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Lava Lamp  
 
 
Equipment: 
 
lava lamp (lamp consisting of a glass vessel filled 
with a wax-water mixture and a base with an 
incandescent light bulb) 
 
Safety: 
 
During operation, the lamp becomes very hot. 
Therefore, it should not be touched during 
operation and for up to one hour after switching 
off. If the glass vessel is cracked or shows other 
damages, or if the power cord or plug is 
damaged, the lamp should no longer be used.  
  
Procedure: 
 
The lamp is placed on a clean, flat surface and turned on 1 to 2 hours before the 
demonstration. The lamp warms up and the wax melts.  
 
Observation: 
 
Blobs of warm wax ascend slowly from the bottom to the top of the glass vessel where 
they cool and then descend to the bottom again. The result is a continuous movement of 
the two phases. 
 
Explanation: 
 
The lava lamp shows in an esthetic way that heterogeneous systems are composed of 
several phases―here two―at whose interfaces the physical-chemical properties change 
abruptly. The basic principle of operation is quite simple to understand: Two immiscible 
phases with very similar densities are used. The slightly heavier waxy phase is heated by 
the incandescent light bulb. As a result, it becomes fluid and less dense than the aqueous 
phase, because the waxy phase expands more than the aqueous phase when both are 
heated. Because the liquids have very similar densities, as mentioned, the previously 
heavier phase is now suddenly lighter than the other one and blobs of the waxy phase 
begin to ascend. As the waxy phase ascends, it cools down, its density relative to that of 
the aqueous phase increases again and therefore it sinks back to the bottom.  

In reality, there is a very complex equilibrium, which is determined by the temperature, the 
heating rate, the viscosity and the thermal expansion coefficients of the liquids, their 
surface tension and even their color. The waxy phase consists, for example, of a mixture 
of short-chained chlorinated paraffins (such as carbon tetrachloride), alkylated benzene 
and paraffin wax, but mineral oil, benzyl alcohol etc. can also be used as components. The 
density of the second, aqueous phase must be adjusted to that of the “lava liquid” in such 
a way that it is slightly lower. For this purpose, the distilled water is mixed with common 
salt (increasing the density of 1 kg m–3) or isopropanol (decreasing the density).  
 
Supplement: 
 
The lava lamp can be easily simulated with the following experiment: 



Equipment: empty clear plastic soda bottle, funnel, optional: light source (such as a 
flashlight) 
 
“Chemicals”: vegetable oil, water, food coloring, effervescent tablet (such as Alka Seltzer) 
 
Procedure: The bottle is filled to about one fifth with water. A few drops of food coloring are 
added in order to color the water. The vegetable oil is slowly poured into the bottle with the 
help of a funnel until the bottle is nearly full. One may have to wait a few minutes for the 
two phases to separate. Subsequently, a tablet is broken into smaller pieces and one or 
two of the pieces are dropped at a time into the bottle.  
 
Observation: The tablet pieces sink to the bottom and begin to dissolve as soon as they 
reach the aqueous phase. Colored bubbles then erupt from this phase and ascend in the 
oil until they reach its surface. Subsequently, they descend again. When the bubbling 
slows down, one can add more tablet pieces … and the game starts again. In order to 
have a true lava lamp effect, one can shine for example a flashlight through the bottom of 
the bottle. 
 
Explanation: Oil and water do not mix; because the oil is less dense than the aqueous 
phase, it floats on top of this phase.  

An effervescent tablet contains a carbon dioxide releasing component such as sodium 
bicarbonate (NaHCO3) and a solid acid such as citric acid (C6H8O7). When the tablet is 
mixed with water, the two components react with each other and produce carbon dioxide 
bubbles: 
 

3 NaHCO3|w + C6H8O7|w → Na3C6H5O7|w + 3 H2O|l + 3 CO2|g
 . 

 
As these bubbles rise through the oil, they take droplets of colored water with them. At the 
surface, the bubbles pop and the gas escapes into the air while the water droplets sink 
back to the bottom again. 
 



 

 

Mixing of Ether  
with Water 
 
 
Equipment:  
separatory funnel (250 mL) 
ring stand with bosshead and iron ring 
graduated cylinder (100 mL) 
graduated cylinder (50 mL) 
glass beaker (50 mL) 
amber glass bottle 
 
Chemicals: 
 
diethyl ether 
deionized water 
iodine 
 
Safety: 
 
diethyl ether ((C2H5)2O): 

 
 
 
 

iodine (I2): 
 
 
 
 

Exposure of diethyl ether to light in the presence of atmospheric oxygen may result in the 
formation of explosive organic peroxides. Therefore, the ether should be stored in a dark 
bottle.  

Diethyl ether is highly volatile and may form highly flammable vapor-air mixtures; open 
flames in the environment must therefore be avoided by all means. Ether vapors cause 
drowsiness and dizziness when inhaled. Therefore, the experiment obligatorily has to be 
carried out in a fume hood.  

