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Drops on Coins
Equipment:
2 clean coins of the same type (US pennies,
5 Euro cent coins, etc.)
2 Pasteur pipettes with small rubber bulbs
2 beakers (25 mL)
paper towels
Chemicals:
tap water
ethanol
Safety:
ethanol (C2H5OH):
H225-319
P210-240-305 + 351 + 338-403 + 233
Liquid and vapor are highly flammable. Therefore, open flames have to be avoided.
Ethanol also causes severe eye irritation; that means it is necessary to wear safety
glasses.
Procedure:
The two coins are placed on paper towels on a flat surface with the same side up
(meaning they are showing either both “heads” or “tails”). Both the water and the alcohol
are poured into one of the beakers. Subsequently, the water is added very carefully with
the pipette drop by drop to the center of one of the coins (the pipette should be hold just
above the top of the drop already on the coin without touching it so that each new drop has
to fall only a short distance before it merges with the drop already present). The number of
drops necessary until the water spills over the coin should be counted. The experiment is
repeated with the alcohol.
Observation:
When water is dropped onto a coin a growing dome is formed even after touching the
edges of the coin. 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.
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.

Disposal:
The paper towel that soaked up the water can be put in the waste paper basket; however,
the one that soaked up the ethanol should be disposed of in a fire safe container.

Soap Film
Equipment:
U-shaped wire frame with handle and
slider (moveable piece of wire)
glass jar
Chemicals:
soap bubble solution
Safety:
‒
Procedure and Observation:
Preparation: The soap bubble solution is poured into the glass jar. If one dips the wire
frame into the solution and cautiously pull it out again, a soap film forms between the
frame and the slider.
Procedure and Observation: When the slider is slowly pulled away from the end of the
frame (see the hand symbol), the soap film expands. If one lets go of the slider, the film
contracts to its former size and the slider moves back to its original position (note the
arrow).
Explanation:
In order to increase the surface area of the soap film, energy has to be expended because
of the surface tension. Interpreted atomistically, molecules are transported against the
tensile forces toward the interior of the denser phase from inside the phase to its surface.
The molecules at the surface of the phase therefore have an amount of energy that is
higher by the surface energy W→A than the energy of the molecules inside the phase.
During the reverse process—when the slider moves back—this surface energy is released
again.
Disposal:
The soap bubble solution can be flushed down the drain.

Optimal Bubble-ology
Equipment:
drinking straws
chenille stems (AKA pipe cleaners)
scissors
beaker (or small bucket, container or the like)
Chemicals:
tap water
dishwashing liquid
Safety:
‒
Procedure:
Preparation: The drinking straws are cut so that one obtains six pieces of equal length. In
order to form a tetrahedral frame, the straight pieces are connected at the corners by
inserting short bent sections of chenille stems into the end of each straw. Finally, a chenille
stem handle is attached to the frame. Subsequently, the beaker is filled with enough water
so that the frame is entirely covered when it is dipped later. About two spoons of dishwashing liquid are added to the water and the two components are gently mixed. Too
much froth on the surface of the solution should be avoided (the bubbly froth can be
scooped away with a spoon as necessary).
Procedure: The tetrahedral frame is carefully dipped into the dishwashing liquid containing
solution and then slowly lifted out of the solution.
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 the center of the tetrahedron. Depending
on the direction of light incidence, the soap film shimmers in different colors.
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. Soap films are
therefore physical examples of the complex mathematical problem of finding the minimal
surface of a boundary with specified constraints known as PLATEAU's problem. The
problem was raised by Joseph-Louis LAGRANGE in 1760 but named after the Belgian
physicist Joseph PLATEAU who solved some special cases of the problem experimentally
using soap films and wire frames.
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.
Disposal:
The tetrahedral frame made from drinking straws and chenille stems can be disposed of
with the household waste and the dishwashing solution can be flushed down the drain.

Connected Soap Bubbles
Equipment:
glass apparatus with three stopcocks
small beaker
Chemicals:
soap bubble solution
Safety:
‒
Procedure:
Preparation: Some soap bubble solution is filled into the beaker.
Procedure: The stopcock in the middle of the glass apparatus is initially closed, the two
stopcocks on the left and right are open. The lower end of one of the tubes is dipped into
the soap bubble solution in the beaker. By carefully blowing into the upper end of the tube,
a relatively small soap bubble is produced and the associated stopcock is closed.
Subsequently, another soap bubble is produced in the same way at the lower end of the
second tube, but it should be much larger than the first one; then the second stopcock is
closed. Eventually, the stop cock in the middle is opened.
Observation:
The smaller bubble “inflates” the larger one and disappears during this process.
Explanation:
The Laplace pressure pσ, meaning the excess pressure in a soap bubble (with a radius r)
as a result of the surface tension σ, results in
pσ =

4σ
.
r

The Laplace pressure is thus inversely proportional to the radius of the soap bubble. Since
the excess pressure in the small bubble is correspondingly larger than in the large bubble,
the small bubble is able to “inflate” the large one.
Disposal:
The soap bubble solution can be flushed down the drain.

