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Prologue
The main objective of this guide is to enable chemistry teacher trainers and teachers to introduce practical
activities to their students, thus improving their critical thinking and problem solving skills. Practical activities
allow linking theory with practice and daily life. Moreover, with practical activities you can address specific
skills and attitudes with students such as team work, accuracy and creativity. Practical activities offer a
motivating and engaging encounter with chemistry and may stimulate students to develop a stronger interest
in science.
All experiments are designed with low-cost materials. Many of the main concepts in chemistry can be
illustrated with low-cost materials. For students and teachers it stimulates creativity, but developing oneʼs
own experiment material is likely to give more satisfaction than using a purchased set. Using low-cost
materials poses fewer problems on costs, maintenance and the supply of spare parts.
This guide complements other learning materials developed by the Ministry of Education, Youth and Sport
(MoEYS), in cooperation with VVOB. These include the manual on student centred approaches, multimedia
materials and chemistry posters with activity sheets.
To ensure optimal use of the experiments in this manual, we suggest following advice:
1. Prepare all the material for the experiment before the start of the lesson.
2. Stimulate students to think, to predict, to observe and to explain during the practical activity. In this way,
they will grow familiar with the scientific method.
3. Allow as much hands-on time as possible for students.
4. Revise student understanding after doing the experiment and adjust your lesson plan if necessary.

The Ministry hopes that you all will make the best use of the materials to improve the quality of science
education.
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Preface
This manual was compiled by VVOB in cooperation with the MoEYS and the management and staff of RTTC
Kandal. Its objective is to improve science teacher training by introducing student centred approaches,
including experiments in lessons.
This manual consists of a set of experiments that will help students to understand the main concepts of
chemistry. All experiments have been tested. For each experiment we include a link to the curriculum, a list
of all material needed, a detailed description of the procedure, observations to be made and an explanation.
Where appropriate we add ideas for variations and questions to probe for deeper understanding with your
students.
We are convinced that this manual will contribute to an improvement of science education in Cambodia.
However, do not hesitate to communicate us your comments and suggestions.
We are looking forward to receiving your comments. We wish you an inspiring experience and many
satisfying chemistry lessons with this manual.

The authors,
July 2011
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Introduction
With the publication of this manual of chemistry experiments, we want
to give science teachers, and in particular chemistry teachers, a
practical working tool for their invaluable work.
Often a lifelong interest in chemistry and science is engendered at the
secondary school level. In our opinion this interest cannot be
encouraged enough. This series of 40 educational experiments has
been produced in the conviction that they will provide didactic, original
and even entertaining support in the teaching of the various chemical
principles. You can also access videos of these experiments on
YouTube and on the Krou website: http//krou.moeys.gov.kh.
Each experiment has an accompanying text with conclusion,
clarification and background information.
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1. Mixtures and solutions
1.1

Filtration and Sieving

Objectives

-

Students master simple sieving and filtration techniques

-

Students can perform an experiment in a responsible and accurate way

-

Students can explain the difference between filtration and sieving

-

Students can recognize separation techniques in daily life.

Position in curriculum

Grade 8, chapter 2, lesson 2, 2010

Material needed

-

1 small bag of sand

-

1 stick of chalk

-

1 small bag of gravel

-

1 stirring rod

-

1 sieve (any kind)

-

1 filter funnel

-

Strong magnet (circle shape)

-

1 filter paper

-

1 sand and iron powder mixture

-

1 small spoon

-

1 small transparent plastic bag

-

1 beakers

Procedure

a. Separating sand and gravel
- Put the mixture of sand and gravel onto the sieve.
- Shake the sieve.
b. Separating iron powder and sand
- Mix some sand with some iron powder in a plastic bag.
- Move the magnet over the plastic bag.
c. Separating chalk from chalky water.
- Put the chalk powder into a beaker with water and then stir it well.
- Pour the chalky water on the filter paper.
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Observations

Record your observations for the 3 experiments above in the table below. Afterwards try to find an
explanation for each observation.

Mixtures

a. Sand and gravel

b. Iron powder and sand

c. Chalk and water

Observations

Explanation

The gravel remains on top of the
sieve, whereas the sand can pass
through.

The gravel particles are too big to pass
through the sieve.

The iron particles move to one side of
the plastic bag

The iron particles are attracted by the
magnet. The sand particles are not
attracted.

The chalk remains in the filter paper,
whereas the water passes through

The holes in the filter paper are too
small for the chalk particles, but big
enough to let the water pass through.

Explanation

Filtration is a physical process to separate an insoluble solid from a liquid or solution. The insoluble material
is kept on a filter or (semi-)permeable membrane. The pore size and the thickness of that medium are
important factors that determine the quality of the separation.

Low-Cost Experiments for Chemistry

Page 11 of 107

Filtration is very common in chemistry for the separation of two or more different compounds in solution. A
reagent is often added to let one of the compounds precipitate and then filtering is used to separate the solid
from the other material(s) in solution. In this way filtration is used to purify fluids. Example: a filtration in water
purifier.
1 = mixture
3 = filter paper
5 = filtrate

2 = filter funnel
4 = stirring rod
6 = residue

Sieving solid materials means the materials are separated by size due to the fact that some solid matter
particles are too large to pass through the holes of the sieve.

Questions

1. Can you give another example of sieving and filtration?
Ͳ

When making coffee, it involves the filtration. Extracting for fine rice and/or ore involves sieving process.
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1.2

Chromatography

Objectives

Ͳ

Students can explain how and when chromatography can be used to separate substances.

Ͳ

Students can execute a simple chromatography experiment.

Ͳ

Students are aware of the importance of chromatography in testing food quality.

Position in curriculum

Grade 8, chapter 3, lesson 2, 2008

Materials needed

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

1 plastic bottle
Food colouring or red and black colour ink for fountain pens
Water or alcohol
Filter paper
Pencil
Paper clip
Toothpick

Procedure

1. Cut the chromatography paper in two rectangle shapes as shown in the picture.

2. Draw a pencil line about 2cm from the bottom of the paper. Mark the point that you want to spot the
food colouring on.
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3. Pour alcohol into the 1/3-cut of plastic bottle. Make sure the alcohol must be under 2cm from the
bottom to avoid it to submerge the marked spot on the chromatography paper.
4. Dip the end of a toothpick in the food colouring, then place it on the marked spot on the
chromatography paper.
5. Place the paper in the plastic bottle of alcohol. Make sure that it should stand straight. And wait until
the colours of food colourings are well-separated.
6. Take the paper out of the plastic bottle. It is now called chromatogram. You should dry it immediately
after taking it out from the alcohol.

Observations

Record your observations. Make a table to show which colours make up each food colouring.
Ͳ

Which food colourings / ink contain only one dye?

Explanation

The technique is based on the relative solubility in a solvent and absorption to the cellulose of the paper. If a
dye is put in small spots at the bottom of the paper and a solvent is soaked up by the paper, the solutes
present in the dye dissolve by different amounts. The more soluble a substance, the further up the paper it is
carried by the solvent. While some compounds are more soluble in the solvent and moving up the paper,
others are strongly absorbed by the cellulose and therefore do not travel far up the paper. These differences
cause the dyes to get separated.
The soluble substance is called the solute. As a solvent, water can be used or other solvents, such as
ethanol. Do you think they will give the same results?
Paper clip

Solvent
front

Solvent
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Chromatography has many applications. It can be used to identify unknown substances. We can look at
chromatograms for substances we know. We compare these with one for the unknown substance. Look at
the example shown above. This is used in hospitals and forensics.
In medicine it can be used to identify proteins. The building units of proteins are amino acids which, like
pigments, travel at different speeds in solvents. Amino acids are colourless, but they can be made visible by
spraying them with a liquid. Also urine can be analysed by chromatography.
To explain chromatography to your students you can make an analogy with a boat race (see chapter on
Analogies & Models in SCA manual). In a boat race all boats start at the same position, but as the race
proceeds, the distance between the boats will get bigger. Let students further develop the analogy
themselves. What do the fastest boats represent? And the slower boats? What is the water? Where does
the analogy break down? After letting students discuss in groups, collect all ideas in a class discussion.
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Chromatography: analogy with a boat race (See SCA manual, chapter on analogies & models)

Conclusion

Chromatograph is a mixture separation technique that depends on different dissolving rate of each colour
dye/substance of mixture in a solvent.
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1.3

Construction of a temperature curve

Objectives

Ͳ

Students can construct and interpret a temperature curve;

Ͳ

Students can explain the difference between heat and temperature.

