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Experiment 1

Drops on Coins
Procedure:
Water and ethanol is dropped on two similar coins.
The number of drops necessary until the respective
liquid spills over the coin should be counted.
1

Observation:

When water is dropped onto a coin a growing dome is
formed even after touching the edges of the coin. But
eventually, the dome breaks and the water spills over. The
alcohol, however, does not form as large a bead of liquid
on the coin. Therefore, noticeably more drops of water
can be added to the coin than drops of alcohol.

Experiment 1

Drops on Coins
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Explanation:
The surface tension of water is especially high (σ =
72 mN m−1) due to the high polarity of water
molecules and the resulting relatively strong
hydrogen bonds between them.

The water molecules at the surface of the drop are pulled
inward and they stick together so strongly that they form a
dome. Eventually, though, gravity overcomes this force and
the dome breaks, spilling water over the sides of the coin.
The surface tension of ethanol (σ = 22 mN m−1) is considerably smaller than
that of water. Therefore, fewer drops are able to be added to the coin.

Experiment 2 Part A

Soap Film
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Procedure:
A soap film is formed between a wire frame and a
slider by dipping the frame into a soap bubble solution. The slider is then slowly pulled away from the
end of the frame. Subsequently, one lets go of the
slider.

Observation:
The film contracts to its former size and the slider moves back to its original
position.
Explanation:
In order to increase the surface area of the soap film, the energy W→A has to be
expended because of the surface tension. During the reverse process—when
the slider moves back—this surface energy is released again.

Experiment 2 Part B

Optimal Bubble-ology
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Procedure:
A tetrahedral frame made by means of drinking
straws and chenille stems is dipped into a dishwashing liquid containing solution and then slowly
lifted out of it.
Observation:

The soap film forms a series of plane surfaces, each of which
begins at an edge of the tetrahedron and meets all the other
surfaces at its center. Depending on the direction of light
incidence, the soap films shimmer in different colors.

Experiment 2 Part B

Optimal Bubble-ology
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Explanation:
The soap film tends to minimize the surface energy by
assuming the shape of least surface area possible
taking into account the restrictions imposed by the
framework. The intricate shape inside the tetrahedral
frame represents this minimum area.

Since the thickness of the soap film is comparable to the
wavelength of light it gives rise to colorful interference
patterns. This phenomenon is called iridescence.

Experiment 3

Connected Soap Bubbles
Procedure:
Two soap bubbles of differing sizes are connected
via a closed stopcock. Subsequently, the stopcock
is opened.
Observation:
The smaller bubble “inflates” the larger one and
disappears during this process.
Apparently, the excess pressure increases as the
radius decreases.
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Experiment 3

Connected Soap Bubbles
Explanation:
The excess pressure pσ inside a soap bubble is
balanced by surface tension.
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If the radius r grows by dr, thereby increasing the
volume V by dV = 4πr2dr, the necessary energy is
dW = pσ dV = pσ ⋅ 4π r 2dr

The surface grows by dA = 8πrdr and the surface energy grows along with it.

dW→ A = σdA = σ ⋅ 16π rdr
In equilibrium, the following is valid:
pσ ⋅ 4π r 2dr = σ ⋅ 16π rdr
excess pressure pσ in a soap bubble: pσ =

4σ
r

Experiment 4 Part A

Capillary Tubes in Action
Procedure:
Capillary tubes with different inner diameters are
placed into colored water in a Petri dish.
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Observation:
The water rises in the capillary tubes and reaches
different levels. The narrower the tube, the higher
the water rises.

Experiment 4 Part B

More Capillary Action
Procedure:
A wedge formed by two glass plates with a paper
clip as spacer and fixed together by a rubber band is
placed into colored water in a Petri dish.
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Observation:

The water rises on the narrower side. At the end, the
surface of water in the wedge takes the shape of a
hyperbola.

