 

2. In a polar covalent bond one atom is 

more electronegative than the other. 

For example, H-Cl bond in HCl 

molecules is a polar covalent bond 

making it a polar molecule. 

Electronegativity (EN) is a measure of how 

strongly electrons are attracted to the nucleus 

of an atom. 

  The Pauling electronegativity scale ranges 

from about 0.7 to 4.0. The following 

diagram shows the electronegativities of 

atoms of the second period: 

 

 The least electronegative elements have 

the lowest values, while very 

electronegative elements have the highest 

values.  

 The most electronegative atom of a bond 

has the greater pull on the shared electrons 

and will have a slight negative charge 

(shown by δ
-
), because the shared 

electrons are held closer to it.  

 The less electronegative atom has a slight 

positive charge, written δ
+
. 

Features of the two types of Covalent Bonds 

Non-polar 

- electrons are shared equally 

- electrons usually found halfway between 

atoms 

- occur between identical atoms e.g Cl2, O2, 

N2 

Polar 

- electrons shared unequally 

- electrons found closer to one atom than the 

other 

- occur between different types of atoms e.g 

HCl, NH3 

 

Electronegativities can be used to predict 

which atom in a polar covalent bond will carry 

the slight negative charge and which the slight 

positive charge. 

Example: Bonding electrons in a polar bond 

Hydrogen chloride, HCl, contains polar 

covalent bonds because most of the time the 

bonding electrons are closer to the chlorine 

atom. The bond polarity can be shown by: 

 



Bonding electrons are pulled closer to the 

chlorine because chlorine is more 

electronegative than hydrogen. (Chlorine has 

more protons than hydrogen, exerting a much 

greater pull on the bond electrons). The 

chlorine atom takes a sign. 

Example: Polar and non-polar bonds 

 

Oxygen, O2, contains non-polar covalent 

bonds since the atoms involved in the bond 

are identical. 

 

Hydrogen chloride, HCl, contains a polar 

covalent bond, since the atoms involved in the 

bond are not identical. The electrons are closer 

to the chlorine. 

 

Example: Predicting polarity 

                δ
-
        δ

+ 

                    
N        N 

 

 In a polar covalent bond between nitrogen 

and hydrogen, the bonding electrons will 

be closer to the nitrogen because nitrogen 

is more electronegative than hydrogen. 

The nitrogen atom will carry a slight 

negative charge. 

 

Bonding as a Continuum 

 Ionic bonds form when the electrons 

involved in the bond are transferred 

entirely to another atom involved in the 

bond.  

 In covalent bonds, bonding electrons are 

not transferred between atoms but are 

shared between them.  

 It is useful to consider covalent bonds 

between two identical atoms (forming a 

non-polar covalent bond) and ionic 

bonding as two extremes.  

 In between are polar covalent bonds where 

the atoms in the bond are different.  

 The electronegativity difference between 

atoms indicates where, in such a 

continuum, the bonding type lies, as the 

following diagram shows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTES: The polarity of bond depends on 

electronegativity difference between bonded 

atoms. The greater the electronegativity 

difference between bonded atoms, the 

greater the polarity, that is, the more polar 

the bond. 

 

 



 Main Factors that affect the polarity of 

bond and overall molecule. 

 Molecular geometry 

 Relative electronegativity of 

participating atoms 

 Symmetry of molecules 

 Common Examples of Non-polar and Polar 

Molecules 

 

VSEPR THEORY AND SHAPE 

MOLECULES 

To determine the shapes of molecules, we 

must become familiar with the Lewis 

structure. Drawing a Lewis structure is the first 

step towards predicting the molecular 

geometry(shape of molecule). The Lewis 

Structure helps us identify the bonded pairs 

and the lone pairs. 

Molecular geometry is the three-dimensional 

arrangement of atoms in a molecule. A 

molecule’s geometry affects its physical and 

chemical properties such as melting point, 

boiling point, density and the types of 

reactions it undergoes.  

Then, with Lewis structure, we apply the 

Valence Shell Electron Pair Repulsion (VSEPR) 

theory to determine the electron-group 

geometry and the molecular geometry. 

VSEPR theory is based on the idea that, 

‘’ valence shell electron pairs, being 

negatively charged, stay as far apart as 

possible so that the repulsion between them 

are at a minimum”. 

Electron-group is any collection of valence 

electron localised in a region around a central 

atom that exerts repulsion on other groups of 

valence electrons. 

