Calculating the mole fraction of NH4 in aqua ammonia.


The mole fraction of NH4 in aqua ammonia (NH3 in H2O) is the decimal equivalent concentration of NH4 compared to the whole of NH4 plus NH3 in the aqueous system.  Thus for the system we have the equilibrium reaction

NH3 + H2O (==( NH4+ + OH- 



[1]

for which the equilibrium condition may be expressed, in terms of concentrations, as

(NH4+) (OH-)/ NH3 = 1.85 x 10-5 



[2]

By rearranging terms, the concentration of NH3 can be expressed as

NH3 = (NH4+) (OH-)/ 1.85 x 10-5 



[3]

The mole fraction of NH4 is calculated, in terms of concentration, as 

Mole fraction of NH4+ = NH4+/ NH4+ + NH3, 


[4]

also expressed as 

Mole fraction of NH4+ = 1/(1 + NH3/ NH4+)

[5]

Substituting the expression for NH3 from [3] into equation [5] results in

Mole fraction of NH4+ = 1/(1 + ((NH4+) (OH-)/ 1.85 x 10-5) / NH4+)


[6]

By canceling the common term NH4+, the expression becomes

 Mole fraction of NH4+ = 1/ (1 + ((OH-)/ 1.85 x 10-5 ))


[7]

It is now possible, in Excel, to set up a column of pH values ranging from 1 to 14, a column of associated OH- values, and a third column that calculates the mole fraction of NH4+ as a function of equation [7].  Plotting the first column versus the third column in a scatter diagram should result in the desired graph showing mole fraction of NH4+ as a function of pH.

