
Acids 
Acids form acidic solutions in water. Acids are 
sources of hydrogen ions, H+. For example, hy-
drochloric acid produces hydrogen ions: 

HCl(aq) —> H+(aq) + Cl-(aq) 

Acidic solutions have pH values less than 7. 
Alkalis 

Alkalis form alkaline solutions in water. Alkalis 
are sources of hydroxide ions, OH-. For exam-
ple, sodium hydroxide produces hydroxide 
ions: 

NaOH(aq) —> Na+(aq) + OH-(aq) 

Alkaline solutions have pH values greater than 

7. 

Neutral solutions 
A neutral solution is neither acidic nor alka-
line. A neutral solution has a pH value of 7. 

The pH scale 
The pH scale measures the acidity or alkalinity of a solution. The pH of a solution 
can be measured using a pH probe, or estimated using universal indicator and a col-
our chart. 

Concentration 
The higher the number of hydrogen ions in a certain volume, the higher their concentration. The high-
er their concentration, the more acidic the solution and the lower the pH. 

The higher the concentration of hydroxide ions, the more alkaline the solution and the higher the pH. 

Neutral solutions, such as pure water, have a pH of 7 and contain low, equal concentrations of hydro-
gen ions and hydroxide ions. 

Indicator Acidic Neutral Alkaline 

Litmus paper Red Purple Blue 

Methyl orange Red Yellow Yellow 

Phenolphthalein Colourless Colourless Pink 

Indicators 
Acid-alkali indicators can show whether a solution is acidic, neutral (pH 7) or alka-
line. 



pH and hydrogen ion concentration 
The pH of a solution is a measure of its concentration of hy-
drogen ions: 

 the higher the concentration of H+ ions in an acidic solu-
tion, the lower the pH 

 the lower the concentration of H+ ions in an acidic solu-
tion, the higher the pH 

If the hydrogen ion concentration in a solution increases by a 
factor of 10, the pH of the solution decreases by 1. 

The higher the concentration of OH- ions in an alkaline solu-
tion, the higher the pH. 

Q) A solution of 1 g/dm3. hydrochloric acid has a pH of 1.6. 

Predict its pH when it is diluted to 0.1 g/dm3. 
A) The hydrogen ion concentration decreases by a factor of 
10, so the pH increases by 1 from 1.6 to 2.6.  Strong and weak acids 

Acids in solution are a source of hydrogen ions, H+. The hydrogen 
ions are produced when the acid dissociates or breaks down to form 
ions. 

Strong acids completely dissociate into ions in solution. For example, 
hydrochloric acid is a strong acid. It completely dissociates to form 
hydrogen ions and chloride ions: HCl(aq) —> H+(aq) + Cl-(aq) 

Nitric acid and sulfuric acid are also strong acids. 

Weak acids only partially dissociate into ions in solution. For exam-
ple, ethanoic acid is a weak acid. It only partially dissociates to form 
hydrogen ions and ethanoate ions:  
CH3COOH(aq)  H+(aq) + CH3COO-(aq) 

The  symbol is used in the equation to show that the reaction is 
a reversible reaction, and does not go to completion. 

Dilute and concentrated solutions 
A solution forms when a solute dissolves in a solvent. The concentra-
tion of a solution is a measure of how 'crowded' the solute particles 
are. The more concentrated the solution, the more particles it con-
tains in a given volume. 

When solutions are described as dilute or concentrated: 

- a dilute solution contains a relatively small amount of dissolved so-

lute 
- a concentrated solution contains a relatively large amount of dis-
solved solute 

Take care to use the word 'dilute' correctly. It can be used as an ad-
jective to describe the concentration of a solution (as here), or as a 
verb to describe the process of adding more water to a solution to 
decrease its concentration. 



Neutralisation reactions  
A neutralisation reaction is a reaction between an acid and a base. Remember: 

- acids in solution are sources of hydrogen ions, H+ 

- alkalis in solution are sources of hydroxide ions, OH- 

In acid-alkali neutralisation reactions, hydrogen ions from the acid react with 
hydroxide ions from the alkali. Here are the ions involved in the reaction of hy-
drochloric acid with sodium hydroxide solution: 

H+(aq) + Cl-(aq) + Na+(aq) + OH-(aq) —> Na+(aq) + Cl-(aq) + H2O(l) 

Now remove the spectator ions,  Cl-(aq) and Na+(aq). This leaves: 

H+(aq) + OH-(aq) —>  H2O(l) 

Pure water is neutral (its pH is 7). A neutral solution can be produced if the 
correct amounts of acid and alkali react together. The change in pH during a 
neutralisation reaction can be measured using a pH probe and meter, or esti-
mated using universal indicator solution and a pH colour chart. 

Core practical 
Investigating neutralisation 

To investigate the change in pH when adding powdered calcium hydroxide to a fixed vol-
ume of dilute hydrochloric acid.  

Method 
1) Use a measuring cylinder add dilute hydrochloric acid to a beaker. 

2) Dip a clean glass rod into the contents of the beaker. Use it to transfer a drop of liq-
uid to a piece of universal indicator paper on a white tile. Wait 30 seconds, then match 
the colour to a pH colour chart. Record the estimated pH. 

3) Add a level spatula of calcium hydroxide powder to the beaker. 

