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• Stoichiometry of reactions • Stoichiometric coefficients and ratios

What you already know

What you will learn

Limiting Reagent (L.R.) and Excess Reagent 

Limiting Reagent: The reactant that is consumed first and limits the amount of the product formed 
in the reaction is known as the limiting reagent, assuming complete reaction.

• Limiting reagent is present in the least stoichiometric amount.

• Limiting reagent controls the amount of the product formed.

Excess reagent: The reactant left in a chemical reaction after the limiting reagent is consumed.

In the first case, the exact stoichiometric amounts of both the reactants H2 and N2 are taken to 
give the stoichiometric amount of the product NH3. So, there is no leftover amount of reactants 
in the reaction.

In the second case, there are leftover molecules of N2 in the reaction which shows that N2 is the 
excess reagent and H2 is the limiting reagent.

• Limiting reagent & excess reagent

• Percentage excess

• Percentage purity

• Percentage yield

Example

Normal reaction Reaction having L.R.
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 N2(g) + 3H2(g) ⟶ 2NH3(g)

From stoichiometry, one mole of N2 reacts with three moles of H2 to give two moles of NH3.

Reaction N2(g) + 3H2(g) ⟶ 2NH3(g)

Given moles 11 mol 30mol 
Number of moles

Stoichiometric coefficient 11
1  = 11 30

3  = 10

From the calculations, H2 is the limiting reagent.

Limiting reagent controls the amount of the product.

3 mol of H2 reacts with 1 mol of N2 to give 2 mol of NH3. 

30 mol of H2 reacts with 10 mol of N2 to give 20 mol of NH3. 

Steps to find the limiting reagent 

Divide the given 
moles of reactant 
by the respective 

stoichiometric 
coefficient of that 

reactant.

Identify the reactant 
for which this 

division comes out to 
be the minimum.

The reactant that 
has the minimum 

value is the limiting 
reagent.

Let us understand through an example

Example 1

3n (N2, Initial) > n (H2, Initial)

Minimum

Limiting reagentExcess reagent

n (N2, Initial)

1

n (H2, Initial)

3

n (N2, Initial)

1
 ≠ 

n (H2, Initial)

3
 

Excess reagent Limiting reagent
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1 N2 (g) ++ ⟶3 H2 (g) 2 NH3 (g)

11 moles 

1 moles 

-10 moles 

Initial 

At t = tf

30 moles 

0

-30 moles 

0

20 moles 

+20 moles

+ ⟶

2H (g) + O (g) ⟶ H2O (g)

From stoichiometry, two atoms of hydrogen combine with one atom of oxygen to give one water 
molecule.

Reactant Hydrogen Oxygen

Given atoms 10 10
Given number of atoms 

Stoichiometric coefficient  10
2  = 5 10

1  = 10

So, hydrogen is the limiting reagent.

Two atoms of hydrogen combine with one atom of oxygen to give one water molecule.

10 atoms of hydrogen combine with five atoms of oxygen to give five molecules of H2O.

Example 2

1 oxygen atom2 hydrogen atoms 1 water molecule

+ ⟶10 oxygen atoms10 hydrogen atoms ?
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Limiting reagent determination

Limiting reagent determination

The reaction 2C + O2 ⟶ 2CO is carried out by taking 24 g of carbon and 96 g O2 . The limiting and 
the excess reagents respectively are:

The reactions 2SO2 + O2 ⟶ 2SO3 and 2SO3+ 2H2O ⟶ 2H2SO4 are carried out by taking 640 g of 
SO2, 64 g of O2 and 90 g of H2O. What are the limiting reagents for the two reactions?

Solution

Solution

Step 1: 
Finding the moles of C from the given mass

Moles of C = 
Given mass
Molar Mass

= 
24
12

 = 2 mol

Step 1: 
Finding the moles of SO2 and O2 from the 
given mass

Moles of SO2 = 
Given mass
Molar Mass

= 
640
64

 = 10 mol

Moles of O2 = 
Given mass
Molar Mass

= 
64
32

 = 2 mol

Step 3: 
Finding the moles of SO3 and H2O
O2 is the limiting reagent in 2SO2 + O2 ⟶ 2SO3

One mole of O2 gives two moles of SO3.
Two moles of O2 give four moles of SO3.

Moles of H2O = 
Given mass
Molar Mass = 

90
18

 = 5 mol

The ratio for carbon is less. Hence, carbon is the limiting reagent and O2 is the excess reagent.

