
This chapter deals with the formation and naming 
of molecules, outlines the attractive forces between 
molecules in the formation of solids, and explores the 
relationship between the bonding within and between 
molecules to explain their properties. The end of the 
chapter provides a review of the three main types 
of bonding — ionic bonding, metallic bonding and 
covalent bonding.

YOU WIll eXAMINe:

■ covalent bonding as the strong bonding that exists
within discrete molecules such as hydrogen, oxygen
and water

■ the relationship between the structure and bonding of
covalent materials and their properties

■ the shapes of molecules with up to four electron pairs
around a central atom

■ weak forces such as dispersion forces and permanent
dipole–dipole interactions, including hydrogen bonding

■ bonding in and between water molecules.

CHApTeR

6 Covalent bonding

Why is it that ice melts easily yet other substances have very 
high melting points? Why does ice fl oat? These properties 
can be explained in terms of how individual atoms interact 
with each other and also how atoms within molecules 
interact. Melting temperature and many other properties can 
be explained by examining the interactions between atoms.

Water is the driving force of all nature.
Leonardo da Vinci
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111CHAPTER 6 Covalent bonding

Introducing covalent bonds
Our Earth is a complex and fascinating world of chemicals. The air we breathe 
consists mainly of the gases nitrogen and oxygen, which are examples of cov
alent molecular elements. Drinking water, regardless of whether it comes from 
a local river, lake or distilled sea water is a covalent molecular compound. 
Rocks, sand and minerals found in the solid part of the Earth contain sub
stances such as quartz and diamond, which are classified as covalent network 
lattices. All these substances are composed of nonmetals only and behave 
very differently from the metallic and ionic substances we have already 
studied. This different behaviour is due to the unique structure that results 
when nonmetal atoms are held together by a covalent bond. These bonds 
are formed when atoms, rather than gaining or losing electrons, share them. 
Covalent bonds differ from ionic bonds in that there is no transfer of electrons 
involved.

Covalent molecular substances
Covalent molecular substances are held together by covalent bonds and are all 
around us. How can substances that look so different and behave in such dif
ferent ways have the same type of bonding between atoms? The answer lies in 
some of their common properties.

Fuels are an important group of covalent molecular substances. The 
gas that is piped to homes is mainly methane, CH4, while bottled (LPG) 
gas used for barbecues and camping is a mixture of propane, C3H8, and 
butane, C4H10. Octane, C8H18, is a major component of petrol. Meth
anol, CH3OH, and ethanol, C2H5OH, are fuels used in highperformance 
racing cars. These substances all share the ability to ignite easily and burn 
in oxygen to release large amounts of heat. These compounds are all gases 
or liquids at room temperature and pressure. This means that they have 
low boiling and melting temperatures. They are also poor conductors of 
electricity.

Most other nonmetallic elements and compounds of nonmetals also have 
low melting and boiling temperatures. From these properties, we can make the 
following deductions about their structures:
•	 The forces of attraction between the particles are very weak.
•	 No charged particles are free to move through the substance.

A theory for the structure of covalent 
molecular substances
The major features of the current theory of the structure of covalent molecular 
substances are as follows:
•	 The basic units of covalent molecular substances are groups of atoms called 

molecules. All molecules within a substance are identical.
•	 Adjacent atoms within a molecule share electrons in order to achieve a full 

outer shell.
•	 Electrical attraction between the nuclei of adjacent atoms and the shared 

electrons causes the atoms in a molecule to be held together. This force of 
attraction is called covalent bonding.

•	 The overall charge on each molecule is zero and so adjacent molecules are 
held together by weak intermolecular forces.

The molecule
A molecule is a group of nonmetallic atoms held together by covalent bonds. 
The atoms are combined in a fixed ratio and are electrically neutral.

Covalent bonds are formed when 
nonmetal atoms share electrons.

Covalent molecular substances 
have low melting and boiling 
temperatures. They are poor 
conductors of electricity.

Unit 1 Molecules 
and covalent  
bonding
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 1
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A covalent molecular element is made up of identical atoms held together 
by covalent bonds. Such elements may be found in various arrangements, 

including diatomic molecules. Th ese mol
ecules are described as discrete, as each 
molecule is separate and distinct from the 
others.

Th e noble gases, helium, neon, argon and 
krypton, all exist as discrete atoms. Since 
they have full outer shells, they are unreac
tive and few of their compounds are known.

Diatomic molecules are composed of two 
atoms of the same element. For example, 
the covalent molecular element hydrogen 
exists as a gas made up of discrete diatomic 
molecules. As shown at left, each molecule 
is composed of two hydrogen atoms. Th is is 
represented by the symbol H2. 

Hydrogen is one of several nonmetallic 
elements that are made up of diatomic mol
ecules. Other molecular elements include 
oxygen, O2, nitrogen, N2, phosphorus, P4, 
fl uorine, F2, and sulfur, S8.

In addition to these elements, a large 
number of compounds also exist as mol
ecules. In a molecular compound, atoms of 
diff erent elements share electrons with each 
other. Th ese compounds are often called 
covalent molecular compounds because 
they contain covalent bonds. Water, carbon 
dioxide and methane are examples of these 
compounds.

What is covalent bonding?
We have observed that atoms of elements with a full outer shell, such as the 
noble gases helium, neon and argon, are particularly stable. Other atoms tend 
to achieve noble gas confi guration — that is, a full outer shell — by losing or 
gaining electrons to form ionic bonds, or sharing electrons to form covalent 
bonds. Th e hydrogen atom needs two electrons in its outer shell for stability. 
Most of the elements in the second and third periods of the periodic table 
need eight outershell electrons for stability. 

Nonmetallic atoms generally have high electronegativities. Th is means 
they can attract electrons easily. Except for hydrogen, nonmetals have four or 
more outershell electrons. When two nonmetallic atoms react together, both 
of them need to gain electrons in order to complete their outer shells. Since 
both cannot become negative ions, they share pairs of electrons to achieve 
eight electrons in the outer shell. Th is sharing of electron pairs between two 
nonmetallic atoms produces the covalent bond. Th e atoms bond in order to 
reach a more stable state.

To better understand this process, we can use electron shell dia
grams. Consider the two chlorine atoms shown in the fi gure at the top of 
the following page. Chlorine, as well as all members of group 17, exists in 
nature as diatomic molecules (two atoms covalently bonded together). Each 
chlorine atom has seven valence electrons. In order to attain a noble gas 
confi guration (a full outer shell of eight electrons), each chlorine atom needs 
one electron.

Carbon dioxide is a covalent 
molecular compound formed 
from atoms of carbon and 
oxygen.

OO C

OO C

OO C

He He

He
He

He
He

Atoms of helium gas

H H H H

H
H

H HH
H

H
HThe molecules of hydrogen 

gas are diatomic.

Atoms with full outer shells are 
stable.

Neighbouring atoms share 
electrons to achieve a full outer 
shell.

Atoms try to achieve a stable noble 
gas confi guration of eight outer 
shell electrons.
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113CHAPTER 6 Covalent bonding

2, 8, 7

Cl

2, 8, 7

Cl

By sharing the single, unpaired electrons, both atoms can complete their 
outer shells, as shown in the fi gure below. A covalent bond results from the 
simultaneous attraction of the two positive chlorine nuclei to the same shared 
pair of electrons. Th is bond holds the two atoms together. A molecule of 
chlorine forms and is represented by the symbol Cl2.

2, 8, 8

Cl

2, 8, 8

Cl

A molecule of Cl2, showing 
how the two atoms share 
electrons to complete their 
outer shells

Hydrogen — a special case
Th e hydrogen atom is an exception. Th is is because each of two hydrogen 
atoms contains one electron in its fi rst (and outer) shell. Th ey both need 
another electron to attain the stable electron confi guration, 2, of the nearest 
noble gas, helium. Th is is achieved by each atom gaining a share in the elec
tron of the other and forming a covalent bond, as shown in the fi gure below. In 
this way, the diatomic hydrogen molecule, H2, is formed. 

