
Problem 1

Two solutions are separated by a thin film 0.3cm thick that can allow diffusion of HCl (A)
and water (B). The concentration of HCl at one side of the film at point z1 is 0.004 mol/cm3

and the concentration of HCl at the other side of the film at point z2 is 0.002 mol/cm3. The
total concentration at both points is 0.055 mol/cm3. The diffusivity of HCl in water in the
film is 2.5 * 10–5 cm2/s. Assume steady state.

a) Find an expression for the molar flux of HCl assuming that water does not diffuse. Cal-
culate this flux.

b) Find an expression for the molar fluxes of HCl and water assuming that they are related
by NA = -2NB. Calculate both fluxes.

Solution

a) We can start with the expression for molar flux:

NA = –DAB
dcA
dz

+ xA (NA + NB) (1)

= –DAB
dcA
dz

+
cA
c

(NA + NB) . (2)

As water does not diffuse NB = 0, and we can rearrange to find an exact expression for NA:

NA = –
DAB

1 – xA

dcA
dz

= –
cDAB

c – cA

dcA
dz

(3)

NAdz = –
cDAB

c – cA
dcA. (4)

As we are assuming steady state, NA is constant and we can integrate the expression from
z1 to z2 and cA1 to cA2:

∫ z2

z1

NAdz =

∫ cA2

cA1

–
cDAB

c – cA
dcA

NA(z2 – z1) = cDAB ln

(
c – cA2

c – cA1

)
= cDAB ln

(
1 – xA2

1 – xA1

)
,

1



which gives the final expression as:

NA =
cDAB

z2 – z1
ln

(
c – cA2

c – cA1

)
=

cDAB

z2 – z1
ln

(
1 – xA2

1 – xA1

)
. (5)

Plugging in the parameters of the problem:
c = 0.055 mol/cm3

xA2 = cA2/c= 0.002/0.055 = 0.0364
xA1 = cA1/c= 0.004/0.055 = 0.0727
z2 – z1 = 0.3cm
DAB = 2.5 * 10–5 cm2/s

NA =
cDAB

z2 – z1
ln

(
1 – xA2

1 – xA1

)
=

0.055 ∗ 2.5 ∗ 10–5

0.3
ln

(
1 – 0.0364

1 – 0.0727

)
= 1.76 ∗ 10–7mol/cm2s. (6)

b) As before, we can start with the expression for molar flux using either (1) or (2). The
problem statement tells us that NA = -2NB, so we can plug in NB = -1/2 NA and rearrange:

NA = –DAB
dcA
dz

+ xA

(
NA –

1

2
NA

)
= –DAB

dcA
dz

+
xA
2

NA (7)

= –
DAB

1 – xA
2

dcA
dz

= –
cDAB

c – cA
2

dcA
dz

(8)

NAdz = –
cDAB

c – cA
2

dcA. (9)

As we are assuming steady state NA is constant and we can integrate the expression from
z1 to z2 and cA1 to cA2:

∫ z2

z1

NAdz =

∫ cA2

cA1

–
cDAB

c – cA
2

dcA

NA(z2 – z1) = 2cDAB ln

(
c – cA2

2

c – cA1
2

)
= 2cDAB ln

(
1 – xA2

2

1 – xA1
2

)
= 2cDAB ln

(
2 – xA2

2 – xA1

)
,

which gives the final expressions as:

NA =
2cDAB

z2 – z1
ln

(
2c – cA2

2c – cA1

)
=

2cDAB

z2 – z1
ln

(
2 – xA2

2 – xA1

)
(10)

NB = –
NA

2
= –

cDAB

z2 – z1
ln

(
2 – xA2

2 – xA1

)
. (11)
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Plugging in the parameters of the problem:
c = 0.055 mol/cm3

xA2 = cA2/c= 0.002/0.055 = 0.0364
xA1 = cA1/c= 0.004/0.055 = 0.0727
z2 – z1 = 0.3cm
DAB = 2.5 * 10–5 cm2/s

NA =
2cDAB

z2 – z1
ln

(
2 – xA2

2 – xA1

)
=

2 ∗ 0.055 ∗ 2.5 ∗ 10–5

0.3
ln

(
2 – 0.0364

2 – 0.0727

)
NA =1.71 ∗ 10–7mol/cm2s (12)

NB = –
NA

2
= –8.55 ∗ 10–8mol/cm2s (13)
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