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Percentage composition, empirical and 
molecular formula

Percentage composition 
The percentage composition of any given compound is nothing but the ratio of the amount of each 
element present in the compound to the total amount of individual elements present in that 
compound multiplied by 100. 
Or you can say, 
Percentage of composition is denoted as the number of parts by mass of each element present in 
hundred parts by mass of a compoun

Formula:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑙𝑒𝑚𝑒𝑛𝑡

Example 1: Calculate percentage composition of CO
Molecular Mass of CO2= 12 + (16x2) =12+32=44
Here 12 parts by mass of Carbon combines with 32 parts 

% of Carbon in Carbon Dioxide = 

% of Oxygen in Carbon Dioxide = 

 
Example 2: Calculate percentage composition of CaCO
Molecular Mass of CaCO3= 40 + 12 + (16x3) = 40+12+48 = 
It means 40 parts by mass of Calcium & 12 parts by mass of Carbon combines with 48 parts by mass of 
Oxygen to form 100 parts by mass of Calcium carbonate.

% of Calcium in CaCO3 = 
 

% of Calcium in CaCO3 = 
 

% of Oxygen in CaCO3 = 
 

Molecular & Empirical Formula
A formula is a ratio of number of atoms of each element present in the compound. 

Percentage composition, Empirical & Molecular formula  

Percentage composition, empirical and 
molecular formula 

 
The percentage composition of any given compound is nothing but the ratio of the amount of each 

present in the compound to the total amount of individual elements present in that 

Percentage of composition is denoted as the number of parts by mass of each element present in 
hundred parts by mass of a compound. 

𝐸𝑙𝑒𝑚𝑒𝑛𝑡 =  
𝑁𝑜 𝑜𝑓 𝑝𝑎𝑟𝑡𝑠 𝑏𝑦 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒

𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑀𝑎𝑠𝑠

1: Calculate percentage composition of CO2   
= 12 + (16x2) =12+32=44 
of Carbon combines with 32 parts by mass of Oxygen to form 44 parts of 

% of Carbon in Carbon Dioxide = 
       

     
 x 100 = 

% of Oxygen in Carbon Dioxide = 
       

     
 x 100 = 

2: Calculate percentage composition of CaCO3   
= 40 + 12 + (16x3) = 40+12+48 = 100 

40 parts by mass of Calcium & 12 parts by mass of Carbon combines with 48 parts by mass of 
Oxygen to form 100 parts by mass of Calcium carbonate. 

      

     
 x 100 =  x 100 = 40

      

     
 x 100 =  x 100 = 12

      

     
 x 100 =  x 100 = 48

Molecular & Empirical Formula 
A formula is a ratio of number of atoms of each element present in the compound. 

Percentage composition, empirical and 

The percentage composition of any given compound is nothing but the ratio of the amount of each 
present in the compound to the total amount of individual elements present in that 

Percentage of composition is denoted as the number of parts by mass of each element present in 

 𝐸𝑙𝑒𝑚𝑒𝑛𝑡
 𝑋 100 

Oxygen to form 44 parts of CO2. 

x 100 =  x 100 = 27.27 

x 100 =  x 100 = 72.73 

40 parts by mass of Calcium & 12 parts by mass of Carbon combines with 48 parts by mass of 

x 100 = 40 

x 100 = 12 

x 100 = 48 

A formula is a ratio of number of atoms of each element present in the compound. It is of two types.  
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1. Molecular Formula 
The molecular formula shows the exact number of atoms of each element present in one molecule 
of the compound.  
For example, Molecular formula of hydrogen peroxide is 
peroxide contains 2 atoms of hydrogen and 2 atoms of oxygen.
2. Empirical Formula. 
The empirical formula shows the simplest whole number ratio of atoms of each elements present 
in one molecule of the compound. 
For example, Empirical formula of hydrogen peroxide is 
of Hydrogen and Oxygen atoms pr

Hence, we can say Empirical formula is the simplest formula which gives the atomic ratio in terms 
of smallest whole numbers of each type of atom present.  

Example 1: Acetic acid 
Molecular formula of Acetic acid = CH
Ratio of the number of atoms = 2:4:2 = 2(1:2:1) 
Hence the Empirical formula of Acetic acid = CH
Example 2: Glucose 
Molecular formula of Glucose = C
Ratio of the number of atoms = 6:12:6 = 6(1:2:1
Hence the Empirical formula of Glucose = CH
 
Empirical formula of 2 compounds may be the same but Molecular formula of 2 compounds will 
never be the same. 

Relationship between Molecular & Empirical Formula
Molecular formula = (Empirical formula)
Where the value of n is a whole number. 
 
Molecular formula of a compound is equal to Empirical formula of that compound when n=1
For example Both the Molecular formula 

How to determine Molecula
Composition 

1. The percentage composition of each element is divided by relative atomic mass to get the 
relative number of atoms present in the compound.

