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Objectives of this module:

• To describe the transport modes for mass

• To understand and apply the Fick’s first law

• To understand the meaning of diffusion from a macro and molecular point of view

ChE 204
Introduction to Transport Phenomena 
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Module 4 

Mass Transport: the Fick’s law of molecular diffusion



4.0. Modes of mass transport

• Molecular diffusion (from high to low concentration)

• Advective mass transport (transport by bulk motion of the fluid)

Note: in most cases these two transport will be combined in convective mass transport
3



4.0. Modes of mass transport

• Molecular diffusion (from high to low concentration)
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?

Diffusion is the process by which molecules, ions, or other small particles 
spontaneously mix, moving from regions of relatively high concentration into 
regions of lower concentration.

This process can be described in two ways:
1. Fick’s Law and diffusion coefficient, which is a more fundamental description 
2.In terms of mass transfer coefficient, which is an approximate engineering 
idea offering a simpler and more practical solution to problems.



4.1. Fick’s law of molecular diffusion
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4.1. Fick’s law of molecular diffusion
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4.1. Fick’s law of molecular diffusion
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SOME DEFINITIONS

𝑗 =
𝐽

𝐴
=

𝑚𝑜𝑙𝑒𝑠

𝐴𝑟𝑒𝑎 ×𝑡𝑖𝑚𝑒

𝑚𝑜𝑙

𝑚2 𝑠

The molar flux is the molar flow rate per unit area

𝐽 =
𝑚𝑜𝑙𝑒𝑠

𝑡𝑖𝑚𝑒

𝑚𝑜𝑙

𝑠

The molar flow rate indicates the moles of a compound transferred by diffusion 
per unit time
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4.1. Fick’s law of molecular diffusion

1) The two containers are separated 
(i.e. by impermeable membrane)

2) We position the two containers in contact
(i.e. we remove the membrane)

3) A starts to diffuse into B

4) How is the concentration profile going 
to look like at steady state?
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4.1. Fick’s law of molecular diffusion

area thickness of the 
window

This is again a 
phenomenological relation

(or molar)



• Equal concentration        no mass diffusion

• Mass diffuses from lower to higher concentration 

• The greater the difference in concentration, the faster is the diffusion

• The diffusion coefficient is material dependent

4.1. Fick’s law of molecular diffusion

”Mass diffusion is proportional to the negative concentration 
gradient between regions”
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4.1. Fick’s law of molecular diffusion

“The rate of mass transfer through a material is proportional to the 
negative gradient of the concentration and to the area”

Assumptions:

• Steady state
• Solubility of A into B
• Diluted systems
• One dimensional diffusion
• Total molar concentration is constant 
• No internal mass lost or generation

Mass transfer by diffusion is analogous to heat transfer by conduction:



4.1. Fick’s law of molecular diffusion

Values of the Diffusion coefficient
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4.1. Fick’s law of molecular diffusion

Values of the Diffusion coefficient
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4.2. Diffusivity of gases and kinetic theory



4.1. Fick’s law of molecular diffusion

Gas Diffusion in solids

SiO2 amorphous
(glass)

SiO2 crystalline
(quartz)

Si-O is around 1.5-1.7 Angstrom
Helium is a monoatomic gas and its size is 1.4 Angstrom
(i.e. nitrogen molecule, N2, is around 3 Angstrom)
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4.2. Diffusivity of gases and kinetic theory

What about solids?