Position in curriculum

Grade 7, chapter 2, lesson 1, 2009

Material needed

Ͳ

1 (milk) can

Ͳ

Metal stand

Ͳ

Alcohol burner

Ͳ

Water

Ͳ

1 thermometer

Ͳ

Ice cubes

Ͳ

Tissue

Procedure

Ͳ

Place a few ice cubes into the can and add some water

Ͳ

Put the can on the stand and heat it with the alcohol lamp

Ͳ

Measure the temperature of the water every 30 s until the water boils.
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Observations

Record the result in the table below:
Time
(min)
Temperature
(° C)

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

Construct a graph with the data in the table.
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9.5

10

Explanation

There are three common states of matter: solid, liquid, and gas. When heat energy is added at a constant
rate to a mass of ice to take it through its phase changes to liquid water and then to steam, the temperature
stays constant as long as the melting or boiling process keeps on. In a graph showing temperature versus
energy we see a horizontal line as long as the phase change takes place.

Conclusion

When heat energy is added to an ice cube with stable mass, it changes from solid to liquid, and then to water
vapour (as a gas). Temperature doesnʼt change when it reaches a boiling point.

Questions

1. During the melting process, what happens to the heat energy you add to the system?
2. After the melting process, what happens to the heat energy you add now to the system?
3. Use the observations to explain the difference between heat and temperature.
For the answers, see the explanation section.
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1.4

Disappearing volumes

Objectives

Ͳ

Students can explain why the total volume is lower than the sum of the separate volumes.

Ͳ

Students can execute the experiment with care and accuracy.

Position in curriculum

Grade 7, chapter 1, lesson 2, 2009

Materials needed

Ͳ

2 measuring beakers (or marked plastic bottles)

Ͳ

200g of sugar

Ͳ

200g of beans

Ͳ

200 ml of water

Ͳ

50 ml of alcohol

Procedure

1. Measure 50 ml of water in 2 separate measuring bottles. Measure the volume as accurately as possible.
Then, mix them and observe the total volume. Record your results in the table below.

Volume of water in measuring
bottle (ml)
50ml

Total volume of water after
mixing (ml)
50ml

Total volume (ml)
100ml

2. Measure 50 ml of water and 50 ml of alcohol in the separate measuring bottles. Then, mix them and
observe the total volume. Record your results in the table below.

Volume of water (ml)
50ml

Low-Cost Experiments for Chemistry

Volume of alcohol (ml)
50ml

Total volume (ml)
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3. Measure 100ml of sugar and 100ml of beans in separate measuring bottles. Then, mix them and
observe the total volume. Record your results in the table below

Volume of sugar (ml)
100ml

Volume of bean (ml)
100ml

Total volume (ml)
150ml

Observations

What do you think after doing experiments? Explain your observation after each experiment.

Explanation

When you mix alcohol and water, the total volume is lower than the sum of the two volumes. This
Ҋdisappearing volumeҋ can be explained by taking into account the spaces between the particles. Alcohol
particles are bigger than water particles. When the alcohol and water are mixed, water particles fill into some
of the spaces between the alcohol particles. This makes the volume a little less than the sum of the two
volumes. If you look at what happens when you mix rice and peas (see figure), you can see that this makes
sense.

Note: We use the term “particles” instead of “molecule”.
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Conclusion

Experiment 1: Mixing equal volume of water together, loss of volume is found because its molecules or
particles are the same size.
Experiment 2: Mixing equal volume of water and alcohol results in loss of total volume because the two
molecules are in different sizes. Water molecules fill into some of the spaces between the alcohol
molecules.
Experiment 3: Mixing equal volume of bean and sugar also results in loss of total volume as sugar
particles are smaller than bean, so sugar fills in spaces between the beans.
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1.5

Particles in matter

Objectives

Ͳ

Students understand the effect of temperature on the total volume of the mixture.

Ͳ

Students can execute the experiment with care and accuracy.

Position in curriculum

Grade 7, chapter 2, lesson 1, 2009

Materials needed

Ͳ

2 glasses

Ͳ

Warm and cold water

Ͳ

Sugar

Ͳ

A teaspoon
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Procedure

1. Fill a glass with cold water and the other glass with warm water until the water is filled up to the rim of the
glass.
2. Slowly add several teaspoons of sugar until water flow off the glass.

Observations

Depending on the volume of the glass, up to three teaspoons of sugar can be added to a full glass of cold
water and even more to a full glass of warm water.

Explanation

The only way to understand this phenomenon is to assume that matter is made of little particles with space
between them.
The reason the hot water dissolves more is because it has faster moving molecules which are spread further
apart than the molecules in the cold water. With bigger gaps between the molecules in the hot water, more
sugar molecules can fit in between. Thatʼs why the added sugar doesnʼt make the water flow over.
You may use a concept cartoon to discuss in more detail the nature of the spaces between atoms within a
molecule.

Conclusion

Temperature influences dissolving rate of sugar in water. Sugar dissolves more in hot water than in cold
water.
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1.6

Factors influencing the dissolving rate

Objectives

Ͳ

Students can explain how changing the surface area affects the dissolving rate

Ͳ

Students can discuss how temperature affects the dissolving rate

Ͳ

Students observe how stirring affects the dissolving rate

Ͳ

Students apply the terms solvent, solute and solution in a scientifically correct way.

Position in curriculum

Grade 8, Chapter 3, lesson 3, 2010

Materials needed

Ͳ

Alcohol burner

Ͳ

1 stirring stick

Ͳ

6 plastic plates

Ͳ

100 g of large crystals of salt/sugar

Ͳ

1 plastic spoon

Ͳ

100 g of small crystals of salt/sugar

Ͳ

3 balances (capacity: 200 g if possible)

Ͳ

1 lighter

Ͳ

6 glasses

Ͳ

1 box of match

Ͳ

1 thermometer

Ͳ

1 box of tissues
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Procedure

1. First we investigate the effect of the surface area of the molecules on the dissolving rate.
Ͳ

Weigh 4g of small grain salt/sugar and 4g of large grain salt/sugar.

Ͳ

Fill two glasses, labelled glass A and B, with an equal amount of water.

Ͳ

Put the small grain salt/sugar in glass A and put the large grain salt/sugar in glass B.

Ͳ

Stir each solution well.

Ͳ

Observe the speed the salt/sugar dissolves in the two glasses.

2. Second we investigate the effect of the movement of molecules on dissolving.
Ͳ

Weigh 4g of fined salt and big grain salt in glass labelled C and D respectively.

Ͳ

Stir the solution in glass D, but not in glass C.

Ͳ

Observe the speed the salt/sugar dissolves in the two glasses.

3. Third, we investigate the effect of the temperature on dissolving.
Ͳ

Weigh 4g of salt/sugar in the two separate glasses, labelled glass E and glass F.

Ͳ

Stir the solution in glass E and keep the temperature of about 25 C.

Ͳ

Use the alcohol burner to heat the solution in glass F until it is up to approx. 70 C. Stir the solution while
heating in order to dissolve the salt/sugar which remains in solution.