Percentage composition, Empirical & Molecular formula  

The molecular formula shows the exact number of atoms of each element present in one molecule 

ormula of hydrogen peroxide is H2O2. It means one molecule of hydrogen 
peroxide contains 2 atoms of hydrogen and 2 atoms of oxygen.  

The empirical formula shows the simplest whole number ratio of atoms of each elements present 
in one molecule of the compound.  

Empirical formula of hydrogen peroxide is HO. It is the simplest whole number ratio 
of Hydrogen and Oxygen atoms present in hydrogen peroxide molecule. 

Hence, we can say Empirical formula is the simplest formula which gives the atomic ratio in terms 
of smallest whole numbers of each type of atom present.   

Molecular formula of Acetic acid = CH3COOH = C2H4O2  
Ratio of the number of atoms = 2:4:2 = 2(1:2:1)  
Hence the Empirical formula of Acetic acid = CH2O  

Molecular formula of Glucose = C6H12O6  
Ratio of the number of atoms = 6:12:6 = 6(1:2:1)  

Glucose = CH2O  

Empirical formula of 2 compounds may be the same but Molecular formula of 2 compounds will 

Relationship between Molecular & Empirical Formula 

Molecular formula = (Empirical formula)n   
Where the value of n is a whole number.  

Molecular formula of a compound is equal to Empirical formula of that compound when n=1
For example Both the Molecular formula and Empirical formula of Hydro Chloric acid is same. ie HCl 

How to determine Molecular & Empirical Formula from Percentage 

The percentage composition of each element is divided by relative atomic mass to get the 
relative number of atoms present in the compound. 

The molecular formula shows the exact number of atoms of each element present in one molecule 

It means one molecule of hydrogen 

The empirical formula shows the simplest whole number ratio of atoms of each elements present 

. It is the simplest whole number ratio 

Hence, we can say Empirical formula is the simplest formula which gives the atomic ratio in terms 

Empirical formula of 2 compounds may be the same but Molecular formula of 2 compounds will 

Molecular formula of a compound is equal to Empirical formula of that compound when n=1  
hloric acid is same. ie HCl  

r & Empirical Formula from Percentage 

The percentage composition of each element is divided by relative atomic mass to get the 
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2. Simplest ratio of the number of atoms can be derived.  
3. If the above ratio is not a whole number ratio, then this ratio is multiplied by an integer to 

convert the same to a whole number ratio.
4. Once the whole number ratio is determined then it is possible to write the Empirical formula.
5. The Molecular formula sometimes may 

simple multiple of Empirical formula.

 
 Problem 1 
Calculate empirical formula of a compound that contains 22.22% Nitrogen, 1.59% Hydrogen and the 
rest Oxygen.  
Solution 

Element Percentage 
Composition

Nitrogen 22.22 %  

Hydrogen 1.59 %  

Oxygen 100 – 
(22.22+1.59) 
= 76.19% 

 
Hence the compound contains H,N and O atoms with whole number ratio of 1:1:3, 
Its empirical formula = HNO3   
 
Problem 2 
A gaseous compound of Carbon & Nitrogen, containing 53.8% by weight of nitrogen was found 
vapour density of 25.8.  What is the molecular formula of the compound?
Solution 

Element Percentage 
Composition

Nitrogen 53.8 %  

Carbon 100 – 53.8 
= 46.2 % 

Percentage composition, Empirical & Molecular formula  

Simplest ratio of the number of atoms can be derived.   
e ratio is not a whole number ratio, then this ratio is multiplied by an integer to 

convert the same to a whole number ratio. 
Once the whole number ratio is determined then it is possible to write the Empirical formula.
The Molecular formula sometimes may be same as the empirical  formula or it may be the 
simple multiple of Empirical formula. 

Calculate empirical formula of a compound that contains 22.22% Nitrogen, 1.59% Hydrogen and the 

Percentage 
Composition 

Atomic 
Mass  

Relative no of 
atoms  

Simplest Ratio

14 
 

1 
 

(22.22+1.59) 
16 

 

Hence the compound contains H,N and O atoms with whole number ratio of 1:1:3, 

A gaseous compound of Carbon & Nitrogen, containing 53.8% by weight of nitrogen was found 
is the molecular formula of the compound? 