Capillary Tubes in Action
Equipment:
three capillary tubes with different inner diameters
(e.g. 1 mm, 0.6 mm and 0.4 mm) and the same
length of about 7 cm
glass beaker
glass rod
Petri dish
permanent marker
Chemicals:
water
food coloring
Safety:
–
Procedure:
The water in the glass beaker is dyed with dark food coloring such as blue and then filled
in the Petri dish. Subsequently, the three capillary tubes are vertically placed into the water
beginning with the tube with the largest inner diameter (but they should not touch the
bottom of the Petri dish). After waiting for the liquid to stop rising, the respective level
reached is indicated with the permanent marker.
Observation:
The water rises in the capillary tubes and reaches different levels. The narrower the tube,
the higher the water rises.
Explanation:
The capillary rise h of a liquid with a surface tension σ and a density ρ depends on the
radius rc of the capillary tube:
h=

2σ
,
ρrc g

meaning the capillary rise is inversely proportional to the capillary radius. This relationship
is proven by the experiment.
Disposal:
The dyed water can be disposed by flushing it down the drain.

Capillary Action
Between Two Glass Plates
Equipment:
two small glass plates such as microscope
slides or glass covers from small picture
frames
paper clip (toothpick or similar object as spacer)
rubber band
glass beaker
glass rod
Petri dish
laboratory wipes
Chemicals:
water
food coloring
possibly acetone
Safety:
acetone (CH3COCH3):
H225, H319, H336, EUH066
P210, P233, P305 + P351 + P338
Both liquid acetone and acetone vapor are highly flammable. Acetone has a relatively high
vapor pressure and should be handled only with adequate ventilation or in a fume hood. It
causes serious eye irritation and repeated exposure may cause skin dryness or cracking.
Therefore, it is strongly recommended to wear safety glasses and protective gloves.
Procedure:
Preparation: The water in the glass beaker is dyed with dark food coloring such as blue.
Subsequently, the Petri dish is filled with a shallow layer of the dyed water. If necessary,
the glass plates are degreased by wiping them with a laboratory wipe soaked with
acetone. The paper clip is positioned as spacer on one side between the glass plates,
while they are clamped tightly together at the opposite edge. The rubber band is then used
to hold the two glass plates together. As a result, a kind of wedge is obtained.
Procedure: The wedge is placed into the water in vertical position.
Observation:
After a short while, one observes that the water rises on the narrower side. At the end, the
surface of water in the wedge takes the shape of a hyperbola.

Explanation:
The wedge-shaped space between the glass plates, which form a small angle with each
other, can be imagined as filled with a series of vertical capillary tubes whose radius
increases with the distance from the edge where the glass plates touch.

The capillary rise h of a liquid with a surface tension σ and a density ρ depends on the
radius rc of the capillary tube:
h=

2σ
.
ρrc g

If ε is the small angle between the two glass plates, the radius r of an imaginary capillary
tube in the distance x from the edge where the glass plates touch is given by
r = x sin(ε /2) .

Inserting this expression into the above formula for the capillary rise results in
h=

1
2σ
.
x ρg sin(ε /2)

for the height h of the water in the slit between the plates in dependence of the distance x.
Since all quantities on the right side except of x are constant, the surface of water in the
wedge thus takes the shape of a hyperbola (h ~ 1/x) as observed in the experiment.
Disposal:
The dyed water can be disposed by flushing it down the drain. The laboratory wipe with
the small amount of acetone is put in a small garbage bag and disposed of with the
household waste.