Ͳ

Observe the speed the salt/sugar dissolves in the two glasses.

0

0

Observations

Compare glasses A and B, C and D, E and F. Tick the boxes for the glasses where the solute dissolves
faster.
Glass of salt
solution

Glass A

Glass B

Glass C

Glass D

Glass E

Glass F

Dissolving
time

Note: After the experiment rinse out all beakers, dry them and place them at the correct location in the lab.
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Explanation

When you put a crystal of salt or sugar into water it dissolves. The water separates the molecules which
were joined up in the crystal and they spread through the water.
Because it dissolves, salt/sugar is described as soluble. Together, salt/sugar and water make a solution. A
solution is made whenever two substances mix completely through each other. The substance which
dissolves is called the solute. The substance which does the dissolving is called the solvent. (In this solution,
salt/sugar is the solute. Water is the solvent.)
The rate of dissolving is dependent on the temperature (dissolving goes faster in hot water) of the solvent,
the mixing rate of molecules (stirring speeds up dissolving) and the volume to surface ratio (small pieces of
salt/sugar dissolve faster than big lumps).
The water needs to come in contact with the sugar to dissolve faster. The smaller particles expose more
surface area allowing more water to come in contact with the sugar.
In order to identify the role of each factor, itʼs important to vary only one variable, while keeping all other
variables the same. So if you want to investigate the effect of the volume-to-surface ratio, the two solutions
should be at the same temperature and undergo the same amount of stirring.
Note
Visualisation: effect of temperature
Bring one drop of some food colouring in respectively cold, lukewarm and hot water and observe the mixing
rate.
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Questions

How can you influence the dissolving speed of salt/sugar when cooking?
You can heat the water, stir while cooking or use fine-grained sugar or salt.
Which factor is the most effective in dissolving sugar the fastest: temperature, particle size or stirring? Can
you answer this question?
With the experiment above you cannot sufficiently answer this question. First, you would need to record the
time it takes for the sugar to dissolve. Secondly, it also depends on how high the temperature of the water is,
how strongly you stir and how big the grain sizes are.

Conclusion

The rate of dissolving depends on the temperature of the solvent (solute dissolves fast in hot water), the
movement of molecules (stirring speeds up dissolving rate), and the surface areas of molecules (fine salt and
sugar dissolve faster in water than big grain of salt and sugar).
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1.7

Is water a mixture or a pure substance?

Objectives

Ͳ

Students understand the nature of mixtures and pure substances.

Ͳ

Students can investigate whether water is a pure substance or a mixture.

Position in curriculum

Grade 8, chapter 3, lesson 1-2, 2010

Materials needed

Ͳ

Aluminium foil (5 leaves, each about 5 cm x 5
cm)

Ͳ

Candle or cooking stove

Ͳ

Matches

Ͳ

Wooden pincer

Ͳ

Sugar

Ͳ

Salt

Ͳ

Distilled water

Ͳ

Tap water or mineral water

Ͳ

Soda water or baking soda

Procedure

Ͳ

Pour an equal amount of water into each glass and add a spoonful of sugar, salt and baking soda
respectively. Stir each glass thoroughly.

Ͳ

Pour distilled water and tap water in the same amount as previous glasses into two new glasses.

Ͳ

Put a few drops of salt water (seawater) on the glossy side of the aluminium foil.

Ͳ

Heat the aluminium foil above a candle until the water has evaporated.

Ͳ

Repeat for the other samples.
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Observations

Record you observations in the table below.
Water

Visual pure?

Observations of the foil after heating

Filtered sea water
Mineral water
Sugar water
Distilled water
Soda water

Which water is a mixture? Which water is chemically pure?
Only distilled water is a pure substance. All the other ones are mixtures.
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Explanation

Pure substances cannot be separated into simpler substances by physical or mechanical means such as
sifting, filtering, crystallization, distillation, etc. For example, distilled water (H2O) does not separate water
into hydrogen and oxygen, it only produces water vapour. Pure substances have a sharp melting and boiling
point.
Mixtures can be separated into the pure substances making them up by physical or mechanical means
because each pure substance retains its own properties.

Questions

Are the following substances mixtures or pure substances: the atmosphere, wine, brass, coke and smoke?
Ͳ

The atmosphere is a mixture of gases, mostly nitrogen and oxygen.

Ͳ

Wine is a mixture of mostly ethanol and water.

Ͳ

Alloys, such as brass, are made up of a mixture of metals.

Ͳ

Soft drinks, such as coke, are mixtures of mainly carbon dioxide gas and water.

Ͳ

Smoke is mixture of tiny solid particles in atmospheric gases.

Conclusion

Distilled and pure water are pure substances as their contents can be separated by physical or mechanical
methods. Rain and pure drinking water contain some minerals, so they are called mixtures.
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1.8

Solution and suspension

Objectives

Ͳ

Students can prepare a simple suspension and solution.

Ͳ

Students can explain the difference between a suspension and a solution in their own words.

Position in curriculum

Grade 8, chapter 3, lesson 3, 2010

Materials needed

Ͳ

2 large plastic bowls (half-filled with water)

Ͳ

2 tablespoons of soil

Ͳ

2 tablespoons of salt

Ͳ

1 magnifying glass

Ͳ

1 spoon

Procedure

Ͳ

Put the soil into one bowl of water and the salt into the other

Ͳ

Stir both bowls well.

Ͳ

Observe the content of both bowls with your magnifying glass.
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Observations

Record your observations in the table below.
Substances

Description

Soil
Salt

Do you observe any differences between dissolving the soil and salt in water?

Explanation

The soil did not dissolve into the water, because soil and water are composed of molecules that canʼt
chemically combine. Soil and water together are what chemists call a “suspension” because the soil particles
spread, or become suspended, throughout the water and then settle to the bottom of the bowl, or come out
of the suspension. But water and salt do combine. The salt dissolves, or seems to disappear, in the water. Its
particles (crystals) do not fall to the bottom of the bowl. This is an example of a solution. Chemists call the
solid molecules that become part of a solution, such as salt, a “solute”, and the liquid molecules, such as
water, a “solvent.”

Conclusion

Particles in soil form suspension in water, whereas salt molecules form solution with water. A solution is a
homogeneous mixture which formed by only one phase.
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1.9

Experiment on Emulsions

Objectives

Ͳ

Students can explain what an emulsion is and how it differs from other kinds of mixtures.

Ͳ

Students can recognize emulsions in their daily life.

Position in curriculum

Grade 8, chapter 2, lesson 1/chapter 3, lesson 3, 2010

Materials needed

Ͳ

4 tablespoons of flour

Ͳ

1 spoon

Ͳ

4 tablespoons of salt

Ͳ

Warm water

Ͳ

1 glass bottle

Ͳ

Chopsticks

Procedure

Ͳ

Place 4 tablespoons of flour and salt into the glass bottle

Ͳ

Stir the mixture thoroughly with a chopstick or by shaking the bottle or (do not add the water yet)

Ͳ

Add warm water

Ͳ

Stir well and wait about 30 minutes; then dip with your finger in the water and it.

Ͳ

Make sure that you save the mixture for the next experiment, “Bring back the substance”.
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Observations

What happens when you pour the hot water into the mixture of flour and salt? The salt can dissolve, but the
flour doesnʼt and it becomes sticky in the water.

Explanation

Salt and flour are two different substances that donʼt chemically react and behave differently in water. While
the flour floats and then sinks to the bottom of the glass, the salt dissolves into the water to form a salt
solution above the flour.
In an emulsion, one liquid “floats” in another, but is not dissolved. The liquids have been made to mix
together through the addition of another chemical. Mayonnaise and milk are examples of an emulsion.
Mayonnaise consists of vegetable oil in lemon juice or vinegar, with egg yolk lecithin as emulsifier.
Homogenized milk consists of milk fat in water and milk proteins. An emulsifier is a substance that stabilizes
an emulsion.