-It can be an electron-pair, lone pair, single 

unpaired electron, double bond or triple bond 

on central atom (double and triple bond 

treated like single bonds when counting 

electron group).  

Table 7.5: Electron groups and Molecular 

Geometry      

 

Non-Polar Molecules Polar Molecules 

All noble gases,e.g, 
He, Ne, Ar, Kr….etc 

All hydrogen halides e.g, 
hydrogen fluoride HF, 
hydrogen chloride HCl, 
Hydrogen bromide HBr, 
hydrogen iodide HI. 

All halogens, e.g, 
Fluorine gas F2, 
Chlorine gas Cl2, liquid 
bromine Br2, and solid 
iodine I2 

 
Water H20 

Gases such as 
hydrogen gas, oxygen 
gas, nitrogen gas and 
carbon dioxide gas 

 
Ammonia NH3 

All hydrocarbons e.g, 
alkanes, alkenes and 
alkynes 

 
Ethanol CH3CH2OH 



NOTE: 

 Electron-group geometry is 

determined by number of electron 

groups. 

 Molecular geometry depends on not 

only the number of electron-groups 

but also the number of lone pairs. 

 When electron groups are all bonded 

pairs, molecular geometry (final 

shape) will be the same as the 

electron group geometry (basic 

shape). 

 

 

In VSEPR theory, pairs of electrons that 

surround the central atom of a molecule 

or ions are arranged as far apart as 

possible to minimise electron-electron 

repulsion. 

STEPS TO PREDICT MOLECULAR 

GEOMETRY USING VSEPR THEORY 

 



Example 1 

Predict the electron-group geometry (basic 

shape) and molecular geometry (final 

shape) of BCl3. 

 

SOLUTION: 

Step1: Draw Lewis Structure of BCl3. 

Valence electron count: 

Boron (B) has 3 valence electrons × 1B atom = 

3e’s 

Chlorine (Cl) has 7 valence electrons × 3Cl 

atoms = 21e’s 

Total Valence electrons = 24e’s (21+3) 

Lewis structure: 

 
Step 2 and 3: Count the number of electron-
groups/pairs around the central atom 
(bonding pairs and lone pairs) and using Table 
7.5 to determine the electron group 
geometry (basic shape). 
 
Central Atom (CA)       3 Electron Pairs(EP)         
           Basic Shape           Trigonal Planar 
 
Step 4: Count the number of bonding and 
non-bonding (lone) electron pairs on the 
central atom and using Table 7.6 to predict 
the molecular geometry (final shape) of the 
molecule. 
 

 

Example 2 
Predict the electron-group geometry (basic 

shape) and molecular geometry (final 

shape) of CH4. 

SOLUTION: 

Step1: Draw Lewis Structure of CH4. 

Valence electron count: 

Carbon (C) has 4 valence electrons × 1C atom 

= 4e’s 

Hydrogen (H) has 1 valence electrons × 4H 

atoms = 4e’s 

Total Valence electrons = 8e’s (4+4) 

 

Step 2 and 3: Count the number of electron-
groups/pairs around the central atom 
(bonding pairs and lone pairs) and using Table 
7.5 to determine the electron group 
geometry (basic shape). 
 
Central Atom (CA)       4 Electron Pairs (EP)         
           Basic Shape           Tetrahedral 
 
Step 4: Count the number of bonding and 
non-bonding (lone) electron pairs on the 
central atom and using Table 7.6 to predict 
the molecular geometry (final shape) of the 
molecule. 
 

 



EXERCISE 7: BOND POLARITY, VSEPR 

THEORY AND SHAPE MOLECULES 

1. What is bond polarity? 
2. Differentiate polar covalent bond 

from non-polar covalent bond. 
3. The polarity of bond depends on 

what? 
4. Give two examples of non-polar 

and polar molecules. 
5. Explain VSEPR Theory in your own 

words. 
6. Find out the electron-group 

geometry (basic shape) and 
molecular geometry (final shape) 
of NH3. 

 
 

MOLE CONCEPT AND AVOGADRO 
CONSTANT 

The Mole (n) 
In biology, moles are burrowing animals, 
but in chemistry the mole is a unit. 

 The mole is a unit for the measure 
of the amount of a substance. 

 It is abbreviated as mol and its 
symbol is “n”. 

 By definition, a mole of any 
substance contains the same 
number of elementary particles 
(atoms,molecules, or other 
particles) as there are atoms in 
exactly 12g of the 12C isotope. 
 

