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Balancing Chemical Equations
Chemical symbols provide us with a shorthand method of writing the name of an element. Chemical 
formulas do the same for compounds. But what about chemical reactions? To write out, in words, the 
process of a chemical change would be long and tedious. Luckily, there is a shorthand method of writing 
a chemical reaction so that all the information is presented correctly and is easily understood by 
scientists. 

What are chemical equations?
Chemical equations show what is happening in a chemical reaction. They provide you with the identities 
of the reactants (substances present before the reaction happens) and the products (substances formed 
by the reaction). They also tell you how much of each substance is involved in the reaction. Chemical 
equations use symbols for elements and formulas for compounds. The reactants are written to the left of 
the arrow and the products are shown on the right side of the arrow. 

H2 + O2  → H2O 
The arrow should be read as “yields” or “produces.” This equation, therefore, says that hydrogen gas (H2) 
plus oxygen gas (O2) yields or produces the compound water (H2O). The types of atoms are all 
accounted for in the reactants and products of this equation, but the total number is not—this is an 
unbalanced equation. 

Write chemical equations for the following reactions:

Conservation of atoms
Take another look at the chemical equation for making water:

2H2 + O2  → 2H2O 
Did you notice that something has been added? The large number in front of the H2 tells us how many 
molecules of H2 are required for the reaction to proceed. The large number in front of H2O tells us how 
many molecules of water are formed by the reaction. These numbers are called coefficients. Using 
coefficients, we can balance the chemical equations so that the equation demonstrates conservation of 
atoms. The law of conservation of atoms says that no atoms are lost or gained in a chemical reaction. 
The same types and numbers of atoms must be found in the reactants and the products of a 
chemical reaction. 
Coefficients are placed before the chemical symbol for single elements and before the chemical formula 
of compounds to show how many atoms or molecules of each substance are participating in the 

Reactants Products Unbalanced Chemical Equations

Hydrochloric acid: HCl 
+ 

Sodium hydroxide: NaOH

Water: H2O 
+ 

Sodium chloride: NaCl

Calcium carbonate: CaCO3  
+ 

Potassium iodide: KI

Potassium carbonate: K2CO3 

+ 
Calcium iodide: CaI2

Aluminum fluoride: AlF3  
+ 

Magnesium nitrate: Mg(NO3)2

Aluminum nitrate: Al(NO3)3  
+ 

Magnesium fluoride: MgF2

 



 
chemical reaction. When counting atoms to balance an equation, remember that the coefficient applies to 
all atoms with the chemical formula for a compound. For example, 5CH4 means that five atoms of carbon 
and twenty total atoms (5 x 4) of hydrogen are contributed to the chemical reaction by the compound 
methane. 

Balancing Chemical Equations
To write a chemical equation correctly, first write the equation using the correct chemical symbols or 
formulas for the reactants and products. The displacement reaction between sodium chloride and iodine 
to form sodium iodide and chlorine gas is written as:

NaCl + I2  → NaI + Cl2 
Next, count the number of atoms of each element present on the reactant and product sides of the 
chemical equation:

For the chemical equation to be balanced, the numbers of atoms of each element must be the same on 
each side of the reaction. This is clearly not the case with the equation above. We need to add 
coefficients to balance the equation.

1. First, choose one element to balance. Let’s start by balancing chlorine. Since there are two atoms 
of chlorine on the product side and only one on the reactant side, we need to place a “2” in front of 
the reactant substance containing chlorine, the NaCl. 

2NaCl + I2  → NaI + Cl2 
This now gives us two atoms of chlorine on both the reactant and product sides of the equation. 
However, it also gives us two atoms of sodium on the reactant side! This is fine—often balancing 
one element will temporarily unbalance another. By the end of the process, however, all the 
elements will be balanced properly. 

2. At this point, there are two atoms of iodine on the reactant side of the equation and only one on 
the product side. Placing a coefficient of “2” in front of the reactant substance containing iodine will 
produce:

2NaCl + I2  → 2NaI + Cl2 
There are now two atoms of iodine on either side of the equation, and at the same time we 
balanced the number of sodium atoms! In this chemical reaction, two molecules of sodium chloride 
react with one molecule of iodine to produce two molecules of sodium iodide and one molecule of 
chlorine. Our equation is balanced!

3. If your equation is still unbalanced after adding a coefficient or two, continue using the same steps 
to completely balance all the atoms present in the reaction.   

Reactant Side of Equation Element Product Side of Equation

1 Na 1

1 Cl 2

2 I 1

 



 

Practice on your own! 
Add coefficients to the spaces below, as necessary, to balance the following equations:

1. _____ Al + _____ O2   →   _____ Al2O3 

2. _____ CO + _____ H2   →   _____ H2O + _____ CH4 

3. _____ HgO   →   _____ Hg + _____ O2 

4. _____ CaCO3   →   _____ CaO + _____ CO2 

5. _____ C + _____ Fe2O3  →   _____ Fe + _____ CO2 

6. _____ N2 + _____ H2  →   _____ NH3 

7. _____ K + _____ H2O  →   _____ KOH + _____ H2 

8. _____ P + _____ O2  →   _____ P2O5 

9. _____ Ba(OH)2 + _____ H2SO4  →   _____ H2O + _____ BaSO4 

10. _____ CaF2 + _____ H2SO4  →   _____ CaSO4 + _____ HF 

11. _____ KClO3   →   _____ KClO4 + _____ KCl 

12. _____ Cu +_____ O2   →   _____ Cu2O 

 



 
13. _____ P + _____ O2   →  _____ P4O10 

14. _____ CaCl2 +_____ AgNO3   →  _____ AgCl + _____ Ca(NO3)2 

15. _____ Mg +_____ P4   →  _____ Mg3P2 

16. _____ H2SO4 + _____ NaOH   →  _____ H2O + _____ Na2SO4 

17. _____ Fe2O3 + _____ CO   →  _____ Fe3O4 + _____CO2  

18. _____ KClO3   →  _____KCl + _____ O2 

19. _____ C3H8 + _____ O2   →  _____ CO2 + _____ H20 

20. _____ Ca + _____ H2O   →  _____ Ca(OH)2 + _____ H2  

21. _____ Cu + _____ AgNO3   →  _____ Cu(NO3)2 +_____ Ag 

Bonus! 

___ (NH4)3PO4 +  ___Pb(NO3)4   →  ___ Pb3(PO4)4 + ___ NH4NO3 

How does balancing chemical equations relate to the conservation of 
mass?

 


