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06.11 Determination of diffusion potentials

Principle and tasks
At the interface between two solu-
tions with different ion concentra-
tions an electrochemical potential
establishes itself. Its magnitude is
determined by the concentration
ratio and the transference numbers
of the ions involved. This potential
difference can be measured as a
function of the concentration at
semi-permeable and ion-selective
membranes.

In this experiment we use a semi-
permeable cellophane membrane
and a cation-selective membrane to
measure the diffusion gradients of
different concentrations of HCl, NaCl
and KCl solutions.

Diffusion potential ��D for HCl as a function of In a2/a1 (0) and In c2/c1 (x)
(for cellophane).

Osmosis / electrochemistry chamber 35821.00 1
Digital multimeter 07134.00 1
Reference electrode, AgCl 18475.00 2
Digital thermometer, NiCr-Ni 07050.00 1
Thermocouple, NiCr-Ni, sheated 13615.03 1
Stopwatch, digital, 1/100 s 03071.01 1
Magnetic stirrer, mini 47334.93 1
Magnetic stirrer bar, l = 15 mm 46299.01 1
Retort stand, h = 750 mm 37694.00 1
Right angle clamp 37697.00 1
Universal clamp 37715.00 1
Laboratory balance, with data output, 620 g 45023.93 1
Volumetric flask, 100 ml 36548.00 6
Volumetric flask, 1000 ml 36552.00 6
Volumetric pipette, 1 ml 36575.00 2
Volumetric pipette, 5 ml 36577.00 1
Volumetric pipette, 10 ml 36578.00 1
Volumetric pipette, 20 ml 36579.00 3
Volumetric pipette, 50 ml 36581.00 3
Pipettor 36592.00 1
Pipette dish 36589.00 1
Glass beaker, 100 ml, tall 36002.00 4
Glass beaker, 250 ml, tall 36004.00 1
Syringe, 1 ml 02593.03 1
Cannula, 0.6�60 mm 02599.04 1
Funnel, glass, do = 80 mm 34459.00 2
Spoon 33398.00 1
Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Scissors, straight, l = 110 mm, pointed 64623.00 1
Wash bottle, 500 ml 33931.00 1
Membrane, permeable for cations 31504.02 1
Cellophane, 200�200 mm 32987.00 1
Potassium chloride, 250 g 30098.25 1
Sodium chloride, 500 g 30155.50 1
Hydrochloric acid, 0.1 M, 1000 ml 48452.70 1
Water, distilled, 5 l 31246.81 1
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What you can learn about

� Nernst equation
� Concentration cells
� Transference numbers
� Semi-permeable membrane
� Selectively permeable

membrane

Diffusion potential ��D for KCl as a function of In c2/c1 (cation permeable
membrane).



Data and results
1. Cellophane membrane
From the slope m of the regression line, the following transfer-
ence numbers were obtained for HCl from equation (6): t+ = 0.83
and t- = 0.17 at 298 K and using the activity coefficients from
Table 2.
The transference numbers for NaCl and KCl were calculated
according to equation (4):
NaCl:  � wD =  27.1 mV, t+ = 0.42, t- = 0.58
KCl:    � wD =  0.8 mV, t+ = 0.50, t- = 0.50

Table 2: Activity coefficients f

Table 3: Transference numbers t+ and t- at 18¡C and c = 1 mol/l

2. Cation-permeable membrane
For the slope of the regression line (-RT/F, T = 296 K), a value
of Ð 25.1 mV was obtained. The theoretical value valid for all
1 Ð1 electrolytes at cation-permeable membranes is Ð25.5 mV.
The current flow during measurement also exerts a strong effect
on the measured diffusion potentials. Although the measuring
device has a very high input impedance, a noticeable potential
drop can occur for a measurement period of 15 seconds and
repeated measurements. If a value deviates by more than 5 mV
from the initial value, it should not be considered in the evalua-
tion.
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Concentration HCl NaCl KCl
/mol/l

0.001 0.9656 0.9659 0.9652

0.002 0.9521 0.9531 0.9520

0.005 0.9285 0.9296 0.9274

0.01 0.9043 0.9059 0.9022

0.02 0.8755 0.8767 0.8706

0.05 0.8304 0.8285 0.8182

0.1 0.7964 0.7858 0.7707

0.2 0.7667 0.7414 0.7200

0.5 0.7571 0.6885 0.6552

1.0 0.8090 0.6644 0.6110

HCl NaCl KCl

t+ 0.828 0.383 0.492

t- 0.172 0.617 0.508
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