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8.1 Acids and alkalis 
Acids are ubiquitous in our environment, and 

their properties make them recognizable as 

such. 

 

Some common alkaline substances are shown in 

Figure 8.2. 

 

Chemists use indicators, dyes extracted from 

natural sources like litmus, to determine acidity 

in liquids. These indicators change color when 

added to acids or alkalis, making it dangerous to 

taste. 

 
The pH scale, developed by Søren Sørenson, is a color-coded indicator used 

to determine a substance's acidity or alkalineness. It ranges from 0 to 14, 

with a pH below 7 indicating acidity, a pH greater than 7 indicating 

alkalineness, and a pH of 7 indicating neutrality, such as water. 

 
 

The pH of a substance can be measured using a universal indicator 

or a pH meter, which indicates the concentration of hydrogen ions 

in the solution, based on the redder color. 
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The Brønsted–Lowry theory  

This theory defined:  

» An acid as an H+ ion (or proton) donor  

» A base as an H+ ion (or proton) acceptor 

 
So, the water, in the aqueous acid solution, is behaving as a 

Brønsted–Lowry base and accepting an H+ ion. Generally: 

 
If a substance can behave both as a proton acceptor (base) and a 

proton donor (acid) then it is called amphoteric. 

The relative strengths of acids and bases 

The relative strength of an acid and base is determined by comparing 

their dissociation in water, while the strength of a base is determined 

by its dissociation in water. 

Strong and weak acids  

A typical strong acid is hydrochloric acid. It is formed by dissolving hydrogen chloride gas in water. In hydrochloric 

acid, the ions formed separate completely. 

 
A strong acid, such as hydrochloric acid, sulfuric acid, and nitric acid, breaks down hydrogen chloride molecules to 

form H+ and Cl− ions. 

 

One mole of sulfuric acid completely dissociates to give 2 moles of hydrogen ions and 1 mole of sulfate ions: 

 
When strong acids are neutralised by strong alkalis, the following reaction takes place between hydrogen ions and 

hydroxide ions. 

 
A weak acid, like ethanoic acid in vinegar, produces few hydrogen ions and has a higher pH than a strong acid, but 

less than 7. 
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Acids, such as ethanoic acid, are weak acids that produce hydrogen ions 

when in aqueous solution. They are reversible and have fewer 

hydrogen ions than strong acids. Examples of weak acids include citric 

acid, carbonic acid, sulfurous acid, and ascorbic acid. Solutions of weak 

acids are poorer conductors of electricity and have slower reactions 

with metals, bases, and metal carbonates. Strong acids are still strong 

even in dilute solutions, while weak acids remain weak. 

Neutralisation reactions 

Indigestion, caused by stomach acid, can be treated with indigestion 

remedies containing a substance that neutralizes the acid. In 

laboratories, a common acid like hydrochloric acid can be neutralised 

using sodium hydroxide. When sodium hydroxide solution is added to 

the acid, the pH increases. When equal volumes of hydrochloric acid 

and sodium hydroxide are added, a neutral solution forms, indicating 

the acid has undergone a neutralisation reaction. 

 
As we have shown, when both hydrochloric acid and sodium hydroxide dissolve in water, the ions separate 

completely. We may therefore write: 

 
They are called spectator ions and are usually taken out of the equation. The equation now becomes: 

 
An ionic equation describes the reaction between acids and alkali in aqueous solutions, resulting in the formation 

of neutral water, where H+ ions cause acidity and OH- ions cause alkalinity. 

8.2 Formation of salts 
Salts can be classified as those which are soluble in water or 

those which are insoluble in water. The general solubility rules 

for salts are:  

» All sodium, potassium and ammonium salts are soluble  

» All nitrates are soluble  

» All chlorides are soluble, except lead and silver  

» All sulfates are soluble, except barium, calcium and lead  

» All carbonates and hydroxides are insoluble, except sodium, 

potassium and ammonium. 

Types of oxides 

Amphoteric oxides are rare, acidic oxides that react with acids and alkalis to produce salts. Examples include zinc 

oxide and aluminium oxide. Non-metal oxides produce hydrogen ions in aqueous solutions, while metal oxides are 

bases. 
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8.3 Methods of preparing soluble salts  
There are four general methods of preparing soluble salts. These involve the reaction of an acid with:  

» Excess metal  

» Excess insoluble carbonate  

» Excess insoluble base  

» An alkali by titration. 

Acid + metal 

 
MAZIT metals, including magnesium, aluminium, zinc, iron, and tin, are 

commonly used in salt preparation methods. An experimental method 

involves adding excess magnesium ribbon to dilute hydrochloric acid, 

ensuring all reactants are left, and producing hydrogen gas through 

effervescence. This method is dangerous when using reactive metals like 

sodium. 

 
The magnesium chloride solution is evaporated slowly to form a 

saturated solution of the salt (Figure 8.8). 

