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Molecular Diffusion
a) ii- Non-Equimolar- counter diffusion (NEMD)

Mass transfer rates of the two components are not equal but in opposite directions.

حالات
تفاعلات كيمياوية   -  
تذُكر في السؤال-

A
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Example 5: Drive the rate of diffusion of reaction of producing carbon dioxide from oxygen and charcoal particle.

Solution             𝑂ଶ + 2𝐶𝑜 → 2𝐶𝑜ଶ 

(A)                        (B)

2N୅          =       −N୆ sub in (3)

                 𝑵𝑨 = 
𝑷𝑨

𝑷𝒕
( 𝑵𝑨  +  𝑵𝑩 ) −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁
----(3)

𝑵𝑨 = 
𝑷𝑨

𝑷𝒕
( 𝑵𝑨  + (− 𝟐𝑵𝑨) ) −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁
 

 𝑵𝑨 =  
𝑷𝑨

𝑷𝒕
 (− 𝑵𝑨) −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁

𝑵𝑨 − 
𝑷𝑨

𝑷𝒕
 (− 𝑵𝑨) = −  

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁

Molecular Diffusion
a) ii- Non-Equimolar- counter diffusion (NEMD)

𝑵𝑨 (𝟏 + 
𝑷𝑨

𝑷𝒕
) = −  

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁

𝑵𝑨 . 𝒅𝒁= −  
𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

(𝟏ା 
𝑷𝑨
𝑷𝒕

) 

𝑵𝑨 . 𝒅𝒁= −  
𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻
  .  

𝒅𝑷𝑨

(𝑷𝒕ା𝑷𝑨) 
By integration 

𝑵𝑨 . ∫ 𝒅𝒁
𝒁𝟐

𝒁𝟏
= −  

𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻
. ∫  

𝑷𝑨𝟐

𝑷𝑨𝟏

𝒅𝑷𝑨

(𝑷𝒕ା𝑷𝑨) 

𝑵𝑨 . (𝑍ଶ  − 𝑍ଵ)= −  
𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻 
 . ln

(௉೟ା௉ಲమ)
(௉೟ା௉ಲభ)

𝑵𝑨 = −  
𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻 
 .  

୪୬
(ು೟శುಲమ)
(ು೟శುಲభ)
௓మ ି௓భ

لكل حالة يتم ايجاد معادلة من خلال التكامل
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Molecular Diffusion
b) Diffusion of A in stagnant B, or unimolecular diffusion (N୆ = 0)

Species A diffuses in stagnant non-diffusing B.

Examples of Counter Diffusion:

- Liquid evaporated to air

- Gas in air being absorbed into water (absorption column).

Deriving the Case of A diffuses in stagnant non-diffusing B (N୆ = 0).

        𝑵𝑨 =
𝑷𝑨

𝑷𝒕
( 𝑵𝑨  +  𝑵𝑩 ) −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁
; N୆ = 0

        𝑵𝑨 =
𝑷𝑨

𝑷𝒕
( 𝑵𝑨  +𝟎) −  

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁  
⇒         𝑵𝑨 (𝟏 −

𝑷𝑨

𝑷𝒕
)= −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁

        𝑵𝑨 (
𝑷𝒕ି 𝑷𝑨

𝑷𝒕
)= −   

𝑫𝑨𝑩

𝑹 .𝑻
 .  

𝒅𝑷𝑨

𝒅𝒁   
⇒         𝑵𝑨 ∫ 𝒅𝒁

𝒁𝟐

𝒁𝟏
= −  

𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻
 . ∫  

𝑷𝑨𝟐

𝑷𝑨𝟏

𝒅𝑷𝑨

(𝑷𝒕ି 𝑷𝑨)

حالات
 انتشار مادة في وسط لاينتشر 

 برج امتصاص-
 تبخيرسائل -

تذُكر في السؤال-
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Molecular Diffusion
b) Diffusion of A in stagnant B. (N୆ = 0)

        𝑵𝑨 ∫ 𝒅𝒁
𝒁𝟐

𝒁𝟏
= −  

𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻
 . ∫  

𝑷𝑨𝟐

𝑷𝑨𝟏

𝒅𝑷𝑨

(𝑷𝒕ି 𝑷𝑨)
            

