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PRELIMINARY CHEMISTRY

Unit 1 

The Chemical Earth

Part 5

The properties of elements and compounds are determined by their bonding and structure.

· Identify differences between physical and chemical properties of elements, compounds and mixtures.
· Describe the physical properties used to classify compounds as ionic or covalent molecular or covalent network.
· Distinguish between metallic, ionic and covalent bonds.
· Describe metals as three-dimensional lattices in a sea of electrons.
· Describe ionic compounds in terms of repeating three-dimensional latices of ions.
· Explain why the formula for an ionic compound is an empirical formula.
· Identify common elements that exist as molecules or as covalent lattices.
· Explain the relationship between the properties of conductivity and hardness and the structure of ionic, covalent molecular and covalent network structures.
Note: The following unit notes are to be used in addition to the note you are to take from classroom discussions that cover all of the above dot points.

Physical and Chemical Properties of Matter.

· Physical properties are those which can be determined without changing the chemical composition of the substance.

· Chemical properties include changes which occur when a substance reacts with other substances during a chemical reaction.

Examples of physical and chemical properties:

	Physical Properties

	Odour, colour, taste, lustre, hardness, density, mechanical strength, malleability, ductility, electrical conductivity, thermal conductivity, melting point, boiling point and solubility.

	Chemical Properties

	Reactions with oxygen, water, acids, bases (alkalis) and specific reactions with other substances.


Properties of Compounds and Their Elements.

When elements combine to form a compound they become chemically bonded to one another, and not simply mixed together. When a chemical reaction occurs, the nature and arrangement of particles changes.

For example:

When magnesium burns in oxygen to form magnesium oxide according to the equation: (Write a balanced chemical equation)

· The magnesium atoms (Mg) change to magnesium ions (Mg2+)

· The oxygen atoms change to oxide ions (O2-)

· The Mg2+ and O2- ions are arranged in a particular pattern within the magnesium oxide

The composition of magnesium oxide is always the same. 

The fact that all pure samples of the same compound contain the same elements combined together in the same proportions by mass is known as the Law of Constant Composition. The composition of a pure compound is the same regardless of its source or method of preparation.

Compounds have different properties from those of the elements that combined to form them.

Practical

· Perform a first-hand investigation to compare the properties of some common elements in their elemental state with the properties of the compound(s) of these elements (eg magnesium and oxygen).

Obtain the practical sheets – “Comparing the properties of a compound with its parent elements” - and using these sheets write up your experiments including the following points:

· Aim

· Risk Assessment

· Method

· Results

· Discussion

· Have your write up approved before you do the practical.

· You will then perform the experiment in the lab.

Ores and their properties

1. Bauxite

Bauxite is aluminium ore that is a mixture of hydrated aluminium oxide and impurities such as hematite and silica. Large deposits are found in Western Australia, Queensland and Northern Territory.

Properties of aluminium, oxygen and bauxite.

	
	Aluminium
	Oxygen
	Bauxite

	State at 25(C
	Solid
	Gas
	Solid

	Colour
	Silver
	Colourless
	Red/brown

	Melting point (C
	660
	-219
	Decomposes

	Boiling point (C
	2467
	-183
	

	Density (g/cm3)
	2.7
	1.31x10-3
	2.0-2.5

	Conducts electricity (solid)
	Yes
	No
	No

	Conducts electricity (molten)
	Yes
	No
	Yes

	Magnetic
	No
	No
	No

	Malleable
	Yes
	No
	No


Homework: 

1. Identify uses of bauxite. 

2. Draw a table to compare the properties of Iron, Oxygen and Hematite.

On the basis of their melting points and electrical conductivity, substances can be classified into four classes with the following properties:

1. Covalent molecular substances – low melting point, non-conducting in the solid and liquid states.

2. Covalent network substances – high melting points, non-conducting in the solid and liquid states.

3. Ionic substances – high melting point, non-conducting in the solid state and conducting in the molten state.

4. Metallic substances – high melting point, high conductivity in the solid and molten states.
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Covalent Molecular Substances
Revise that covalent substances are those in which electrons are shared. In most cases the shared pair(s) of electrons are provided by both of the atoms. However, in some cases the shared pair of electrons are provided by one atom. These covalent compound are called coordinate covalent bonds or dative covalent bonds.

