
Problem 1:

You are given a mixture of components 1 and 2 on your first day of work at A. Z. O. 
Trope Corporation.  You know nothing initially, except that you need to separate these 
species, and you find a notebook that shows the values of their activity coefficients in a 
binary system of 1 and 2.

Part A:

Assuming a low temperature separation process, show the relationship between the 
vapor pressures of 1 and 2 and their activity coefficients at the azeotrope.  Assume that 
you are given the vapor pressures of 1 and 2, P1

vap and P2
vap, at the temperature of the 

separation unit, T, and the activity coefficients can be assumed to be !1 and !2.

Solution:

!
Py1 = P vap

1 x1γ1  !! ! x1 = y1! !

!
Py2 = P vap

2 x2γ2! ! ! x2 = y2

" P in both equations must be equal because it is the total system pressure, thus

!
P vap

1 γ1 = P vap
2 γ2

"
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Part B:

You are given the vapor pressure of component 1 at a temperature T and the total 
pressure, P.  Find an expression for the activity coefficient using P1

vap and P for low 
values of P at the azeotrope.

Solution:

γ1 =
P

P vap
1

Part C:

Given expressions for !1 and !2, find the mole fraction of component 2 at the 

azeotrope.

At the azeotrope



! ! !
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1
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Part D:"

Show the thermodynamic consistency of the equations for !1 and !2.

Solution:

Using the Gibbs-Duhem Equation...
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These expressions for activity coefficient are thermodynamically consistent.

Part E:

Name two methods used to separate azeotropic mixtures.

Solution:  

Answers will vary.



Problem 2:

a)" Derive the following relationship:
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b)" Find the Maxwell relationship below (show all work):
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