
Homework nr. 7 Termı́n odevzdáńı 14.1. 2016, 9:00

1. Part I - equilibrium
Let us consider the following reaction, called Haber-Bosch synthesis of amoniac:

N2 + 3H2 � 2NH3 ,

which takes place in a closed container. Let the initial composition of the mixture be as follows:

nN2
= 1 mole ,

nH2
= 3 moles ,

nNH3
= 0 moles .

What is the resultant equilibrium composition of the mixture provided we know the equilibrium constant of
the reaction at the given pressure and temperature?

HINT:

(a) Write down the stoichiometric matrices, T , S and find the reaction matrix P .

(b) Write down the balances of mass, integrate over the whole container and assume the the mixture in the
container to be homogeneous, i.e. work only with integrated quantities, you should obtain relation

∂Mα(Ω, t)

∂t
= V mα = VMαP

1αJ1(t) , α = 1, 2, 3 ,

withMα(Ω, t) the total mass of α component in Ω at time t, V the volume of the container, Mα the molar
mass and J1 the molar reaction rate of the reaction, P the reaction matrix

(c) Integrate with respect to time from initial time to some time t

(d) Rewrite these relations in terms of number of moles, and eliminate the unknown ”advancement of reaction”
∫ t
t0

J1

dt

(e) You obtain two independent relations for three unknowns, realize that in equilibrium, you have one addi-
tional relation among the compositions (assume ideal mixture), use it and sketch how you would proceed

2. Part II - kinetics
Let us consider the following reaction N2O4 �2NO2 with an equilibrium mass-action law in the form

K(ϑ, p) = (y+1 )2(y+2 )−1

with yα being the molar concentrations for α=1 for NO2, and α=2 for N2O4

In the lecture we discussed the constitutive ansatz for the reaction rate in the polynomial form for degree N = 2

J = k00 + k10y1 + k01y2 + k11y1y2 + k20y
2
1 + k02y

2
2

using which, we derived the non-equilibrium mass action law in the form

J = k01y2 −K−1k01y
2
1

Discuss the case N = 1 and N = 3 and attempt to obtain again analogous form of the mass action law.
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