4.1. Fick’s law of molecular diffusion

Molecular diffusion in dilute systems
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4.3. Fick’s law of molecular diffusion in binary systems
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4.3. Fick’s law of molecular diffusion in binary systems

𝒋𝑩

𝒋𝑨
𝑗𝐴 molar flux of A

𝑣𝐴 velocity of A

𝑥𝐴 mole fraction of A

𝑣𝑀 mixture molar-averaged velocity

(𝜒𝐴+𝜒𝐵 = 1; 𝑐𝐴 = 𝑐𝜒𝐴)

𝑣𝑀 = 𝑥𝐴𝑣𝐴 + 𝑥𝐵𝑣𝐵

Some definitions:

𝑐 mixture molar concentration
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4.3. Fick’s law of molecular diffusion in binary systems

Before proceeding we define the molar flux in terms of velocities. Because the molar flux is 
the number of moles per unit time per unit area, if 𝑣 is the average velocity of specie A, in a 
similar way in which we have derived the mass flow rate ሶ𝑚 in Module 2, we can derive:

𝑗 =
𝑚𝑜𝑙𝑒𝑠

𝐴𝑟𝑒𝑎 × 𝑡𝑖𝑚𝑒
 =

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 × 𝑉𝑜𝑙𝑢𝑚𝑒

𝐴𝑟𝑒𝑎 × 𝑡𝑖𝑚𝑒
=

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 × 𝐴𝑟𝑒𝑎 × 𝑣 × 𝑡𝑖𝑚𝑒

𝐴𝑟𝑒𝑎 × 𝑡𝑖𝑚𝑒
=

= 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ×  𝑣
𝑚𝑜𝑙

𝑚3
×

𝑚

𝑠
=

𝑚𝑜𝑙

𝑚2 𝑠

𝑣 Area

𝐿 = 𝑣 × 𝑡𝑖𝑚𝑒
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4.3. Fick’s law of molecular diffusion in binary systems

𝑗𝐴 = 𝑐𝑥𝐴(𝑣𝐴−𝑣𝑀) = 𝑐𝑥𝐴(𝑣𝐴−(𝑥𝐴𝑣𝐴 + 𝑥𝐵𝑣𝐵)) =

= 𝑐𝑥𝐵𝑥𝐵(𝑣𝐴−𝑣𝐵) = 𝑐𝑥𝐵(𝑣𝑀−𝑣𝐵) =  − 𝑗𝐵

𝒋𝑨 =  −𝒋𝑩

𝒋𝑩 = 𝒄𝒙𝑩(𝒗𝑩−𝒗𝑴) = −𝒄 𝑫𝑩𝑨
𝒅𝒙𝑩

𝒅𝒚

𝑗𝐴 molar flux of A

𝑣𝐴 velocity of A

𝑥𝐴 mole fraction of A

𝑣𝑀 mixture molar-averaged velocity

(𝜒𝐴+𝜒𝐵 = 1; 𝑐𝐴 = 𝑐𝜒𝐴)

𝑣𝑀 = 𝑥𝐴𝑣𝐴 + 𝑥𝐵𝑣𝐵

Some definitions:

𝑐 mixture molar concentration

𝒋𝑨 = 𝒄𝒙𝑨(𝒗𝑨−𝒗𝑴) = −𝒄 𝑫𝑨𝑩
𝒅𝒙𝑨

𝒅𝒚

velocity of A relative to the mixture (imagine to be an observer sitting on one particle A)

𝑣𝑀 = 𝑥𝐴𝑣𝐴 + 𝑥𝐵𝑣𝐵Substituting

Of course we can also write the same for B
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4.3. Fick’s law of molecular diffusion in binary systems

𝑱𝒊 =  −𝒄 ෍

𝒋

𝑫𝒊𝒋

𝒅𝒙𝒊

𝒅𝒚
No reliable method to estimate the diffusion coefficient in a 
multicomponent system is known

𝑱𝒊 = −𝒄 𝑫𝒎,𝒊
𝒅𝒙𝒊

𝒅𝒚

effective diffusion coefficient

𝐷𝑚,𝐴 =
1 − 𝑥𝐴

𝑥𝐵
𝐷𝐴𝐵

+
𝑥𝐶

𝐷𝐴𝐶
+

𝑥𝐷
𝐷𝐴𝐷

… … . .

