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Exercise problem 1 
Helium/Argon mixture is diffusing through a 100 nm pore at 1 bar and 25 ºC. Report Dmolecular, DK and 
Dvis for helium at 1 bar and 10 bar. Calculate Dtotal  at 1 and 10 bar pressures.

DHe,Ar = 0.7 cm2s−1 at 1 bar

DK =
8kBTd2

9πm

Dvis =
d2

32η1
P1

ηHe = 2 * 10−5 Pa s

At 1 bar, 

Dmolecular = 0.7 cm2 /s

DK =
8 * 1.38 * 10−23 * 298 * (100 * 10−9)2

9 * 3.14 * 0.004/(6.022 * 1023)
= 0.419 cm2 /s

Dvis =
(100 * 10−9)2

32 * 2 * 10−5
* 105 = 0.016 cm2 /s

1/D = 1/DK + 1/Dmolecular ⇒ D = 0.262 cm2 /s

DTotal = D + Dvis = 0.278 cm2 /s

At 10 bar, 

Dmolecular = 0.7/10 = 0.07 cm2 /s

DK = 0.419 cm2 /s

Dvis = 0.016 * 10 = 0.16 cm2 /s

1/D = 1/DK + 1/Dmolecular ⇒ D = 0.06 cm2 /s

DTotal = D + Dvis = 0.22 cm2 /s
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Exercise Problem 2
Calculate the effective diffusion coefficient for HCl in water at 25 ºC, neglecting i

Calculate the transference number for proton and Cl- ion
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Solution
Calculate the effective diffusion coefficient for HCl in water at 25 ºC, neglecting i

Deff = [ 2
1/D1 + 1/D2 ] = [ 2 * 10−5

1/9.31 + 1/2.03 ] = 3.33 * 10−5 cm2/s

Calculate the transference number 
for proton and Cl- ion

t1 = [ D1

D1 + D2 ] = [ 9.31
9.31 + 2.03 ] = 0.82

t2 = [ D2

D1 + D2 ] = [ 2.03
9.31 + 2.03 ] = 0.18

In absence of current, diffusion is restricted by slower moving ion (Cl-)

The current is mainly carried by H+ (82%)
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Exercise problem 3
Calculate the diffusion coefficient for 0.001 M LaCl3 in water at 25 ºC in the absence of a current flow.

JT = − [ ( |z1 | + |z2 | )

( |z1 |
D2

+ |z2 |
D1 ) ]∇cT Deff = [ ( |z1 | + |z2 | )

( |z1 |
D2

+ |z2 |
D1 ) ] = 1.29 * 10−5 cm2/s

Faster Cl- but +3 charge on La+3


