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Changes of the standard Gibb’s energies of reactions ∆rG0 can be expressed through changes of the

standard Gibb’s energies of the formation ∆fG of their reactants [1]:

∆rG0 = S∆fG (1)

A particular set of values standard Gibb’s reaction energies are called well-formed if they satisfy this

property.

The following proposition relates thermodynamic realizability to the generalization of Kirchhoff’s loop

law [2]:

Proposition. Let the standard Gibb’s reaction energy changes of a metabolic system be

well-formed and let a flux vector V be thermodynamically realizable. Then the flux vector V

satisfies the generalization of Kirchhoff’s loop law which means that for every closed loop the

net flux is zero.

Proof. A closed loop is characterized by a set of (reaction) indices I and coefficients νi, i ∈ I which satisfy∑
i∈I νiSi = 0T where Si denotes the i-th row of the stoichiometric matrix S and 0T denotes a zero row

vector.

For a closed loop the sum of the respective changes of standard Gibb’s energies is zero, e.g.

∑
i∈I

νi∆rG
(i)
0 = 0 (2)

This is an immediate consequence of the well-formedness of the Gibb’s reaction energies, see formula (1).
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For the actual Gibb’s energy changes we conclude:

∑
i∈I

νi∆rG(i) =
∑
i∈I

νi(∆rG
(i)
0 + SiC) =

∑
i∈I

νi∆rG
(i)
0 +

∑
i∈I

νiSiC = (
∑
i∈I

νiSi)C = 0TC = 0 (3)

It follows that the vector (νi∆rG(i))i∈I is neither completely positive nor completely negative. So is the

vector (νivi)i∈I , by the directionality law. This is equivalent with the statement that this loop carries no

net flux. q.e.d.
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