Iodine is harmful in contact with skin and causes serious eye irritation. Therefore, exposed 
skin should be washed with plenty of mild soap and water. Affected eyes should be rinsed 
cautiously with water for several minutes.  

It is obligatory to wear safety glasses and protective gloves. 
 
Procedure and Observation:  
Preparation: Iodine crystals are added to about 30 mL of ether until the ether has a distinct 
brown color; the liquid is then filled into the amber glass bottle. The separatory funnel is 
placed in the iron ring on the ring stand.  

Procedure and Observation: 100 mL of water are filled into the separatory funnel. Subse-
quently, 10 mL of ether are measured out using a graduated cylinder and added to the 
water in the separatory funnel. The separatory funnel is shaken for a while by hand and 

H224-302-336, EUH019-066 
P210-240-403 + 235 

H312 + 332-315-319-335-372-400 
P273-302 + 352-305 + 351 + 338-314 



 

 

vented occasionally in order to relieve excess vapor pressure. Eventually, it is placed back 
in the iron ring.  

A homogeneous brownish colored solution results. 

Subsequently, another 10 mL of ether are measured out and added to the solution in the 
separatory funnel. After shaking the funnel again, it is placed once again in the iron ring.  

Two layers are formed: an almost colorless water layer and a brown ether layer on top  
of it.  

 
Explanation:  
If only a small amount of ether—colored brown with iodine—is added to water, a 
homogeneous brownish colored solution results because the small amount of ether 
completely dissolves in the water and the iodine distributes through the water along with it. 

However, when the ratio of ether to water is 1:5, the ether separates as a brown layer on 
top of the water layer because water can only tolerate about 10 % of its own volume in 
ether. Iodine can dissolve much better in ether than in water so it moves from the aqueous 
phase and collects in the organic phase.  
 
Disposal:  
The ether-water mixture has to be disposed of as hazardous waste in accordance with the 
guidelines of the particular institution. 
 
 



  
 

 

Poly Density Bottle  
 
  
Equipment and Chemicals:  
pre-filled poly density bottle  
(transparent plastic bottle filled with 
isopropanol and salt water as well as 
plastic beads of two different colors  
(e.g. white and blue)) 
 
Safety: 
 
isopropanol (C3H7OH): 

 
 
 
 

Liquid and vapor are highly flammable. Isopropanol also causes severe eye irritation. 
Therefore, it is necessary to wear safety glasses and protective gloves if the bottle should 
be opened. 
 
Procedure:  
The bottle is thoroughly shaken, so that the beads are randomly distributed in the liquid. 
Subsequently, the system is allowed to settle.    
  
Observation:  
Upon standing, the beads separate from one another: the white beads rise to the top while 
the blue ones sink to the bottom. The liquid, once clear, now appears to be slightly cloudy. 
After a very short while, the white beads begin to slowly sink down, while the blue beads 
start to float up. The liquid above and below the beads is again clear, while the liquid 
between the “layers” of beads remains slightly cloudy. Finally, the two “layers” of beads 
meet near the middle of the bottle. 
 
Explanation: 
 
The alcohol and the salt water in the bottle are immiscible; in equilibrium they would form 
two liquid layers with the less dense isopropanol layer on top.  

When the bottle is shaken, the two liquids momentarily mix and form an emulsion with a 
density between the two separate liquid densities. Since the density of the white beads is 
less than that of the emulsion, they float on top. The blue beads with a higher density than 
the emulsion, however, sink to the bottom.  

Over time, the emulsion begins to separate into distinct layers of isopropanol and salt 
water. While this separation occurs, the white beads float at the isopropanol−emulsion 
interface (below the alcohol but above the emulsion), because they are less dense than 
the emulsion but more dense than the alcohol. Together with the interface, the plastic 
pieces move downwards. The blue beads, however, float at the salt water− 
emulsion interface (below the emulsion but above the salt water), because these plastic 
pieces are less dense than salt water and more dense than the emulsion. They move 
upwards together with the salt water−emulsion interface. Finally, the emulsion has 

H225-319-336 
P210-233-240-305 + 351 + 330 + 338-403 + 235 



  
 

 

completely separated into isopropanol and salt water and the two layers of beads meet at 
the resulting isopropanol−saltwater interface. 
 
Disposal:  
The poly density bottle can be reused for years. If the liquid content is to be disposed of, it 
has to be collected in the container for aqueous halogen-free solvent mixtures. 
 

Source of supply: 
for example Educational Innovations (http://www.teachersource.com) 



  
 

 

Demixing of Acetone- 
Salt Water  
 
  
Equipment:  
glass cylinder or  
 high form glass beaker (400 mL) 
2 graduated cylinders 
magnetic stirrer and stir bar 
mortar with pestle 
glass beaker (50 mL) 
 
Chemicals: 
 
sodium chloride 
acetone 
deionized water 
methyl violet 
 
Safety: 
 
acetone (CH3COCH3):  

 
 
 
 

methyl violet: 
 
 
 
 

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.  