IN MULTICOMPONENT SYSTEMS
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4.3. Fick’s law of molecular diffusion in binary systems

IN MULTICOMPONENT SYSTEMS

Relationships between various definitions of concentration in multicomponent systems
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4.3. Fick’s law of molecular diffusion in binary systems

Example 1 Calculate the mass flow rate of CO2 and nitrogen through the tube.

A = CO2

B = N2

𝑝𝐴,0 = 100𝑚𝑚𝐻𝑔

L = 1m

𝑝𝐴,𝐿 = 50𝑚𝑚𝐻𝑔

𝑑 = 0.05𝑚

𝐽𝐴 𝐽𝐵

𝐷𝐴𝐵 = 0.16 × 10−4 Τ𝑚2
𝑠
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4.3. Fick’s law of molecular diffusion in binary systems

Example 2

1

Spherical tank
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2
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4.3. Fick’s law of molecular diffusion in binary systems

Example 3
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RECAP

Fick’s Law: describes molecular diffusion

𝑗𝐴,𝑦 =
𝐽𝐴

𝐴𝑟𝑒𝑎
= −𝐷𝐴𝐵

𝜕𝐶

𝜕𝑦
= −𝐷𝐴𝐵

𝐶𝐴,𝐿 − 𝐶𝐴,0

𝑌

Molar flux

𝐶𝐴,𝐿

𝐶𝐴,0

𝑗𝐴,𝑦

L

In diluite binary systems

𝒋𝑨 =  −𝒋𝑩
ሶ𝑚𝐴=

Mass flow rate = molecular weight x molar flow rate

𝑀𝐴 ∙ 𝐽𝐴

Solubility

C A,bulk

C A,0

P A,bulk

AIR Rubber

Related to the solubility of A in the rubber
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TODAY

4.4. Equilibrium at interfaces: the Henry’s Law

4.5. Convective-diffusion equation in binary systems 

(example relative to evaporation of a liquid in a non diffusing gas)

4.6. Mass transfer coefficient for molecular transport between two phases 

(across interfaces) 
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The Henry’s law is only valid for dilute solutions i.e. when component A is a solute and 
correlate the concentration of the solute between two phases at equilibrium. If we are 
looking at gas/liquid interface, the Henry’s law states that ”At a constant temperature, 
the amount of a given gas dissolved in a given type and volume of liquid is directly 
proportional to the partial pressure of that gas in equilibrium with the liquid” 

𝑝𝐴 = 𝐾𝐻𝑥𝐴

𝑝𝐴

𝑥𝐴0 1

deviation from ideality

LIQUID

G
A

S

4.4. Equilibrium at interfaces: the Henry’s Law

partial pressure of A in the gas phase Molar fraction of A in the liquid phase
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4.4. Equilibrium at interfaces: the Henry’s Law

𝐾𝐻  can be expressed in different dimensions depending on how we express 
concentration



4.5. Convective-diffusion equation for a binary system

• Molecular diffusion (from high to low concentration)

• Advective mass transport (transport by bulk motion of the fluid)

Note: in most cases these two transport mores are combined in convective mass transport33

?+

e.g. convection (which applies 
to the movement of fluid driven 
by density gradients created by 
temperature difference)
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DIFFERENT WAYS TO EXPRESS FLOW RATE and FLUX IN MASS TRANSPORT:

ሶ𝒎 =
𝑚𝑎𝑠𝑠

𝑡𝑖𝑚𝑒

𝐾𝑔

𝑠

𝑱 =
𝑚𝑜𝑙𝑒𝑠

𝑡𝑖𝑚𝑒

𝑚𝑜𝑙

𝑠

ሶ𝑚 = 𝐽 ×  M(where M is 𝑡ℎ𝑒 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡)

In some cases you may find also 𝒏 𝒂𝒏𝒅 𝑵 to indicate the molar flux and flow rate, 
respectively.

Often 𝑛 𝑎𝑛𝑑 𝑁 are referred to as the absolute flux and flow, which include diffusive and 
convective components; instead 𝑗 𝑎𝑛𝑑 𝐽 are referred to as the diffusive components of the 
flux and flow.

