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Learning outcomes

Students should be able to:

1.3.1  use the accepted structural model for giant ionic lattices to explain the physical properties of 
ionic substances such as sodium chloride, including melting point, boiling point and electrical 
conductivity (drawing a diagram of a giant ionic lattice is not expected but students should be able 
to recognise it); 

1.3.2  recall that most ionic compounds are soluble in water; 

1.3.3  use the accepted structural model for molecular covalent structures to explain the physical 
properties of molecular covalent structures such as iodine and carbon dioxide, including melting 
point, boiling point and electrical conductivity; 

1.3.4  demonstrate knowledge and understanding that the intermolecular forces between covalent 
molecules are weak forces called van der Waals’ forces; 

1.3.5  recall that many covalent molecular substances are insoluble in water; 

1.3.6  demonstrate knowledge and understanding of the giant covalent structure of carbon (diamond) and 
carbon (graphite), and predict and explain their physical properties, including: 
• electrical conductivity; 
• hardness; 
• melting point and boiling point; and 
• their uses in cutting tools (diamond), lubricants and pencils (graphite).

1.3.7  use the accepted structural model for metals to predict and explain their structure and physical 
properties including melting point, malleability, ductility and electrical conductivity;

1.3.8  demonstrate knowledge and understanding that an alloy is a mixture of two or more elements, at 
least one of which is a metal, and the resulting mixture has metallic properties; 

1.3.9  demonstrate knowledge and understanding that the different sizes of atoms in an alloy distort the 
layers in the metallic structure, making it more difficult for them to slide over each other and so 
alloys are harder than pure metals; and 
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1.3.10  recall that gold used as jewellery is usually an alloy with silver, copper and zinc, that the proportion 
of gold is measured in carats and 24 carat gold indicates pure gold and 18 carat gold indicates 75% 
gold;

1.3.11  demonstrate knowledge and understanding that carbon can form four covalent bonds;

1.3.12  demonstrate knowledge and understanding of the structure of graphene (a single atom thick layer of 
graphite), explain its physical properties, including strength and electrical conductivity, and recall its 
uses such as those in batteries and solar cells; 

1.3.13  demonstrate knowledge and understanding of the meaning of the term allotrope as applied to 
carbon (diamond), carbon (graphite) and graphene; and 

1.3.14  use given information, or otherwise, to classify the structure of substances as giant ionic lattice, 
molecular covalent, giant covalent or metallic.

Types of structure
There are four types of structure:
1. Giant ionic lattice;
2. Covalent molecular;
3. Giant covalent;
4. Metallic.

1. Giant ionic lattice 
Ionic compounds form giant lattices with each ion surrounded by ions of opposite charge. The ions are held 
together by electrostatic attraction. A giant ionic lattice is a 3d structure of oppositely charged ions 
held by ionic bonds.

In sodium chloride each sodium ion is surrounded by six chloride ions and vice versa.

        DIAGRAM of sodium chloride crystal                                                                  Sodium chloride ionic lattice                                                                       

chloride ion
Cl-

sodium ion
Na+
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Properties
1. Ionic compounds have high melting and boiling points as substantial energy is needed to break the 

strong ionic bonds and separate the ions. 

2.  Ionic compounds are good conductors of electricity when dissolved or molten. When solid, ionic 
compounds do not conduct electricity as the ions are held in fixed positions; however, when molten or 
dissolved in water the lattice breaks down and the ions can act as mobile charge carriers. Therefore, ionic 
compounds can conduct electricity when molten or dissolved in water. 

3.  Most ionic compounds dissolve in water.

2.  Covalent molecular structures
There are only weak intermolecular forces called van der Waals’ forces between the molecules. 

Properties 
1.  Covalent molecular structures have low melting and boiling points as little energy is needed to break 

the weak van der Waals’ forces between the molecules. Apart from a few exceptions, (iodine for example) 
they are therefore gases at room temperature, for example carbon dioxide. 

2.  They do not conduct electricity as there are no free charged particles.

3.  They are generally insoluble in water. 

3. Giant covalent structures
Giant covalent structures have thousands of atoms bonded together in a lattice by strong covalent bonds. 
A giant covalent structure is a three dimensional structure of atoms that are joined by covalent 
bonds. 

Allotropes are different forms or structures of the same element in the same physical state.

Carbon has three allotropes graphite, diamond and graphene – they are giant covalent structures. 

In diamond each carbon atom is covalently bonded to four others in a tetrahedral three dimensional 
structure. It has a high melting point and boiling point as substantial energy is needed to break the strong 
covalent bonds. It does not conduct electricity and is very hard due to the many strong covalent bonds 
arranged in the tetrahedral structure. It is used in cutting tools.

In graphite there are layers of hexagons with each carbon atom bonded to three others and weak forces 
between the layers. In graphite there is one electron per carbon which is not involved in bonding, which is 
delocalised throughout the layers of carbon atoms and can move and carry charge allowing it to conduct 
electricity. Graphite has a high melting point and boiling point as substantial energy is needed to break 
the strong covalent bonds. It is soft because there are weak forces between the layers, which allow the layers 
to slide off and is used in lubricants. 
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Graphene is a single atom thick layer of graphite with strong covalent bonds between each carbon atom, 
arranged in hexagons. It can conduct electricity and is very strong due to the strong covalent bonds 
and light as it is only one atom thick. Since it is strong, light and relatively inexpensive and an electrical 
conductor and will have many future uses for example in solar cells and batteries.

 

4. Metallic structures
Metals have giant metallic lattice structures held together by strong electrostatic attractions between 
positive ions and delocalised electrons. 

Properties
1. Most metals have high melting and boiling points as substantial energy is needed to break the strong 

metallic bonds.

2.  They are good conductors of electricity as the delocalised electrons can move and carry charge. 

3.  They are malleable (easily hammered into shape) and ductile (can be drawn into a wire) . This is because 
the layers of ions can slide over each other, yet the delocalised electrons still attract the ions and hold 
the structure together- the metallic bonding is not disrupted.

carbon atom

covalent bond

carbon atom
covalent bond

weak forces 
between layers

layers of carbon in 
hexagon arrangements
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Alloys
An alloy is a mixture of two or more elements, at least one of which is a metal and the resulting 
mixture has metallic properties.

Some of the ions/atoms in the alloy are of a different size to those of the metal. This distorts the layers in 
the structure and makes it more difficult for the layers of ions to slide over each other. As a result alloys are 
harder than pure metals.

Pure gold is seldom used in jewellery as it is too soft and would lose its shape. Instead gold alloys are used. 
The purity of gold is measured in carats. Pure gold is 24 carat.

% of gold in alloy = 
number of carats

24  
× 100
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Revision Questions

1.
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2.
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4.
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