Conclusion

Emulsion is a mixture of two or more liquids which is generally immiscible. Emulsifier helps make mixtures in
emulsion mixable.
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1.10

Bring back the substance

Objectives

Ͳ

Students can explain filtration and crystallization by doing an experiment.

Ͳ

Students can get back salt crystal from the mixture of salt and flour by filtration and crystallization.

Ͳ

Students can recognize crystallization as a separation method in daily life.

Position in curriculum

Grade 8, chapter 2, lesson 2, 2010

Materials needed

Ͳ

1 wide-mouth jar

Ͳ

Coffee filter or piece of cotton cloth

Ͳ

1 funnel

Ͳ

Salt and flour mixture (from previous experiment)

Ͳ

Warm water (approximately 50 C)

Ͳ

1 plastic plate

Ͳ

A piece of black plastic bag. It is cut in circle shape in order to cover the plastic plate.

0

Procedure

Ͳ

Fold the coffee filter in order to fit with the funnel

Ͳ

Pour the mixture slowly onto the filter (from experiment 1.9)

Ͳ

Very slowly, add a little bit of warm water to help the salt solution break through the flour. Be patient! It
will take some time to recover, or get back, a clearly observable amount of salt solution. Save as much
as you want, and then take the filter off the jar.

Ͳ

Pour the salt solution out of the jar onto a piece of black plastic bag in plastic plate. Leave it in a warm
place for 20 minutes.

Low-Cost Experiments for Chemistry

Page 36 of 107

Observations

-

What do you observe after 10 to 20 minutes?

-

What do you get from the surface of cotton cloth filter?

Explanation

The flour stays on the top of the filter while the salt in the water passes through it. When the water eventually
evaporates from the shallow container, it leaves salt crystals behind.
The molecules of solid salt crystals (called a solute) that had dissolved in the water (solvent) could pass
freely through the filter. The flour grains, on the other hand, are too large and do not dissolve, remained on
top.
Since water evaporates but salt canʼt, the salt molecules are left behind and transformed into crystals.

Conclusion

Filtration and crystallisation are separation methods used to separate contents in mixture.
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1.11

Making sugar crystals

Objectives

-

Students can explain how sugar crystals forms and the role of the temperature.

-

Students can make their own sugar crystals.

Position in curriculum

Grade 8, chapter 2, lesson 2, 2010

Materials needed

Ͳ

Water

Ͳ

1 small glass

Ͳ

200g of sugar

Ͳ

Food colouring

Ͳ

1 pot

Ͳ

1 chopstick

Ͳ

1 cooking stove

Ͳ

A piece of thread

Ͳ

1 long glass

Ͳ

1 spoon

Procedure

Ͳ

Pour one glass of water into a pot

Ͳ

Add 3 glasses of sugar or more (as possible).

Ͳ

Use spoon to stir solution thoroughly, and then start to heat it by cooking stove until it boils.

Ͳ

Add few drops of food colouring (any colour you like)

Ͳ

Pour hot sugar solution into a long glass

Ͳ

Tie a piece of thread on middle of chopstick, and then put it on the mouth of a long glass. Make sure the
end of thread is in hot sugar solution and stand vertically straight.

Ͳ

Keep it in safe place for few days before observing result.
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Observations

You see sugar crystals at the surface of the string.

Explanation

When you add sugar to water, the sugar crystals dissolve and the sugar goes into solution. But you canʼt
dissolve an infinite amount of sugar into a fixed volume of water. When as much sugar as possible has been
dissolved into a solution, the solution is said to be saturated. If you let the solution cool down, some sugar
will crystallize, since water at lower temperature is saturated more quickly than at a higher temperature. The
saturation rate of boiling sugar water is almost twice as high as for sugar water on room temperature.
Moreover, some of the water will evaporate.
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Conclusion

Sugar solution contains definite amount of sugar at one particular temperature. Decreasing temperature of
saturated sugar solution causes sugar to crystalize.

Questions

What happens if you speed up the cooling process by adding some cold water or ice?
Sugar becomes much less soluble as the temperature falls from boiling to room temperature. Solutions that
cool quickly, by adding some cold water or ice, will become highly concentrated rather than grow crystals
The best way is to allow the solution to cool slowly because if a sugar solution cools very quickly it tends to
become supersaturated. So, let the whole setup slowly drop down to room temperature. Sugar crystals grow
slowly so while you might see growth within a couple of hours; it could take a couple of days to be visible.
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1.12

How can you make salt crystals?

Objectives

Ͳ

Students understand the concept of “saturated solution”

Ͳ

Students understand the dissolving of the required amount of salt needs a higher temperature

Ͳ

Students can demonstrate how salt crystals form

Position in curriculum

Grade 8, chapter 3, lesson 3, 2010

Material needed

Ͳ

Black paper

Ͳ

1 table spoon

Ͳ

Pan, tray or milk can

Ͳ

Warm water

Ͳ

Salt

Ͳ

Scissors

Procedure

Ͳ

Select a warm, preferably dry place for the experiment.

Ͳ

Use the scissors to cut black (or other dark colour) paper so that it will fit in the bottom of a pan or tray.

Ͳ

Add 1 tablespoon of salt to 1/4 cup warm water. Stir until the salt is dissolved.

Ͳ

Put the construction paper in the pan and pour the salt solution over the paper.

Ͳ

Put the pan in the place you have selected for crystal-growing.

Observations

As the water evaporates, you'll see lots of spiky crystals. Use a magnifying glass to see your creations in
close-up and then record your result.
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Explanation

Salt is a dietary mineral composed primarily of sodium chloride that is essential for animal life, but toxic to
most land plants. Salt flavour is one of the basic tastes, an important preservative and a popular food
seasoning. Salt for human consumption is produced in different forms: unrefined salt (such as sea salt),
refined salt (table salt), and iodized salt. It is a crystalline solid, white, pale pink or light grey in colour,
normally obtained from sea water or rock deposits. Edible rock salts may be slightly greyish in colour
because of this mineral content.

Conclusion

+

-

The salt solution contains Na and Cl ions and water as solvent. When the salt solution is heated, it begins to
gain energy. Once this energy is high enough, the water will evaporate as water vapour which leaves only
the NaCl crystals on the black paper.
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1.13

Sugar cube race

Objectives

Ͳ

Students develop their understanding about dissolving.

Ͳ

Students can explain how the temperature affects dissolving in their own words

Position in curriculum

Grade 8, chapter 3, lesson 3, 2010

Materials needed

Ͳ

1 box of sugar cubes or grains

Ͳ

2 clear glasses

Ͳ

Water

Ͳ

Hot water

Ͳ

Ice (cube )

Ͳ

1 spoon

Procedure

Ͳ

Fill a glass about 2/3 with water and drop a few ice cubes in the glass. Stir until the ice cubes are nearly
dissolved.

Ͳ

Put a cube/spoon of sugar in the cold water and stir until its crystals completely dissolve

Ͳ

Continue to put cubes/grains of sugar into the water one at a time – count them – until no more sugar will
dissolve

Ͳ

Now, repeat this activity using hot water. Make certain you count the number of cubes/spoons that
dissolve in each glass of water
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Observations

Record, or write, the number of cubes/spoons for each glass. Which can hold the most dissolved sugar
cubes/spoons?

Explanation

The first sugar cubes/spoons dissolve in each glass of water until no more sugar crystals can be seen. Then,
as more cubes are added, the solutions reach a point where the crystals can no longer disappear and they
can easily be seen. Chemists call this a saturated solution. More sugar dissolves in the hot water than in the
cold because, when water is hot, its molecules move faster and further apart. As a result, the spaces
between the water molecules become larger, allowing room for more sugar molecules.

