
Question: 

Jasmone (C11H16O) is a valuable material in the perfume industry, used in many soap and cosmetics. 
Suppose we are recovering this material from a water suspension (concentration of jasmone in water 
is 5mM) by an extraction with benzene. The local mass transfer coefficient in water is 3.0 ∙ 10!" #$

%
 

and the local mass transfer coefficient in benzene is 2.4 ∙ 10!& #$
%

. The interfacial concentrations are 
in equilibrium according to the following equation 𝐶',)*+,*+* = 170	𝐶',-./*0.  

a) Calculate the interfacial concentration of jasmone in water and in benzene 

b) Calculate the molar flux 

c) Determine if one side is limiting the mass transport using the partition coefficients 

d) Draw the qualitative liquid/liquid concentration diagram, which means identify the concentration 
values, in bulk and at the interface, along with the direction of the molar flux (in the exam sheets, 
not here).  

e) Qualitatively identify bulk, equilibrium and interface concentrations in the equilibrium diagram (in 
the exam sheets, not here).  

f) Can you briefly explain in which cases we introduce the overall mass transfer coefficient? Do the 
equilibrium concentration have any physical meaning? 

 

Solution: 

a) If we equate the local fluxes of jasmone: 

𝑛' = 𝑘123#.𝐶',1,) − 𝐶',1,30 = 𝑘423#.𝐶',4,3 − 𝐶',4,)0(𝑬𝒒. 𝟏) 

Also, it is given that the interface concentration are in equilibrium as per the following relation: 

𝐶',4,3 = 170 ∗ 𝐶',1,3	(𝑬𝒒. 𝟐) 

 

In order to solve for 𝐶',1,3: 

𝑘123#.𝐶',1,) − 𝐶',1,30 = 𝑘423#(170 ∗ 𝐶',1,3 − 𝐶',4,)) 

Thus, we get  

𝐶',1,3 =
.𝑘123#𝐶',-,) + 𝑘423#𝐶',4,)0

.170𝑘423# + 𝑘123#0
(𝑬𝒒. 𝟑) 

If we put the values from the question, 

𝐶',1,3 =
(3 × 10!5 × 0.005 + 2.4 × 10!6 × 0)
(170 × 2.4 × 10!6 + 3 × 10!5)

 

𝐶',1,3 = 3.6 × 10!5𝑀 

 

Since 𝐶',1,3is in equilibrium with 𝐶',4,3 as per 𝑬𝒒. 𝟐, 



𝐶',4,3 = 170 ∗ 𝐶',1,3 = 0.612 × 10!&𝑀 

 

b) In order to solve for the molar flux, we can use the (𝑬𝒒. 𝟏) 
 

𝑛' = 𝑘123#.𝐶',1,) − 𝐶',1,30 
 

𝑛' = 3 × 10!5𝑚/𝑠	 × (0.005 − 0.0000036) × 10&𝑚𝑜𝑙/𝑚& 
 

𝑛' = 0.015 × 10!&𝑚𝑜𝑙/𝑚7𝑠 
 
c) To determine if mass transfer is limited on one side, we have to calculate 𝑚8, 𝑚9 and 𝑚:;< 

𝑚8 =
c=,8,> − c=,8,?

*@

c=,9,> − c=,9,?
=
0.612 × 10!& − 170 × 0.005

3.6 × 10!5 − 0.005
= 170 

 

𝑚9 =
c=,8,? − c=,8,>
c=,9
*@ − c=,9,>	

=
0 − 0.612 × 10!&

0 − 3.6 × 10!5
= 170 

 

 

𝑚.BC =
D
7
(𝑚8 +𝑚9) =

D
7
(170 + 170) = 170 

 

𝒌𝑾𝒍𝒐𝒄

𝒎𝒂𝒗𝒈𝒌𝐁𝒍𝒐𝒄
=

𝟑 × 𝟏𝟎!𝟔𝒎𝒔
𝟏𝟕𝟎 × 𝟐. 𝟒 × 𝟏𝟎!𝟓𝒎𝒔

= 𝟎. 𝟎𝟎𝟎𝟕 

 

Since 𝒌𝑾
𝒍𝒐𝒄

𝒎𝒂𝒗𝒈𝒌𝐁
𝒍𝒐𝒄 ≪ 𝟏, the mass transfer is controlled by the water phase. 