Experiment 4

Capillary Action
Explanation:
The liquid rises in a capillary with the radius rc until the weight FG = mg = ρVg
of the liquid drawn up the tube just compensates for the force Fσ resulting
from surface tension σ along the capillary circumference:
2σ
Fσ = 2πrcσ = ρπrc2hg = FG
h=
ρrc g
The capillary rise h of a liquid is directly proportional to the surface tension
and inversely proportional to the capillary radius.
The wedge-shaped space between the plates can be imagined as filled with a
series of vertical capillary tubes whose radius increases with the distance x.
hyperbolic relationship
between h and x

Experiment 4

Capillary Action in Nature
Have you ever thought about how a tree transports the
ten to several hundred liters of liquid a day from the roots
up to the leaves at a height of up to 120 m, where the
water is needed for photosynthesis and to maintain the
leaf structure?
water transport determined by three processes, which
complement each other and have different importance
during the year and in different climates
■ transpiration pull
■ capillary action
■ root pressure

Experiment 4

Capillary Action in Nature
supporting function of the capillary action in the water
transport of a plant by facilitating the gravity defying
transport processes: water rises within thin tubes (xylem
conduits) in the wood as if by itself, and it rises higher, the
thinner these tubes are
adhesion between the water molecules and the inner
walls of the xylem conduits causes an upward
movement of the liquid; cohesion between the water
molecules themselves keeps the water column
together during the transport process

Experiment 5

Floating Razor Blade
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Procedure:
When a razor blade (or paper clip, etc.) is carefully
laid upon a water surface, it will sink slightly, but
continues to float. Afterwards, a drop of dishwashing liquid is added near the object.

Observation:
The object is first pushed slightly to the side, but finally it
sinks to the bottom of the container.
Explanation:
The object initially floats on the water due to its high
surface tension. When dishwashing liquid is added, the surface tension decreases and the object can no longer be supported by the surface tension.

Experiment 6

Soap-Powered Boat
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Procedure:
The “boat” made from cardboard is placed on the
water. A cotton swab (or toothpick) is used to collect
a small amount of dishwashing liquid. Subsequently, the end of the cotton swab is dipped into
the water in the notch of the boat.
Observation:
The boat zooms forward in the water.

Experiment 6

Soap-Powered Boat
Explanation:
The soap boat experiment makes use of the “Marangoni effect,” the
tendency of molecules to migrate from a region of low surface
tension to a region of high surface tension.
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When a drop of dishwashing liquid is placed
in the notch, a soapy film spreads out on the
water surface from the back of the boat,
thereby “pushing” the boat forward.

This is similar
to a rocket.

Experiment 6

Marangoni Effect in Nature
small aquatic insects such as the rove
beetles Microvelia can rapidly (up to
70 cm s−1) skim over the water surface to
escape potential predators without employing the oscillatory movements of legs by
using the Marangoni effect
for this purpose they secret chemicals that
momentarily reduce the surface tension to
the rear

Experiment 7

Chromatographic Separation of Felt Pen Ink
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Procedure:
A felt tip pen is used to make a good-sized dot at
one end of an oblong filter paper strip. The strip is
then attached to a wooden skewer with a binder clip
and the end of the strip is lowered into the water but
the dot should not be submerged.

Observation:
The solvent immediately starts moving up the paper strip,
carrying the ink pigments with it. The dot separates into
variously colored components.

Experiment 7

Chromatographic Separation of Felt Pen Ink
Observation (continued):
Depending on the brand of the felt tip pen and
its color, different color patterns are created.
Explanation:
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In the present case of paper chromatography,
the mobile phase is water and the stationary
phase is paper (or rather the water trapped between the cellulose fibers). The
mobile phase moves up the paper by capillary action, carrying the different
components with it. The various types of dye molecules in the ink migrate with
a different speed depending on their preference to be adsorbed onto the
stationary phase versus being carried along with the mobile phase. In this way
the components are separated from one another.
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