Conclusion

We can dissolve more sugar in hot water than in cold water.

Questions

1. When sugar dissolves in water, is it physical change or chemical change? Explain your answer.
Itʼs a physical change, since the chemical composition of the substances doesnʼt change.
2. Can we get back the dissolved sugar? If so, which methods do you use?
You can get back the sugar by using evaporation and crystallization (see more explanation in experiment
“making sugar crystal”)
3. How would the weight of the water with the dissolved sugar in it compare to the weight of the water and
the sugar before the experiment? Defend your answer.
The weight of the water with the dissolved sugar in it will be equal to the sum of the weights of the water and
the sugar separately, in accordance with the Law of Constant Mass.
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1.14

Five colour rainbow

Objectives

Ͳ

Students can explain the influence of density on separation of the five liquids

Ͳ

Students can explain other factors which make the five liquids immiscible.

Position in curriculum

Grade 7, chapter 1, lesson 2, 2009
Grade 8, chapter 2, lesson 1, 2010

Materials needed

Ͳ

50 ml of syrup or honey

Ͳ

50 ml of ethanol

Ͳ

50 ml of dishwashing liquid

Ͳ

1 clear plastic bottle (50 ml bottle)

Ͳ

50 ml of water

Ͳ

2 different types of food colouring

Ͳ

50 ml of vegetable oil

Ͳ

1 clear bottle (500 ml)

Procedure

Ͳ

Pour the syrup into the middle of the glass. Be careful not to get syrup on the side of the glass; Pour
enough syrup to fill the glass approx. 1/6.

Ͳ

After you have added the syrup or honey, tip the glass slightly and pour an equal amount of the
dishwashing liquid slowly down along the side of the glass. Does the dishwashing liquid float on top or
sink to the bottom?

Ͳ

Next mix a few drops of food colouring with water in one of the mixing cups. Colour the ethanol a
different colour in another mixing cup.

Ͳ

Be careful to add the next liquids very slowly. They are less viscous (i.e., not as thick) and mix more
easily than the previous liquids. We don't want them to mix. Tip the glass slightly, and pouring slowly
down the side of the glass, add first the coloured water, then the vegetable oil, and finally the coloured
ethanol.
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Observations

What do you observe each time a different liquid is added into the bottle?

Explanation

One property that is different in all of the liquids is the colour. Another property unique to each liquid is
thickness (viscosity).
The property of the liquids that is responsible for the layering effect is density. What is the relationship
between the density of a liquid and its position in the glass?
Another property that keeps the liquids separate is that some of them are immiscible liquids, in other words
they do not mix with each other. Oil and water are immiscible liquids. On the other hand, water and rubbing
alcohol are miscible and will mix with each other. Water and the dishwashing liquid will also mix.
Stir up the liquids in the glass and observe what happens.

Conclusion

Different liquids have different density. Immiscible liquids make layering phases on the top from one to
another.
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Questions

1. Why do all liquids stay separately? Explain your answer.
They donʼt mix because they have a different density and are immiscible. The liquid with largest density is on
the bottom and the one with the smallest is on the top.
2. Can you think of several ways that the liquids in the glass are different? Try to describe some properties
that differ in each of the liquids in the glass.
You made your column by pouring the heaviest liquid into the glass first, followed by the next-heaviest liquid,
etc. The heaviest liquid has the most mass per unit volume or the highest density. Some of the liquids don't
mix because they repel each other (oil and water). Other liquids resist mixing because they are thick or
viscous.
3. Does it matter in which order you add the liquids?
Yes, you have to pour the liquid with the largest density first and the one with smallest density last.
Otherwise, they will not separate and eventually mix up together.
4. What happens when you shake the glass? Have any layers mixed (are they miscible in each other)? Do
you think that the liquids will separate again if you wait long enough?
If you shake the glass, these liquids will mixt together. Since alcohol and water will mix together, while syrup,
dish washing liquid, and vegetable oil will be miscible, therefore, after shaking they will form into 2 layers.
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2. Chemical reactions
2.1

Movement of noodles in a mixture of vinegar and baking soda

Objectives

-

Students can explain the movement of noodles in their own words.
Students can derive the chemical reaction that causes the noodles to move up and down

Position in curriculum

Grade 7, chapter 1 lesson 2, 2009
Grade 9, chapter 3, lesson 1, 2011

Material needed

-

Transparent plastic container or glass

-

3 tea spoons of baking powder (= baking soda = sodium hydrogen carbonate)

-

4 - 5 tea spoons of vinegar (= acetic acid)

-

A small amount of Khmer noodles

-

Water

-

1 spoon

Instead of baking powder and vinegar you can also use a transparent carbonated drink such
as soda water. When using a carbonated drink the hydrogen carbonate is dissolved due to the
higher pressure in the bottle or can. When the bottle is opened the pressure decreases and
the acid is released.

Procedure

Ͳ

Fill a clear container 3/4 full with water. Add the baking powder (sodium hydrogen bicarbonate) and stir
until it is dissolved.

Ͳ

If you use noodles, break them into pieces of approx. 2 cm. Put the noodles or rice grains in the
container and add the vinegar.

Ͳ

If the noodles/rice/raisins do not begin to ʻdanceʼ after a few seconds, the parts are too large. Parts
should be heavy enough to sink in still water but not so heavy, that they canʼt travel to the surface.

Ͳ

Add more baking soda and acetic acid to extend the effect.
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Observations

1 Do the noodles sink or float in water?
2 Do the noodles sink or float in the mixture of vinegar and baking soda?

Explanation

The dancing movement is explained by the presence of CO2 in the water. This gas is formed by
NaHCO3 + CH3COOH | CH3COONa + CO2 + H2O
Bubbles of carbon dioxide gas adhere to the surface of the noodle or rice. The result is that the sum of the
density of the grains and the gas is less than that of the water solution. Thus, the pieces rise to the surface.
Many of the bubbles are released at the surface, and the density of the noodle becomes higher again than
that of the solution and it sinks.

Conclusion

The movement of noodle is caused by the presence of carbon dioxide. Carbon dioxide attaches to noodle
fragments and, as a result of the increased volume and decreased density, buoyancy forces push the
noodles to the top of solution.
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2.2 Atoms in a chemical reaction
Objectives

Ͳ

Students understand that atoms are recombined, but donʼt change in a chemical reaction.

Ͳ

Students can explain the observations in the experiment in their own words.

Position in curriculum

Grade 7, chapter 1, lesson 2, 2009
Grade 9, chapter 3, lesson 1, 2011

Material needed

Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ
Ͳ

Spatula gas burner
Copper powder
Matches
Beaker (100 ml)
Short test tube
Iron nail
H2SO4–solution (25%)

Procedure

1. Heat a spatula of red copper powder in the combustion spoon until the powder turns black.
2. Bring the material into the H2SO4–solution and warm until the powder has disappeared and the
solution has turned into blue.
3. Pour some of the blue solution into the small test tube or a small flask. Immerse the iron nail halfway.
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Observations

The iron nail is covered with a red layer.

Explanation

The red layer consists of copper metal
The reaction starts with copper atoms. After three chemical reactions, we show that the copper atoms are
still present in the system. They did not disappear. During chemical reactions other combinations of atoms
are formed. Chemical reactions that happen in these experiments are;
2Cu + O2 → 2CuO
CuO + H2SO4 → CuSO4 + H2O
CuSO4 + Fe → FeSO4 + Cu

Conclusion

The original cupper atoms are still present and donʼt disappear during chemical reactions. They combine with
other atoms to make new substances.
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2.3 Balloon that blows itself
Objectives

Ͳ

Students can explain the blowing up of the balloon.

Ͳ

Students can illustrate chemical reactions with a simple experiment.

