Chemical Equilibrium

Consider the chemical equilibrium between N2O4 [dinitrogen tetroxide, N 2 O 4], a colorless gas, and NO2 [nitrogen dioxide, N O 2], a brown gas at 25°C.

Analysis of data for this equilibrium shows that although the ratio [NO2]/[N2O4] [of the concentrations of N O 2 to N 2 O 4] gives scattered values, the ratio  [NO2] 2/[N2O4] [of the concentration of N O 2 squared to the concentration of N 2 O 4] gives a nearly constant value that averages 4.63 x 10-3.

K= [NO2]2/[N2O4]  = 4.63 x  10-3

[K equals the concentration of N O 2 squared divided by the concentration of N 2 O 4 which equals 4.63 ( 10(3 at 25(C.]

Where K is the equilibrium constant for the equilibrium at 25°C.  Note that the exponent for [NO2] [the N O 2 concentration] in this expression is the same as the stoichiometric coefficient.  To convince yourself that the above equilibrium expression holds, no matter the starting concentrations, choose to start the reaction with pure NO2 [N O 2], pure N2O4 [N 2 O 4], or a mixture of NO2 [N O 2] and N2O4 [N 2 O 4].

Starting with 0.200M [molar] NO2 [N O 2], the reaction proceeds toward equilibrium with NO2 [N O 2] molecules combining to form N2O4 [N 2 O 4] molecules.  At equilibrium, the concentration of NO2 [N O 2] is 0.0204M [molar] and the concentration of N2O4 [N 2 O 4] is 0.0898M [molar].  Calculating the equilibrium constant, K, we find K= 4.63x 10-3.

Recall that when chemical equilibrium has been reached, the reaction has not ceased.  At equilibrium, the rates of the forward and reverse reactions are equal, and thus the concentrations of reactants and products remain constant.

Starting with 0.670M [molar] N2O4 [N 2 O 4] the reaction proceeds toward equilibrium with some N2O4 [N 2 O 4] molecules breaking apart to form NO2 [N O 2] molecules.  At equilibrium, the concentration of NO2 [N O 2] is 0.0547M [molar] and the concentration of N2O4 [N 2 O 4] is 0.643M [molar].  Calculating the equilibrium constant, K, we find K=4.65 x  10-3.

[Time with Voice]

K= [NO2]2/[N2O4]  = (0.0547) 2 / (0.643) = 4.65 x 10-3 

Starting with 0.430M [molar] NO2 [N O 2] and 0.300M [molar] N2O4 [N 2 O 4] the reaction proceeds toward equilibrium with some NO2 [N O 2] molecules combining to form N2O4 [N 2 O 4] molecules.  At equilibrium, the concentration of  NO2 [N O 2] is 0.0475M [molar] and the concentration of N2O4 [N 2 O 4] is 0.491M [molar].  Calculating the equilibrium constant, K, we find K=4.60 x  10-3.

[Time with Voice]

K= [NO2]2/[N2O4]  = (0.0475) 2 / (0.491) = 4.60 x 10-3 

Recall that when chemical equilibrium has been reached, the reaction has not ceased.  At equilibrium, the rates of the forward and reverse reactions are equal, and thus the concentrations of reactants and products remain constant.