𝒋 =
𝐽

𝐴
=

𝑚𝑜𝑙𝑒𝑠

𝐴𝑟𝑒𝑎 ×  𝑡𝑖𝑚𝑒
𝑚𝑜𝑙

𝑚2𝑠

4.5. Convective-diffusion equation for a binary system



𝑗𝐵

𝑗𝐴

𝑗𝐴 molar flux of A
𝑣𝐴 velocity of A
𝑥𝐴 mole fraction of A
𝑐 mixture molar concentration
𝑣𝑀 mixture molar-averaged velocity
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DIFFUSION ONLY!

𝒋𝑨 = 𝒄𝒙𝑨(𝒗𝑨−𝒗𝑴) = −𝒄 𝑫𝑨𝑩
𝒅𝒙𝑨

𝒅𝒚

𝒋𝑩 = 𝒄𝒙𝑩(𝒗𝑩−𝒗𝑴) = −𝒄 𝑫𝑩𝑨
𝒅𝒙𝑩

𝒅𝒚

𝒋𝑨 =  −𝒋𝑩

What we have seen already:

4.5. Convective-diffusion equation for a binary system
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CONVECTION + DIFFUSION

𝒏𝑨 = 𝒄𝒙𝑨𝒗𝑴 − 𝒄 𝑫𝑨𝑩
𝒅𝒙𝑨

𝒅𝒚

molar convective flux of A 
(carried by 𝑣𝑀) 

molar diffusive flux of A 
(relative to 𝑣𝑀) 

4.5. Convective-diffusion equation for a binary system

𝑣𝑀 = 𝑥𝐴𝑣𝐴 + 𝑥𝐵𝑣𝐵considering that 

𝑣𝑀 =
𝑛

𝑐
=

𝑛𝐴 + 𝑛𝐵

𝑐
but also

𝒏𝑨 = 𝒙𝑨 𝒏𝑨 + 𝒏𝑩 − 𝒄 𝑫𝑨𝑩
𝒅𝒙𝑨

𝒅𝒚

Note: you may find also 𝒏𝑨 = 𝒙𝑨 𝒏𝑨 + 𝒏𝑩 + 𝒋𝑨 in books where 𝒋𝑨 is used to indicate 
the diffusive flux  
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Example: Evaporation of A through a stationary non-diffusing gas B

Consider the system show in the figure where liquid A is evaporating into a non-diffusing gas B. At 
steady state, the partial pressure of species A at gas-liquid interface is given as 𝑝𝐴1while the partial 
pressure of species A at the top of vessel is given as 𝑝𝐴2. The liquid level in the vessel is maintained 
at z=0. 𝐷𝐴𝐵is known. Derive the diffusive flux jA,𝑧.

Liquid A

A + B

𝑧 = 0, 𝑝𝐴 = 𝑝𝐴1

𝑧 = 𝐿, 𝑝𝐴 = 𝑝𝐴2

jA,𝑧

4.5. Convective-diffusion equation for a binary system

STEADY STATE
open container=
no accumulation =
no increased pressure 
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𝒋𝑨,𝒛 = −𝒄 𝑫𝑨𝑩
𝒅𝒙𝑨

𝒅𝒛
= −

𝑫𝑨𝑩

𝑹𝑻

𝒅𝑷𝑨

𝒅𝒛

If we integrate between 𝑧 = 0 𝑎𝑛𝑑 𝑧 = 𝐿 and the text says: “The liquid level in the 
vessel is maintained at z=0”

𝑗𝐴,𝑧 = −
𝐷𝐴𝐵

𝑅𝑇

𝑝𝐴2 − 𝑝𝐴1

𝐿

Please note that the diffusion is from the interface (z=0+) to the gas.