  
⇒        𝑵𝑨 (𝑍ଶ  − 𝑍ଵ) = −  

𝑫𝑨𝑩 . 𝑷𝒕

𝑹 .𝑻
 . (− ln

(௉೟ି௉ಲమ)
(௉೟ି௉ಲభ)

)

        𝑵𝑨 =   
𝑫𝑨𝑩 .  𝑷𝒕

𝑹 . 𝑻
 .

ln
(𝑃௧ − 𝑃஺ଶ)
(𝑃௧ − 𝑃஺ଵ)

𝑍ଶ  − 𝑍ଵ
         ;      𝑃௧ − 𝑃஺ଵ =𝑃஻ଵ     ;   𝑃௧ − 𝑃஺ଶ=𝑃஻ଶ

        𝑵𝑨 =   
𝑫𝑨𝑩 .  𝑷𝒕

𝑹 . 𝑻
 .

ln
𝑃஻ଶ
𝑃஻ଵ

𝑍ଶ  − 𝑍ଵ
                       ; 𝐿𝑜𝑔 𝑚𝑒𝑎𝑛 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑃஻ெ =  

𝑃஻ଶ − 𝑃஻ଵ

ln
𝑃஻ଶ
𝑃஻ଵ

        𝑵𝑨 =   
𝑫𝑨𝑩

𝑹 . 𝑻 

𝑷𝒕

𝑃஻ெ
.

𝑃஻ଶ − 𝑃஻ଵ

𝑍ଶ  − 𝑍ଵ
              

  
⇒         𝑵𝑨 = −  

𝑫𝑨𝑩

𝑹 . 𝑻 

𝑷𝒕

𝑃஻ெ
.

𝑃஺ଶ − 𝑃஺ଵ

𝑍ଶ  − 𝑍ଵ
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Example 6 : Water in the bottom of a narrow metal tube is held at a constant temperature (293 K). The 

total pressure of dry air is 1.0132 * 10ହ Pa at T= 293 K. Water evaporates and diffuses through the air, 

the diffuses path is( 0.15 m) long. Calculate the rate of evaporation at a steady state in Kmol/ 𝑚ଶ.sec

Given that 𝐷஺஻ = 0.25 ∗ 10ିସ 𝑚ଶ/𝑠𝑒𝑐 and water vapor pressure at (20 ℃) = 17.54mm Hg.
Solution
The water is diffused into the air but the air is not diffusing in the water, so (N୆= 0 )

𝑁஺ = −  
஽ಲಳ

ோ .்

𝑷𝒕

௉ಳಾ
. 

௉ಲమ ି௉ಲభ

௓మ ି௓భ
 

𝑃஺ଵ = 17.54 𝑚𝑚 𝐻𝑔    = 17.54 𝑚𝑚 𝐻𝑔 * ଵ ௔௧௠ 

଻଺଴ ௠௠ ு௚
= 0.023 atm   

𝑃஺ଶ = 0  𝑎𝑡𝑚 (𝑷𝒖𝒓𝒆 𝒂𝒊𝒓 𝒂𝒏𝒅 𝒍𝒂𝒓𝒈 𝒃𝒖𝒍𝒌 𝒗𝒐𝒍𝒖𝒎𝒆)  

𝑃஻ଵ = 𝑃௧ − 𝑃஺ଵ = 1 − 0.023 = 0.977 atm

𝑃஻ଶ = 1 𝑎𝑡𝑚

Z= 0.15 m

𝑃஻ெ =  
𝑃஻ଶ − 𝑃஻ଵ

ln
𝑃஻ଶ
𝑃஻ଵ

    
 

⇒𝑃஻ெ =  
1 − 0.977

ln
1

0.977

= 0.988𝑎𝑡𝑚

𝑁஺ = −  
଴.ଶହ∗ଵ଴షర

଴.଴଼ଶ ∗ଶଽଷ

𝟏

଴.ଽ଼଼
.  