Position in curriculum

Grade 9, chapter 3, lesson 1, 2011

Material needed

Ͳ

1 plastic bottle (500ml)

Ͳ

1 Funnel or straw

Ͳ

1 balloon

Ͳ

Water

Ͳ

50 ml vinegar

Ͳ

2 teaspoons of baking soda

Procedure

Ͳ

Mix equal amounts of vinegar and water and pour the mixture into the bottle

Ͳ

Use a funnel to fill the empty balloon half full with baking soda. (If you donʼt have a funnel, you can use a
straw to load the balloon. Stick the straw into the baking soda, and put your finger over the top of the
straw. Lift the straw out, put it into the balloon, and blow or tap gently.)

Ͳ

Stretch the open end of the balloon over the neck of the bottle. Make sure itʼs on tight! Let the heavy end
of the balloon dangle, so no baking soda goes in the bottle (see picture).

Ͳ

Hold onto the balloon at the bottle neck, and pick up the heavy part of the balloon so that all the baking
soda falls into the vinegar at the bottom of the bottle.
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Observations

What happens when you drop the baking soda powder into the solution?

Questions

Ͳ

Write the chemical reaction that is taking place.

Ͳ

What does the bubble in this experiment indicates?

Ͳ

Why does it pop a sound whenever you open the cap of the beer can? Explain this
phenomenon?

Explanation

This experiment shows how a solid (bi-carbonate of soda) and a liquid (white vinegar) can create a gas
(carbon dioxide).
NaHCO3 + CH3COOH → CH3COONa (aq) + CO2(g) + H2O(l)
In closed bottle, CO2 canʼt escape outside. So, it will expend and move into balloon more and more. As a
result, the balloon is enlarged.

Conclusion

The balloon blows up as a result of the presence of carbon dioxide (CO2). This is produced by the reaction
of acetic acid (vinegar) and sodium hydrogen carbonate (baking soda). The more CO2 is produced, the more
air pressure increases and the balloon gets bigger.
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2.4 Decomposition of hydrogen peroxide: iron rust as catalyst
Objectives

-

Students can identify the presence of oxygen gas.

-

Students can improve a way to produce oxygen gas.

-

Students learn to take the necessary precautions during the experiment.

Position in curriculum

Grade 12, chapter 1, lesson 2, 2010

Material needed

-

1 Erlenmeyer 100 ml

-

50 ml of H2O2

-

10 g of rust (scraped from an old iron object),
or manganese dioxide (from battery), or liver

-

Glowing splint

Procedure

Ͳ

Pour the hydrogen peroxide into the Erlenmeyer.

Ͳ

Put a glowing splint into the Erlenmeyer

Ͳ

Drop the iron rust in the bottle.

Ͳ

Again put a glowing splint into the Erlenmeyer.
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Observations

H2O2

H2O2 and rust

Glowing splint

Ͳ

What happens to the glowing splint before adding iron rust to the hydrogen peroxide?

Ͳ

What happens to the glowing splint after adding iron rust to the hydrogen peroxide?

Explanation

Hydrogen peroxide always decomposes exothermically into water and oxygen gas spontaneously but
extremely slowly:
2 H2O2 2 H2O + O2
However, the speed of the reaction can be increased by using a catalyst. The catalyst itself doesnʼt undergo
a chemical reaction and is kept chemically unchanged. Common catalysts for this reaction are manganese
dioxide, potassium iodide, carrot, potato, fresh liver …
As an alternative for iron rust, potassium Iodide (KI) can be used. The experiment with KI is well-known
under the name ʻelephant toothpasteʼ after the white foam that is formed during the reaction.
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Conclusion

Ͳ

Oxygen can be easily produced from disproportionation of hydrogen peroxide (H2O2) which rusty iron as
catalyst.

Ͳ

Identification of oxygen produced from reaction can be resulted by lightening a glowing splint or a match.

So, catalyst is used to help increase speed of reaction, but it doesnʼt react in a reaction.

Questions

1

What happens when you add a few drops of hydrogen peroxide on a piece of fresh-cut liver?
You can see bubbles form on the surface of liver. Thus, it proves a presence of oxygen produced from
decomposition of hydrogen peroxide.
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2.5 Wind eggs
Objectives

-

Students can relate CaCO3 as the main component of shells and bones.

-

Students understand that CaCO3 dissolves in acids and can point out practical consequences.

-

Students can explain why the egg increases in size when put in water.

Position in curriculum

Grade 9, chapter 3, lesson2, 4, 2011
Grade 11, chapter 5, lesson 3, 2009

Materials needed

-

1 raw egg

-

50 ml of vinegar (make sure it is enough to soak the egg completely)

-

1 glass bowl

Procedure

Put the egg in the bowl
Put vinegar in the bowl so that the egg is completely submerged.
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Observations

After 3 days, study the egg and try to squeeze it a little bit.

Explanation

The shell of the egg is made of calcium carbonate (CaCO3), which doesnʼt dissolve in water. The vinegar
+
that you add is an acid. The H -ions of the acid reacts with the CaCO3, dissolving the shell and releasing
carbon dioxide and water. The little bubbles contain carbon dioxide (CO2). The brown layer contains the
other elements of the shell. The calcium and the rest of the vinegar (acetate) stay dissolved in the water.
The soft layer of the egg acts as a semi-permeable membrane, enabling osmosis. Osmosis is the movement
of water molecules from an area of low concentration (water) to an area of high concentration (egg).

Conclusion

The shell of the egg is made of calcium carbonate (CaCO3), which react with vinegar. Osmosis is the
movement of water molecules from an area of low concentration (water) to an area of high concentration
(egg).

Low-Cost Experiments for Chemistry

Page 58 of 107

2.6 Sweet tooth
Objectives

Ͳ

Students can explain tooth decay in coke

Ͳ

Students can tell chemical compositions in coke

Ͳ

Students pay attention to drinking coke

Position in curriculum

Grade 9, chapter 3, lesson 2, 2011

Materials needed

Ͳ

Tooth (if there isnʼt any, it can be replaced by bone)

Ͳ

1 glass of cola drink (regular)

Procedure

Ͳ

Place the tooth in the coke

Ͳ

Leave it in the drink and pick it up to observe it in every 2 days for one week.

Observations

Duration

Observation

2 days
4 days
6 days
8 days
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Explanation

The tooth starts to dissolve. Even though your teeth wouldnʼt be constantly sitting in a cola drink, the high
sugar and acid content of these drinks can chemically affect your teeth over time. In this experiment, the
sugar and acid eventually cause the tooth to dissolve, even right through its hard enamel
surface coating.

Conclusion

Coke can harm your teeth as it contains acid and sugar. These two substances react with calcium phosphate
which is a main composition of teeth.
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2.7 Making foam from coke and salt
Objectives

Ͳ

Students can explain the observations during the experiment in their own words

Ͳ

Students conduct the experiment with care and accuracy.

Ͳ

Students can reason about the ideal circumstances to obtain a high eruption.

Position in curriculum

Grade 9, chapter 3, lesson1, 4, 2011

Material needed

-

1 full coke can or bottle

-

1 drinking glass

-

1 spoonful of fine salt (or menthos sweet)

Procedure

Ͳ

Fill the glass half with coke

Ͳ

Put a little bit of salt in the glass (or one menthos sweet)

Observations

When you add salt to the coke it will start foaming heavily.
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Explanation

Coke is made from phosphoric acid, sugar, water and carbon dioxide held in solution. Carbon dioxide is the
only gas suitable for providing the fizzing in soft drinks. This is because it is non-toxic, inert, tasteless and
convenient for transportation and storage. When the pressure drops the carbon dioxide escapes from the
water forming little bubbles. These bubbles originate best on an irregular surface. The salt grains supply
many nucleation sites to which the carbon dioxide can attach itself.
Secondly, the salt breaks down the surface tension in the coke which normally constrains any bubbles,
allowing the carbon dioxide in suspension in the drink to expand into huge gaseous bubbles and escape very
quickly.
The huge amount of gas created causes a massive increase in pressure inside the bottle, spraying the liquid
out in an incredible soda eruption.
This experiment can also be done with other fine materials such as sugar or sand, but salt gives the best
result.