Methyl violet can cause serious eye damage. Affected eyes should be rinsed cautiously 
with water for several minutes. 

It is necessary to wear safety glasses and protective gloves.  
 
Procedure:  
Preparation: About 30 g of sodium chloride are finely ground using a mortar and pestle; 
20 g of the salt are placed into the small beaker. 100 mL of acetone colored pale purple 
with about 0.5 mm3 of methyl violet powder are filled into the glass cylinder. 

Procedure: 100 mL of water are added to the acetone in the glass cyclinder and the liquid 
is thoroughly stirred with the magnetic stirrer. A homogeneous solution is obtained. 
Subsequently, the content of the small beaker is added und the liquid is stirred 
continuously until all the sodium chloride has dissolved. 
 
Observation:  
The result is a deep purple acetone layer of about 50 mL on top of a pale purple water 
layer. 
 

H225, H319, H336, EUH066 
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Explanation: 
 
Acetone and pure water are soluble in all proportions; they are 
completely miscible. The reason for this behavior is the formation of 
hydrogen bonding interactions between the oxygen atom of 
acetone molecules and the O-H bond of water molecules.  

However, when salt is added to the mixture, 
the resulting Na+ and Cl- ions interact very 
strongly with the water molecules through 
ion-dipole forces. These ion-dipole inter-
actions are much stronger than the acetone-
water hydrogen bonds. As a result, the acetone molecules are 
forced out of the aqueous phase and two layers are formed: a less 
dense acetone layer on top and a salt water layer at the bottom. 
Obviously, acetone and salt water are incompatible and therefore 

immiscible; they do not mix in all proportions.  

The dye methyl violet, which dissolves better in acetone than in water, accumulates in the 
acetone layer.   

This “salting out” technique can be used to remove organic molecules from an aqueous 
solution.  
 
Disposal:  
The acetone-salt water mixture has to be disposed of as hazardous waste in accordance 
with the guidelines of the particular institution. 
 
   

from: Tom Kuntzleman 

from: Tom Kuntzleman 



  
 

 

Mixing and Demixing in the 
System Phenol / Water 
 
  
Equipment:  
large test tube with rubber stopper 
water bath 
thermometer 
 
Chemicals: 
 
phenol 
deionized water 
methyl red powder 
 
Safety: 
 
phenol (C6H5

 OH): 
 
 
 
 

Phenol is poisonous. The substance itself and its vapor is corrosive to the eyes, the skin 
and the respiratory tract. Phenol may cause harmful effects on the central nervous system, 
the heart and the kidneys. Therefore, the phenol-water mixture has to be prepared in a 
fume hood. It is also obligatory to wear safety glasses and protective gloves.   
 
Procedure:  
Preparation: About 15 g of phenol, 15 g of water and 1 mm3 of methyl red powder are filled 
in the test tube. The tube is closed with the rubber stopper and gently shaken.   

Procedure: At room temperature, the tube contains two liquid phases, a very phenol-rich 
denser phase at the bottom and a very water-rich phase at the top. For better visibility, the 
phenol is colored with methyl red. The water bath is heated to about 85 °C. The tube is put 
into the hot water and gently shaken.  

 
Observation:  
After a short while, the two liquids merge; the tube contains only one homogeneous phase.  
 
Explanation: 
 
At intermediate compositions and below the upper critical solution temperature of about 
339 K mixtures of phenol and water separate into two liquid phases. When such a sample 
is heated above the upper critical solution temperature, phenol and water are completely 
miscible.   
 
Disposal:  
The phenol-water mixture should be disposed of as hazardous waste according to the 
guidelines of the corresponding institution.   

H341-331-311-301-373-314 
P280-302 + 352-301 + 330 + 331-309-310-305 + 351 + 338 





 

 

Reduction of Volume  
By Mixing 
 
 
Equipment:  
large test tube 
rubber stopper 
 
Chemicals: 
 
ethanol 
deionized water 
food coloring 
 
Safety:  
 
ethanol (C2H5OH): 

 
 
 
 

Liquid and vapor are highly flammable. Ethanol also causes severe eye irritation. 
Therefore, it is necessary to wear safety glasses and protective gloves. 
 
Procedure:  
The water is colored with a few drops of food coloring. Subsequently, the test tube is half-
filled with water, then filled to the top with ethanol and closed with the rubber stopper.  

Finally, the test tube is inverted repeatedly.  
  
Observation:  
The formation of a gas bubble meaning a decrease in volume of the mixture of about 4 % 
can be observed. 
 
Explanation: 
 
The volume contraction, which can be observed when ethanol is dissolved in water, is due 
to hydrogen bonds between the water and ethanol molecules. This bonding draws the 
different molecules closer together.  
 
Disposal:  
The solution is collected in the container for aqueous halogen-free solvent mixtures. 

H225-319 
P210-240-305 + 351 + 338-403 + 233 
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