4) Stir thoroughly, then estimate and record the pH of the mixture (as in step 2). 

5) Repeat steps 3 and 4 until there are no more changes in pH. 

Neutralisation 
Bases and alkalis 

A base is any substance that reacts with an acid to 
form a salt and water only. This means that metal 
oxides and metal hydroxides are bases. 

Bases that are soluble in water are 
called alkalis and they dissolve in water to 
form alkaline solutions. For example: 

- copper oxide is a base, but it is not an alkali be-
cause it is insoluble in water 
- sodium hydroxide is a base, and it dissolves in wa-
ter so it is also an alkali 



Reactions with metal oxides 
A salt and water are produced when acids react with 
metal oxides. Metal oxides are bases, because they 
neutralise acids. 

In general: 

acid + metal oxide —> salt + water 

For example: 

sulfuric acid + copper oxide —> copper sulfate + water 

H2SO4(aq) + CuO(s) —> CuSO4(aq) + H2O(l) 

 Reactions with metals 
A salt and hydrogen are produced when acids react with metals. 

In general: acid + metal —>salt + hydrogen 

For example: hydrochloric acid + magnesium —> magnesium chloride + hydrogen 

2HCl(aq) + Mg(s) —> MgCl2(aq) + H2(g) 

Reactions of acids 
Acids take part in reactions in which salts are produced. In these reactions, the salt is formed by replacing the hydrogen ions in the 
acids with metal ions or ammonium ions. 

Reactions with carbonates 
A salt, water and carbon dioxide are produced when acids react with carbonates. 

In general: 

acid + carbonate —> salt + water + carbon dioxide 

For example: hydrochloric acid + copper carbonate —> copper chloride + water + carbon 
dioxide 

2HCl(aq) + CuCO3(s) —> CuCl2(aq) + H2O(l) + CO2(g) 

Reactions with metal hydroxides 
A salt and water are produced when acids react with metal hydroxides. 
Metal hydroxides are bases because they neutralise acids. 

In general: acid + metal hydroxide —> salt + water 

For example: nitric acid + sodium hydroxide —> sodium nitrate + water 

HNO3(aq) + NaOH(s) —>  NaNO3(aq) + H2O(l) 



Making salts from acids and alkalis 
A soluble salt can be prepared by reacting an acid with a solu-
ble reactant. This is usually a dilute solution of an alkali such 
as sodium hydroxide or ammonia. The main steps are: 

1) Carry out a titration. This is to determine the volumes of 

acid and alkali that must be mixed to obtain a solution con-

taining only salt and water. 

2)  Mix the acid and alkali in the 

correct proportions, as determined 
in step 1. without an indicator 

3) Allow the water in 

the solution to evaporate (by heat-

ing and/or leaving for a few days) 

to obtain pure dry crystals of the 
salt. 

Apparatus 

A pipette to accurately measure 
the volume of a reactant before 
transferring it to a conical flask. 
A burette to add small, measured 
volumes of one reactant to the oth-
er reactant. 
A suitable indicator. 

  Making salts from acids and insoluble reactants 
A soluble salt can be prepared by reacting an acid with a suita-
ble insoluble reactant including: 
- a metal   - a metal oxide   - a carbonate  

Naming salts 
The name of a salt has two parts. The first part comes from the 
metal, metal oxide or metal carbonate. The second part comes from 
the acid: 
- hydrochloric acid produces chloride salts 

- nitric acid produces nitrate salts 

- sulfuric acid produces sulfate salts. 

Salts 
Soluble salts can be made by reacting acids with soluble or insoluble 
reactants. Titration must be used if the reactants are soluble. Insol-
uble salts are made by precipitation reactions.  

Core practical 
Making a salt 

Method 
To make a soluble salt from an acid and an insoluble reactant: 
1) Add some dilute hydrochloric acid to a beaker. 

2) Add powdered insoluble reactant to some acid in a beaker, one 

spatula at a time, stirring to mix. The mixture will effervesce. Con-

tinue adding powder until some unreacted powder is left over - it is 

in excess. 
3) Filter the mixture in the beaker to remove the excess powder. 

4) Allow the water in the solution to evaporate (by heating and/or 

leaving for a few days) to obtain pure dry crystals of the salt. 



Precipitates 

A precipitate is an insoluble product that forms when two so-
lutions are mixed and react together. The reaction that pro-
duces a precipitate is called a precipitation reaction. 

For example, a precipitate of lead iodide forms when potassi-
um iodide solution and lead nitrate solution are mixed: 

potassium iodide + lead nitrate —> potassium nitrate + lead 
iodide 

2KI(aq) + Pb(NO3)2(aq) —> 2KNO3(aq) + PbI2(s) 

Notice how important state symbols are in the balanced 
equations for precipitation reactions. Without the (s) for sol-
id, it would not be obvious that PbI2 (lead iodide) was the 
precipitate. 

  Making insoluble salts 
An insoluble salt can be prepared by reacting two 
suitable solutions together to form a precipitate. 

Solubility 
A substance's solubility is a measure of the maximum mass that will 
dissolve in a given volume of solvent, at a particular temperature. 
Substances that are very soluble have high solubilities. Substances 
that are insoluble or sparingly soluble (almost none dissolves) have 
low solubilities. 