Caution: Do not drink the (coke-menthos) mixture after the experiment!

Conclusion

After adding salt or menthos candy into coke, eruption of bubble will immediately form. Causing factors can
be surface area of solute (salt), surface tension, and change of pressure in bottle.
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2.8 Chemical reaction in film canister
Objectives

Students can give reason of explosion in film canister
Students can write correct chemical reaction for this experiment
Students have precaution of use of chemicals in daily life.

Position in curriculum

Grade 9, chapter 3, lesson 1, 2011

Materials needed

1 film canister with lid
1 spoonful of baking soda, NaHCO3
5 spoonful of vinegar, CH3COOH (the right amount to fill half the film canister)

Procedure

Add a spoonful of baking soda into the film canister
Pour vinegar into the film canister up to the half of canister.
Immediately, close it tightly with the lid and with your finger on the lid to avoid the canisterҋs lid burst out
Place it upside down on the ground with the smooth surface, and then immediate you move away from
the canister and try to observe what will happen.

Observations
What do you notice when you place the film canister on the ground?
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Explanation

Since, baking soda, NaHCO3 reacts violently with vinegar, CH3COOH, the result is remarkable. The product
of this chemical reaction is carbon dioxide gas here produced in closed system (in film canister).
NaHCO3 + CH3COOH

CH3COOH + CO2 + H2O

When more carbon dioxide is produced, the gas needs more space and built up extra pressure. As a result,
when you release your finger from the lid of the canister, immediately the canister will burst straight upwards
to the air because of the pressure force push it up right.

Conclusion

A lid of film canister bursts out because more and more carbon dioxide is made from the reaction of baking
soda and vinegar, increasing air pressure inside the canister.
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2.9 Fire extinguisher
Objectives

-

Students can explain why the candle is extinguished without blowing in their own words

-

Students can explain why carbon dioxide is used as a fire extinguisher.

-

Students can perform the experiment in a responsible way.

Position in curriculum

Grade 9, chapter 3, lesson1/chapter2, lesson2, 2011

Materials needed

Ͳ

1 Film canister with lid

Ͳ

1 Plastic syringe (60 ml, or 25 ml)

Ͳ

1 Candle

Ͳ

1 nail

Ͳ

1 box of matches

Ͳ

½ spoonful of baking soda, NaHCO3

Ͳ

½ spoonful of vinegar, CH3COOH
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Procedure

Ͳ

Make a hole no wider than a syringeʼs tip in the lid of the film canister by using a nail. Add ½ spoonful of
baking soda to the canister and leave it uncapped.

Ͳ

Pour ½ spoonful of vinegar into a film canister. Immediately, close the film canister with the lid with your
thumb pressing tightly on the hole.

Ͳ

Insert the tip of syringe into the hole on the lid of the film canister in order to collect the gas produced.

Ͳ

Light the candle with a match.

Ͳ

To test the properties of the produced carbon dioxide, remove the syringe from the canister and
immediately seal your hand over the tip. Then press and release the gas inside towards the burning
candle.

Observations

Ͳ

What happens when you pour the vinegar into the canister of baking soda?
The reaction between baking soda and vinegar will take place immediately by producing bubble of
carbon dioxide.

Ͳ

What happens when you release the gas from the syringe toward the burning candle? Explain your
answer.
The burning candle will go out immediately because CO2 doesnʼt support burning. Thatʼs why when there
is fire; they spray CO2 from a fire extinguisher to put it out.

Explanation

Baking soda, NaHCO3 reacts strongly with vinegar solution to produce carbon dioxide gas
which is used as fire extinguisher. The chemical reaction is written as followed:
NaHCO3 + CH3COOH | CH3COONa + CO2 + H2O
When you pour vinegar into the baking soda powder, you see bubbles caused by the formation of carbon
dioxide. When you release this carbon dioxide from the syringe into the flame of the burning candle, the
flame extinguishes because the chemical reaction of burning needs oxygen to take place.
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Alternative experiment

Procedure

Ͳ

Put the candles in the glass beaker and spread a layer of baking soda around the candles.

Ͳ

Light the candles with the wood chip or long matches.

Ͳ

Carefully pour vinegar along the inner wall.

Density of air: 1,29 g/L
Density of CO2: 1,53 g/L

Observations

The candles are extinguished one by one, without blowing and starting from the smallest one, because the
density of CO2 is bigger than the density of air. CO2 is formed on the bottom of the beaker pushing away the
air (and oxygen). The more CO2 is formed, the less air remains in the beaker. Finally there is no oxygen left
to keep the candle burning.

Conclusion

The candle keeps burning as long as there is enough oxygen. However, when much oxygen is replaced by
carbon dioxide, produced from reaction of baking soda and vinegar, the candle stops burning.
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2.10 Burning mixture of water and alcohol
Objectives

Ͳ

Students can explain their observations in their own words

Ͳ

Students are motivated to discover the chemistry behind the experiment

Ͳ

Students can formulate a hypothesis, make observations and formulate a conclusion

Position in curriculum

Grade 9, chapter 2, lesson 2, 2011
Grade 11, chapter 7, lesson 1, 2009

Material needed

-

100 ml of alcohol (ethanol or iso-propanol)

-

100mol of water

-

White paper

-

2 beakers (can be replaced by 2 half-cut
plastic bottles)

-

-

Some salt (optional, to make
the flame better visible)

-

Tongs

-

1 candle and matches

-

Match

1 large plastic bottle (1/3-top-cut bottle)

Procedure

Ͳ

Cut the paper in strips of about 6 x 15 cm

Ͳ

Pour 100 ml of ethyl alcohol into a 1 half-cut plastic bottle

Ͳ

Add a few crystals of salt and cover it completely (optional)

Ͳ

Pour 100 ml of water in the other half-cut bottle

Ͳ

Pick up a piece of paper (1 paper) with the tongs and hold it over the candle

Ͳ

Pick up a piece of paper (2

Ͳ

Pick up a piece of paper (3 paper) with the tongs, dip it into the alcohol and hold it over the candle

Ͳ

Mix 50 ml of alcohol with 50 ml of water

st

nd

paper) with the tongs, dip it into the water and hold it over the candle

rd

Low-Cost Experiments for Chemistry

Page 68 of 107

th

Pick up a piece of paper (4 paper) with the tongs, dip it into a mixture of the water and the alcohol and
hold it over the burning candle.

Ͳ

Observations

Record your observations in the table below.
Paper

Observation

st

1 paper
nd

2 paper
rd

3 paper
th

4 paper
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Explanation

Paper burns when held in a flame. When wet (with water), paper will not burn. When wet with alcohol, both
the alcohol and the paper will burn. When wet with a mixture of about 50% water and alcohol, the alcohol will
burn, but there is sufficient water so that the paper will not burn. The heat produced by the burning of alcohol
is used to evaporate the water. So the paper will be nearly dry once all the alcohol has gone and the
temperature not high enough to ignite the paper. The salt will give the alcohol flame a slight yellow colour
making it more visible.
The experiment with the alcohol/water mixture can be repeated with a handkerchief or even with paper
money.

Reference: Steve Spangler Science

Conclusion

When we burn water-alcohol paper, only alcohol burns on paper but water doesnʼt. Water that is soaked in
paper will get hot and finally evaporate. So, if we keep burning this paper, it will burn out.
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2.11 How to test whether a substance is an acid or a base
Objectives

Ͳ

Students can identify acids and bases in daily life.

Ͳ

Students can explain how to test substances for their acidic/ basic character.