଴ି ଴.଴ଶଷ

଴.ଵହ
 

𝑁஺ = 1.64 ∗ 10ି଻ Kmol/ 𝑚ଶ.sec

𝑵𝒐𝒕𝒆:  𝑖𝑛 𝑐𝑎𝑠𝑒 (𝑃஻ଶ ≈ 𝑃஻ଵ) 𝑡ℎ𝑒𝑛𝑃஻ெ can be equal the average of  𝑃஻ଶ & 𝑃஻ଵ
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Example 7: Ammonia (A) diffuses through a stagnant layer of air (B), 1cm thick, at 25 ℃ and 1 atm total 

pressure. The partial pressures of ammonia on the two sides of the air layer are: 𝑃஺଴ =0.9 atm and 𝑃஺ଵ =0.1 atm 

respectively. Air is non-diffusing. Calculate: a) The molar flux of ammonia in Kmol/ 𝑚ଶ.sec. b) Molar and mass 

average velocity for each species at Z = 0 . c) Plot the partial pressure distribution path.

Given that 𝐷஺஻ = 0.214 ∗ 10ିସ 𝑐𝑚ଶ/𝑠𝑒𝑐

Solution

a) For stagnant layer of air (B),   (N୆= 0 )

𝑁஺ = −  
஽ಲಳ . ௉೟

ோ .்
.

୪୬
(ು೟షುಲభ)
(ು೟షುಲబ)
௓భ ି௓బ

𝑃஺଴ = 0.9 𝑎𝑡𝑚      ;     𝑃஺ଵ = 0.1 𝑎𝑡𝑚 ;    𝑃௧ =1 𝑎𝑡𝑚

𝐷஺஻ = 0.214 ∗ 10ିସ 𝑐𝑚ଶ/𝑠𝑒𝑐

𝑁஺ = −  
଴.ଶଵସ∗ଵ଴షఴ ೘మ

ೞ೐೎
.(ଵ௔௧௠)

଴.଴଼ଶ (
೘య.ೌ೟೘

಼೘೚೗. ಼
).ଶଽ଼ ௄

.
୪୬

(1షబ.భ)
(1షబ.వ)

଴.଴ଵ ௠ ି଴

𝑁஺ = 1.92 ∗ 10ି଼ Kmol/ 𝑚ଶ.sec
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Example 7: 

Solution

b) Molar and mass average velocity for each species

- Molar average velocity (U)

U = 
ଵ

஼೟
 (𝐶஺ . 𝑢஺ +  𝐶஻ . 𝑢஻) = 

ଵ

஼೟
 (𝑁஺  +  𝑁஻) = 

ଵ

஼೟
 (𝑁௧) 

for   (N୆= 0 )

U = 
ଵ

஼೟
 (𝑁஺  + 0) = 

ேಲ

஼೟
  ----------(*)

𝐶௧= ௉೟

R.T = ଵ ୟ୲୫

଴.଴଼ଶ 
ౣయ.౗౪ౣ

ేౣ౥ౢ. ే
.ଶଽ଼ ୏

= 0.041 Kmol/mଷ sub in (*)

U = 
ଵ.ଽଶ∗ଵ଴షఴ Kmol/ ୫మ.sec

଴.଴ସଵ ୏୫୭୪/୫య
= 4.6 ∗ 10ି଻𝑚/ 𝑠𝑒𝑐

𝐶஺ varies along diffusion path, so 𝑢஺ varies as well

at z = 0 ; 𝑃஺଴ =0.9 atm    
 

⇒ y୅଴ =  
୔ఽబ

୔౪
=  

଴.ଽ

ଵ
= 0.9

U = 
ଵ

஼೟
 (𝐶஺଴ . 𝑢஺଴ +  𝐶஻଴ . 𝑢஻଴)       ; 𝐶஻ . 𝑢஻ = 𝑁஻ = 0

U = 
ଵ

஼೟
 . 𝐶஺଴ . 𝑢஺଴ =

஼ಲబ

஼೟
 .  𝑢஺଴ = 𝑦஺଴.  𝑢஺଴

𝑢஺଴ =
୙

୷ఽబ 

= 
ସ.଺∗ଵ଴షళ௠/ ௦௘௖

଴.ଽ
= 5.1 ∗ 10ି଻𝑚/ 𝑠𝑒𝑐

𝑢஻ = 0   (B    stationary) 
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Example 7: 

