
Journal of Science and Technology 
ISSN: 2456-5660 Volume 7, Special Issue 03 (MAY 2022) 
 
www.jst.org.in                                                   DOI:https://doi.org/10.46243/jst.2022.v7.i03.pp32-34 

Published by: Longman Publishers            www.jst.org.in  P a g e  32 | 3 

 

An Overview on balancing chemical Equation Through Diophantine 

Equation 
Jagtap Gaytri Sadashiv1  

1(Department of Mathematics,AnandraoDhonde Alias Babaji MahavidyalayaKada,,India) 
 Email:gaytribk94@gmail.com 

 

 

To Cite this Article 
Jagtap Gaytri Sadashiv “An Overview on balancing chemical Equation Through DiophantineEquation”, 

Journal of Science and Technology, Vol. 07, Special Issue 03, May 2022. 

 
Article Info 
Received: 20-04-2022              Revised: 10-05-2022     Accepted: 12-05-2022       Published: 22-05-2022 

Abstract:Diophantine equation is an algebraic polynomial with two or more unknowns and integer coefficients 

such that only the integral solutions are required. The Diophantine equation are used to solve for all unknowns in 

the problems. The Diophantine equation involves only sums, products and powers in which all the constants are 

integers and only solutions of interest are integers. There are many applications of Diophantine equations in 

various fields such as figuring out income over time, calculating mileage rates, predicting profit, calculating 

medicine doses based on patients’ weights, real life geometric problems of physics, the field of cryptography, 

computational complexity theory, balancing the chemical reactions in chemistry, in this paper we discuss about the 

mathematical method of balancing chemical equations through Diophantine equations. Some examples are given in 

this paper in detail. 
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_____________________________________________________________________________________ 

Introduction 
Diophantine Equations: 

There are two types of Diophantine equations, the linear and nonlinear Diophantine equations. The linear 

Diophantine equations is used all fields. In Chemistry it is used to solve chemical equation and molecular formula. If 

𝑎, 𝑏, 𝑐 are any given integers then the linear Diophantine with two variable is defined as 𝑎𝑥 + 𝑏𝑦 = 𝑐. 

Chemical Equation:  

The chemical equation is a symbolic representation of chemical reaction consists of reactants on left side and 

products on right side with plus sign between both left side and right side and arrow towards the right side. In 1615 

the first chemical equation was diagrammed by Jean Beguin. 

Molecular formula:  

An expression which states the number and type of atoms present in a molecule of a substance. Chemical reaction is 

a process that involves rearrangement of the molecular or ionic structure of a substance as distinct from a change in 

physical form or a nuclear reaction i.e., this is a process in which one or more substances the reactants are converted 

to one or more different substances the products. Substances are either chemical elements or compounds. There are 

many methods for balancing the chemical reactions. 

1. Balance the chemical reaction: 

Consider the unbalanced chemical reaction 

C4H10 + O2 ⟶ CO2 + H2O  - Not balanced    --------- (1) 

This reaction consists of three elements, Carbon (C), Hydrogen (H) and Oxygen (O).  

This chemical reaction is converted into mathematical form. Balancing the chemical reaction means finding the 

coefficients of both reactants and products. Given reaction consists of two reactants and two products then consider 

the four unknown coefficients (𝑎, 𝑏, 𝑐, 𝑑) for both reactants and products. A balanced equation can be written as  

aC4H10 + bO2 ⟶ c CO2 + dH2O   --------- (2) 
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Table 1: Corresponding to four elements we have the coefficients are as follows: 
Element 𝑎 𝑏  

⟶ 
𝑐 𝑑 

Reactant Products 

Carbon (C) 4 0 = 1 0 

Hydrogen (H) 10 0 = 0 2 

Oxygen(O) 0 2 = 2 1 

 

Hence the algebraic representation of chemical reaction is  

Carbon (C): 4𝑎 = 𝑐 ⟹ 4𝑎 − 𝑐 = 0 

Hydrogen(H): 10𝑎 = 2𝑑 ⟹ 10𝑎 − 2𝑑 = 0 

 Oxygen(O): 2𝑏 = 2𝑐 + 𝑑 ⟹ 2𝑏 − 2𝑐 − 𝑑 = 0 

This is system of three homogeneous linear equations with four unknown constants. 