Step 3: 

Finding the limiting and the excess reagent

For C = 
Moles

Stoic. Coef.  = 
2
2

 = 1 For O2, 
Moles

Stoic. Coef.  = 
3
1

 = 3

Step 2: 
Finding the moles of O2 from the given mass

Moles of O2 = 
Given mass
Molar Mass

= 
96
32

 = 3 mol

Step 2: 
Finding the limiting reagent

For SO2,  
Moles

Stoic. Coef.  = 
10
2

 = 5

For O2,  
Moles

Stoic. Coef.  = 
2
1

 = 2

Oxygen has the least ratio. 
Hence, it is the limiting reagent.

Step 4: 
Finding the limiting reagent 

For SO3,  
Moles

Stoic. Coef.  = 
4
2

 = 2

For H2O,  
Moles

Stoic. Coef.  = 
5
2

 = 2.5

SO3 is the limiting reagent due to its least ratio.
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Calculating the number of moles formed and the limiting reagent

For the reaction, 2P + Q ⟶ R, what will 8 mol of P and 5 mol of Q produce?
a) 8 mol of R                 b) 5 mol of R                 c) 4 mol of R                 d) 13 mol of R

Solution

Step 1: 
Finding the limiting reagent

For P, 
Moles

Stoic. Coef.  = 
8
2

 = 4

For Q, 
Moles

Stoic. Coef.  = 
5
1

 = 5

The ratio for P is less. Hence, P is the limiting 
reagent.

Step 2: 

Finding the moles of R produced
Moles of R produced

Stoic. Coef.  = 
Moles of P produced

Stoic. Coef.  

Moles of R produced = 4 mol

Percentage Excess

% excess = 
Number of moles left after reaction 

Number of moles required by stoichiometry
 × 100

Limiting reagent and percentage excess

Four moles of MgCO3 are reacted with six moles of HCl solution. Find the excess reagent and 
percentage excess?

MgCO3 + 2HCl ⟶ MgCl2 + CO2 + H2O

Solution

Step 1: 
Finding the limiting reagent

For MgCO3, 
Moles

Stoic. Coef.  = 
4
1

 = 4     For HCl, 
Moles

Stoic. Coef.  = 
6
2

 = 3

The ratio for HCl is less. Hence, HCl is the limiting reagent and MgCO3 is excess reagent

Step 2: 
Finding the percentage excess
2 moles of HCl reacts with 1 mole of MgCO3

6 moles of HCl reacts with = 
1
2

 × 6 = 3 moles of MgCO3

% excess = 
Number of moles left after reaction 

Number of moles required by stoichiometry
 × 100

% excess of MgCO3 = 
(4-3)

3
 × 100 = 33.33 %
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Limiting reagent and product yield determination

49 g of H2SO4 is mixed with 14.8 g of Ca(OH)2. What is the mass of CaSO4 formed?

Solution

Step 1: 

Writing the balanced chemical equation

H2SO4 + Ca(OH)2 ⟶ CaSO4 +2H2O

Step 3: 

Finding the moles of Ca(OH)2

Moles of Ca(OH)2 = 
Given mass
Molar mass

= 
14.8
74

 = 0.2 mol

Step 5: 

Finding the moles of CaSO4

Moles of CaSO4 produced

Stoic. Coef.  = 
Moles of Ca(OH)2 consumed

Stoic. Coef.  

= 
Moles of CaSO4 produced

1
 =  

0.2
1

Moles of CaSO4 produced = 0.2 mol

Step 6: 

Finding the mass of CaSO4

Mass of CaSO4 formed

= Moles × Molar  mass

= 0.2 × 136 = 27.2 g

Step 2: 

Finding the moles of H2SO4

Moles of H2SO4 = 
Given mass
Molar mass

= 
49
98

 = 0.5 mol

Step 4: 

Find the limiting reagent

For H2SO4, 
Moles

Stoic. Coef.
 = 

0.5
1

 = 0.5

For Ca(OH)2, 
Moles

Stoic. Coef.
 = 

0.2
1

 = 0.2

Hence, Ca(OH)2 is the limiting reagent.

Percentage Purity

Percentage of a specified compound or element in an impure sample

% purity = 
Actual amount of desired species in the sample

Total amount of the sample 
 × 100

For example, 100 g of 80% pure NaCl implies that the sample contains 80 g of NaCl and 20 g of 
unwanted substance, also known as impurities.

