
Thermodynamics of Equilibria        Dr. Harizi 

Tutorial  1: Thermodynamics of solutions  
 

Exercise 1 

For a binary mixture, prove that  the partial molar property of constituent 2 is written as follows:  

𝑀2
̅̅ ̅̅ = 𝑀𝑚 + (1 − 𝑥2) (

𝜕𝑀𝑚

𝜕𝑥2
)

𝑃,𝑇,𝑛1

and  𝑀2
̅̅ ̅̅ = 𝑀𝑚 − 𝑥1 (

𝜕𝑀𝑚

𝜕𝑥1
)

𝑃,𝑇,𝑛1

 

Exercise 2 

The volume of a binary mixture has a molar volume, V, that depends on its composition given by the following 

expression: 

𝑉𝑚  =  75𝑥1 +  95𝑥2 +  3.7𝑥1𝑥2  (
𝑐𝑚3

𝑚𝑜𝑙
) 

1. What is the pure species molar volume for component 1 and component 2. 

2. For a mixture with 𝑥1 =  0.60. 

Determine:  

a) the molar volume of the mixture, and b) the partial molar volume of component 1. 

Exercise 3 

The molar enthalpy of a binary liquid system of species 1 and 2 at fixed T and P is represented by the following 

equation:  

𝐻 = 400𝑥1 + 600𝑥2 + 𝑥1𝑥2(40𝑥1 + 20𝑥2)  
where H is in J/mol  

a. determine expressions for 𝐻1
̅̅̅̅  and 𝐻2

̅̅̅̅ as functions of 𝑥1 

b. Numerical values for the pure species enthalpies 𝐻1
∗and 𝐻2

∗  

c. Find the expression of (𝐻𝐸) 

d. Numerical values for the partial enthalpies at infinite dilution 𝐻1
̅̅̅̅  and 𝐻2

̅̅̅̅  

 

Exercise 4 

A container is divided into two equal compartments (figure below).  One contains 3.0 mol of 

𝐻2 at 25°𝐶; the other contains 1.0 𝑚𝑜𝑙 𝑁2 𝑎𝑡 250𝐶.  Calculate the Gibbs energy of mixing 

when the partition is removed.  Assume perfect gas behavior. 𝑃0 = 1𝑏𝑎𝑟 

 

Exercise 5 

For a mixture contains 75% 𝐻2 and 25% 𝑁2 (molar basis) estimate the pseudo critical Temperature and 

pressure (𝑃𝑝𝑐𝑎𝑛𝑑 𝑇𝑝𝑐) using Kay’s rule. 

We give: 

For 𝑁2:  𝑇𝐶 = 126.2𝐾  𝑎𝑛𝑑 𝑃𝐶 = 33.5𝑎𝑡𝑚 



For 𝐻2 𝑇𝐶 = 33 + 8 = 41𝐾  𝑎𝑛𝑑 𝑃𝐶 = 12.8 + 8 = 20.8 𝑎𝑡𝑚 

 

Exercise 6 

Determine the specific volume 𝑣 (m³/kg) of a methane-ethane gas mixture at 16 MPa and 250°C, where the mixture 

contains: 60 mol% methane (CH₄) and 40 mol% ethane (C₂H₆) 

(a) Assume the mixture ideal (with the mixture gas constant). 

(b) Consider a real mixture (the generalized compressibility chart). 

(c) determine which method provides the more accurate result and explain why. 

Given:  𝑀𝐶𝐻4 = 16.04 𝑔/𝑚𝑜𝑙 , 𝑀𝐶2𝐻6
= 30.07 𝑔/𝑚𝑜𝑙 

Table: Molar mass gas constant and critical point properties-point properties 

Chart: Compressibility factor Z as function of 𝑃𝑝𝑐 



 


