




Bonding

1. Types of bond

2. Structure and physical 
properties

3. Intermolecular forces

We will look at 1 and 2 today.

Task: 

Use the notes on the following 
pages to complete the questions 
and the table. 

Then can you name the 3 types of 
intermolecular force?



Bonding part 1- Types of bond

An ionic bond is an attraction between oppositely charged ions, 
which are formed by the transfer of electrons from one atom to 

another. 

For example, in sodium chloride, each sodium atom transfers an 
electron to a chlorine atom. The result is a positive sodium ion and a 
negative chloride anion. These two ions attract each other to form a 

stable compound. 



Bonding part 1- Types of bond

A covalent bond is a pair of electrons shared between two atoms. 

Covalent bonding happens because the electrons are more stable 
when attracted to two nuclei than when attracted to only one.

Covalent bonds should not be regarded as shared electron pairs in a 
fixed position; the electrons are in a state of constant motion and 

are best regarded more as charge clouds. 



Bonding part 1- Types of bond

A dative covalent bond (or coordinate bond) is a pair of electrons 
shared between two atoms, one of which provides both electrons 

to the bond.

In a dative covalent bond (or coordinate bond), one atom provides 
both electrons to the bond.

A dative covalent bond is represented by a short arrow from the 
electron providing both electrons to the electron providing neither.



Bonding part 1- Types of bond

A metallic bond is an attraction between cations and a sea of 
electrons.

Metallic bonds are formed when atoms lose electrons and the 
resulting electrons are attracted to all the resulting cations.

Metallic bonding happens because the electrons are attracted to 
more than one nucleus and hence more stable. The electrons are 
delocalized – they are not attached to any particular atom but are 

free to move between the atoms.



Bonding part 1- Types of bond

Electronegativity is the relative ability of an atom to attract 
electrons in a covalent bond.

Electronegativity increases across a period as the nuclear charge on 
the atoms increases but the shielding stays the same, so the 

electrons are more strongly attracted to the atom. 

Electronegativity decreases down a group as the number of shells 
increases, so shielding increases and the electrons are less strongly 

attracted to the atom. 

Electronegativity is a very useful in predicting whether the bonding
between two atoms will be ionic, covalent or metallic.



Bonding part 1- Types of bond

If both atoms have a similar electronegativity, they both attract the electrons with 
similar power so electrons will remain midway between the two. The bond will 

therefore be covalent - the electrons are shared between the two atoms.
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If one atom is significantly more electronegative than the other, it attracts the 
electrons more strongly than the other and the electrons are on average closer
to one atom than the other. The electrons are still shared, but one atom has a 

slight deficit of electrons and a slight positive charge and the other a slight 
surplus of electrons and a slight negative charge. The bond is said to be polar 

covalent.
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Bonding part 1- Types of bond

If the difference in electronegativity 
between the two atoms is large, the sharing 
of electrons is so uneven that the more 
electronegative atom will attract the 
electrons far more strongly. The electrons are 
not shared at all but an electron has 
essentially been transferred from one atom 
to the other. The more electropositive atom 
is positively charged and the more 
electronegative atom is negatively charged. 
The bonding is ionic.

If both atoms are electropositive, neither 
has a great ability to attract electrons and 
the electrons do not remain localised in 
the bond. They become free to move, 
both atoms gain a positive charge and the 
bonding is metallic.



Bonding part 1 – QuestionIT

1. What is an ionic bond?

2. What is a covalent bond?

3. How do covalent bonds and dative covalent bonds differ?

4. What is a metallic bond?

5. What is meant by electronegativity?

6. How does electronegativity change across a period?

7. How does electronegativity change down a group?



LearnIT!
KnowIT!
Bonding
Part 2

• Structure and physical properties



Bonding part 2 – Structure and physical properties

1. Melting and boiling point

The attraction between opposite ions is very strong. A lot of kinetic 
energy is required to overcome them and the melting point and 
boiling point of ionic compounds is very high.

An ionic bond is an attraction between 
oppositely charged ions to form a 
lattice. A lattice is an infinite and 
repeating arrangement of particles. 

This structure contributes to the 
physical properties of ionic compounds.



Bonding part 2 – Structure and physical properties

2. Electrical Conductivity

Ionic compounds contain charged ions so they are able to move 
towards charged electrodes and will therefore conduct electricity. 
In the solid state the ions are not free to move as they are tightly 
held in place. They do not conduct electricity. Ionic solids are good 
insulators.
In the liquid state, the ions are free to move and so can move 
towards their respective electrodes. Therefore ionic compounds 
can conduct electricity in the liquid state.