Floating Razor Blade
Equipment:
large crystallizing dish
razor blade (or paper clip)
tweezers
Pasteur pipette with small rubber bulb
if necessary filter paper or kitchen paper
“Chemicals”:
tap water
dishwashing liquid
Safety:
‒
Procedure and Observation:
The crystallizing dish is filled with water. Subsequently, the razor blade (or paper clip) is
very carefully laid upon the water surface using the tweezers. If this does not work, a piece
of filter paper or household paper of the approximate size of the razor blade is cut out, the
razor blade is placed on it and the ensemble is cautiously laid upon the water surface. The
paper quickly absorbs water, sinks to the bottom and can be removed with the tweezers.
The razor blade floats calmly on the water surface. However, a closer look reveals that the
blade has sunk a little bit (comparable to a weight on a stretched elastic membrane).
Subsequently, a drop of dishwashing liquid is added near the razor blade to the water.
The blade is first pushed slightly to the side, but finally it sinks to the bottom of the
container.
Explanation:
The razor blade initially floats on the water due to its quite high surface tension, which is a
consequence of the strong hydrogen bonds between the water molecules. When dishwashing liquid is added, the surfactant molecules contained in the solution slip between
the water molecules and the hydrophobic residue of these molecules then extends out of
the water. As a result, the attraction between the water molecules due to the hydrogen
bonds decreases along with surface tension; consequently, the razor blade can no longer
be supported by the surface tension and sinks to the bottom.
Disposal:
The liquid can be disposed of by flushing it down the drain.

Soap-Powered Boat
Equipment:
(coated) cardboard such as a notecard or
thin sheet of PVC plastic or Styrofoam
scissors
wide container such as a bowl, a trough
or a tray
cotton swab or toothpick
Chemicals:
tap water
dishwashing liquid
Safety:
‒
Procedure:
Preparation: The cardboard is cut into the shape of a boat with a small notch in the back
(like in the example below).

The container is filled with water.
Procedure: The “boat” is gently placed on the water. The cotton swab (or tooth pick) 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 in the back of the boat.
Observation:
The boat zooms forward in the water.
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. Since
the surface molecules in a liquid with a high surface tension pull more strongly on the
surrounding molecules than in one with a low surface tension, the presence of a gradient
in surface tension will naturally cause the molecules to move away from regions of low
surface tension.
When a drop of dishwashing liquid is placed in the notch, the surface tension of the water
in that small area is reduced. 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 where the gases
flowing out of the tank at the bottom force the rocket in the opposite direction, meaning
upwards into the air.
Once the soapy film has covered the whole surface of the water in the container, the boat
stops moving.

Disposal:
The liquid can be flushed down the drain. The solid waste such as the boat and the cotton
swab (or tooth stick) can be disposed of together with the household garbage.

Chromatographic Separation
of Black Felt Pen Ink
Equipment:
chromatography paper, blotting paper,
white coffee filter
scissors
250-mL beaker (tall form) or tall water glass
wooden skewer
binder clip
water soluble black felt tip pens or markers
(or pens or markers in another appropriate
color such as green or brown)
ruler
pencil
Chemicals:
deionized water
Safety:
–
Procedure:
An oblong strip is cut from the filter paper so that it fits into the beaker. A straight pencil
line is drawn across the width of the paper strip about 2 cm from the bottom end with the
help of the ruler. The black felt tip pen is used to make a good-sized dot (like the size of a
grain of rice) in the middle of this line. The beaker is filled with water to a height of about 1
to 1.5 cm. The strip of filter paper is folded over at the end opposite to the pen dot, placed
over the wooden skewer and fastened with a binder clip. The end of the strip is lowered
into the water but the color dot has to stay above the solvent level and the strip should not
touch the bottom of the beaker.
Observation:
The solvent immediately starts moving up the paper strip, carrying the ink pigments
with it. The black dot separates into variously colored components. Depending on the
brand of the felt-tip pen, different color patterns are created. When the water level reaches
about one centimeter from the top, the skewer with the attached strip is removed from the
beaker. The highest point the solvent traveled up the paper strip is marked with a pencil.
Subsequently, the chromatogram should be allowed to dry.
Explanation:
Chromatography plays a major role in the separation of substances in complex mixtures.
The substances to be separated, being in a mobile phase (a liquid or a gas), are passed
along a stationary phase (a solid, or a liquid supported on a solid). In the present case of
paper chromatography, the mobile phase is water and the stationary phase is paper (or
rather the water trapped as very thin layer on the cellulose fibers due to the humidity of the

air or the water present during the production of the paper). The mobile phase moves up
the paper under the capillary action of pores in the paper, dissolving the sample and
carrying the different components with it. The various types of dye molecules in the ink
which are all more or less water soluble migrate with a different speed depending on their
preference to be adsorbed onto the stationary phase versus being carried along with
the mobile phase because of their solubility. In this way the components are separated
from one another.
Disposal:
The paper strips can be disposed of with the household waste.