1

H H H H

1 2 2

The formation of a hydrogen molecule 

Electron dot diagrams
In order to simplify drawings of atoms, electron dot diagrams (sometimes 
called Lewis diagrams) may be used to represent the outershell electrons. 
Th ese can be drawn for atoms and molecules and are a useful way to under
stand the sharing of electrons in covalent bonds.

Electron dot diagrams for atoms
In an electron dot diagram, the atom’s nucleus and all innershell electrons are 
replaced by its element symbol. Th e outershell electrons are represented by 
dots or small crosses around the symbol in a square arrangement. Th ese dots 
are arranged in pairs if more than four outer electrons are present. (Note: Th e 
innershell electrons do not participate in the bonding.)

For example, nitrogen has fi ve outershell electrons and can be 
represented by the electron dot diagram at right.

Weblink
Ionic and covalent bonding

elesson
Dot diagrams
eles-2474

Hydrogen atoms need only two 
electrons to complete their outer 
shells.

Weblink
Covalent bonding 1

Electron dot diagrams may be used 
to show how electrons are shared.

Unit 1 electron dot 
structures
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 2
N
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The two dots arranged as a pair represent non-bonding electrons or 
lone pairs. The three that appear as single dots (unpaired) are available for 
sharing and are called bonding electrons.

TAble 6.1 Electron dot diagrams for non-metals in the second period of the periodic table

Group Element Valence electrons
Electron dot 

diagram Lone pairs
Bonding electrons 
 (8-group number)

14 C 4 C 0 4

15 N 5 N 1 3

16 O 6 O 2 2

17 F 7 F 3 1

18 Ne 8 Ne 4 0

Elements of the same group in the periodic table have electron dot diagrams 
with the same number of dots or crosses. The halogens (group 17), for example, 
all have seven dots around their element symbols.

Revision question

1. Copy and complete the following table.

Group Element
Valence 

electrons
Electron 

dot diagram Lone pairs
Bonding 
electrons 

S

Si

P

Cl

Br

Se

Ar

The rules for drawing electron dot diagrams for molecules may be simplified 
as follows:
1. Draw the dot diagrams for each of the atoms in the molecule.
2. Unpaired electrons (bonding electrons) are available for sharing to form a 

covalent bond.
3. Paired electrons (lone pairs) do not participate in the bonding.
4. The atom with the most bonding electrons (called the central atom) is 

placed in the centre with the other atoms bonded to it.
5. In the resulting diagram, all electrons must be paired and each atom except 

hydrogen must be surrounded by eight electrons.

Structural formulas
Electron dot diagrams themselves may be simplified by substituting 
a dash for each shared electron pair. Often, lone pairs are omitted, 

Nonbonding electrons are known 
as lone pairs.

In a finished electron dot diagram, 
every atom except hydrogen must 
be surrounded by eight electrons 
(either in lone pairs or shared with 
other atoms).
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115CHAPTER 6 Covalent bonding

particularly for noncentral atoms. Th e resulting representation is called 
a structural formula. Th e structural formula does not generally represent 
the shape of the molecule; it merely represents the bonding that occurs. 
For example, the structural formula for the hydrogen molecule is H—H, 
signifying that the two hydrogen atoms are bonded by one pair of shared 
electrons.

Electron dot diagrams for molecular elements
Th e structural formula for the chlorine molecule is represented by the symbol 
Cl—Cl. Even though dots (·) and crosses (×) are used to represent electrons, 
that doesn’t mean there are diff erent types of electrons. All electrons are 
identical.

Each chlorine molecule shares one pair of electrons to form a single bond. 
Each chlorine atom in a chlorine molecule contains three pairs of unbonded 
electrons.

There are several useful ways of representing molecules. The electron dot 
diagrams above left show two chlorine atoms bonding to form a chlorine 
molecule. This molecule can be modelled three-dimensionally as shown in the 
centre, or represented by the structural formula Cl—Cl above right.

ClCl + ClCl ClCl

Multiple covalent bonds
Many molecular substances are held together by multiple bonds: that is, 
bonds formed when two atoms share two or more pairs of electrons. If two 
atoms share two pairs of electrons, the covalent bond is called a double bond. 
Double bonds are found in molecules such as carbon dioxide, CO2, and oxygen 
O2. When two atoms share three pairs of electrons a triple bond is formed, as 
in the case of nitrogen, N2.

Sample problem 6.1

Show the bonding between two oxygen atoms.

Oxygen molecules have the symbol O2. Th is means that an oxygen molecule 
contains two oxygen atoms. Each oxygen atom has only six outershell elec
trons; therefore, it needs to share two more in order to attain a complete outer 
shell, as shown below.

OO + OO

OO

Since the oxygen atoms share two pairs of electrons, the bond between them is 
a double covalent bond, or just a double bond. Th is is shown by the structural 
formula.

A structural formula substitutes a 
dash for each electron pair.

Weblink
Covalent bonding 2

Multiple bonds are formed when 
two or three pairs of electrons are 
shared.

Solution:
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Revision questions

2. Nitrogen molecules are diatomic molecules. Draw an electron dot diagram 
of the nitrogen molecule and use it to answer the following questions.
(a) How would you describe the covalent bond between the two nitrogen 

atoms?
(b) How many lone pairs of electrons does the nitrogen molecule contain?
(c) Draw the structural formula of the nitrogen molecule.

3. Draw the electron dot diagram and structural formula of the fl uorine 
molecule.

4. Which of the following substances contain discrete diatomic molecules?
(a) magnesium oxide
(b) iodine
(c) aluminium
(d) neon
(e) phosphorus
(f) carbon dioxide

Electron dot diagrams for molecular compounds
Carbon dioxide
Th e formula for carbon dioxide is CO2. In each carbon dioxide molecule, 
carbon forms a double bond with each of the oxygen atoms.

Th e central carbon atom in a carbon dioxide molecule now has eight valence 
electrons, and so does each oxygen atom.

O OCO C+ O O C O+

Electron dot diagrams 
showing carbon and oxygen 
atoms bonding covalently 
to form a molecule. The 
molecular model and 
structural formula offer other 
ways of understanding the 
molecule.

Water
Th e formula for water is H2O. In each water molecule, an oxygen atom shares 
electrons with two hydrogen atoms so that they all achieve complete outer 
shells.

Notice that the central oxygen atom in a water molecule has two pairs of 
unbonded electrons. Th ese are called lone pairs. Although they do not par
ticipate in the covalent bond, they aff ect the shape of the molecule, and are 
shown in the structural formula by the two ‘unbonded’ dashes.

O
H
H O

H

H+ O

H

H

Electron dot diagrams, 
molecular model and 
structural formula for water

Methane
Th e formula for methane is CH4. In each methane molecule, carbon forms a 
single bond with each of the four hydrogen atoms. All atoms have achieved 
complete outer shells.

Lone pairs must be considered 
when determining the shape of a 
molecule.
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117CHAPTER 6 Covalent bonding

Electron dot diagrams, 
molecular model and 
structural formula for methane

+C

H
H
H
H

C

H

H

HH C

H

H

HH

Ammonia
Th e formula for ammonia is NH3. In each ammonia molecule, nitrogen forms 
a single bond with each of the three hydrogen atoms in addition to having one 
lone pair. Th is arrangement achieves a stable full outer shell for each atom.

N +
H
H
H

N

H

HH H HN

HElectron dot diagrams, 
molecular model and 
structural formula for ammonia

Revision questions

5. Use electron dot diagrams and structural formulas to illustrate the bonds 
between each of the following pairs of atoms.
(a) hydrogen and bromine
(b) oxygen and fl uorine

6. Draw the electron dot diagram and the structural formula for nitrogen trifl uo
ride, NF3, in which all three fl uorine atoms are bonded to the nitrogen atom.