Avogadro’s number (NA) and Molar Mass 

 The actual number of atoms in 12g 
of 12C is determined 
experimentally. This number is 
called Avogadro’s number (NA) or 
Avogadro’s constant, in honor of 
the Italian scientist Amedeo 
Avogadro. 
 
 
 
 
 

 
 

 
  

Thus,  Avogadro’s number (NA) = 6.02 ×10
23 

1mol 
12

C atom = 6.02 ×10
23   12

C atoms= 12.0g 
12

C 

atoms 

1mole of atom = 6.02 ×10
23 

atoms = atomic mass 

of atom in grams 

 

Note: 

-It is important to note that one mole of atoms 

contains 6.02 ×10
23

atoms. 

-One mole of molecules contains 6.02 ×10
23

 

molecules. 

-One mole of ions contains 6.02 ×10
23

ions. 

Thus, NA can have any of these units; 

           molecules/mole 

           atoms/mole 

           ions/mole 

 The mass (in grams) of I mol of substance 

is its molar mass (M), and is expressed in 

g/mol. 

 Thus the atomic number of sodium(Na) is 

23.0amu and its molar mass is 23.0g/mol; 

the atomic mass of chlorine (Cl) is 

25.5amu and its molar mass is 35.5g/mol 

and so on. 

Note: 

1 mole of an element/atom = atomic mass of that 

element/atom in g = 6.02 ×1023atoms 

1 mole of a molecule = molecular mass of that 

molecule in g = 6.02 ×1023 molecules 



Example 1: 

 

Example 2: 

Calculate the number of moles in: 

a. 97.8g of K 

b. 67.5g of C6H12O6 

Solution 

a.     
  = 

     

         
  = 2.50mol K 

b. Mr (C6H12O6)  

= 6(C)+12(H)+6(O)                 

=6(12.0)+12(1.0)+6(16.0) 

=180.0amu or g/mol 

    
 = 

     

          
  

= 0.375 or 0.38mol C6H12O6 

 

Example 3: 

Calculate the mass (in g) of 2.0moles of 

calcium carbonate (CaCO3). 

Solution 

Mr (CaCO3)  

= 1(Ca)+1(C)+3(O) 

=1(40.1)+1(12.0)+3(16.0) 

=100.1amu or g/mol 

    
 = 

m=n × Mr  

=2.0mol × 100.1g/mol 

= 200.2g CaCO3 

 

 



Mole Concept: Relationship between 

moles, number of atoms/molecules, 

mass and volume of gas at STP. 

 

Example 4: 

A student collects 0.25 mol of ethane gas 

at STP (C2H6). Determine the number of 

ethane molecules, the mass and volume 

of ethane gas (Note: Mr (C2H6) = 30.0 g/ 

mol). 

 

 

 



 

 

 

Exercise 8: Writing and Naming Chemical 

Formula. 

1. Write down the chemical formula 

for each of the following 

compounds: 

a. Sodium carbonate 

b. Potassium sulfate 

c. Calcium nitrate 

d. Aluminium hydroxide 

e. Lithium oxide 

2. State the charges of the following 

ions with their chemical formula: 

a. Ammonium 

b. Silver 

c. Calcium 

d. Magnesium 

e. Carbonate 

 

 



Week 5 and Week 6 

SOLIDS AND RELATED 

PROPERTIES 

States of matter and particle theory 

 

 

 

 

 

 

 

What is Matter? 

Matter is known as anything that occupies 

space and has mass. Matter includes things 

we can see and touch (such as water, trees 

and earth), as well as anything we cannot 

(such as air). 

Matter is made up of particles called 

atoms. The arrangements of these particles 

are usually divided into four major states 

i.e. solid, liquid, gas and plasma. 

Table 1: State of Matter Particle 

Arrangement 

  

Learning Outcomes:

 



Changes in States of Matter 

From our basic knowledge of science we 

are fully aware that the states of matter 

change from one to the other when we 

simply apply heat or carry out the cooling 

process. 

 

Figure 1: Changes in the State of Matter           

and its Processes 

                     

               Highest Energy State 

                                

                             PLASMA 

 

          deionisation          ionisation 

                                GAS 

 

         condensation         vaporisation 

                               LIQUID                                 

 

                freezing           melting 

                                 

                               SOLID 

                   Lowest Energy State 

Note: 

Figure 1 highlights processes that are 

commonly known to us as they are a part 

of everyday lives. For example, melting 

and freezing can easily change a solid 

substance to liquid and vice versa as 

evident when we freeze water to get ice on 

a hot day or how the ice melts when 

exposed to the heat from the sun. 