 

The magnesium chloride solution is tested by dipping a cold glass rod, 

forming salt crystals at the end, which are then filtered and dried between 

clean tissues. 

Acid + carbonate 

 
This method can be applied to any metal carbonate and acid, producing 

soluble salt, and effervescence is observed when excess copper (II) 

carbonate is added to nitric acid. 

 
Metal carbonates contain carbonate ions, CO3 2−. In this reaction the 

carbonate ions react with the hydrogen ions in the acid. 
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Acid + alkali (soluble base) 

 
Titration is a method used to prepare salts of reactive metals like 

potassium or sodium, by using an alkali containing the metal. Most 

metal oxides and hydroxides are insoluble bases, while some are 

alkalis, or soluble bases, which dissolve in water to produce OH-

(aq) ions. Insoluble bases, on the other hand, are those that do not 

dissolve in water. This indirect method is used when adding the 

metal directly to the acid. 

 

Bases neutralize acids, producing salt and water. They are soluble 

(alkali) or insoluble (insoluble). They accept hydrogen ions and are 

found in metal oxides, hydrogenates, and ammonia solutions. Salts can 

only be formed if the base is soluble. 

 

A neutralisation reaction involves adding acid to alkali using a burette 

until an indicator changes color, called the endpoint. Once neutralized, 

the same volume of acid is added to the alkali without the indicator. 

Acid + insoluble base 

 
This method prepares a salt of unreactive metals like lead or copper, neutralizing the acid using a specific metal 

oxide when direct metal-acid reactions are not feasible. 

 

The method involves neutralizing sulfuric acid with copper (II) oxide, resulting in copper (II) sulfate, similar to the 

process for metal carbonate and acid, but with potential warming of reactants. 

 
 

 

 

Metal oxides contain the oxide ion, O2−. The ionic equation for this reaction is therefore: 
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Reaction of a base with ammonium salts 

Ammonia gas, NH3, can be produced by heating ammonium salt with a base like calcium hydroxide in a laboratory 

setting. 

 
The ammonia produced can be detected as being formed by its pungent odour and by turning damp red litmus 

blue 

8.4 Preparing insoluble salts  
The methods mentioned can create soluble water salts, while 

insoluble salts like barium sulfate can be prepared through 

precipitation using barium chloride and sodium sulfate. The 

precipitate can be filtered, washed, and dried. 

 
This method may be summarised as follows: 

 

8.5 Testing for different salts  
Sometimes we want to analyse a salt and find out what is in it. There are simple chemical tests which allow us to 

identify the anion part of the salt. 

Testing for a sulfate (SO4 2−) 

Barium sulfate, an insoluble salt, forms a white precipitate when a suspected sulfate solution is mixed with a 

soluble barium salt like barium chloride. 

 
Add dilute hydrochloric acid to a mixture, and if precipitate doesn't dissolve, it's barium sulfate, while if it dissolves, 

it may be a sulfite containing SO3
2− ion. 
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Testing for a chloride (Cl−), a bromide (Br−) or an iodide (I−) 

Silver chloride is an insoluble salt, so adding dilute nitric acid to a solution of suspected chloride creates an 

aqueous acidic solution, followed by a soluble silver salt solution. 

 
An alternative test for iodide ions is the addition of lead nitrate solution to the iodide which results in a bright 

yellow precipitate of lead iodide, PbI2 

 

 

 

Testing for a carbonate  

If a small amount of an acid is added to some of the suspected carbonate (either solid or in solution) then 

effervescence occurs. If it is a carbonate then carbon dioxide gas is produced, which will turn limewater ‘milky’ (a 

cloudy white precipitate of calcium carbonate forms, see Chapter 14, p. 227) 

 

Testing for a nitrate  

By adding aqueous sodium hydroxide and then aluminium foil and warming gently, nitrates are reduced to 

ammonia. The ammonia can be identified using damp indicator paper, which turns blue 

 

8.6 Water of crystallisation 

Hydrates, a type of salt, are formed when they crystallise from solution. These salts, like sodium chloride, copper 

carbonate, and sodium nitrate, crystallise in their anhydrous forms, but many also produce hydrates when they 

crystallise from solution. The shape of a crystal hydrate is significantly influenced by the presence of water of 

crystallisation. 
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When many hydrates are heated, the water of crystallisation is 

driven away. For example, if crystals of copper (II) sulfate hydrate 

(blue) are heated strongly, they lose their water of crystallisation. 

Anhydrous copper (II) sulfate remains as a white powder: 

 
When water is added to anhydrous copper (II) sulfate, the reverse 

process occurs. It turns blue and the pentahydrate is produced 

(Figure 8.16). This is an extremely exothermic process. 

 
Because the colour change only takes place in the presence 

of water, the reaction is used to test for the presence of 

water. These processes give a simple example of a  

reversible reaction: 

 

Titration 

Titration is a method used to prepare a soluble salt by 

reacting an acid with an alkali, which can also determine the 

concentration of the alkali used. 
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Revision questions 
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