7. Draw electron dot diagrams and structural formulas for the following 
molecules.
(a) CS2 (c) C2H6 (e) I2 (g) HCN
(b) HCl (d) C2F4 (f) C3H8

Molecular models
Physical models of molecules help us visualise their shapes so that we can 
better understand their behaviour. However, it must be remembered that 
models have limitations.

Th ere are three main types of threedimensional model used by chemists 
to represent molecules: ball-and-stick models, space-fi lling models and 
computer-generated models. Examples of these are shown below.

Molecular models allow us 
to visualise molecule shapes. 
They range from the (a) ball-
and-stick and (b) space-fi lling 
models of methane to 
(c) complex computer-
generated molecules, such as 
this genetic material.

(a) (b) (c)

elesson
Molecular shapes
eles-2475

Unit 1 Representing 
molecules 
with models
Summary screen 
and practice 
questions
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Molecules may be represented 
by ballandstick, spacefi lling or 
computergenerated models.
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Predicting molecular shape
All discrete molecules have a defi nite threedimensional shape. Electron dot 
diagrams and structural formulas fail to represent the threedimensional 
shapes of molecules. For example, the electron dot diagram and structural 
formula of methane, CH4, show the molecule in only two dimensions. In 
reality, methane molecules exist in three dimensions. Th e hydrogen atoms are 
arranged in a tetrahedral shape around the central carbon atom as shown by 
the ballandstick diagram in the fi gure below.

C

H

H

HH C

H

H H

H

109.5°

C

H

H

HH

The electron dot diagram and structural formula of methane do not show 
its three-dimensional structure, which is tetrahedral. This structure is better 
represented using a ball-and-stick model.

TAble 6.2 Shapes of some common molecules

Compound
Lewis 

diagram

number of 
lone pairs 

around 
central 
atom

number of 
bonding 
electron 

groups (pairs) 
around 

central atom Shape Ball-and-stick model Shape diagram

methane 
CH4(g)

CH H

H

H

0 4 tetrahedral 
(around 
C atom) C

H

H H

H

ammonia 
NH3(g) NH H

H

1 3 pyramidal 
(around 
N atom)

N
H H

H

water 
H2O(l) O H

H

2 2 Vshaped 
(around 
O atom) O

H

H

ethyne 
C2H2(g)

C C HH 0 for each 
C atom

2 for each 
C atom

linear 
(around each 

C atom)

HCCH

ethene 
C2H4(g) C C

H

HH

H 0 for each 
C atom

3 for each 
C atom

planar 
(around each 

C atom)
C C

H

H

H

H

Electron dot diagrams and 
structural formulas do not show 
the threedimensional shapes of 
molecules.

Unit 1 VSepR 
hypothesis and 
molecular 
shape
Summary screen 
and practice 
questions

AOS 2
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119CHAPTER 6 Covalent bonding

The valence shell electron pair repulsion theory (VSEPR theory) pro
vides a relatively simple basis for understanding and predicting molecular 
geometry. The theory requires only that the number of outershell electrons 
for each atom in the molecule be known. The electron pairs in the molecule 
repel each other and take up positions as far from one another as possible. 
When determining the shapes of molecules, the electron pairs of a multiple 
bond count as only one pair of electrons for prediction purposes. Examples 
of the five most common molecular shapes are given in table 6.2. Note that, 
in the shape diagrams, a dotted line indicates that the bond is directed into 
the plane of the paper and the wedge indicates that the bond is directed out 
of the plane of the paper. The solid lines represent bonds that are in the plane 
of the paper.

Sample problem 6.2

Use table 6.2 to predict and draw the shape diagram of C2FBr.

STep 1

The electron dot diagram of C2FBr is F BrC C

STep 2

There are two central carbon atoms in this molecule, so we must count the 
number of bonding pairs and lone pairs around each carbon atom. (Note 
that, for purposes of determining shape, the electrons of multiple bonds are 
counted as a single bonding pair). So around each carbon atom there are two 
bonding pairs and no lone pairs.

STep 3

From table 6.2, we see that the best orientation to minimise repulsion is a 
linear arrangement of the other atoms around each carbon atom, as shown 
below.

BrCCF

Revision question

8. Copy and complete the following table.

Compound

Electron 
dot diagram 
of molecule

number of 
lone pairs 

around 
central atom

number of 
bonding pairs 
around central 

atom

Shape diagram 
and name of 

shape

NI3

CF4

OF2

HOF

C2F2

C2Cl4

The shapes of molecules can be 
predicted using VSEPR theory.

elesson
VSEPR — Sulfur dioxide
eles-2488

Solution:

Digital document
Experiment 6.1 Building molecular 
models
doc-15999

Weblink
Lewis structures
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naming covalent compounds
Molecular elements
Not all nonmetallic elements are molecular. The noble gases, for example, 
exist as single atoms, and carbon and silicon exist as continuous arrays of 
atoms. However, all molecular elements are nonmetallic elements. These non 
metallic molecules are known simply by their elemental name. N2, for example, 
is nitrogen. When we talk about hydrogen gas, we mean H2 molecules, not 
H atoms. It is not necessary to indicate the number of atoms that are bonded 
together when naming elements.

Molecular compounds
Molecular compounds contain discrete molecular units. They consist of more 
than one type of nonmetallic atom. Binary molecular compounds are those 
that contain two elements. Naming these is similar to naming binary ionic 
compounds. However, it is quite common for one pair of elements to form 
several different compounds. To avoid confusion in naming the compounds, 
Greek prefixes are used to indicate the number of atoms of each element 
present. Carbon and oxygen, for example, form carbon monoxide, CO, and 
carbon dioxide, CO2.

There are four rules for naming binary covalent compounds:
1. The first element in the formula is named in full.
2. The second element is named as if it was an anion. The name is shortened 

and given an ide suffix.
3. The number of each type of atom in the molecule is indicated by a prefix. 

These prefixes are listed in table 6.3. Note that the prefix mono- is never 
used for the first element.

4. If the name of the second element begins with a vowel and the prefix for 
that name ends with a or o, these letters are dropped to make pronunciation 
easier.

Some molecular compounds have trivial names, or common names, by 
which they are more conveniently known. For example, H2O is known as water, 
rather than dihydrogen oxide. Table 6.4 lists some other examples of molecular 
substances with common names.

TAble 6.4 Common names and uses of molecular substances

Formula Common name Use

NH3 ammonia refrigerant

H2O2 hydrogen peroxide bleach

O3 ozone blocks harmful UV light

Sample problem 6.3

Name the following compounds.
(a) SO3
(b) N2O5

(a) Since one atom of sulfur and three oxygen atoms are present, the com
pound is called sulfur trioxide.

(b) Two nitrogen atoms and five oxygen atoms are present, so the com
pound is called dinitrogen pentoxide. Note that the a is omitted in  
penta-.

Names of elements do not indicate 
how many atoms are bonded in a 
molecule.

TAble 6.3 Greek prefixes

Prefix Meaning

mono-  1

di-  2

tri-  3

tetra-  4

penta-  5

hexa-  6

hepta-  7

octa-  8

nona-  9

deca- 10
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Sample problem 6.4

Write the formulas for the following molecular compounds.
(a) silicon tetrafl uoride
(b) nitrogen tribromide

(a) Since one silicon atom and four fl uorine atoms are present, the formula is 
SiF4.

(b) One nitrogen atom and three bromine atoms are present, so the formula is 
NBr3.

 (Note: Th e order of elements is the same in both the molecule’s formula 
and its name.)