 

HOW CAN WE EXPLAIN THESE 

CHANGES IN THE PHASES/STATES 

WHEN WE APPLY OR REMOVE 

HEAT FROM A SUBSTANCE? 

-The answer lies in the study of heating 

and cooling curves. 

 

Heating and Cooling Curves 

-Prior to learning about heating and 

cooling curves it is vital that we have an 

understanding of what system is. 

 

-System is a closed imaginary vessel or 

container that is isolated from its 

surroundings or environment. 

-A system will change when it absorbs or 

loses heat. 

-Adding and removal of heat from system 

and how it changes in states can be 

illustrated using heating and cooling 

curve. 

 

WHAT ARE HEATING AND                     

COOLING CURVE? 

It is a simple line graph that shows the 

phase changes a given substance 

undergoes with increasing or decreasing 

temperature. (Temperature, y-axis and 

heat/time, x-axis) 

 

HEATING CURVE OF WATER 

-express the absorbing of heat into system 

that changes states from solid to liquid to 

gas. 

     Figure 2: Heating Curve of Water 

 
 

-System (water) begins in solid state.  

i.e. ice and as heat flows into system from 

surroundings the ice melts and becomes 

liquid. As more heat flows into the system, 

liquid water will vaporise into gaseous 

state. 

 

 

 

 

Energy Out 

                              

 

 

Energy In 
 

 sublimation deposition 



Figure 3: Stages in the Heating Curve of 

Water 

 

 
 

  COOLING CURVE OF WATER 

Cooling curve’s describes the reversible 

process of a heating curve where a system 

loses heat and changes state from the gas 

to liquid to solid. 

 

Figure 4: Cooling Curve of Water 

 

 
 

-When system in gaseous state cooled it 

will lose energy thus resulting in the 

particles moving slowly and coming closer 

together thus at some point gas is 

converted to liquid. As the temperature 

continues to decline the particles continue 

to move even more slowly and tend to lose 

energy until there is no more energy for 

the particles to move freely. At this point 

the liquid state changes to solid. 

 

 

 

 

 

 

 

 

 

 



Figure 5: Stages of Cooling Curve of 

Water 

 

 
 

 

Heating and Cooling Curves of 

Naphthalene 

Just like water, naphthalene as a system 

has heating and cooling curves that also 

can be utilised to represent the changes in 

matter.  

 

Figure 6: Heating Curve of Naphthalene 

 

 
 

Figure 7: Cooling Curve of Naphthalene 

 

 
 

 



Exercise 9:  States of Matter 

 

1. Fill in the blanks (Note: Some of the 

words can be used more than once.) 

 

 

 

 

Solids have a                                                  

and its               cannot be                  so 

easily                 . Whereas, liquid           

tend to move             are known to be 

further apart and are constantly. 

 

2. Complete the table. 

State Change   Process Name 

a)Solid        Gas 

 

 

 

b) Vaporisation 

c)Liquid       Solid 

 

 

d) Melting 

e) Gas       Solid  

 Condensation 

3.Explain, what are heating and cooling 

curves? 

4.The following statements are based on 

the heating and cooling curves of water. 

Classify the statements as either true or 

false by placing a tick. 

 

                Statement True False 

a)The heating curve of 

water begins with the rapid 

movement and vibration of 

solid water particles when 

heat energy is released 

from the system. 

  

b)In stage II of the heating 

curve of water both solid 

and liquid water exist at a 

constant temperature. 

  

c)The cooling curve of 

water begins with water in 

the liquid state. 

  

d)In the final stage of the 

heating curve of water, the 

particles tend to move more 

slowly. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fixed      particles      shape  

compressed    Gas     moving 



Crystalline and Non-Crystalline Solids 

 

 
 

 

 

Figure 8: Silicon Dioxide in 

Crystalline and Amorphous Forms 



 
 

 

 

 
 

 

Figure 9: Processes in the 

Formation of Crystalline Solid 



Table 2: Bonding Type and Examples of 

Crystalline Solids. 

 
 

 
 



 
 

 

 

Table 3: Physical Properties of 

Crystalline Solids 

 
 

 

 

 