Solution

b) Molar and mass average velocity for each species

- Mass average velocity (u)

u = 
ଵ

ఘ೟
 (𝜌஺. 𝑢஺ + 𝜌஻. 𝑢஻)   ;      𝜌஻. 𝑢஻ = 0

u = 
ఘಲ.௨ಲ

ఘ೟
;         𝜌௜ =

௉೔ . ெ௪௧೔

ோ .்

u = 
.
ುಲ . ಾೢ೟ಲ

ೃ .೅
  .  ௨ಲ

ು೟ . ಾೢ೟೟
ೃ .೅

= 
 ௉ಲ . ெ௪௧ಲ.  ௨ಲ

௉೟ . ெ௪௧೟
= 

 ௬ಲ . ெ௪௧ಲ.  ௨ಲ

  ெ௪௧೟

u = 
 ௬ಲబ . ெ௪௧ಲ.  ௨ಲబ

  ெ௪௧೟
------(**)

At Z = 0 

𝑦஺ = 0.9   ;     𝑦஻= 1 − 𝑦஺ = 1 - 0.9 = 0.1 

  𝑀𝑤𝑡௧ = 𝑦஺  .  𝑀𝑤𝑡஺ + 𝑦஻  .  𝑀𝑤𝑡஻

  𝑀𝑤𝑡௧ = 0.9 ∗ 17 + 0.1 ∗ 29   = 18.2 sub in (**)

u = 
 ଴.ଽ   ∗  ଵ଻  ∗    ହ.ଵ∗ଵ଴షళ௠/ ௦௘௖  

ଵ଼.ଶ
= 4.3 ∗ 10ି଻𝑚/ 𝑠𝑒𝑐

DR. ALJAAFARI 10

Example 7: 

Solution
c) Pressure distribution Plot

N୅ = 1.92 ∗ 10ି଼ Kmol/ mଶ.sec = −  
ୈఽా . ୔౪

ୖ .୘
.

୪୬
(ౌ౪షౌఽ)
(ౌ౪షౌఽబ)
୞  ି୞బ

1.92 ∗ 10ି଼ = −  
଴.ଶଵସ∗ଵ଴షఴ ೘మ

ೞ೐೎
.(ଵ௔௧௠)

଴.଴଼ଶ (
೘య.ೌ೟೘

಼೘೚೗. ಼
).ଶଽ଼௄

.
୪୬

(1షౌఽ)
(1ష బ.వ)
୞  ି଴

219 Z = ln
(1ି୔ఽ)
(0.ଵ)

by exponential both sides

𝑒𝑥𝑝(219 Z) 
= 

(1ି୔ఽ)
(0.ଵ)

𝑷𝑨 = 1 – (0.1) 𝑒𝑥𝑝(219 Z)

𝑷𝑩 = (P୲ - P୅)  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

PA PB P(total)

Z (m)

P (atm)

P୅଴

P୅ଵP୆଴

P୲

P୆ଵ
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HW 3: Due date Saturday, October 26th

Q1 Oxygen (A) diffuses through a stagnant layer of nitrogen (B) at 20°C and 1 atm total pressure. The diffusion 
path is 1 cm thick. The partial pressure of oxygen on one side of the layer is 0.8 atm, and on the other side, it is 
0.2 atm. Nitrogen does not diffuse. Given the diffusivity of oxygen in nitrogen is 𝐷஺஻ =0.18* 10ିସ 𝑚ଶ/sec, 
calculate:
1.The molar flux of oxygen.
2.The molar and mass average velocities for each species.

Q2 Ammonia (𝑁𝐻ଷ  ) diffuses through a stagnant layer of nitrogen (𝑁ଶ  ) at 300 K and 1 atm total pressure. The 
thickness of the stagnant nitrogen layer is L=0.01 m. The partial pressure of ammonia at the surface (𝑍଴ = 0) is 
𝑃஺଴ =0.8 atm, and at the far side (Z=L) it is 𝑃஺ଵ =0.2 atm. The diffusion coefficient 𝐷஺஻ = 0.16* 10ିସ 𝑚ଶ/sec.
Find the partial pressure of ammonia at a distance Z=0.005 m from the surface.


