
ASSIGNMENT 6                     CHE 3473 

Solution 

#Problem 1:  

9.4 

 

 

𝑆𝑖̅ =
𝜕𝑆

𝜕𝑁𝑖
|

𝑇,𝑃,𝑁𝑗≠𝑖

=
𝜕

𝜕𝑁𝑖
(∑ 𝑁𝑖𝑆𝑖(𝑇, 𝑃) − 𝑅 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖) = 𝑆𝑖 − 𝑅𝑙𝑛𝑥𝑖 

𝑆𝑖̅ = 𝑆𝑖
𝑜 + 𝐶𝑣,𝑖𝑙𝑛

𝐶𝑣,𝑖𝑇

𝑈𝑖
𝑜 + 𝑅𝑙𝑛

𝑅𝑇

𝑃𝑉𝑖
𝑜 − 𝑅𝑙𝑛𝑥𝑖 



 

𝐺̅𝑖 =
𝜕𝐺

𝜕𝑁𝑖
|

𝑇,𝑃,𝑁𝑗≠𝑖

=
𝜕

𝜕𝑁𝑖

(𝐻 − 𝑇𝑆)|𝑇,𝑃,𝑁𝑗≠𝑖 =
𝜕

𝜕𝑁𝑖

(𝑈 + 𝑃𝑉 − 𝑇𝑆)|𝑇,𝑃,𝑁𝑗≠𝑖 

𝐺̅𝑖 = 𝑈̅𝑖 + 𝑃𝑉̅𝑖−𝑇
𝜕𝑆

𝜕𝑁𝑖
|

𝑇,𝑃,𝑁𝑗≠𝑖

= 𝑈̅𝑖 + 𝑃𝑉̅𝑖 − 𝑇𝑆𝑖̅

= 𝐶𝑉,𝑖𝑇 + 𝑅𝑇 − 𝑇(𝑆𝑖
𝑜 + 𝐶𝑣,𝑖𝑙𝑛

𝐶𝑣,𝑖𝑇

𝑈𝑖
𝑜 + 𝑅𝑙𝑛

𝑅𝑇

𝑃𝑉𝑖
𝑜 − 𝑅𝑙𝑛𝑥𝑖) 

 

b)  

𝑉 = ∑ 𝑁𝑖𝑉𝑖 = ∑ 𝑁𝑖

𝑅𝑇

𝑃
=

𝑁𝑅𝑇

𝑃
 

𝑈 = ∑ 𝑁𝑖𝑈𝑖 = ∑ 𝑁𝑖𝐶𝑉,𝑖𝑇 

 

 

 

 

c) 

𝐻 = 𝑈 + 𝑃𝑉 = ∑ 𝑁𝑖𝑈𝑖 + 𝑃 ∑ 𝑁𝑖𝑉𝑖 = ∑ 𝑁𝑖( 𝑈𝑖 + 𝑃𝑉𝑖) = ∑ 𝑁𝑖 𝐻𝑖 

 

𝐴 = 𝑈 − 𝑇𝑆 = ∑ 𝑁𝑖𝑈𝑖 − 𝑇 (∑ 𝑁𝑖𝑆𝑖(𝑇, 𝑃) − 𝑅 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖)

= ∑ 𝑁𝑖(𝑈𝑖 − 𝑇𝑆𝑖 + 𝑅𝑇𝑙𝑛𝑥𝑖) = ∑ 𝑁𝑖𝐴𝑖 + 𝑅𝑇 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖 

𝐺 = 𝐻 − 𝑇𝑆 = ∑ 𝑁𝑖 𝐻𝑖 − 𝑇 (∑ 𝑁𝑖𝑆𝑖(𝑇, 𝑃) − 𝑅 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖)

= ∑ 𝑁𝑖( 𝐻𝑖 − 𝑇𝑆𝑖) + 𝑅𝑇 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖 = ∑ 𝑁𝑖 𝐺𝑖 + 𝑅𝑇 ∑ 𝑁𝑖𝑙𝑛𝑥𝑖 

 

 

 
 

 

 

 

 

 

 

 

 



#Problem 2:  
9.6 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



#Problem 3:  
9.22 

 

 

 



 

#Problem 4:  
9.30 

a) 

 

 

 



b) from equation (9.7-12), we have 

𝐻1 = 𝛾1(𝑇, 𝑃, 𝑥1 = 0)𝑓1
𝐿 = exp [

𝐴

𝑅𝑇
(1 − 𝑥1)2] ∗ 1.126 = exp(1.06) ∗ 1.126  (𝑥1 → 0) 