𝑥𝐴1 =
𝑝𝐴

𝑠𝑎𝑡

𝑝𝑡𝑜𝑡
𝑥𝐴2 =

𝑝𝐴2

𝑃𝑡𝑜𝑡

4.5. Convective-diffusion equation for a binary system

𝑝𝐴1 = 𝑝𝐴
𝑠𝑎𝑡 is the vapour pressure of A into gas B, which is going to be in equilibrium with 

the liquid phase

Example: Evaporation of A through a stationary non-diffusing gas B
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Liquid A

A + B

𝑧 = 0, 𝑥𝐴,0; 𝑥𝐵,0

𝑧 = 𝐿, 𝑥𝐴,𝐿; 𝑥𝐵,𝐿

nA,𝑧

If B is non diffusing in A, 
nB,𝑧 = 0 at steady state

nB,𝑧

Derive the total molar flux nA,𝑧

nA,z = −𝑐𝒟A𝐵
𝑑𝑥A
𝑑𝑧 +  x𝐴 nA,z + nB,z

Because nB,𝑧= 0 nA,z = −𝑐𝒟A𝐵
𝑑𝑥A
𝑑𝑧 +  x𝐴 𝑛𝐴,𝑧

nA,z = −
𝑐𝒟A𝐵

1 − x𝐴

𝑑𝑥𝐴

𝑑𝑧
It can be re-written like

Remember 𝑐 is the 
concentration of the mixture

4.5. Convective-diffusion equation for a binary system

Example: Evaporation of A through a stationary non-diffusing gas B
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Because we are at steady state: 𝑑𝑛𝐴,𝑧

𝑑𝑧
= 0

𝑑

𝑑𝑧
 (

1

1− x𝐴

𝑑𝑥𝐴

𝑑𝑧
) = 0 

Integrating between 𝑥𝐴,0 and 
𝑥𝐴,𝐿, we find the constants C1 and C2

− ln 1 − 𝑥𝐴 = 𝐶1𝑥 +  𝐶2

1 − 𝑥𝐴

1 − 𝑥𝐴,0
=

1 − 𝑥𝐴,𝐿

1 − 𝑥𝐴,0

𝑧
𝐿

𝑥𝐴 = 1 − 1 − 𝑥𝐴,0

1 − 𝑥𝐴,𝐿

1 − 𝑥𝐴,0

𝑧
𝐿

nA,z = −
𝑐𝒟A𝐵

1 − x𝐴

𝑑𝑥𝐴

𝑑𝑧

We derive and find 
𝑑𝑥𝐴

𝑑𝑧
, 

then we integrate between 𝑥𝐴,0 and 𝑥𝐴,𝐿 nA,z =
𝑐𝒟A𝐵

𝐿
𝑙𝑛

1 − 𝑥𝐴,𝐿

1 − 𝑥𝐴,0

4.5. Convective-diffusion equation for a binary system

Example: Evaporation of A through a stationary non-diffusing gas B

Note: IF there is a flowing gas (e.g. air) on top of the open container 𝑥𝐴,𝐿=0 



4.0. Modes of mass transport

• Molecular diffusion (from high to low concentration)

41

Diffusion is the process by which molecules, ions, or other small particles 
spontaneously mix, moving from regions of relatively high concentration into 
regions of lower concentration.

This process can be described in two ways:
1. Fick’s Law and diffusion coefficient, which is a more fundamental description 
2. In terms of mass transfer coefficient, which is an approximate engineering 
idea that often gives a simpler description. 
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4.6. Mass transfer coefficient for molecular transport between two 
phases 

Until this point we have look at diffusion and convection when species A and B are 
dissolved in the same phase (i.e. both in gas or in solid).
The question we would like to answer now is: How do we describe diffusion across 
boundaries between two phases? (e.g.evaporation of A from liquid to gas phase)

Phase I Phase II

nAA A

z0

Boundary conditions:
1) The concentration at the interphase are 

governed by equilibrium laws

1) The fluxes are equal at the interphase:

𝑛𝐴
𝑃ℎ𝑎𝑠𝑒 𝐼 = 𝑛𝐴

𝑃ℎ𝑎𝑠𝑒 𝐼𝐼

Note: The concentrations in the two phases might not be equal, the chemical potentials 
are:

ห𝜇𝐴
𝑝ℎ𝑎𝑠𝑒𝐼

𝑧 = 0 −=
ห𝜇𝐴

𝑝ℎ𝑎𝑠𝑒𝐼𝐼
𝑧 = 0 +

ห𝐶𝐴
𝑝ℎ𝑎𝑠𝑒𝐼

𝑧 = 0 −
 , ห𝐶𝐴

𝑝ℎ𝑎𝑠𝑒𝐼𝐼
𝑧 = 0 +



4.6. Mass transfer coefficient for molecular transport between two 
phases 

z

cA

0 Solid
Wall “D”

Well-mixed
Fluid “B”

Well-mixed
Fluid “C”

z

y

x

Solid wall
material “D”

Well-mixed
Fluid “B”

Consider the transfer of molecules 
If the fluid flow is sufficiently turbulent we can consider 
there to be two regions:
-Well mixed fluid all of the same concentration 
-Boundary layer near the interface

Boundary layers

Boundary
layers

nA

(at steady state)

Well-mixed
Fluid “C”

nA

cA,B, bulk
cA,C, bulk cA,B, bulk

cA,D(z)

cA,C, bulk

cA,D (z)

43
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THE MASS TRANSFER COEFFICIENT K= mass transfer coefficient



4.6. Mass transfer coefficient for molecular transport between two 
phases Consider a simple case: dissolved gas (component “A”) in a Gaseous 

Nitrogen phase (Phase G) and in liquid Water (phase L)

Gaseous 
Nitrogen phase 

Liquid water 
phase

z

xA

xA,L mole fraction of “A” 
in Liquid phase

x A
,G

 m
o

le
 f

ra
ct

io
n

 o
f 

“A
” 

in
 g

as
 p

ha
se

0 10.5

0
1

0
.5

xA,G bulk

xA,L bulk

x A
,G

 b
u

lk

xA,L bulk

nA,z,0

0

xA,G,0

xA,L,0

Mole fraction

x A
,G
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nA,z,0 =  𝑘x,𝐺,𝑙𝑜𝑐(xA,G,bulk − xA,G,0) =  𝑘x,𝐿,𝑙𝑜𝑐(xA,L,0 − xA,L,bulk)

equilibrium 
curve
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At steady state, the flux of A in one phase must equal the flux of A in the other phase 
(otherwise there will be accumulation of A on one side or the other), therefore the two fluxes 
equate.

O



4.6. Mass transfer coefficient for molecular transport between two 
phases Consider a simple case: dissolved gas (component “A”) in a Gaseous 

Nitrogen phase (Phase G) and in liquid Water (phase L)

nA,z,0 =  𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0) =  𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk)

Apparent local mass transfer coefficient, based 
on mole fraction in phase “G” (gas phase) 

Apparent local mass transfer coefficient, based 
on mole fraction in phase “L” (liquid phase) 
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Why apparent? Because we are ignoring the possible mass transfer at the interface, 
which is ok when working in diluited systems

Why local? Because the concentrations at the interface are considered



nA,z,0 =  𝑘x,G,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0)=  𝑘x,L,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk) (9.1)

nA,z = −𝑐𝒟A𝐵
𝑑𝑥A
𝑑𝑧 +  x𝐴 nA,z + nB,z

Diffusive flux Advective flux

At interface (z=0)

ቚ−𝑐𝒟A𝐵
𝑑𝑥A
𝑑𝑧 𝑧=0−

= nA,G,0 −  xA,G,0 nA,G,0 + nB,G,0

For a binary system:

ቚ−𝑐𝒟A𝐵
𝑑𝑥A
𝑑𝑧 𝑧=0+

= nA,L,0 −  xA,L,0 nA,L,0 + nB,L,0

= 𝑘x,𝐺,𝑙𝑜𝑐(xA,G,bulk − xA,G,0)