Revision questions

 9. Use prefi xes to name the compounds whose common names are shown in 
table 6.4.

10. Name the following molecular compounds.
(a) NCl3 (b) SF6 (c) Cl2O (d) SiH4 (e) PH3

11. Write chemical formulas for the following molecular compounds.
(a) carbon monoxide
(b) silicon tetrachloride
(c) diphosphorus pentoxide
(d) nitrogen monoxide
(e) sulfur trioxide

12. Copy and complete the following table.

Chemical formula name of compound

dinitrogen monoxide

HCl

P4O10

hydrogen fl uoride

Electronegativity
Covalently bonded atoms usually exhibit unequal attractions 
for shared electrons. It has been found that diff erent atoms 
have diff erent electronattracting abilities. Th e relative attrac
tion that an atom has for shared electrons in a covalent bond 
is known as its electronegativity. A scale of electronegativities 
was developed by Linus Pauling in which the most electro
negative atom, fl uorine, is assigned a value of 4.0. Fluorine 
attracts electrons almost twice as well as hydrogen, which is 
given an electronegativity value of 2.1. No values are assigned 
for the noble gases.

The Pauling scale of electronegativities
Th e following electronegativity trends may be seen in the 
periodic table.
1. Electronegativities increase from left to right within a 

period.
2. Electronegativities decrease from top to bottom within a 

group.
3. Metals generally have lower electronegativities than 

nonmetals.

Solution:

The Pauling scale of electronegativities shows 
electronegativity trends in the periodic table.

Tl
1.8

Pb
1.8

Bi
1.9

Po
2.0

At
2.2

Rn
–

Rb
0.8

Sr
1.0

In
1.7

Sn
1.8

Sb
1.9

Te
2.1

I
2.5

Xe
–

K
0.8

Ca
1.0

Ga
1.6

Ge
1.8
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2.0

Se
2.4

Br
2.8
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–

Na
0.9

Mg
1.2

Al
1.5

Si
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–
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N
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Ne
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H
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He
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Cs
0.7

Ba
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Ra
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Electronegativity is the electron
attracting power of an atom.
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non-polar and polar covalent bonds
Covalent bonds in which the bonding electron pair is shared equally and is 
uniformly distributed between the nuclei of two bonded atoms are called 
non-polar covalent bonds. Such bonds can result only when two atoms of the 
same element or two atoms of equal electronegativity simultaneously attract a 
shared pair of electrons.

TAble 6.5 Non-polar covalent bonding in molecules

Molecule Electron dot diagram Structural formula

hydrogen H H HH

chlorine ClCl ClCl

oxygen O O OO

carbon disulfide S SC CS S

Covalent bonds in which the bonding electrons are unequally shared, and 
therefore unsymmetrically distributed between the nuclei of two bonded 
atoms, are called polar covalent bonds. Such bonds occur between atoms of 
different electronegativities. The shared pair of electrons move closer to the 
more electronegative atom. This means that the atom that has greater con
trol of the electron pair becomes slightly negatively charged (δ–), while the 
atom that lost some control of the electron pair becomes slightly positively 
charged (δ+). Polar covalent bonds can be said to have a charge separation, or 
a bond dipole.

TAble 6.6 Polar covalent bonding in molecules

Molecule Electron dot diagram Structural formula

hydrogen chloride ClH Cl δ−δ+ H

hydrogen bromide BrH Br δ−δ+ H

A polar covalent bond is not purely covalent, since there is not an equal 
sharing of electrons. It has some characteristics of ionic bonding, although 
the transfer of electrons from one atom to the other is not complete, as it is 
in a purely ionic bond. In fact, if the difference in electronegativity between 
two cations is 2 or greater on the Pauling scale, an ionic bond does form. 
The relationship between electronegativity and bond type is shown in 
table 6.7.

TAble 6.7 Relationship between electronegativity and bond type

Difference in electronegativity between 
bonding atoms Type of bond formed

zero (e.g. H (2.1) and H (2.1)) nonpolar covalent

medium (e.g. H (2.1) and Cl (3.0)) polar covalent

large (e.g. Na (0.9) and F (4.0)) ionic

A nonpolar covalent bond is 
formed between atoms with the 
same electronegativity.

A polar covalent bond is formed 
between elements with different 
electronegativities.

The type of bond formed 
depends on the difference in 
electronegativity between the 
atoms.
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Revision questions

13. Use the periodic table on page 121 to predict whether the following bonds 
are polar or nonpolar. Show the bond dipoles where they are present 
using δ+ and δ–.
(a) H—F (b) O—H (c) C—H (d) N—H (e) C—C

14. Classify the following bonds as ionic, polar covalent or nonpolar covalent.
(a) HI (b) KCl (c) F2

15. Arrange the following bonds in order from nonpolar covalent to ionic.
Li—F, N—N, F—N, Cl—N

non-polar and polar molecules
Molecules containing only nonpolar bonds are non-polar molecules, such 
as O2.

In a polar molecule, one end of the molecule is slightly negative and one 
end is slightly positive. Such a molecule is sometimes called a dipolar mol
ecule, or molecular dipole. All polar molecules contain polar bonds. How
ever, some molecules with polar bonds are nonpolar. Th is occurs when the 
individual bond polarities are arranged in such a way that they cancel each 
other out. So having polar bonds in a molecule does not necessarily mean 
that the molecule is polar overall. Th e polarity or nonpolarity of the molecule 
depends, rather, on the direction of the bond dipoles in the molecule, which is 
determined by the molecule’s shape. Th e fi gure below shows examples of both 
a nonpolar and polar molecule.

δ+

δ+

δ−

H

H

O

O O
In the non-polar oxygen molecule, the oxygen atoms have equal 
electronegativity and share electrons equally. Water molecules, 
however, are polar. Since the oxygen atom has greater 
electronegativity than the hydrogen atoms, it therefore becomes 
the more negatively charged end of the molecular dipole.

To determine the polarity of a molecule the following steps should be 
followed:
1. Draw an electron dot diagram of the molecule.
2. Apply the VSEPR rules to draw a shape diagram of the molecule.
3. Use electronegativities to determine bond dipoles.
4. Use the shape diagram along with bond dipoles to determine whether the 

molecule is polar or nonpolar. If bond dipoles cancel each other out, the 
molecule is nonpolar. If bond dipoles do not cancel each other out, then 
one side of the molecule attracts electrons more than another side and the 
molecule is polar.

Sample problem 6.5

Predict the polarity of the following molecules.
(a) iodine (c) carbon dioxide
(b) hydrogen bromide (d) water

First draw the structural formula and, if necessary, shape diagram for each 
molecule and then decide if the dipoles cancel each other out.
(a) Iodine is a linear molecule as there is only one bonding pair of electrons 

between the two iodine atoms. Th ere is no bond dipole present as there 
is no electronegativity diff erence between the two identical iodine atoms. 
Hence, the molecule is nonpolar.

Molecules containing only 
nonpolar bonds are nonpolar 
molecules.

In a polar molecule, one end is 
slightly negative and the other end 
is slightly positive.

Weblink
Molecular models

Th e polarity can be determined 
by examining the shape of the 
molecule.

Solution:

II
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(b) Hydrogen bromide is a linear molecule as there is only one shared pair 
of electrons between the hydrogen and bromine atoms. Th e bromine 
atom has a higher electronegativity than the hydrogen atom, resulting in a 
dipole. Th e molecule is polar.

(c) Carbon dioxide, CO2, is a linear molecule that has two polar bonds. How
ever, the bond polarities cancel each other out because they are in oppo
site directions. Electrons are not attracted preferentially to one side or the 
other of the molecule. Carbon dioxide is therefore a nonpolar molecule.

(d) Water, H2O, is a Vshaped molecule due to the eff ect of the two lone pairs. 
Th e two O—H bond dipoles are equal but since they are not at an angle 
of 180° to one another (that is, aligned in opposite directions) they do not 
cancel each other out. A water molecule is therefore polar.

