Classification of Chemical Reactions
There are various ways of classifying chemical reactions and no single scheme is completely satisfactory.  In elementary chemistry it is advantageous to learn to recognize reactions as falling into main categories of reactions.  Five categories are described in this handout: Combustion, Synthesis, Decomposition, Double Replacement and Single Replacement.
SYNTHESIS  

(Composition)
Description: 
Two or more substances (element/element, element/compound or 

compound/compound) combine to form a more complex substance
General Formula:
"A"  +  "X"  →  "AX"

Example:

Fe(s)  +  S(s)  →   FeS(s)


      
 
H2O(l)  +  SO3(g)  →  H2SO4(aq)
DECOMPOSITION
Description:

The reverse of a synthesis, in which a complex substance 




breaks down to form two or more simpler substances
General Formula:
"AX"  →  "A"  +  "X"

Example: 

2 H2O(l)  →  2 H2(g)  +  O2(g)

Types:
     A. Some metallic oxides decompose into the free metal and oxygen when heated.



General Formula:
Met O-2  →  Met  +  O2


Example:

2 HgO(s)  →  2 Hg(s)  +  O2(g)

     B. Metallic carbonates decompose into metallic oxides and carbon dioxide when heated.



General Formula:
Met CO3-2  →  Met O-2  +  CO2



Example:

CaCO3(s)  →  CaO(s)  +  CO2(g)


     C. Metallic hydroxides decompose into metallic oxides and water when heated.


  
General Formula:
Met OH-  →  Met O-2  +  H2O



Example:

Ca(OH)2(s)  →  CaO(s)  +  H2O(l)


     D. Metallic chlorates decompose into metallic chlorides and oxygen when heated.



General Formula:
Met ClO3-  →  Met Cl-  +  O2


Example:

2 KClO3(s)  →  2 KCl(s)  +  3 O2(g)


     E. Some acids decompose into nonmetallic oxides and water when heated.



General Formula:
Ternary acid  →  H2O  +  nonmetallic oxide



Example:

H2CO3(l)  →  H2O(l)  +  CO2(g)






H2SO3(l)  →  H2O(l)  +  SO2(g)
SINGLE REPLACEMENT

(Single Displacement)
Description:
A more active element replaces another element in a compound
Based on the activity series* of the elements.  

General Formula:
"A"  +  "BX"  →  "AX"  +  "B"         ( "A" and "B" are cations)




"C"  +  "BX"  →  "BC"  +  "X"         ( "C" and "X" are anions)

Types:     A. Replacement of a metal in a compound by a more active metal.



Example:  
Zn(s)  +  CuSO4(aq)  →  ZnSO4(aq)  +  Cu(s)
(Zinc is a more active metal than copper, thus it will 





 replace copper from a solution of a copper compound.)

     B. Replacement of hydrogen from water by a more active metal to form 
         a metallic hydroxide and hydrogen gas.



Example:
Ca(s)  +  2 H2O(l)  →  Ca(OH)2(aq)  +  H2(g)





(The very active metals, such as potassium, calcium and sodium 




  react vigorously with water to replace half the hydrogen in water 





  and form metallic hyroxides.)


     C. Replacement of hydrogen in acids by a metal.



Example: 
Zn(s)  +  H2SO4(aq)  →  ZnSO4(aq)  +  H2(g)





(Many metals react with certain acids, such as hydrochloric, 




  sulfuric, and phosphoric acid to replace the hydrogen from 





  the acid and form the corresponding salt.)


     D. Replacement of halogens.



Example:
Cl2(g)  +  2 KBr(s)  →  Br2(l)  +  KCl(s)
*ACTIVITY SERIES OF ELEMENTS*



METALS


NONMETALS



lithium



fluorine




potassium


chlorine




calcium



bromine




sodium



iodine




magnesium




aluminum




zinc




chromium




iron




nickel




tin




lead




hydrogen



copper




mercury




silver




platinum




gold
DOUBLE REPLACEMENT

(Double Displacement)
Description: 

Two compounds react by pairing the cation of one with the anion of the other
General Formula:
"AX"  +  "BY"  →  "AY"  +  "BX"

Example:

NaCl(aq)  +  AgNO3(aq)  →  NaNO3(aq)  +  AgCl(s)


Aqueous solutions contain ions, which may form combinations (compounds) that are 

insoluble in water.  For example, a solution of sodium chloride containing sodium 

ions and chloride ions is added to a solution of silver nitrate, containing silver ions 

and nitrate ions.  The combination of silver ions and chloride ions forms the 


compound silver chloride, which is a white precipitate insoluble in water, leaving
 

the sodium and nitrate ions in the solution.
   COMBUSTION

Description:
A hydrocarbon reacts with oxygen to form carbon dioxide and water
General Formula:
“CxHy”  +  “O2”  →  “CO2”  +  “H2O”
Example:

C3H8  +  5O2  →  3CO2  +  4H2O
