Balancing Chemical Equations

Consider the the following unbalanced chemical equation.
CoHg + O — CO2 + HyO

To balance the equation, we need to find four positive integers x1, x3, x3, and x4
so that the equation

21 CoHg + 29 Oy — 23 COq + 24 HyO

is such that we have the same number of carbon (C), hydrogen (H), and oxygen (O)
on each side of the equation. To satisfy this constraint, we deduce the following
three linear equations.

carbon — 2z = x3

hydrogen = 6x; = 224
oxygen =— 2z = 23+ 24
We can solve the system of linear equation
2311 — X3 = 0

ﬁl‘l —21‘4 =0

209 —2x3 — x4 =0

by Gauss-Jordan elimination.

2.0 -1 0 100 —1/3
60 0 —2| B 101 0 —7/6
02 -2 -1 001 —2/3

The general solution of the linear system is

1 7 2
T = §t’ To = Et’ T3 = §t’ xg=1t, forallteR.
The smallest positive integer solution is obtained by choosing ¢ = 6. In this case
we obtain

1 =2, x9=17, x3=4, x4 =06.

We have obtained a balanced chemical equation.

2CoHg + 709 — 4CO9 + 6 H,0
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