Th e polarity of a molecule can be predicted from a knowledge of its shape. 
Th e following general rules can be applied.

•	 Linear, planar and tetrahedral molecules with equal 
polar bonds that cancel each other out are nonpolar. 
If the bond dipoles are not equal or do not cancel each 
other out, the molecule is polar. For example, CH4 is 
nonpolar whereas CH3Br is polar because the C—Br 
bond dipole is not cancelled by the C—H bond dipoles.

•	 Vshaped or pyramidal molecules are polar as their 
polar bonds do not cancel.

Revision question

16. Sketch the shapes of the following molecules and use your knowledge of 
electronegativity to draw bond dipoles for each and predict whether it is 
polar or nonpolar.
(a) HI  (g) NF3
(b) SiH4 (h) CH3F
(c) CS2   (i) SiBr4
(d) H2S   (j) HCl
(e) CH3Cl (k) N2
(f) SF2

Intermolecular attractions
Th e existence of molecular crystals indicates that molecules can be held 
together in an orderly array. How do these molecules ‘stick’ together?

In addition to covalent bonds within molecules, called intramolecular 
bonding, there are attractions between molecules, called intermolecular 
forces of attraction, which hold molecules to each other. Th ese attractive forces 
are weaker than either covalent or ionic bonds, but they determine whether a 
molecular compound exists in the solid, liquid or gaseous states. Th e tempera
ture at which a molecular substance melts or boils, therefore, depends on the 
strength of the intermolecular forces. Th e stronger the intermolecular forces 
the higher the melting or boiling point.

Th ere are three types of intermolecular 
forces. In some molecular substances there 
may be more than one force operating 
between the molecules. Th e weakest attrac
tions between molecules are dispersion 
forces and dipole–dipole interactions. Th e 
third and strongest intermolecular force is 
called hydrogen bonding.

BrH
δ+ δ−

CO O
δ+δ− δ−

δ+ δ+

δ−
O

H H

δ+

δ+

δ+
δ+

δ−

C

H Br

H

H

δ+

δ−

δ+
δ+

δ+

C

H H

H

H

CH4 is non-polar as the bond 
dipoles cancel each other out. 
CH3Br, however, is polar.

Unit 1 polar bonds and 
polar molecules
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 6

Intramolecular bonding is bonding 
within molecules.

Th e force of attraction between 
molecules is called an 
intermolecular force.

Intermolecular forces include 
dispersion forces and dipole–
dipole interactions.

electrostatic
attraction

helium atom 1 helium atom 2

2+

e−

e−

e−

e−

2+

When suffi ciently cooled, 
helium atoms are very weakly 
attracted to each other by the 
electrostatic attraction of one 
nucleus to the electrons of 
other atoms.
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125CHAPTER 6 Covalent bonding

Dispersion forces
In a sample of molecules, the nuclei of atoms in one molecule are able to attract 
the electrons of atoms in neighbouring molecules (in addition to attracting 
their own electrons in forming a covalent bond). All electrons are attracted by 
all neighbouring nuclei.

Dispersion forces are the weakest of the intermolecular forces. To be con
densed to a liquid, the noble gas helium must be cooled to –269 °C so that the 
atoms are travelling slowly enough for the dispersion forces to have a better 
chance of pulling these two atoms together. Th e helium nucleus in one atom 
attracts the electrons in a neighbouring atom. If further cooled to –272 °C, the 
liquid helium solidifi es.

Dispersion forces can also occur between instantaneous dipoles. Electrons 
are moving constantly. At any point in time there is a chance that the elec
trons may be found on one side of an atom or molecule, and it can develop 
an ‘instantaneous dipole’. Th is temporary dipole can cause a shift in the distri
bution of electrons in neighbouring atoms or molecules, resulting in ‘induced 
dipoles’. Very small forces of attraction result between the particles.

He

frame 1 frame 2 frame 3: 
instantaneous dipole

He He

δ+δ−
The electrons in this helium 
atom are moving all the time; 
sometimes they create an 
instantaneous dipole.

Two factors infl uence the strength of dispersion forces:
1. Th e number of electrons in the molecules. In general, the more electrons the 

molecules of a substance have, the stronger the dispersion forces between them.
2. Th e shapes of the molecules. Shape aff ects how closely the molecules may 

approach each other in the solid and liquid states. Th e closer the molecules 
can get, the stronger the attraction is. All covalent molecular substances 
have dispersion forces between their molecules.

induced
dipole

induced
dipole

dispersion
forces

δ+ δ+δ− δ− δ−

The atom on the left has 
caused a temporary induced 
dipole in the middle atom, 
which in turn has caused 
another temporary induced 
dipole in the atom on the right.

Consider the noble gases He and Ne, or small molecules such as F2, H2 and CH4. 
Th ese atoms or molecules have relatively few electrons and so have very weak dis
persion forces. Such substances have low boiling points and exist as gases at room 
temperature. Larger compounds, such as octane, C8H18 (a component of petrol), 
exist as liquids. However, candle wax, C25H52, is a solid with a low melting point.

Th is trend can be illustrated using the halogens, as shown in table 6.8. As we 
go down the group, the molecules become larger and there is a progression 
from a gaseous to liquid and ultimately solid state. Boiling and melting points 
of halogens show a corresponding increase.

Unit 1 Intramolecular 
and 
intermolecular 
bonding
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 3

Unit 1 Intermolecular
bonding:
dispersion 
forces
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 7

Dispersion forces occur when 
nuclei attract electrons from 
neighbouring atoms.
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TAble 6.8 Properties of group 17 elements

name Formula State Melting point (°C) Boiling point (°C)

fl uorine F2 gas –220.3 –188

chlorine Cl2 gas –101 –34

bromine Br2 liquid –7.3 59

iodine I2 solid 113 184

Dipole–dipole interactions
If the molecules in a sample are polar, the presence of molecular dipoles 
causes simultaneous intermolecular attraction. Th e positive side of one mol
ecule attracts the negative side of another molecule, which attracts the next, 
and so on to the limits of the sample.

Polar molecules have two forces of attraction operating between their 
molecules. If two molecules are of similar size — that is, have a similar number of 
electrons — then the dispersion forces acting on them are similar. However, if one 
of the molecules is polar, it will also be aff ected by dipole–dipole attractions. Th is 
results in a stronger overall intermolecular force and a higher boiling point. Con
sider argon (boiling point −186 °C) and HCl (boiling point −83.7 °C). Both sub

stances have 18 electrons, yet HCl 
has a much higher boiling point. Th is 
is because HCl is a polar molecule 
and so has an extra inter molecular 
force of dipole–dipole interactions. 
Such a compound is generally more 
likely to exist as a liquid or solid at 
room temperature than a nonpolar 
compound of similar size.

Hydrogen bonding
Hydrogen bonding is a special case of dipole–dipole attraction. Hydrogen is an 
atom containing one proton in the nucleus and one electron revolving around it.

When hydrogen bonds to a more electronegative atom such as nitrogen, 
oxygen or fl uorine, its electrons move slightly toward that atom.

Th is causes the hydrogen nucleus to be exposed or unshielded. Th e molecule 
that forms is a dipole.

Th e negative end of one of these dipoles is attracted to the positive end of 
another.

Because the hydrogen (positive end) is unshielded, the other dipole can 
approach far more closely. Th e closer the dipoles get, the stronger the bond that 
forms. Th e bond between the dipoles is called a hydrogen bond. Th ese bonds are 
represented in the fi gure below by dotted lines, indicating that they are a weaker 
bond type than a covalent bond. Hydrogen bonds form only between molecules 
and only when hydrogen has been bonded to fl uorine, oxygen or nitrogen.

