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04.01 Determination of the surface tension of pure liquids with the bubble pressure method

Principle and tasks
The bubble pressure method is a
procedure for the determination of
surface tension which is easily
performed experimentally. A capil-
lary tube is vertically immersed in
the liquid to be investigated. Then
the pressure required to force a gas
bubble out of the capillary is deter-
mined. The surface tension can be
calculated from the pressure in-
crease, the radius of the capillary
tube and its immersion depth. 

Lab jack, 160�130 mm 02074.00 2

U-tube pressure gauge 03931.00 1

Retort stand, h = 750 mm 37694.00 2

Right angle clamp 37697.00 2

Universal clamp 37715.00 2

Capillary tube, di = 1.5 mm, l = 450 mm 05939.00 1

Glass beaker, 250 ml, tall 36004.00 4

Pasteur pipettes 36590.00 1

Aspirator bottle, clear, 1000 ml 34175.00 1

Bottle, narrow mouth, 1000 ml, clear 41104.01 1

Stopcock, 1-way, straight, glass 36705.00 1

Capillary tube, T-shaped 37030.00 2

Glass tubes, right-angled, 85�60 mm 36701.52 1

Glass tubes, right-angled, 230�55 mm 36701.59 1

Silicone tubing, di = 7 mm 39296.00 1

Rubber stopper, d = 32/26 mm, 2 holes 39258.02 1

Rubber stopper, d = 22/17 mm, 1 hole 39255.01 1

Glass tube cutter 33185.00 1

Graduated cylinder, 100 ml 36629.00 1

Vernier caliper 03010.00 1

Ethylene glycol, 250 ml 30085.25 1

Olive oil, pure, 100 ml 30177.10 1

Ethyl alcohol, absolute, 500 ml 30008.50 1

Hydrochloric acid 37%, 1000 ml 30214.70 1

Nitric acid , 65%, 1000 ml 30213.70 1

Water, distilled, 5 l 31246.81 1
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aqua regia (a mixture of one volume of concentrated nitric acid
with three volumes of concentrated hydrochloric acid), leave it
there for a relatively long time, at best overnight, then wash it
repeatedly with distilled water and dry it.
Prepare the 1000 ml bottles by filling them with water, so that
they can be used to apply pressure according to the principle of
communicating tubes.
Attach a Pasteur pipette to the capillary tube with adhesive tape
in such a manner that the tip of the pipette is positioned about
20 mm above the end of the capillary tube. Exactly measure the
distance with the Vernier calliper, because this is to be the
immersion depth of the capillary tube. Fill the beaker that is on a
laboratory jack with the liquid to be investigated and carefully
raise the jack until the tip of the pipette just touches the liquid.
Operate the laboratory jack holding the 1000 ml bottle very slow-
ly to raise the bottle and so generate the pressure required for
the formation of an air bubble. Read off the difference in height
of the two columns of liquid in the U-tube pressure gauge short-
ly before the bubble emerges from the capillary tube into the liq-
uid. 

Theory and evaluation
Surface tension is the quantity of energy required to produce a
surface under isothermal and isobaric conditions. It corresponds
to the change in the free enthalpy during an alteration of the sur-
face.

(1)

In the bubble pressure method, a gas (usually air) emerges from
a capillary tube which is immersed in the liquid to be investigat-
ed. The pressure required for this serves to overcome the capil-
lary pressure ps , which is the difference between the bubbleÕs
internal pressure and the external pressure, and the hydrostatic
pressure ph.

ph =  h á r á g (2)

where
ph Hydrostatic pressure
h Immersion depth of the capillary tube
r Density of the liquid
g Acceleration due to gravity

During the increase in volume of the gas bubble, a constant
pressure change (volume work) psdV occurs.

ps dV =  ps á 4 p r2 dr (3)

where
ps Capillary pressure
r Radius

This work corresponds to the increase in the surface energy
s dA , obtained from (1).

s dA =  s á 8 p r dr (4)

From (3) and (4) the following term for the capillary pressure is
obtained:

(5)

The total pressure pmax at which a gas bubble emerges from the
capillary tube into the liquid, and which is be read off from the
pressure gauge as the maximum pressure, results from the sum
of the capillary pressure and the hydrostatic pressure.

(6)

Rearranging this, the following is obtained for the surface ten-
sion:

(7)

If the radius of the capillary tube is not known exactly, it can be
determined using a liquid of known surface tension.

(8)

The pressure pmax is read from the U-tube pressure gauge which
is filled with water as the difference between the two liquid
meniscuses. For the conversion into Nm -2 the following is valid:
1 mm of height of the water column corresponds to 9.798 Nm -2.

Data and results
For the determination of the capillary radius, distilled water is
used as calibration liquid (eqn.8). Applying this method, a value
of 7.745 . 10-4 m was determined.
For the determination of the surface tension of ethanol, the fol-
lowing experimental values were obtained:
Immersion depth of the capillary tube: 2.1 á 10-2 m
Capillary tube radius: 7.745 á 10-4 m
Pressure in the U-tube pressure gauge: 22 mm = 215.56 Nm -2

Acceleration due to gravity: 9.807 m á s-2

Densities:
Ethanol 0.7893 á 103 kg á m-3

Ethylene glycol 1.1088 á 103 kg á m-3

Olive oil 0.91 á 103 kg á m-3
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Water 71.99 á 10-3 N/m

Ethanol 21.97 á 10-3 N/m 20.6 á 10-3 N/m

Ethylene glycol 47.99 á 10-3 N/m 44.4 á 10-3 N/m

Olive oil 29.9 á 10-3 N/m
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