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1 Introduction

In this report we discuss the application of Gaussian elimination [1](which is a algorithm
for solving a linear system of equations) to balance chemical equations as shown in [4].

2 Balancing chemical equations using Gaussian Elimination

According to law of conservation of matter [2] In a chemical reaction, matter is neither
created or destroyed. So the number of atoms of a element on the reactant(left hand) side
of the chemical equation should be equal to the number of atoms of a element on the
product(right hand) side of the chemical equation.

2H2 + 02 — 2H20
(1)

Therefore for each element in a unbalanced chemical equation we have a linear equation
representing the relationship between the reactant and product sides. We can then use
Gaussian elimination to solve these linear system of equations. We demonstrate this method
by balancing the chemical equation for photosynthesis, oxidation of NADH.

2.1 Photosynthesis

The unnbalanced chemical equation for photosynthesis [3] is given by



sunlight

XCOz + szO _— Z02 + WCGH1206

Writing the above in the form of linear equations

C:x=6w
O:2z+4+y=2z+6w
O:2y=12w

Simplifying the above

x+0y+0z—6w=0
20 +y—22—6w=0
Ox 42y + 0z — 12w =0

Writing the equations in the augmented matrix form

10 0 -6 0
21 -2 -6 0
02 0 =12 0

Applying the following row transformations to reduce the augmented matrix into row ech-
elon form.
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R3 —>R3/2

0 0 —6 0
1 -2 =6 0
1 0 -6 0
R2—>R2—R3
0 0 —6 0
0 -2 0 0
1 0 -6 0
R2—>R2/2
0 0 —6 0
0 -1 0 0
1 0 -6 0
R1—>R1—R3
-1 0 0 0
0O -1 0 0
1 0 —6 0
R2—>R2—R1
-1 0 0 O
1 -1 0 0
1 0 -6 0



From the above matrix we can write

r—y=0
y—z=0
y—6w=0

The system has infinitely many solutions. Let w = 1, then we have y = 6, z = 6 and x
= 6.

sunlight

6 CO2 + 6 H,O 6 O + CsH120¢

The equation (1) is now balanced.

2.2 Oxidation of NADH

The most important source of cellular energy is the synthesis of ATP (adenosine triphos-
phate) in our mitochondria. The synthesis of ATP is driven by the oxidation of NADH
(nicotinamide adenine dinucleotide). The oxidation of NADH to NAD is catalyzed by
NADH-CoQ reductase which removes 2 electrons from NADH to reduce Coenzyme Q. This
electron transfer is coupled to the movement of protons across the membrane from the mi-
tochondrial matrix to the intermembrane space. Its purpose is to create a proton gradient
across the inner membrane called the proton-motive force. The ATP synthase uses the
movement of protons down this gradient to power catalysis of ATP from ADP and phos-
phate. This process also requires the reduction of oxygen to water. How many molecules
of oxygen do we need for every oxidized NADH?.
The unbalanced chemical equation is:

xNADH + yH + zO; —— pNAD + qH,0



Writing the above in the form of linear equations

NAD:x=p
H:x+y=2q
O:22=¢q

Simplifying the above

r+0y+0z—p+0g¢g=0
r+y++0z+0p—2¢=0
Ox+0y+22+0p—q=0

Writing the equations in the augmented matrix form

100 -1 0 O
110 0 -2 0
002 0 -120

Applying the following row transformations to reduce the augmented matrix into row ech-
elon form.

R2—>R2—R1
-1 0 O

o O =
S = O

From the above matrix we can write

z—p=20
y+p—2¢=0
2z—q=0

The system has infinitely many solutions. Let p = 2, = 2 then we have x = 2,z =1 and
y = 2.



2NADH+2H + O, — 2NAD + 2H,0

The equation (3) is now balanced.

3 Conclusion

As shown with examples from photosynthesis and cellular respiration, Gaussian elimination
can be used as a generic methodology to balance chemical equations. Converting the linear
equations that relate the reactants and products into the augmented matrix form and,
subsequently, row echelon form, to derive chemical coefficients is a much more straight-
forward method than the traditional trial-and-error process. Providing a more intuitive
solution to this standard practice in chemistry can make the science more approachable
and accessible to students being introduced to the material for the first time.
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