δ+ H F δ−

δ− F H δ+

δ+ H F δ−

δ+ H F δ−

δ− F H δ+

δ+ H F δ−

δ+ H F δ−

δ− F H δ+

δ+ H F δ−

The negative ends of the 
dipoles are attracted to the 
positive ends, causing a 
hydrogen bond to form.

Hydrogen bonds are stronger than other dipole–dipole bonds and result 
in materials with higher melting and boiling points than would otherwise be 
expected.

Unit 1 Intermolecular 
bonding: 
dipole–dipole 
interactions
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 8

Th e strength of dispersion forces 
depends on the number of 
electrons and the shape of the 
molecule.

Dipole–dipole interactions occur 
when the positive side of one 
molecule attracts the negative side 
of another molecule.

 + −

 − +

 + −

 + −

 − +

 + −

 + −

 − +

 + −

In dipole–dipole interactions, 
the central polar molecule 
is attracted to other polar 
molecules around it. They, 
in turn, are attracted by their 
neighbours.

Hydrogen bonding occurs between 
two molecules in which hydrogen 
is bonded to nitrogen, oxygen or 
fl uorine.

p+

e−

δ+ H F δ−

FH

Hydrogen bonding is the strongest 
intermolecular force.
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127CHAPTER 6 Covalent bonding

Effects of hydrogen bonding on 
the properties of water
Hydrogen bonding signifi cantly aff ects the physical properties of water. Th e 
existence of hydrogen bonding between water molecules results in:
•	 the relatively high melting and boiling points of water compared with other 

substances. More heat is required to enable the molecules to gain suffi  cient 
kinetic energy to break free of the hydrogen bonds, which are stronger than 
dispersion forces alone. For example, H2O is a liquid at room temperature 
with a boiling point of 100 °C, whereas H2S, which has more electrons, is a gas 
at room temperature and boils at –61 °C. Th e behaviour of H2O as it changes 
state between liquid water and solid ice is also governed by the hydrogen bond.

•	 the expansion of water upon freezing. Generally, as substances are heated 
they expand. However, water behaves a little diff erently. Th e density of water 
is greatest at 4 °C. (Density refers to how much mass is in a given volume; 
for example, oil is less dense than water so it fl oats on top of water.) Water 
does expand when heated from 4 °C but, unusually, it also expands as the 
temperature decreases from 4 °C. As the temperature continues to decrease, 
water at 4 °C sinks and eventually the temperature at the surface becomes 
0 °C and freezes. Th e open, hexagonal crystalline lattice of ice places the 
water molecules further apart than occurs in the liquid state. Because water 
expands on freezing, it is less dense as a solid. Ice, therefore, fl oats on water.

Snow and ice are both the 
same molecular solid with a 
unique structure. Each water 
molecule has four hydrogen 
bonds that connect it to four 
other water molecules. The 
molecules in liquid water are 
hydrogen bonded but free 
to move about, while those 
in snow are held further 
apart and in a more orderly 
arrangement than water owing 
to the extensive hydrogen 
bonding. A three-dimensional 
model shows the hexagonal 
structure of ice.

If ice was denser than water, some bodies of water would freeze solid during 
winter and the aquatic life would die. Icebergs form when sections of the frozen 
icecap break off  and fl oat in the sea. When ice forms on the surface of water, it 
acts as an insulator, preventing the water below from freezing. Th is means that 
aquatic life can survive, even in subzero conditions.

cold air

surface cooling

At 4 °C, water sinks
and is replaced by
water over 4 °C.

surface cooling ice at surface insulates

cold air

Water below 4 °C
rises to the surface.

cold air

Water at the surface
freezes, but deeper
water is 0–4 °C so
aquatic life survives.

The density of water is 
greatest at 4 °C.

Unusual properties of water 
include its relatively high melting 
and boiling temperature and 
its expansion upon freezing. Its 
ability to form hydrogen bonds 
also explains why it is such a good 
solvent for other polar substances 
as well as many ionic substances.
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(a)

Water molecules move too quickly when in liquid 
form to form regular structures; however, they still 
remain attached.

(b)

When in solid form (ice), 
water molecules join 
together to form 
hexagonal structures.

Hydrogen bonding in water

Sample problem 6.6

Name the type(s) of intermolecular forces that exist between molecules in 
each of the following substances.
(a) HBr   (b) CBr4   (c) H2   (d) CH3OH

(a) HBr is a polar molecule, and therefore has both dispersion 
and dipole–dipole forces between the molecules.

(b) CBr4 is a nonpolar tetrahedral molecule. Th ere are only 
dispersion forces between these molecules.

(c) H2 is a nonpolar linear molecule. It has only dispersion 
forces between its molecules.

(d) CH3OH has a tetrahedral shape around the carbon atom and 
a Vshape around the second central atom, oxygen, resulting 
in a polar molecule. It also has a highly electronegative atom 
(oxygen) bonded to a hydrogen atom. So, dispersion forces 
and hydrogen bonding exist between these molecules.

Revision questions

17. Name the type(s) of intermolecular forces that exist between molecules in 
each of the following species.
(a) CH4
(b) Cl2
(c) HCl
(d) CH3F
(e) NH3

18. Th e boiling points of HCl, HBr and HI are, respectively, − 85 °C, − 67 °C and 
− 35 °C. Explain the diff erence in these boiling points with reference to the 
forces that exist between the molecules of each substance.

Properties of molecular substances 
in relation to structure
Although the covalent bonding holding the atoms together in a molecule is 
strong, the forces between molecules are usually weak. Th e physical properties 
of a compound depend on the type of bonding it displays. Ionic compounds 

Unit 1 Hydrogen 
bonding in 
water
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 9

BrHSolution:

Br

Br

Br
Br

C

H H

C H

H O

H

H

δ+
δ+

δ−

Weblink
Intermolecular forces
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129CHAPTER 6 Covalent bonding

are crystalline solids, but molecular substances may exist as solids, liquids or 
gases. A great variety of physical properties occurs among molecular sub
stances due largely to the differences in strength of the intermolecular attrac
tions. Even so, a few generalisations can be made.
•	 Molecular substances do not conduct electricity in the solid or molten form 

because the molecules are electrically neutral.
•	  If dissolved in water without reacting with it, molecular substances do not 

conduct electricity, again because the molecules are electrically neutral.
•	 Some molecules dissolve in water to produce ions. These molecules are said 

to ionise when they are dissolved in water, and can conduct electricity owing 
to the movement of the ions produced.

•	 Molecular substances vary in their solubility in water and other solvents. 
Generally, polar compounds are soluble in polar solvents such as water but 
insoluble in nonpolar solvents such as tetrachloromethane. Nonpolar sol
vents tend to be more soluble in nonpolar solvents than polar solvents. This 
is sometimes described as the ‘like dissolves like’ rule.

•	 Molecular compounds have low melting and boiling points since the forces 
between the molecules are weak, and relatively little energy is required 
to break them. Many molecular substances are gases or liquids at room 
temperature.

•	 Most molecular substances are soft and easily scratched.

Sample problem 6.7

The compounds Br2 and ICl have the same number of electrons, yet Br2 melts 
at –7.2 °C, and ICl melts at 27.2 °C. Explain this in terms of intermolecular 
forces.

Br2 is a nonpolar molecule and has only dispersion forces between its mol
ecules. ICl is a polar molecule and has dipole–dipole forces as well as disper
sion forces between its molecules. This extra force causes the higher melting 
point as more heat energy is required to separate the molecules.

Revision questions

19. N2 has 14 electrons and Cl2 has 34 electrons.  Predict which of these sub
stances would have the higher boiling point. Justify your answer in terms 
of intermolecular forces.

20. Two noble gases, helium and argon, have boiling points of –269 °C and 
–186 °C respectively. Explain the large difference in their boiling points.

21. Both Kr (boiling point –152 °C) and HBr (boiling point –67 °C) have 
the same number of electrons. Explain what factors could affect inter
molecular forces to cause the difference in boiling points between Kr and 
HBr.

