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Abstract 

Hydrogels are very attractive materials since they can absorb large quantities of water. 
They also have very interesting optical properties which can be easily shown. The 
experiments with hydrogel pearls related to the absorption of water, density, optical 
properties and influence of pH are presented in the contribution. 

About hydrogels 

Hydrogels and their properties are topic of ongoing researches of modern materials. Many 
environmental applications have been found for agriculture, the construction and 
horticulture industries. The applications of hydrogels in medicine are studied as well [1,2]. 

Hydrogels consist of tri-dimensional arrangement of polymer chains and water (Figure 1). 
Water molecules fill in the space between polymer macromolecules. Important property of 
hydrogels is the absorption of water and its solutions whereas the shape remains. Polymers 
used in hydrogels are hydrophilic. For achieving high level of swelling usually synthetic 
polymers which dissolve in non-arrange structures are used. Polyethylene oxide, polyvinyl 
alcohol, polyvinylpyrrolidone and polyhydroxylethylmethacrylate are the most usually 
used substances for the synthesis of hydrogels. One can also use other polymers to synthesise 
stimulus-sensitive hydrogels reacting on temperature, pH, concentration, etc [3-7].  

 

Figure 1. A polymer chain in the solution. 

The choice of monomers and the bonds between the monomers determine the final 
properties of hydrogels - swelling as well as other properties. The swelling ratio presents 
the ratio between absorbed hydration media (water) and mass of dry hydrogel. Hydrogels 
can hold up to 500 times its own weight in water. Water can be bound or free. Hydration of 
the polymer begins due to the strong interactions between molecules of water and 
hydrophilic parts of polymer (bound water) and continues due to capillarity effect (free 
water) [5,6]. 

Many hydrogels are polymers of carboxylic acids. The acid groups stick off the main chain 
of the polymer. The polymer changes when water is added as seen from the equation from 
Figure 2. The reaction is reversible. Added water causes the equilibrium to shift to the 
right. If water is removed, the equilibrium is shifted to the left. H3O+ is acidic. If more acid 
is added the equilibrium will turn to the left; if acid is removed (for example by adding 
some alkali) the equilibrium will turn to the right. The polymer on the left hand side is the 
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collapsed form and the one on the right has greater volume. There is a considerable change 
in the properties if the pH changes [7]. 

 
Figure 1. Chemical equation describing equilibrium reaction between hydrogel polymer 

and water. 

School experiments with hydrogel pearls 

Hydrogels are also interesting from the education point of view since they present novel 
materials with interesting properties. On the web one can easily find experiments for 
students to test swelling properties of superabsorbent polymer from diapers. They mention 
also environment issues and show the tasks for studying influences of media on swelling 
ratio [1,2,7]. Authors mention hydrogel from diapers and not hydrogel spheres (pearls) 
which are even more convenient shape for carrying out experiments which are presented 
below (Figure 3). Learning objectives, concrete tasks for students and observations with 
some additional data and conclusions are written for each experiment. 

 
Figure 3. Dry hydrogel pearls. 

Absorption of water 

Aims: 

• Students get familiar with the material which absorbs large quantities of water. 
• Students measure time dependence of the mass of hydrogel pearls while swelling. 

Tasks for students: 

• Predict how much water can absorb one hydrogel pearl. How long does it take for 
the hydrogel pearl to absorb the maximal amount of water?  

• How the mass of a hydrogel pearl immersed in water change? Draw the graph m(t). 
• Take 10 hydrogel pearls (dry ones) and weigh them. Put them into the beaker with 

water and measure their mass every 10 minutes (2 school hours/90 minutes).  
• Try to think how you will make measurements.  
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• From the measurements draw the graph m(t) and compare the graph with the 
predicted one. 

Observations and conclusions: 

Mass of 10 hydrogel pearls changes with time of swelling in water. Students can easily see 
that the volume of hydrogel pearls changes (Figure 4). Figure 5 clearly show that the mass 
of the hydrogel increases with the time of swelling in the water. It is necessary to make the 
measurements longer than 90 minutes that one can get a concrete image of time 
dependence of mass. It takes around half of a day for hydrogel pearls to absorb maximal 
amount of water. The starting mass of 10 hydrogel pearls was 0,08 g and the highest mass 
after the swelling 12,93 g. It can be concluded that the used hydrogel absorbed around 
160 times as much as water as it was its mass at the beginning. 

  
 a) b) 

Figure 4. a) Measuring the mass of 10 hydrogel pearls; b) The change of volume is evident. 

 

 

Figure 5. Time dependence of mass of 10 hydrogel pearls. 
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The hydrogel pearl growth  

Aims:  

• Students observe and describe the growth of the hydrogel pearl under the 
microscope. 

Tasks for students: 

• Predict how the hydrogel pearl grows. What do you observe under the microscope? 
Draw it. 

• Immerse one dry hydrogel pearl into the water and observe with USB microscope 
what happens. What do you observe? 

• Try to explain the observations.  

Observations and conclusions: 

Under the USB microscope is seen that the hydrogel pearl absorbs water on the surface at 
the beginning and the dry core becomes smaller (Figure 6). One can also observe non-
smooth surface during growth (Figure 4 a). Hydration of the polymer begins due to the 
strong interactions between molecules of water and hydrophilic parts of the polymer and 
continues due to capillarity effect.                

    

Figure 6. Sequence of images of hydrogel pearl’s growth taken with USB microscope. 