=  𝑘x,𝐿,𝑙𝑜𝑐(xA,L,0 − xA,L,bulk)

Then some algebra gives:

𝑘x,G,𝑙𝑜𝑐
𝑎𝑝𝑝

=
𝑘x,G,𝑙𝑜𝑐

1 −  xA,G,0 1 +
nB,G,0
nA,G,0

(9.2)

(9.3)𝑘x,L,loc
𝑎𝑝𝑝

=
𝑘x,L,𝑙𝑜𝑐

1 −  xA,L,0 1 +
nB,L,0
nA,L,0

*Of course, 𝑘x,G,𝑙𝑜𝑐
𝑎𝑝𝑝

≈ 𝑘x,G,𝑙𝑜𝑐 or 𝑘x,L,loc
𝑎𝑝𝑝

≈ 𝑘x,L,𝑙𝑜𝑐 when xA,G,0 or xA,L,0 is small (dilute)

4.6. Mass transfer coefficient for molecular transport between two 
phases  
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THE MASS TRANSFER COEFFICIENT K= mass transfer coefficient
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From the local k to the overall K

𝑃𝐴
𝑒𝑞

= 𝐾𝐻𝐶𝐴,𝑏𝑢𝑙𝑘

We introduce ”equilibrium” values wherein:

In the gas phase

In the liquid phase 𝑃𝐴,𝑏𝑢𝑙𝑘= 𝐾𝐻𝐶𝐴
𝑒𝑞

Along with an overall mass transport coefficient in place of 
the local mass transport coefficient



Consider a simple case: dissolved gas (component “A”) in a Gaseous 
Nitrogen phase (Phase G) and in liquid Water (phase L)

Gaseous 
Nitrogen phase 

Liquid water 
phase

z

xA

xA,L mole fraction of “A” 
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0
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xA,G bulk

xA,L bulk

x A
,G

 b
u

lk

xA,L bulk

nA,z,0

0

xA,G,0

xA,L,0

Mole fraction

x
A

,G
𝑒

𝑞

xA,L
𝑒𝑞

x A
,G

,0

xA,L,0

nA,z,0 =  𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0) =  𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk) (9.1)

Because it is not possible to measure the concentration at interfaces, we define the 
transfer using overall transfer coefficients:

nA,z,0 =  𝐾x,𝐺
𝑎𝑝𝑝

(xA,G,bulk − xA,G
𝑒𝑞

) =  𝐾x,𝐿
𝑎𝑝𝑝

(xA,L
𝑒𝑞

− xA,L,bulk) (9.4)

4.6. Mass transfer coefficient for molecular transport between two 
phases 
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xA,L mole fraction of “A” 
in Liquid phase
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xA,L bulk

x
A

,G
𝑒

𝑞

xA,L
𝑒𝑞

x A
,G

,0

xA,L,0

Then

𝐾x,𝐺
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0
𝑒𝑞

) =  𝑘x,𝐺
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0)

and

𝐾x,𝐿
𝑎𝑝𝑝

(xA,L,0
𝑒𝑞

− xA,L,bulk) =  𝑘x,𝐿
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk)

We can then derive the partition coefficient 𝑚L

𝑚G
𝑚G =

xA,G,0 − xA,G
𝑒𝑞

xA,L,0 − xA,L,bulk

𝑚L =
xA,G,bulk − xA,G,0

xA,L
𝑒𝑞

− xA,L,0 

In diluited systems,
since 𝑚G ≈ 𝑚L an average can be defined

𝑚𝑎𝑣𝑔 = 1
2 𝑚G + 𝑚L

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝐾x,𝐿
𝑎𝑝𝑝 = 1 +

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑚L𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

𝐾x,𝐺
𝑎𝑝𝑝 = 1 +

𝑚G𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

Some algebra:

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑚𝑎𝑣𝑔𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝 ≪ 1

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑚𝑎𝑣𝑔𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝 ≫ 1

