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 Patterns of the Reaction Types

Legend:
< A and C = metals
< B and D = nonmetals

—  —  —
Direct combination (synthesis)

A + B ÿ AB  or 
AB + D ÿ AD + BD

Decomposition
AB ÿ A + B

Single Replacement (substitution)
AB + C ÿ CB + A  or  
AB + D ÿ AD + B

Double Replacement (Exchange of Ions)
AB + CD ÿ AD + CB
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Identifying Reaction Types
Chemical reactions can be grouped into four basic types. They
are direct combination or synthesis, decomposition, single
replacement or substitution, and double replacement or
exchange of ions. 

An example of synthesis is shown below:

N 3H 2NH2 2 3( ) ( ) ( )g g
catalyst

g+
∆

Synthesis often results in the formation of only one product
from two reactants, but not always. Combustion, as in the
following example, CH4(g) + 2O2(g) ÿ CO2(g) + 2H2O, is also
a form of synthesis because the oxygen combines with both the
metal and the nonmetal to form two oxides.

Decomposition is the reverse of synthesis. One reactant
breaks apart to form several products. This is what happens
when hydrogen peroxide decomposes over time to leave
behind plain, ordinary water [2H2O2(aq) ÿ 2H2O(R) + O2(g)].

During a single replacement reaction, a more active metal
replaces a less active metal in a compound, or a more active
nonmetal replaces a less active nonmetal in a compound. This is
what happens when a metal becomes corroded by an acid
[2Fe(s) + 6HCl(aq) ÿ 2FeCl3(aq) + 3H2(g)]. In single replacement reactions, an element is reacting with a compound.

Double replacement reactions occur between aqueous compounds. The cations and anions switch partners. If
an insoluble precipitate forms, the reaction is an end reaction, otherwise the result is an aqueous mixture of ions.
An example of a double replacement reaction is AgNO3(aq) + NaCl(aq) ÿ NaNO3(aq) + AgCl(s).

For each of the reactions shown below, identify the type of reaction.

1. Pb(NO3)2(aq) + 2KI(aq) ÿ PbI2(s) + 2KNO3(aq) . . . . . . . ________________________________________

2. Zn(s) + CuSO4(aq) ÿ ZnSO4(aq) + Cu(s) . . . . . . . . . . . . . ________________________________________

3. FeCl3(aq) + 3NaOH(aq) ÿ Fe(OH)3(s) + 3NaCl(aq) . . . . ________________________________________

4. 2Mg(s) + O2(g) ÿ 2MgO(s) . . . . . . . . . . . . . . . . . . . . . . . ________________________________________

5. H2CO3(aq) ÿ H2O(R) + CO2(g) . . . . . . . . . . . . . . . . . . . . . ________________________________________

6. H2O(R) + N2O5(g) ÿ 2HNO3(aq) . . . . . . . . . . . . . . . . . . . . ________________________________________

7. Cl2(g) + 2NaBr(aq) ÿ 2NaCl(aq) + Br2(R) . . . . . . . . . . . . ________________________________________

8. 2KClO3(s) ÿ2KCl(s) + 3O2(g) . . . . . . . . . . . . . . . . . . . . . ________________________________________

9. 2K(s) + 2H2O(R) ÿ 2KOH(aq) + H2(g) . . . . . . . . . . . . . . . ________________________________________