An example of this is the ammonium ion, NH4+:

(Draw the structure of the ammonium ion)

Examples of covalent molecular structures are oxygen, carbon dioxide and water.

Covalent molecular substances have the following properties:

· They have low melting and boiling points.

· Many are liquids or gases at room temperature.

· They are non-conductors of electricity both in the liquid and solid states.

· They form solids that are generally quite soft.

Covalent network Substances (Covalent Lattices)

These compounds are based on the elements carbon and silicon and include substances such as diamond and silicon dioxide (quartz/sand).

Their properties come from the three dimensional network of strong covalent bonds.

Covalent network substances have the following properties:

· Very high melting and boiling points

· Non-conductors of electricity in the solid and liquid states

· Extremely hard and brittle

· Chemically inert

· Insoluble in water and most other solvents

Allotropes

Allotropes are different structural forms of an element.

They have the same chemical properties but different physical properties, (eg density, melting point and boiling point)

Structure of Diamond




Structure of silicon




As covalent compounds do not have ‘free’ ions or ‘electrons’ they do not conduct electricity.

Ionic Compounds

Ionic substances consist of oppositely charged ions arranged in a three-dimensional array.

The physical properties of ionic compounds are:

· Hard and brittle

· Non-conductors in the solid state

· Good conductors when molten or in aqueous solutions

· High melting and boiling points

The strong electrostatic attraction between oppositely charged ions results in ionic solids being hard and brittle. This comes from the fact that if a layer of ions is forced to slide past one another, then electrostatic repulsion comes into effect and the crystal fractures.

For electrical conductivity to occur, ions must be mobile, in a solid ionic compound this is not possible, but in an aqueous solution the ions can freely migrate through the solution and current can flow.

Structure of sodium chloride




Empirical Formula

The empirical formula of a compound is the formula which tells us the ratio in which the atoms are present in a molecule or compound. It is the smallest whole number ratio.

The ratio of sodium ions to chloride ions in sodium chloride is 1:1, therefore the formula is NaCl.

Whereas the ratio of magnesium ions to chloride ions in magnesium chloride is 1:2. Therefore the formula for magnesium chloride is MgCl2.

Molecular Formula
Give the actual number of elements in the compound. 

An isomer has the same molecular formula but different structural formulae.
Structure formula

Show the bonds in the compound.

Condensed Structural Formula

Give the structure without showing the bonds.

Metallic Bonding

Metals consist of positive ions surrounded by a ‘sea’ of mobile electrons. The outer electrons are said to be delocalised as they are not associated with a particular metal atoms and can move throughout the lattice of metal atoms.

The properties of metal atoms are:

· Relatively high densities

· Good conductors of heat and electricity

· Malleable

· Ductile

· Lustrous

· Relatively high melting and boiling points.

Structure of Metals




Practical

· Perform an investigation to examine the physical properties of a range of common substances in order to classify them as metallic, ionic, covalent molecular or covalent network substances and relate their characteristics to their uses.
Obtain the practical sheets and using these sheets write up your experiments including the following points:

· Aim

· Risk Assessment

· Method

· Results

· Discussion

· Have your write up approved before you do the practical.

· You will then perform the experiment in the lab.

Homework:

Complete the following questions from Chemistry Contexts 1

Page 98: 5

Page 99: 6, 7, 8, 12, 13, 14

Page 101, 1, 2, 3, 5, 6, 7, 8

Page 102: 10, 11, 13, 15, 17

Page 103: 18
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