Percentage 
Composition 

Atomic 
Mass  

Relative no 
of atoms  

Simplest Ratio

14 
 

53.8  12 
 

e ratio is not a whole number ratio, then this ratio is multiplied by an integer to 

Once the whole number ratio is determined then it is possible to write the Empirical formula. 
formula or it may be the 

Calculate empirical formula of a compound that contains 22.22% Nitrogen, 1.59% Hydrogen and the 

Simplest Ratio  

 

 

 

Hence the compound contains H,N and O atoms with whole number ratio of 1:1:3,  

A gaseous compound of Carbon & Nitrogen, containing 53.8% by weight of nitrogen was found to have 

Simplest Ratio  
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Hence the compound contains C&N with whole number ratio of 1:1
Its empirical formula = CN   
Molecular mass = 2xVapour Density = 2x25.8 = 51.6 
Empirical mass = 12+14= 26  
n= 51.6/26=1.98 ~ 2 
Now, Molecular formula of the compound = (Empirical Formula)n = (CN)

Percentage of Oxygen in an Organic compound
In the analysis of elements of an organic compound, the elements carbon, hydrogen, nitrogen and 
halogen can be estimated by chemical methods. But the element Oxygen cannot be estimated directly. 
So the percentage of oxygen is obtained by subtracting the su
100.  

% of Oxygen in a compound = 100 

Problem 3 
A compound on analysis is found to contain the following percentage composition. Fe= 20.14 %, 
S=11.51%, H=5.08% and rest is Oxygen. The molecular mass of the substance is 278. Determine the 
molecular formula assuming that all the hydrogen atoms are present with oxygen as water of 
crystallization.  
Solution 

Element Percentage 
Composition

Fe 20.14 %  

S 11.51 %  

H 5.08 %  

O 100 – 
(20.14+11.51+5.08)
 = 63.27% 

 
Hence the compound contains Fe, S, H & O with whole number ratio of 1:1:14:11 
Empirical formula = FeSH14O11  

Percentage composition, Empirical & Molecular formula  

Hence the compound contains C&N with whole number ratio of 1:1 

Molecular mass = 2xVapour Density = 2x25.8 = 51.6  

Now, Molecular formula of the compound = (Empirical Formula)n = (CN)2 = C2N

Percentage of Oxygen in an Organic compound 
In the analysis of elements of an organic compound, the elements carbon, hydrogen, nitrogen and 
halogen can be estimated by chemical methods. But the element Oxygen cannot be estimated directly. 
So the percentage of oxygen is obtained by subtracting the sum of percentage of other elements from 

% of Oxygen in a compound = 100 – (Sum of percentage of other elements of that compound)

A compound on analysis is found to contain the following percentage composition. Fe= 20.14 %, 
and rest is Oxygen. The molecular mass of the substance is 278. Determine the 

molecular formula assuming that all the hydrogen atoms are present with oxygen as water of 

Percentage 
Composition 

Atomic 
Mass  

Relative no 
of atoms  

56 

32 

1.008 

(20.14+11.51+5.08) 
 

16 

Hence the compound contains Fe, S, H & O with whole number ratio of 1:1:14:11 

N2  

In the analysis of elements of an organic compound, the elements carbon, hydrogen, nitrogen and 
halogen can be estimated by chemical methods. But the element Oxygen cannot be estimated directly. 

m of percentage of other elements from 

(Sum of percentage of other elements of that compound)  

A compound on analysis is found to contain the following percentage composition. Fe= 20.14 %, 
and rest is Oxygen. The molecular mass of the substance is 278. Determine the 

molecular formula assuming that all the hydrogen atoms are present with oxygen as water of 

Relative no 
 

Simplest 
Ratio  

  

  

  

  

Hence the compound contains Fe, S, H & O with whole number ratio of 1:1:14:11  
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Empirical Mass = 56+32+(1x14)+(16x11)= 278 
From the question Molecular mass is also 278 
Now, n = 278/278=1 
So here Molecular formula = Empirical formula
Again it is said that, all the hydrogen atoms present with oxygen as water. Here 14 Hydrogen atoms are 
present in this compound. So, 14 hydrogen atoms can combine 7 oxygen atoms to form 7 water 
molecules. But total no of oxygen atoms in the compound= 11 

After making 7 water molecules rest 11
So finally the molecular formula will be

Percentage composition, Empirical & Molecular formula  

Empirical Mass = 56+32+(1x14)+(16x11)= 278  
From the question Molecular mass is also 278  

So here Molecular formula = Empirical formula = FeSH14O11  
Again it is said that, all the hydrogen atoms present with oxygen as water. Here 14 Hydrogen atoms are 
present in this compound. So, 14 hydrogen atoms can combine 7 oxygen atoms to form 7 water 
molecules. But total no of oxygen atoms in the compound= 11  

fter making 7 water molecules rest 11-7 = 4 oxygen atoms will be present in parent compound. 
So finally the molecular formula will be FeSO47H2O  

Again it is said that, all the hydrogen atoms present with oxygen as water. Here 14 Hydrogen atoms are 
present in this compound. So, 14 hydrogen atoms can combine 7 oxygen atoms to form 7 water 

7 = 4 oxygen atoms will be present in parent compound.  