Density of hydrogel pearls  

Aims:  

• Students compare density of hydrogel pearls with different amount of absorbed 
water to density of other known liquids. 

Tasks for students: 

• Arrange the following in order of increasing density – oil, glycerine, detergent. 
• Pour oil, glycerine and detergent into the measuring cylinder. Predict the density of 

3 given hydrogel pearls. How the density of hydrogel pearls change in dependence 
of increasing diameter? Put 3 hydrogel pearls with different diameter into the 
measuring cylinder. What do you observe? 

• Design the experiment for measuring the density of hydrogel pearls with the 
accessories you have. Describe the procedure.  

• Measure densities of hydrogel pearls and compare them to the density of water. 

Observations and conclusions: 

Glycerine has a greater density than detergent and detergent has a greater density than oil. 
Density of glycerine is cca 1,2 g/ml, cca 1,04 g/ml for detergent (it is a bit higher than 
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water’s density which is 1 g/ml) and density of oil is cca 0,9 g/ml. The density of hydrogel 
pearls decreases with the diameter. The smallest (dry one) hydrogel pearl has the greatest 
density, higher than glycerine (Figure 7). The bigger hydrogel pearls have density close to 
the density of water. Dry hydrogel pearls have density around 1,7 g/ml. 

A hydrogel pearl in coloured water 

Aims:  

• Students know that all transparent object cannot be seen in the transparent liquids. 
• Students experience that materials change the properties of light. 

Tasks for students: 

• Is there anything in the coloured water? Why one cannot see the hydrogel pearl 
with the naked eye? List few ideas how one can confirm an existence of hydrogel 
pears in the water. 

• Use a laser and determine position of hydrogel pearl. Describe the procedure. 
Explain the procedure. 

• What do you observe if you add a different food colour into the water? Describe the 
observations. 

Observations and conclusions: 

If one choose same colour of hydrogel pearl and colour for food and add the food colour in 
the water the hydrogel pearl is not visible because the refraction index of coloured water 
and the refraction index of the hydrogel pearl are nearly matched (Figure 8 a, b, c) [8]. 
With the laser pointer one can easily find out that something is in the coloured water 
because the refraction and scattering of light and colour change of the laser beam appear 
(Figure 7 d). 

  
 a)  b) 

Figure 7. a) 3 hydrogel pearls with different amount of absorbed water; b) in the cylinder 
with glycerine, detergent and oil is evident that the used hydrogel pearls have different 
positions and therefore densities.  
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Laser beams and hydrogel pearls 

Aims:  

• Students explore that some hydrogel pearls have fluorescent dyes. 
• Students describe the reasons and observations of the fluorescence. 

Tasks for students: 

• Predict what do you observe if you direct the blue or green or red laser beam to the 
different hydrogel pearls (in air)? Try it.  

• What do you observe? Explain it. 

Observations and conclusions: 

The blue laser has a wavelength 405 nm, the green 532 nm and the red one 630 nm. Some 
coloured hydrogel pearls have fluorescent dyes. Fluorescence appears only when the blue 
and the green laser beam are directed to the coloured hydrogel pearl (Figure 9 a, b, c). It 
can be concluded that for the demonstration of fluorescence one should use coloured 
hydrogel pearl and lasers with short wavelength (high energy). 

    

 a) b) c) d) 

Figure 8. a) Colour of coloured water and hydrogel pearl match; b) the hydrogel pearl is 
immersed in the water; c) one cannot observe the hydrogel pearl in the water; d) the laser 

beam helps to determine the position of the pearl. 

 

 
 a) b) c) 

Figure 9. a) Blue; b) green and c) red laser beam directed to the coloured hydrogel pearl. 
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The hydrogel pearl as a magnifying glass 

Aims:  

• Students find out that hydrogel pearls behave as a magnifying glass.  
Tasks for students: 

• Explore the properties of the hydrogel pearl as a magnifying glass. 
Observations and conclusions: 

If hydrogel pearl is on the fabric one can see the magnified pattern (Figure 10). The 
hydrogel pearl behaves as a magnifying glass. 

 

Figure 10. A magnified fabric pattern is observed through the hydrogel pearls. 

 

The hydrogel pearl in acidic media 

Aims:  

• Students demonstrate the influence of pH on the size of hydrogel pearl. 

Tasks for students: 

• Predict what happens if you put (wet) hydrogel pearls in vinegar. 
• Try it. Leave the hydrogel pearls in vinegar for few hours. What do you observe? 

Explain it. 

Observations and conclusions: 

If wet hydrogel pearls are put in the vinegar their volume decreases and they absorb the 
yellowish vinegar dye as well (Figure 11). The volume of the hydrogel pearls decreases 
due to the equilibrium reaction presented with the equation on Figure 2.  
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Figure 11. Few transparent hydrogel pearls were put in the vinegar and few left in the 
water for 8 hours. The difference in size after 8 hours in the media is evident.  

 

Conclusion  

Hydrogels are interesting materials because of the swelling in the water as well as other 
phenomena which can be studied by using them. The article briefly presents seven 
experiments which show hydrogel pearls’ properties: swelling, density, optical properties 
(refractive index, fluorescence and magnification) and influence of the pH on growth of the 
hydrogel pearls. It is not easy to find out that one experiment can lead to the idea for the 
next one showing why hydrogels are smart materials or just help to demonstrate the 
general physics concept. 
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