1) Substitution Method: 

The system of given linear equations can be written as, 

4𝑎 − 𝑐 = 0 

5𝑎 − 𝑑 = 0 

Hence 𝑐 = 4𝑎 and 𝑑 = 5𝑎 

Put these values in 2𝑏 − 2𝑐 − 𝑑 = 0 we get  

2𝑏 − 2𝑐 − 𝑑 = 0 ⟹ 2𝑏 − 8𝑎 − 5𝑎 = 0 ⟹ 2𝑏 = 13𝑎 ⟹ 𝑏 =
13

2
𝑎  

 Choose 𝑎 = 2 we get 𝑏 = 13, 𝑐 = 8 and 𝑑 = 10 

2) The system is solved by Gauss elimination method as follows, 

Consider the system of linear equations 

4𝑎 − 𝑐 = 0 ⟹ 4𝑎 + 0𝑏 − 𝑐 + 0𝑑 = 0 

2𝑏 − 2𝑐 − 𝑑 = 0  ⟹ 0𝑎 + 2𝑏 − 2𝑐 − 𝑑 = 0 

5𝑎 − 𝑑 = 0 ⟹ 5𝑎 + 0𝑏 + 0𝑐 − 𝑑 = 0 

Consider the matrix equation 𝐴𝑋 = 𝐵 

Where 𝐴 = [
4 0 −1 0
0 2 −2 −1
5 0 0 −1

] ,   𝑋 = [

𝑎
𝑏
𝑐
𝑑

]  and 𝐵 = [
0
0
0

] 

[
4 0 −1
0 2 −2
5 0 0

|
    0
−1
−1

] = [
0
0
0

] 

 Apply 
1

4
𝑅1,

1

2
𝑅2 ⟶ 

[
1 0 −1/4
0 1 −1
5 0 0

|
    0

−1/2
−1

] = [
0
0
0

] 

Apply 𝑅3 − 5𝑅1 ⟶ 

[
1 0 −1/4
0 1 −1
0 0 5/4

|
    0

−1/2
−1

] = [
0
0
0

] -------- (3) 

This shows that the given matrix is reduced to Echelon-Row form called Gauss Elimination converting into 

equations we get 
5

4
𝑐 − 𝑑 = 0 ⟹ 𝑑 =

5

4
𝑐 

𝑎 −
1

4
𝑐 = 0 ⟹ 𝑎 =

1

4
𝑐 

𝑏 − 𝑐 −
1

2
𝑑 = 0 ⟹ 𝑏 = 𝑐 +

1

2
𝑑 ⟹ 𝑏 = 𝑐 +

5

8
𝑐 ⟹ 𝑏 =

13

8
𝑐 

Choose 𝑐 = 8 ⟹ 𝑎 = 2, 𝑏 = 13, 𝑑 = 10 

1) The system is solved by Gauss-Jordan method as follows 
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Consider Echelon-Row form (from equation (3)) we have, 

[
1 0 −1/4
0 1 −1
0 0 5/4

|
    0

−1/2
−1

] = [
0
0
0

] -------- (3) 

Apply 
4

5
𝑅3 ⟶ 

[
1 0 −1/4
0 1 −1
0 0 1

|

    0
−1/2
−4/5

] = [
0
0
0

] 

Apply 𝑅2 + 𝑅3, 𝑅1 +
1

4
𝑅3 ⟶ 

[
1 0 0
0 1 0
0 0 1

|

   −1/5
−13/10

−4/5
] = [

0
0
0

] 

This shows that the given matrix is reduced to line-Echelon form called Gauss-Jordan Elimination Converting into 

equations we get 

𝑎 −
1

5
𝑑 = 0 ⟹ 𝑎 =

1

5
𝑑 

𝑏 −
13

8
𝑑 = 0 ⟹ 𝑏 =

13

10
𝑑 

𝑐 −
4

5
𝑑 = 0 ⟹ 𝑐 =

4

5
𝑑 

Choose 𝑑 = 10 then = 8 , 𝑏 = 13 and 𝑎 = 2 

This shows that in both the methods the values of unknown constant are same   

For this variable the chemical reaction is  

2C4H10 + 13O2 ⟶ 8 CO2 + 10H2O 

This shows that the chemical reaction is balanced 

 

Result 
Every chemical reaction can be represented by the system of linear equations can be represented by the matrix 

equation AX = B. Where A is called reaction matrix, X is the column matrix for variables (𝑎, 𝑏, 𝑐, 𝑑)  and B is the 

null matrix. 

Conclusion 

DwindiAgryantiJohar(1) says that the Gauss elimination and Gauss-Jordan methods are not suitable to apply 

balancing chemical reactions. From research it appears that the Substitution, Gauss elimination and Gauss-Jordan 

methods are suitable to apply balancing chemical reactions.  
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