𝐻2 = 𝛾2(𝑇, 𝑃, 𝑥2 = 0)𝑓2
𝐿 = exp [

𝐴

𝑅𝑇
(𝑥1)2] ∗ 0.847 = exp(1.06) ∗ 0.847  (𝑥2 → 0) 

Because of this, the hypothetical pure component fugacity based on the Henry’s law standard 

state for methyl acetate and methanol would be, respectively: 

exp(1.06)*1.126 =  3.25 

exp(1.06)*0.847 = 2.445 

which are different from values obtained from the usual pure component standard state 

 

#Problem 5:  

Consider an equimolar binary mixture of species a and b. The activity coefficients at infinite 

dilution are given by γ1∞ (x2 ≈ 1) = 2 and γ2∞ (x1 ≈ 1) = 1.5, calculate the activity coefficient of 

species a and b using the two-constant Margules expansion, Van Laar equation, and the Wilson 

equation 

Soltuion 

 

 Two-constant Margules expansion 

RTln γ
1

∞ = (A + 3B) – 4B = A – B  

RTln γ
2

∞ = (A – 3B) + 4B = A + B  

 

with γ
1

∞ (x2 ≈ 1) = 2 and γ
2

∞ (x1 ≈ 1) = 1.5 

 

plug back into above equations, we obtain 

𝐴 = 𝑅𝑇𝑙𝑛√3 

𝐵 = 𝑅𝑇𝑙𝑛
√3

2
 

For an equimolar mixture 

 

RTln γ
1
 = (A + 3B)(0.5)2 – 4B*(0.5)3 

RTln γ
2
 = (A – 3B)(0.5)2 + 4B*(0.5)3 



 

Substitute the values of A and B into the above equations, we find 

γ 
1
= 1.11 

 
γ 

2
=1.19 

 

 

 

 Van Laar equation 

ln γ
1

∞ = α = ln(2) 

ln γ
2

∞ = 𝛽 = ln(1.5) 

 

at equimolar mixture, we have 

 

𝑙𝑛𝛾1 =
𝛼

[1 +
𝛼
𝛽

]2
=

𝑙𝑛2

[1 +
𝑙𝑛2

𝑙𝑛1.5
]2

 

 

𝛾1 = 1.1 

 

Similarly we have 

𝑙𝑛𝛾2 =
𝛽

[1 +
𝛽
𝛼]2

=
𝑙𝑛1.5

[1 +
𝑙𝑛1.5
𝑙𝑛2

]2
 

 

𝛾2 = 1.18 

 

 Wilson equation 

𝑙𝑛𝛾1
∞ = −𝑙𝑛Λ12 + 1 − Λ21 = 𝑙𝑛2 

 

𝑙𝑛𝛾2
∞ = −𝑙𝑛Λ21 − Λ12 + 1 = ln (1.5) 

 

Solving these two equations, we obtain 

Λ12 = 0.407 

 

Λ21 = 1.21 

 

For an equimolar mixture 

𝑙𝑛𝛾1 = − ln(0.5 + 0.5Λ12) + 0.5[
Λ12

0.5 + 0.5 ∗ Λ12
−

Λ21

0.5 ∗ Λ21 + 0.5
] 



 

𝑙𝑛𝛾2 = − ln(0.5 + 0.5Λ21) − 0.5[
Λ12

0.5 + 0.5 ∗ Λ12
−

Λ21

0.5 ∗ Λ21 + 0.5
] 

 

Solving the equations to get 

𝛾1 = 1.1 

 

𝛾2 = 1.17 

 

#Problem 6:  

The activity coefficients at infinite dilution of a binary mixture are given as γ1∞ (x2 ≈ 1) = 1.27, 

γ2∞ (x1 ≈ 1) = 1.34; calculate the activity coefficient of species 1 in the mixture, using one-

constant Margules equation, at the following compositions x1 = 20%; x1 = 50%; x1 = 90% 

Solution 

With the one-constant Margules equation, we have 

RTln γ
1

∞ = A = RTln(1.27) 

RTln γ
2

∞ = A = RTln(1.34) 

 

The value of A would be taken as the average, which is 

A = 0.5*RT*[ln(1.27) + ln(1.34)] = 0.266RT 

 

At x1 = 20%  x2 = 80% 

 

RTln γ
1
 = (0.8)2*A = 0.64*0.266RT 

γ
1
 = 1.186 

 

At x1 = 50%  x2 = 50% 

 

RTln γ
1
 = (0.5)2*A = 0.25*0.266RT 

γ
1
 = 1.069 

 

At x1 = 90%  x2 = 10% 

 

RTln γ
1
 = (0.1)2*A = 0.01*0.266RT 

γ
1
 = 1.003 