22. HCl has more electrons than HF so we would expect it to have the higher 
boiling point. However, this is not the case, as the boiling points of HCl 
and HF are –83.7 °C and 19.4 °C respectively. Explain what factors could 
account for this reversal in trend.

23. Explain why glucose, C6H12O6, dissolves in water but does not conduct 
electricity in solid or aqueous form.

24. Explain why F2, O2 and N2 are all gases at room temperature.
25. Predict whether I2 dissolves more readily in nonpolar tetrachloromethane 

or in polar water. Explain your answer.
26. Would you expect candle wax, C25H52, to be:

(a) soft or hard  (b) soluble in water  (c) an electrical conductor?
 Explain your predictions using your knowledge of structure and bonding. 

Unit 1 Molecular  
solids
Summary screen 
and practice 
questions

AOS 2

Topic 1

Concept 4

Molecular substances do not 
conduct electricity in the solid 
or molten states/and have low 
melting and boiling temperatures.

Polar substances dissolve in polar 
solutions.
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Unit 1 Covalent bonding
Summary screens 
and practice 
questions

AOS 2

Topic 1Chapter review

Summary
 ■ Covalent molecular substances are substances held 

together by covalent bonds and include elements 
and compounds. These substances are made up of 
molecules.

 ■ A molecule is a discrete (separate) group of 
nonmetallic atoms held together by covalent bonds. 
The atoms are combined in a fixed ratio and are elec
trically neutral.

 ■ A covalent molecular element is made up of mol
ecules of the same element. The molecules may 
contain varying numbers of atoms. These include 
diatomic molecules, which are composed of two 
atoms that share electrons (e.g. Cl2).

 ■ A covalent molecular compound is made up of atoms 
of different elements (e.g. CH4).

 ■ Atoms tend to lose, gain or share electrons in order to 
achieve a stable noble gas configuration of eight elec
trons in the valence shell. The exception to this rule is 
the hydrogen atom, which needs only two electrons 
to complete its outer shell.

 ■ Covalent bonds are produced when nonmetallic 
atoms react together, sharing pairs of electrons so 
that each may get eight outershell electrons. These 
bonds are the result of the force of attraction between 
shared electrons and the nuclei of the nonmetal 
atoms in the bond.

 ■ Covalent bonds may be single bonds (formed by one 
shared pair of electrons) or multiple bonds.

 – In a double bond, two electron pairs are shared by 
two atoms.

 – In a triple bond, three electron pairs are shared by 
two atoms.

 ■ There are several ways of representing molecules in 
order to understand their structures. We use ball 
and stick, spacefilling and computergenerated 
models to represent the threedimensional structure 
of molecules. Twodimensional models include:

 – electron dot diagrams
 – structural formulas, which show each pair of 

shared electrons as a dash (—).
 ■ Though electrons are identical, when representing 

a covalent bond using a Lewis diagram they may 
be thought of as either bonding or nonbonding 
electrons.

 – Bonding electrons are the single electrons that 
are available for sharing, and they determine the 
number of bonds an atom can form with other 
nonmetals.

 – Nonbonding electrons or lone pairs are paired 
electrons that are not available for sharing.

The atom with the most bonding electrons is 
known as the central atom.

 ■ Molecule shapes can be determined using electron 
dot diagrams and VSEPR theory, which allows us to 
determine the best shape for minimum repulsion 
between the electron pairs around the central atom. 
In general, the molecule shape is:

 – linear if the central atom has one bonding pair or 
one pair on either side (e.g. H2, CO2)

 – Vshaped if the central atom has two bonding pairs 
and two lone pairs (e.g. H2O)

 – planar if the central atom has three bonding pairs 
and no lone pairs (e.g. C2H4).

 – pyramidal if the central atom has three bonding 
pairs and one lone pair (e.g. NH3)

 – tetrahedral if the central atom has four bonding 
pairs and no lone pairs (e.g. CH4).

 ■ When naming binary molecular compounds:
 – name the first element in full
 – use the Greek prefix before the second element to 

indicate how many atoms of that element are in 
the molecule

 – name the second element, ending with -ide.
 ■ Nonmetallic atoms have high electronegativities, 

which means that they have a strong attraction for 
the shared electrons in a covalent bond. Differing 
electronegativities cause electrons to be unequally 
shared, and can affect the polarity of the bond, as can 
the shape of the molecule.

 – Nonpolar covalent bonds occur in molecular ele
ments, which share electrons equally as their atoms 
have the same electronegativity. Linear, planar and 
tetrahedral molecules are nonpolar molecules 
when equal polar bonds cancel each other out.

 – Polar covalent bonds result when the two atoms 
in the bond have different electronegativities and 
the pair(s) of electrons are shared unequally. These 
bonds are called a bond dipole. Pyramidal or 
Vshaped molecules are polar molecules.

 ■ In addition to the intramolecular forces that work 
within molecules to hold them together, weak bonds 
exist between molecules and are called intermolec
ular forces.

 – Dispersion forces are found in all atoms or dis
crete molecules and increase with the size of the 
atom or molecule and the corresponding number 
of electrons.

 – Dipole–dipole interactions are found only in polar 
discrete molecules.

 ■ Hydrogen bonding is a special case of dipole–dipole 
interaction. It is found only in molecules where a 
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hydrogen atom is directly bonded to a more electro
negative fluorine, oxygen or nitrogen atom. These 
bonds are stronger than other dipole–dipole bonds 
and result in higher melting and boiling points.

 ■ Hydrogen bonding significantly affects the physical 
properties of water. Water has relatively high melting 
and boiling points and has the unusual property that 
the density of solid water is less than the density of 
liquid water.

 ■ Discrete covalent molecular substances have similar 
properties. Molecular substances:

 – have low melting and boiling points due to weak 
intermolecular forces

 – are usually liquid or gaseous at room temperature 
due to weak intermolecular forces

 – do not conduct electricity as the molecules are 
electrically neutral

 – are soluble in water if polar, and soluble in nonpolar 
solvents if nonpolar (the ‘like dissolves like’ rule).

Multiple choice questions
Covalent bonding
 1. The sharing of electrons in bond formation always 

involves:
A the formation of positive and negative ions
b the formation of polar molecules
C shared electrons being attracted more by one 

atom than another
D the bonded atoms having greater stability than 

the unbonded atoms.
 2. Which one of the following electron dot diagrams 

best represents the bonding in the nitrogen 
molecule?
A N N  C N N

b N N  D N

 3. Which of the following is a characteristic property 
of a covalent molecular compound?
A Relatively low melting point
b Malleable and ductile
C High melting point
D Conducts electricity when molten but not  

when solid
 4. The structure of C2H2 is:

A linear
b Vshaped
C planar
D pyramidal.

 5. Which of the following best describes the molecular 
shape, polarity of bond and molecular polarity of 
the H2S molecule?
A Linear, polar covalent, non polar
b Linear, polar covalent, polar
C Vshaped, ionic, polar
D Vshaped, polar covalent, polar

 6. Which of the following substances might one 
expect to exhibit the weakest intermolecular 
forces?
A HCl C NH3
b He D H2O

 7. At room temperature, methane is a gas while 
tetrachloromethane is a liquid. Choose the 
statement that best explains this.
A There is appreciable hydrogen bonding in 

tetrachloromethane but not in methane.
b The tetrachloromethane molecule is polar, 

while the methane molecule is nonpolar.
C Tetrachloromethane has an appreciably 

higher molecular mass than methane.
D The bonds in tetrachloromethane are polar 

covalent.
 8. The compound tetraphosphorus decoxide has the 

formula:
A P3O2 C P4O10
b P6O10 D P3O6.