Product yield determination from an impure sample

Calculate the mass of CO2 produced by heating 40 g of 20% pure CaCO3.
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Solution

Solution

Step 1: 

Writing the balanced chemical equation

CaCO3(s) ⟶ CaO(s) + CO2(g)

Step 1: 

Writing the balanced chemical equation

2KClO3(s) ⟶ 2KCl(s) + 3O2(g)

Step 2: 

Finding the moles of CaCO3 consumed

Weight of CaCO3 = Weight of the sample × 
Percentage purity = 40 g × 20/100= 8 g

Moles of CaCO3 = 
Given mass
Molar mass  = 

8
100

 = 0.08 mol

Step 2: 

Finding the moles of O2 produced

Moles of O2 produced = 
Volume of O2 (L)

22.4 L

= 
2.24 L
22.4 L = 0.1 mol

Step 4: 

Finding the mass of CO2 produced

Mass of CO2 produced = Moles × 
Molar mass = 0.08 × 44 = 3.52 g

Step 4: 

Finding the mass of KClO3 
consumed

Mass of KClO3 consumed

= Moles × Molar mass

= 0.0666 × 122.5

= 8.16 g

Step 3: 

Finding the moles of CO2 produced

Moles of CaCO3 consumed

Stoichiometric coefficient  = 
Moles of CO2 produced

Stoichiometric coefficient
0.08

1
 = 

Moles of CO2 produced

1
So, moles of CO2 produced = 0.08 mol

Step 3: 

Finding the moles of KClO3 consumed

Moles of KCIO3 consumed

Stoichiometric coefficient  = 
Moles of O2 produced

Stoichiometric coefficient
Moles of KCIO3 consumed

2
 = 

0.1

3
 

So, moles of KClO3 consumed = 0.0666 mol

Percentage purity determination from stoichiometry

A 10 g sample of KClO3 on complete decomposition gave 2.24 L of oxygen at STP. What is the 
percentage purity of the sample of potassium chlorate?
a) 61.2                    b) 81.6                    c) 96.6                    d) 24.6
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Step 5: 

Finding the percentage purity of KClO3

% purity = 
Actual amount of desired species in the sample

Total amount of the sample 
 × 100

8.16
10

 × 100 = 81.6 %

Option b. is the correct answer.

Solution

Step 1: 

Writing the balanced chemical equation

MgCO3(s) ⟶ MgO(s) + CO2(g)

Step 2: 

Finding the moles of MgO produced

Moles of MgO = 
Given mass
Molar mass

= 
8

40
 = 0.2 mol

Step 4: 

Finding the mass of MgCO3 consumed

Mass of MgCO3 consumed 

= Moles × Molar mass

= 0.2 × 84 

= 16.8 g

Step 3: 

Finding the moles of MgCO3 consumed

Moles of MgCO3 consumed

1
 = 

0.2

1

Moles of MgCO3 consumed = 0.2 mol

Percentage purity determination from stoichiometry

A 20 g sample of magnesium carbonate decomposes on heating to give carbon dioxide and 8.0 g 
of magnesium oxide. What will be the percentage purity of magnesium carbonate in the sample? 
(Molar mass of Mg = 24 g/mol)

Step 5: 

Finding the percentage purity of MgCO3

% purity = 
Actual amount of desired species in the sample

Total amount of the sample 
 × 100

16.8
20

 × 100 = 84 %
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Solution

Step 1: 

Writing the balanced chemical equation

Br2 + CI2 ⟶ 2BrCI

Step 2: 

Finding the theoretical yield of BrCl

Moles of Br2 consumed

Stoic. Coef.  = 
Moles of Cl2 consumed

Stoic. Coef.  = 
Moles of BrCl produced

Stoic. Coef.
0.05 mol

1
 = 

0.05 mol

1
 = 

Moles of BrCl produced

2
Moles of BrCl produced (theoretical) = 0.1 mol 

Step 3: 

Finding the actual yield of BrCl

Moles of BrCl produced (experimental) = 0.1 × 
70
100

 = 0.07 mol

Product yield determination from percentage yield

The percent yield for the following reaction carried out in carbon tetrachloride (CCI4) solution is 
70%. 

Br2 + CI2 ⟶ 2BrCI

What amount of BrCI would be formed from the reaction of 0.05 mol Br2 and 0.05 mol CI2?

Percentage Yield

Percent yield is the percent ratio of the actual yield to the theoretical yield, where actual yield is the 
yield obtained by doing an experiment.

% yield = 
Actual yield

Theoretical yield
 × 100