3. Mechanical properties

Since ions are held strongly in place by the other ions, they cannot 
move or slip over each other easily and are therefore hard and 
brittle. 



Bonding part 2 – Structure and physical properties

1. Melting and boiling point

Metallic bonding is relatively strong so the melting and boiling 
points of metals are relatively high.

Smaller ions, and those with a high charge, attract the electrons
more strongly and so have higher melting points than larger ions 
with a low charge. 

Metallic bonding is the attraction 
between cations and a sea of delocalised 
electrons. The cations are arranged to 
form a lattice, with the electrons free to 
move between them. 



Bonding part 2 – Structure and physical properties

2. Electrical Conductivity

Electrons in a metal are delocalised so they are free to move 
throughout the crystal in a certain direction when a potential 
difference is applied. Metals therefore conduct electricity in the 
solid state. The delocalised electron system is still present in the 
liquid state, so metals can also conduct electricity well in the liquid 
state. 

3. Mechanical properties

The metal cations can be moved around and there will still be 
delocalized electrons available to hold the cations together. The 
metal cations can therefore slip over each other fairly easily. As a 
result, metals tend to be soft, malleable and ductile.



Bonding part 2 – Structure and physical properties

Covalent bonding can result in three very different types of 
substance.

1. Molecular

In many cases, the bonding capacity is reached after only a few 
atoms have combined with each other to form a molecule. Such 
substances are called molecular substances.

The molecules are held together by intermolecular forces, which 
are much weaker than covalent bonds but are often strong enough 
to keep the substance in the solid or liquid state. In the gaseous 
state, the intermolecular forces are broken but the bonds within 
the molecule remain intact - they are not broken. The gas phase 
consists of molecules, not atoms.



Bonding part 2 – Structure and physical properties

Melting and boiling point 
These are generally low, since intermolecular forces are weak.
Intermolecular forces also decrease rapidly with increasing 
distance, so there is often little difference in the melting and 
boiling points.

Electrical conductivity 
There are no ions and no delocalised electrons, so there is little 
electrical conductivity in either solid or liquid state.

Other physical properties
The intermolecular forces are weak and generally non-directional, 
so most molecular covalent substances are soft, crumbly and not 
very strong.



Bonding part 2 – Structure and physical properties

2. Giant Covalent

In some cases, the bonds between atoms continue indefinitely, 
and a large lattice is formed. There are no discrete molecules and 
covalent bonding exists between all adjacent atoms.

Important examples are the 
allotropes of carbon e.g. diamond

and silicon dioxide.



Bonding part 2 – Structure and physical properties

Melting and boiling point
These are generally very high, since strong covalent bonds must be 
broken before any atoms can be separated. The difference 
between melting and boiling points is not usually very large, since 
covalent bonds are very directional and once broken, are broken 
completely.

Electrical conductivity
There are no ions or delocalised electrons, so there is little
electrical conductivity in either solid or liquid state.

Other physical properties
Giant covalent substances are hard, strong and brittle.
Diamond is in fact the hardest substance known to man. For this 
reason it is used in drills, glass-cutting and styluses for turntables.



Bonding part 2 – Structure and physical properties

3. Giant Layered Covalent 

Some substances contain an infinite lattice of covalently bonded 
atoms in two dimensions only to form layers. The different layers 
are held together by intermolecular forces, and there are often 
delocalized electrons in between the layers. Examples of these 
structures are graphite and black phosphorus.

In graphite, each carbon atom is bonded to 
three others. The spare electron is 
delocalized and occupies the space in 
between the layers. All atoms in the same 
layer are held together by strong covalent 
bonds, and the different layers are held
together by intermolecular forces.



Bonding part 2 – Structure and physical properties

Electrical conductivity
Due to the delocalised electrons, graphite is a very good conductor 
of electricity, even in the solid state. 

Density
Graphite has a much lower density than diamond (2.25 gcm-3) due 
to the relatively large distances in between the planes.

Hardness
Graphite is much softer than diamond since the different planes 
can slip over each other fairly easily. This results in the widespread 
use of graphite in pencils and as an industrial lubricant. 



Bonding part 2 – QuestionIT
1. Copy and complete the table below. For melting and boiling point 

simply say if low, high or very high 

Substance Structure
Melting 

point Boiling point
Other 

properties

NaCl

Mg

Diamond

I2