 9. The correct order of increasing attractive strength 
for weak intermolecular forces is:
A hydrogen bonding, dipole–dipole interaction, 

dispersion forces
b hydrogen bonding, dispersion forces, dipole–

dipole interaction
C dipole–dipole interaction, hydrogen bonding, 

dispersion forces
D dispersion forces, dipole–dipole interaction, 

hydrogen bonding.
 10. Which one of the following substances forms 

strong hydrogen bonds?
A HCOOH C SiH4
b CH3CN D CH3OCl

 11. Which of the following best explains the relatively 
low melting point of covalent molecular 
substances?
A Covalent molecular materials depend on 

weak electrostatic forces holding the ions 
together.

b The intermolecular forces between the 
molecules are weaker than ionic or covalent 
bonds.

C The metals involved create uneven bonding 
with the nonmetals.

D The similar electronegativity of the atoms 
causes repulsions between the molecules.

 12. The correct name for SO is:
A sulfur oxide
b sulfur monoxide
C sulfur dioxide
D sulfur oxygen.

 13. What is the maximum number of double bonds 
that a hydrogen atom can form? 
A 0 C 2
b 1 D 3
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 14. Using the VSEPR model, the molecular shape of 
the central atom in CF4 is:
A trigonal planar
b tetrahedral
C V shaped
D trigonal pyramidal.

 15. Which of the following is not a covalent 
compound?
A CaO C NH3
b SO3 D CH3Cl

Review questions
Covalent bonding
 1. (a)  Why do the noble gases not form molecules 

such as Ne2 and He2?
(b) In your own words, explain what a filled outer 

shell is.
 2. Describe the bonding in a molecule of:

(a) fluorine
(b) hydrogen.
How are the outer shells different?

Lewis diagrams and structural formulas
 3. Give the group number of the element that each of 

the following electron dot diagrams represents.

(a) M

(b) N

(c) X

(d) A

 4. Use electron dot diagrams to draw the structural 
formulas of the following.
(a) H2S
(b) NCl3
(c) CH4
(d) Br2
(e) HOCl
(f) H2CO

 5. Give five examples of molecular elements, and 
draw their structures.

 6. Give five examples of molecular compounds, and 
draw their structures.

Predicting shapes of compounds
 7. Write the structural formulas for the following and 

name the shape of each molecule.
(a) O2 (g) OF2
(b) CHCl3 (h) CCl4
(c) Br2 (i) C2H2
(d) NH3 (j) PCl3
(e) CH3OH (k) N2
(f) HCN

 8. Draw and name the shape diagrams of the 
following compounds.
(a) CF4
(b) PF3
(c) HCl
(d) H2S
(e) NF3
(f) C2Br4

Polarity
 9. Predict whether the following bonds are nonpolar 

covalent, polar covalent or ionic.
(a) H—H
(b) H—S
(c) C—S
(d) Cl—F
(e) Na—N

 10. (a)  Draw a polar molecule and explain what this 
means.

(b) Why are molecular elements always 
nonpolar?

(c) Why are molecular compounds sometimes 
polar and sometimes nonpolar?

 11. State whether each molecule in questions 7 and 8 
is polar or nonpolar.

 12. Predict whether the following molecules are polar 
or nonpolar.
(a) HI (d) SF2

(b) SiH4 (e) CH3Cl
(c) CS2 (f ) C2H4

 13. Explain why the ammonia molecule is polar but 
carbon dioxide molecules are not.

Intermolecular forces
 14. (a)  The boiling point of iodine is 184 °C, whereas 

fluorine has a boiling point of –188 °C. Explain 
this difference.

(b) What states do fluorine and iodine assume at 
room temperature? Explain.

 15. CH3F has a boiling point of –78 °C, whereas 
CH3OH has a boiling point of 65 °C. Explain this 
difference.

 16. Which of the following sets of compounds has 
the stronger intermolecular forces? Explain your 
answer.
(a) CO2 or OCS
(b) HF or HBr

 17. Arrange the following compounds in order of 
increasing boiling point: HCl, Ar, F2.

 18. Which of the following exhibits hydrogen 
bonding?
(a) H2O (e) CH3OH
(b) C2H6 (f ) CH3CH2OH
(c) CF3H (g) NH3
(d) CH3OCH3 (h) HF
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 19. Methanol and ethanol have the formulas  
CH3OH and CH3CH2OH. Predict which has  
the higher boiling point and give clear  
reasons why.

Properties in relation to structure
 20. Pure liquid HCl is virtually a nonconductor of 

electricity, whereas a solution of this compound 
in water is an excellent conductor. Explain these 
observations.

 21. Copy and complete the following to indicate:
(a) whether the melting point of each substance 

is high or low
(b) whether or not it conducts electricity.

Substance
Chemical 
formula

Melting 
point 
(high 

or low)

Electrical conductivity

Solid Molten
Dissolved 
in water

magnesium 
nitrate

Mg(NO3)2

copper Cu insoluble

neon Ne

methanol CH3OH

chlorine Cl2

naming molecular compounds
 22. Copy and complete the following table. The first 

line is done for you.

Molecular 
formula Description/use name

NO pollutant (car exhaust) nitrogen
monoxide

NO2 pollutant (smog)

pollutant (smog) sulfur dioxide

colourless, odourless 
poison

carbon 
monoxide

good in upper 
atmosphere

ozone

P4 used in matches

cleaning agent when 
dissolved in water

ammonia

CH4 85–95% of natural gas

rotten egg gas dihydrogen 
sulfide

 23. Name the following compounds.
(a) NBr3 (f ) PCl3
(b) N2O4 (g) PCl5
(c) N2O (h) P2O5
(d) N2O5 (i) SF6
(e) N2O3 (j) SCl2
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exam practice questions

In a chemistry examination you will be required to answer a number 
of short and extended response questions.

Multiple choice questions
1. A water molecule is polar because:

A hydrogen and oxygen atoms have the same electronegativity

b the molecule is linear with a net dipole

C oxygen atoms have a higher electronegativity than hydrogen atoms and it is nonlinear

D the hydrogen atoms acquire a slight negative charge while the oxygen atom acquires 
a slight positive charge. 1 mark

2. An element X whose atoms contain 13 electrons is chemically bonded to element Y whose atoms 
contain 9 electrons. Th e formula of the compound is:

A a covalent compound, XY 

b an ionic compound, XY3

C a covalent compound, XY3 

D an ionic compound, XY. 1 mark

3. Consider the following four compounds: HF, HCl, HBr and HI. On the basis of the intermolecular 
forces operating between the molecules of each compound in the liquid state, which compound 
is most likely to have the highest boiling point?

A HF      b HCl      C HBr      D HI 1 mark

Extended response questions
4. Draw simple diagrams to show how electrons are arranged in the following covalent molecules.

 (a) H2S     (b) Cl2    (c) HF 3 marks

5. Th e amount of CO2 in the atmosphere is increasing. 

 (a) Use dot diagrams to determine the structure and shape of a CO2 molecule.

 (b) What is the shape of the CO2 molecule?

 (c) How many lone pairs are there in a molecule of carbon dioxide?

 (d) Are the bonds in the molecule polar or nonpolar?

 (e) Is the molecule polar or nonpolar?

 (f ) What type of interactions would you expect between the molecules in solid carbon dioxide? 6 marks

6. Ammonia, NH3, is a gas at room temperature. It has a characteristic pungent odour.

 (a) Show how the shape of the molecule is determined.

 (b) Discuss the polarity of the molecule.

 (c) Explain in terms of the intermolecular bonding why ammonia is a gas at room temperature. 5 marks

7. Water has some unique properties and we cannot live without it.

 (a) Use a labelled diagram to explain why the water molecule is V shaped.

 (b) Explain the intramolecular and intermolecular forces in water.

 (c) Why is the density of ice less than the density of water?

 (d) Describe an experiment to show the diff erence in density between water and ice. 9 marks
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