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04.03 Free films

Principle and tasks
If a platinum wire ring is drawn
through an aqueous tenside solution
a tubular film is formed of water,
whose boundaries to the air are
made up of tenside membranes. The
film comprises an aqueous elec-
trolyte solution sandwiched between
two monomolecular membranes of
lauryl sulphate ions. Its thickness can
be estimated by measuring the con-
ductivity, provided that the specific
conductivity of the electrolyte and
the geometry of the film are known.

Digital conductivity meter 13701.93 1

Conductivity/temperature electrode 13701.01 1

Adapter conductivity cells 13701.02 1

Platinum electrode in protective tube, l = 8mm 45206.00 1

Platinum wire, d = 0.3 mm, l = 100 mm 31739.03 1

Connecting cord, l = 500 mm, yellow 07361.02 2

H-base -PASS- 02009.55 1

Support rod, l = 500 mm 02032.00 2

Right angle clamp 37697.00 3

Universal clamp 37715.00 3

Support rod with hole, l = 100 mm 02036.01 1

Spring balance holder 03065.20 1

Slide mount 08286.05 1

Round flask, 100 ml, 3-neck, GL25 / 2 GL18 35677.15 1

Closure caps, GL25 41221.03 1  

Rubber tubing, di = 4 mm 39280.00 1

Volumetric flask 500 ml, IGJ19/26 36551.00 1

Funnel, glass, do = 55 mm 34457.00 1

Laboratory balance, with data output, 620g 45023.93 1

Weighing dishes, 80�50�14 mm 45019.05 1

Glass beaker, 100 ml, tall 36002.00 2

Spoon 33398.00 1

Microspoon 33393.00 1

Wash bottle, 500 ml 33931.00 1

Pasteur pipettes 36590.00 1

Rubber bulbs 39275.03 1

Standard solution 1413 µS/ cm, 460ml 47070.02 1

Sodium chloride, 500 g 30155.50 1

Sodium dodec. hydrogen sulphate, 100 g 31280.10 1

Water, distilled, 5 l 31246.81 1

What you need:

Free films P3040301

Interfacial Chemistry LEC 04

What you can learn about

� Tensides 
� Double membrane
� Surface tension
� Electrolyte conductivity



Bend one end of the platinum wire to form a ring which is 10 to
15 mm in diameter. Press the ring and hold it flat while turning
the wire up to an angle of 90¡ to the loop. Push the plug of a con-
necting cable through the loosened closure cap of the middle
neck of the round bottom flask. Attach the wire to the plug using
a short piece of rubber tubing (Fig. 2). Replace the connecting
cap carefully without bending the wire ring. Mount the plug in the
electrode holder with the insulation and clamp the electrode
holder into the slide mount. The slide mount allows the height of
the platinum wire to be adjusted to within 1 mm. Fix the platinum
electrode in one of the lateral necks of the round bottom flask in
a protective sleeve.
Attach the connecting cables to the yellow sockets of the
adapter on the conductivity meter. Fill the flask with lauryl sul-
phate solution through the second lateral neck until the level is
at the height of the wire ring and close the neck with the closure
cap. Wait approximately 1 hour before performing the measure-
ment. Using the slide mount, slowly lift the wire ring out of the
solution until the conductivity value noticeably drops. At this
point, the film starts to form a meniscus. Now lift the ring anoth-
er 3.5 mm and observe the conductivity value on the display.
The value will fall until the initially transparent, then rainbow
coloured membrane turns virtually black shortly before it tears.
Record this value.
Repeat this procedure until reproducable conductivity values are
obtained.
Determine the specific conductivity of the solution in a separate
beaker using the conductivity / temperature electrode.

Theory and evaluation
Lauryl sulphate ions have one hydrophilic pole (sulphate group)
and one hydrophobic pole (alkyl chain). The film of aqueous
sodium lauryl sulphate / sodium chloride solution consists of two
lauryl sulphate membranes, in which the hydrophobic ends point
outwards, and a middle layer of water which contains the sol-
vated sodium and chloride ions to which the hydrophilic ends
are orientated. To determine the thickness of this film, it is
assumed that the enclosed electrolyte solution has the same
specific conductivity as the original solution.
The film is an electric conductor whose conductivity G depends
on its geometry.

(1)

where
A Cross section area
l Length
k Specific conductivity

The tubular film is considered to be a very thin walled hollow
cylinder with wall thickness d and base radius r equal to that of
the platinum wire ring. The cross section area can be calculated
as a rectangular surface (Fig. 3).

A =  2 p r d (2)

With equation (1) (length l of the conductor = height h of the
cylinder) one obtains

(3)

This equation allows the thickness of the film to be estimated.
For h enter 3.5 mm, the distance the film was pulled above its
meniscus.

Data and results
At a temperature of 20¡C and with a ring radius of 6.5 mm, the
thickness of the free film was calculated to be 126 nm. The actu-
al thickness depends on the vapour pressure of the water in the
flask. As the water evaporates slowly only a thin film can form.
The layer thickness of the enclosed electrolyte solution Ð the
only component contributing to conductivity Ð is, however, con-
siderably thicker than that of the lauryl sulphate membranes.
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Fig. 3: Calculation of cross sectional area of film

Fig. 2: Attachement of the wire ring to the plug
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