Little gas phase resistance
Liquid phase controlled

Little liquid phase resistance
Gas phase controlled

4.6. Mass transfer coefficient for molecular transport between two 
phases 
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water air

C A,L,bulk

C A,L,0

C A,G,bulk

C A,G,0
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RECAP
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RECAP

xA,G,0 and xA,L,0 are connected via an equilibrium law
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RECAP
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If you were asked to draw the direction of the flux:



Gaseous 
Nitrogen phase 

Liquid water 
phase

xA

xA,G bulk

xA,L bulk

nA0

0
zz

xA,L mole fraction of “A” 
in Liquid phase
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𝑞
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xA,L,0

Example: given the equilibrium diagram draw the flux direction 
and the value of the mole fraction with respect to z for the case of 
a liquid phase controlled mass transfer  

x A
,G

,0

4.6. Mass transfer coefficient for molecular transport between two 
phases 
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Consider a simple case: dissolved gas (component “A”) 
in a Gaseous Nitrogen phase (Phase G) and in liquid 
Water (phase L)

Gaseous 
Nitrogen phase 

Liquid water 
phase

z

xA

xA,L mole fraction of “A” 
in Liquid phase

x A
,G

 m
o

le
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h
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0
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xA,G bulk

xA,L bulk

x A
,G
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xA,L bulk

nA,z,0

0

xA,G,0

xA,L,0

Mole fraction

x
A

,G
𝑒

𝑞

xA,L
𝑒𝑞

x A
,G

,0

xA,L,0

𝑚L

𝑚G

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑚𝑎𝑣𝑔𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝 ≪ 1

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑚𝑎𝑣𝑔𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝 ≫ 1

Little gas phase resistance
Liquid phase controlled

Little liquid phase resistance
Gas phase controlled

nA,z,0 =  𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0) =  𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk) (9.1)

𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

> 𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

= 𝐾x,𝐿
𝑎𝑝𝑝

4.6. Mass transfer coefficient for molecular transport between two 
phases 
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Types of mass transfer coefficients units and values (assuming 
transfer from gas phase to liquid phase):

Based on a gas phase G with respect to mole fraction

kc = Kc = m s−1

kx = Kx = mol s−1 m−2

Based on a gas phase G with respect to concentration

Based on a gas phase G with respect to partial pressure

Based on a Liquid phase L with respect to mole fraction

Based on a Liquid phase L with respect to concentration

nA,0 =  𝑘x,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,G,bulk − xA,G,0)

nA,0 =  𝑘x,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

(xA,L,0 − xA,L,bulk) =  𝐾x,𝐿
𝑎𝑝𝑝

(xA,L
𝑒𝑞

− xA,L,bulk)

=  𝐾x,𝐺
𝑎𝑝𝑝

(xA,G,bulk − xA,G
𝑒𝑞

)

nA,0 =  𝑘c,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(cA,G,bulk − cA,G,0) =  𝐾c,𝐺
𝑎𝑝𝑝

(cA,G,bulk − cA,G
𝑒𝑞

)

nA,0 =  𝑘p,𝐺,𝑙𝑜𝑐
𝑎𝑝𝑝

(𝑝A,G,bulk − 𝑝A,G,0) =  𝐾p,𝐺
𝑎𝑝𝑝

(𝑝A,G,bulk − 𝑝A,G
𝑒𝑞

)

nA,0 =  𝑘c,𝐿,𝑙𝑜𝑐
𝑎𝑝𝑝

(cA,L,0 − xA,L,bulk) =  𝐾c,𝐿
𝑎𝑝𝑝

(cA,L
𝑒𝑞

− cA,L,bulk)

kp = Kp = mol s−1 m−2 bar−1

kc = Kc = m s−1

kx = Kx = mol s−1 m−2

4.5. Mass transfer coefficient for molecular transport between two 
phases 
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Jasmone exercize
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The aswer to point f provides additional information on the equilibrium values, do read it 
for the sake of your knowledge
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