
Reaction types
Four basic types

Synthesis
Main article: Synthesis reaction
In a synthesis reaction, two or more simple 
substances combine to form a more complex 
substance. These reactions are in the general form: 
A + B ⟶AB {\displaystyle {\ce {A + B -> AB}}} Two or 
more reactants yielding one product is another way 
to identify a synthesis reaction. One example of a 
synthesis reaction is the combination of iron and 
sulfur to form iron(II) sulfide: 
8 Fe + S 8 ⟶ 8 FeS {\displaystyle {\ce {8Fe + S8 -> 
8FeS}}} Another example is simple hydrogen gas 
combined with simple oxygen gas to produce a more 
complex substance, such as water.[18]
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 Reaction types
 Four basic types

 Representation of four basic chemical reactions types: synthesis, 
decomposition, single replacement and double replacement.
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 Double replacement
 In a double replacement reaction, the anions and 

cations of two compounds switch places and form two 
entirely different compounds.[18] These reactions are in 
the general form:[19]

 AB + CD ⟶AD + CB {\displaystyle {\ce {AB + CD -> AD + 
CB}}} For example, when barium chloride (BaCl2) and 
magnesium sulfate (MgSO4) react, the SO4

2− anion 
switches places with the 2Cl− anion, giving the 
compounds BaSO4 and MgCl2. 

 Another example of a double displacement reaction is 
the reaction of lead(II) nitrate with potassium iodide to 
form lead(II) iodide and potassium nitrate: 

 Pb ( NO 3 ) 2 + 2 KI ⟶ PbI 2 ↓ + 2 KNO 3 {\displaystyle
{\ce {Pb(NO3)2 + 2KI -> PbI2(v) + 2KNO3}}} 
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 In the reaction, sodium metal goes from an oxidation state of 0 (as it 
is a pure element) to +1: in other words, the sodium lost one electron 
and is said to have been oxidized. On the other hand, the chlorine gas 
goes from an oxidation of 0 (it is also a pure element) to −1: the 
chlorine gains one electron and is said to have been reduced. Because 
the chlorine is the one reduced, it is considered the electron acceptor, 
or in other words, induces oxidation in the sodium – thus the chlorine 
gas is considered the oxidizing agent. Conversely, the sodium is 
oxidized or is the electron donor, and thus induces reduction in the 
other species and is considered the reducing agent. 

 Which of the involved reactants would be reducing or oxidizing agent 
can be predicted from the electronegativity of their elements. 
Elements with low electronegativity, such as most metals, easily 
donate electrons and oxidize – they are reducing agents. On the 
contrary, many ions with high oxidation numbers, such as H
2O
2, MnO−

4, CrO
3, Cr
2O2−

7, OsO
4 can gain one or two extra electrons and are strong oxidizing agents. 
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 The number of electrons donated or accepted in a 
redox reaction can be predicted from the electron 
configuration of the reactant element. Elements try 
to reach the low-energy noble gas configuration, 
and therefore alkali metals and halogens will donate 
and accept one electron respectively. Noble gases 
themselves are chemically inactive.[22]

 An important class of redox reactions are the 
electrochemical reactions, where electrons from the 
power supply are used as the reducing agent. These 
reactions are particularly important for the 
production of chemical elements, such as 
chlorine[23] or aluminium. The reverse process in 
which electrons are released in redox reactions and 
can be used as electrical energy is possible and used 
in batteries
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 Complexation

 Ferrocene – an iron atom sandwiched between two C5H5
ligands

 In complexation reactions, several ligands react with a metal 
atom to form a coordination complex. This is achieved by 
providing lone pairs of the ligand into empty orbitals of the 
metal atom and forming dipolar bonds. The ligands are Lewis 
bases, they can be both ions and neutral molecules, such as 
carbon monoxide, ammonia or water. The number of ligands
that react with a central metal atom can be found using the 18-
electron rule, saying that the valence shells of a transition 
metal will collectively accommodate 18 electrons, whereas the 
symmetry of the resulting complex can be predicted with the 
crystal field theory and ligand field theory. Complexation
reactions also include ligand exchange, in which one or more 
ligands are replaced by another, and redox processes which 
change the oxidation state of the central metal atom.
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 Acid-base reactions
 In the Brønsted–Lowry acid–base theory, an acid-base reaction

involves a transfer of protons (H+) from one species (the acid) to 
another (the base). When a proton is removed from an acid, the 
resulting species is termed that acid's conjugate base. When 
the proton is accepted by a base, the resulting species is 
termed that base's conjugate acid.[25] In other words, acids act 
as proton donors and bases act as proton acceptors according 
to the following equation: 

 HA acid + B base ↽ − − ⇀A − conjugated base + HB + 
conjugated acid {\displaystyle {\ce {{\underset
{acid}{HA}}+{\underset {base}{B}}<=>{\underset {conjugated\
base}{A^{-}}}+{\underset {conjugated\ acid}{HB+}}}}} The reverse 
reaction is possible, and thus the acid/base and conjugated 
base/acid are always in equilibrium. The equilibrium is 
determined by the acid and base dissociation constants (Ka and 
Kb) of the involved substances. A special case of the acid-base 
reaction is the neutralization where an acid and a base, taken at 
exactly same amounts, form a neutral salt. 
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 Acid-base reactions can have different definitions 
depending on the acid-base concept employed. 
Some of the most common are: 

 Arrhenius definition: Acids dissociate in water 
releasing H3O+ ions; bases dissociate in water 
releasing OH− ions.

 Brønsted-Lowry definition: Acids are proton (H+) 
donors, bases are proton acceptors; this includes 
the Arrhenius definition.

 Lewis definition: Acids are electron-pair acceptors, 
bases are electron-pair donors; this includes the 
Brønsted-Lowry definition
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 Precipitation

 Precipitation

 Precipitation is the formation of a solid in a solution 
or inside another solid during a chemical reaction. It 
usually takes place when the concentration of 
dissolved ions exceeds the solubility limit[26] and 
forms an insoluble salt. This process can be assisted 
by adding a precipitating agent or by removal of the 
solvent. Rapid precipitation results in an amorphous
or microcrystalline residue and slow process can 
yield single crystals. The latter can also be obtained 
by recrystallization from microcrystalline salts.[27]
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