 

 

 

 

 

 

 

 

 



d)  
 

 

 

where  

𝐶',1,) = 0.005𝑀 

𝐶',1,3 = 0.0000036𝑀 

𝐶',4,) = 0 

𝐶',4,3 = 0.0006𝑀 

 

 

 

 

 

 

 

 

 

 

 



e) The graph below is quantitative, a qualitative version is also accepted considering the 
challenge in positioning Cj,B,b and Cj,w,eq at the origin. 

  

 

𝐶',1
*@ =

𝐶',4,)
170

= 0 

𝐶',4
*@ = 170 × 𝐶',1,) = 0.85𝑀 
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f)  
The interface concentrations are not normally known and only the bulk concentrations and local mass 
transfer co-efficients are known in real life problems. Hence, it is easier to have overall mass transfer 
coefficients relating the bulk concentrations. In order to convert the local mass transfer to overall 
mass transfer coeffiecients, we use theoretical values as equilibrium concentration. These equilibrium 
concentrations do not physically appear anywhere in the system and is just a simplification to solve 
the problems.  
Indeed, for the sake of knowledge, if we rigorously solve the equations of local mass transfer 
coefficient to relate the flux to known bulk concentrations, interface equilibrium relation (solubility 
curve) and local mass transfer co-efficients, we can derive the theoretical equilibrium concentrations 
as shown below: 
 

𝑛' = 𝑘423#.𝐶',4,3 − 𝐶Q,4,)0 = 𝐾4M𝐶',4
*@ − 𝐶',4,)N𝑬𝒒. 𝟓 

 
If we express 𝑪𝒋,𝑩,𝒐 in terms of known quantities like 𝑘423#, 𝑘123#and 𝐶Q,1,), from 𝑬𝒒. 𝟐 and 𝑬𝒒. 𝟑, for 
the first term of the equation with the local mass transfer coefficient we get 
 

𝑛' = 𝑘423# Q
(170𝑘123#𝐶',1,) + 170𝑘423#𝐶',4,))

170𝑘423# + 𝑘-23#
− 𝐶Q,4,)R 

 
 

𝑛' = 𝑘423# Q
.170𝑘123#𝐶',1,) + 170𝑘423#𝐶',4,)0 − (170𝑘423#𝐶',4,) + 𝑘123#𝐶',4,))

170𝑘423# + 𝑘-23#
R 

 
 

𝑛' = 𝑘423# Q
170𝑘123#𝐶',1,) − 𝑘123#𝐶',4,)

170𝑘423# + 𝑘-23#
R 

 

𝑛' = Q
𝑘423#𝑘123#

170𝑘423# + 𝑘-23#
R (170𝐶',1,) − 𝐶',4,)) 

 
 

𝑛' = S
1

170
𝑘123#

+ 1
𝑘423#

T (170𝐶',1,) − 𝐶',4,)) 

 
 
This equation when equated to the overall mass transfer coefficient from 𝑬𝒒. 𝟓, 
 
 

S
1

170
𝑘123#

+ 1
𝑘423#

T.170𝐶',1,) − 𝐶',4,)0 = 𝐾4M𝐶',4
*@ − 𝐶',4,)N 

 



Thus, we get 

1
𝐾4

=
170
𝑘123#

+
1
𝑘423#

 

and  

𝐶',4
*@ = 170𝐶',1,) 

 

Basically, in order to use the overall mass transfer coefficient and equation 5 to be valid, we MUST 
impose that 𝐶',4

*@,which is the theoretical concentration of jasmone in benzene, is in equilibrium with 
the concentration of jasmone in water bulk 


