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Oxides of Group 1 and Group 2

Sodium oxide is formed when sodium is burned in oxygen. It is a white powder and is soluble in water.
During the oxidation reaction, the sodium atoms lose electrons to make positive ions. The electrons are transferred to the oxygen atoms, which become negative ions. (See Figure 4.6.)
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4Na — 4~ —> 4Na* 20 +4e” —> 20%

Figure 4.6
4Na—de” — 4Na~ 20+4e” — 20>
‘The dot and cross diagram for this combination is shown in Figure 4.7.
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Figure 4.7 Dot and cross diagram for Na,O
The oxide formed is a basic oxide. When dissolved in water the oxide forms a hydroxide solution. A soluble base is an alkali that makes an alkaline solution.
NayO +H,0 — 2NaOH

. Na

This solution turns universal indicator purple and has a pH of 14.

Calcium oxide behaves in the same way and also dissolves to produce an alkaline solution.

o Draw the dot and cross diagram for calcium oxide, CaO.

(@ Hydroxide ions have the formula OH' . Write the balanced equation for the formation of calcium hydroxide when solid calcium oxide is added to water. Include state
symbols in your answer.

KEY INFORMATION

Four electrons need to be
transferred as there are two
atoms of oxygen required for
the reaction and each atom
requires two electrons to
become a negative ion.
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Metal oxides

KEY WORDS

Learning objectives: .
metal oxide
+ identify that metals react with oxygen to form metal oxides

« explain oxidation by gain of oxygen o
« identify metal oxides as bases.

‘We use metals such as iron, copper, tin and lead on a large scale for tools, implements and machinery. However, most metals are found combined as minerals in ores. Many of these minerals are oxides, and
over the centuries, methods have been developed to extract them. More recently, aluminium has also been extracted. All these metals react with oxygen to produce metal oxides.
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Iron(IIl) oxide

Tron is the most abundant element on Earth by mass and the fourth most abundant element in the Earth's crust. Iron can be processed into steel. Steel is one of the most important
materials used on a global scale, second only to crude oil. KEY INFORMATION

Tron does not exist naturally on its own, but combined with other compounds as minerals. These minerals form ores that can be dug out of the ground. Iron ore is mined as a red-

) ; : : Iron can form two types of
brown rock. Some of the largest mines are in Australia and Brazil.

compounds, iron(IT)

compounds, which are often a
grey/green colour and
iron(II) compounds, which
are often a red/ brown colour.

Figure 4.1 Haematite being mined in Australia. Iron(II) oxide ores are red-brown.

‘One common ore of iron is called haematite. (Notice the same word root in haemoglobin). This ore contains iron oxide.

Tron oxide is made when iron reacts with oxygen.

iron + oxygen — iron oxide

n 4Fe + 30, s 2Fe,0, n
Q00 —
Figure 4.2

This is an oxidation reaction because the metal gains oxygen.
Tron(III) oxide can be reduced by carbon monoxide. It is reduced because it loses oxygen.
iron(III) oxide + carbon monoxide — iron + carbon dioxide

Fe,0, + 3C0 ——> 2Fe + 300,
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Figure 4.3
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Aluminium oxide

Aluminium is the third most abundant element in the Earth's crust (behind oxygen and silicon) and the most abundant metal.

An important aluminium ore is bauxite, aluminium oxide.

Aluminium metal is very useful as it is less dense than many other metals. One of its many uses is in aircraft.

A thin film of aluminium oxide forms on the surface of aluminium metal and protects it. The aluminium does not corrode further with oxygen.

aluminium + oxygen — aluminium oxide

4+ 30, — > 24,0,
Q00 —
Figure 4.4

Aluminium oxide cannot be reduced by carbon, as the metal is too reactive. The aluminium oxide ore has to be reduced by electrolysis (see topic 4.14).

Figure 4.5 White sodium oxide powder