Position in curriculum

Grade 9, chapter 3, lesson 3, 2011
Grade 12, chapter 3, lesson 3, 2010

Material needed

Ͳ

1 purple cabbage

Ͳ

1 plastic bottle

Ͳ

1 knife

Ͳ

3 plastic bowls

Ͳ

Water

Ͳ

One spoon of baking soda (sodium
bicarbonate, NaHCO3)

Ͳ

One piece of filter paper (coffee filter works
well)

Ͳ

5 ml of lemon juice (citric acid, C6H8O7)

Ͳ

1 funnel

Ͳ

5 ml of vinegar (acetic acid, CH3COOH)

Ͳ

1 cooking stove

Ͳ

5 ml of masonry's cleaner (hydrochloric acid,
HCl)

Ͳ

1 iron pot
5 ml of sodium hydroxide (NaOH)

1 large glass beaker or other glass container

Ͳ

Ͳ

Ͳ

Tissue or A4 paper

Procedure

Before the lesson
1. Chop the cabbage into small pieces until you have about 2 bottles of chopped cabbage. Add boiling
water to cover the cabbage. Allow at least ten minutes for the colour to leach out of the cabbage.
2. Let the solution cool down.
3. Filter out the plant material with the funnel. You obtain a red-purple-blue coloured liquid. The obtained
solution is ready for testing the acid-base character.

Low-Cost Experiments for Chemistry

Page 71 of 107

Ͳ

During the lesson
1. Pour about 50 ml of red cabbage indicator into two plastic bowls, labelled Bowl-A and Bowl-B.
2. Now just simply add various household solutions such as lemon juice, vinegar, toiletʼs cleaner, soda, and
NaOH solution to your indicator and observe the colour changes. Use separate containers for each
household solution.
3. Record your observations of colour changes into the table below.

Note: We can also make pH paper with A4 paper. Cut a piece of paper in rectangular pieces and soak it in
red cabbage solution (indicator) and dry it. Now, it is ready to test acidity and basicity of substances.

Observations

1. Some household substances

Substances

Colour change by pH indicator (red cabbage solution)

Lemon juice
Vinegar
Toiletʼs cleaner
Soda
NaOH
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2. For pH paper

Substances

Colour change by pH indicator (red cabbage solution)

Lemon juice
Vinegar
Toiletʼs cleaner
Soda
NaOH

Very acidic solutions will turn the colour of the extract to red. Neutral solutions result in a purplish colour.
Alkaline solutions of red cabbage extract turn greenish.

acidic – neutral – alkaline

Explanation

Purple cabbage contains a pigment molecule called anthocyanin. This water-soluble pigment is also found in
apple skin, plums, poppies, cornflowers, and grapes. Very acidic solutions will turn anthocyanin red. Neutral
solutions result in a purplish colour. Basic solutions appear in greenish-yellow. Therefore, it is possible to
determine the pH of a solution based on the colour it turns the anthocyanin pigments in purple cabbage
juice.
The colour of the juice changes in response to changes in its hydrogen ion concentration. pH is used to
+
indicate how alkaline or acid a solution is. The pH is the -log[H ]. Acids will donate hydrogen ions in an
aqueous solution and have a low pH (pH < 7). Bases accept hydrogen ions and have a high pH (pH > 7).
This table shows the approximate colours of purple cabbage indicator solution at different pH's.
pH

2

4

6

8

10

12

Colour Red Purple Violet Blue Blue-Green Greenish Yellow
In the table below, there are some pH values of common substances
Substances
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Drain cleaner
Lye/ammonia
Lime
Baking soda
Seawater
Blood
Distilled water
Milk
Unpolluted rain
Tomato juice
Coffee
Apple juice
Vinegar
Lemon juice

14.0
13.0
12.4, 11.0
8.5
8.3, 8.0
7.4
7.0
6.6, 6.0
5.6
5.0
4.2
3.0
2.2
2.0, 1.5

Note: pH indicator can be also made from turmeric. It contains curcuma (C6H20O6). Curcuma changes to
yellow in diluted acid and to red in basic solution.

Conclusion

Purple cabbage can be used as pH indicator. Strong acidic solution turns red, neutral solution turns purple,
and basic solution turns green-yellow in purple cabbage solution.
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2.12 Factors cause iron to rust
Objectives

Ͳ

Students learn to investigate the factors causing iron to rust.

Ͳ

Students learn to distinguish between independent and dependent variables.

Position in curriculum

Grade 9, chapter 3, lesson 2, 2011

Materials needed

Ͳ

Iron paper clips, iron nails, steel wool, pins …

Ͳ

Various glass jars

Ͳ

Water

Ͳ

Oil

Procedure

Ͳ

Before the experiment, discuss with your students which factors they think make iron rust.

Ͳ

Place a nail in the jar and screw the lids tightly.

Ͳ

Place a nail in boiled water, covered with a layer of oil to prevent oxygen coming in the water.

Ͳ

Place a nail in tap water.

Dry air
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Observations

What do you observe after a few days? (Both air (oxygen) and water is needed for iron to rust.)

Explanation

The rusting of iron costs millions every year. Rust forms on the surface of iron (or steel).
Unfortunately, it is a soft, crumbly substance. It soon flakes off and then more iron rusts.
Water and air (oxygen) are main factors take part in cause of rusting. Salt can increase the rate of rusting.
This can lead to a discussion about rust protection and methods which can be used to keep air and water
away from the iron such as paint, grease and plastic coating.
Very simply, rusting is the reaction of iron with oxygen – but water is an important part of the
process too.

Conclusion

From this experiment, we could draw a conclusion that water and air (actually oxygen in the air) are essential
factors for rusting.
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2.13 Factors influencing the speed of iron rusting
Objectives

Ͳ

Students are able to investigate which factors affect rusting.

Ͳ

Students have insight in which factors determine the speed of rusting.

Ͳ

Students understand that you can change only one variable at a time.

Position in curriculum

Grade 9, chapter 3, lesson 2, 2011

Materials needed

Ͳ

Paper clips

Ͳ

Pins

Ͳ

Nails

Ͳ

Various jars

Ͳ

Washers

Ͳ

Water

Ͳ

Steel wool

Ͳ

Salt solution

Ͳ

Tacks

Procedure

Ͳ

Place a selection of iron objects into the various jars.

Ͳ

Screw lids tightly on some jars; leave the other jars without lids.

Ͳ

Place some of your experiments in shady, cool places, others in warm, sunny places.

Ͳ

Place an iron object in distilled water and another in salt solution.
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Observations

Keep good records: dates and times you started the experiments, substance used, and what happened.

Explanation

A reddish-brown or brownish-yellow substance forms on some of the iron objects, but maybe not on all.
Moisture, an oxidizing agent, causes oxygen from the air to attach the iron and steel, to form rust. This
chemical change, called oxidation, corrodes, or rots, metals. That is why bridges and fire escapes, which
often get wet, must be painted to protect them from being rotted and weakened by oxidation.
When one substance is reduced, another is oxidised. Chemists speak about reduction and oxidation.

Conclusion

Oxidation of iron or rusting affects environment. Factors that influence rusting are moisture and air (oxygen).
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2.14 Cleaning rusty metal
Objectives

Ͳ

Students can explain the chemical reaction that causes the tarnish on nails to disappear.

Ͳ

Students can link acids to processes in daily life.

Position in curriculum

Grade 9, chapter 3, lesson 2, 2011

Materials needed

Ͳ

Rusty copper coins or nails (or other rusty household objects made of metals)

Ͳ

Various liquids such as vinegar, coke, lemon juice, orange juice etc.

Ͳ

1 large glass or bowl
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Procedure

Ͳ

Try to select objects with a similar degree
of tarnish on them.

Ͳ

Add two tablespoons of one of the liquids
to each jar, so that the objects are
immersed in the liquid. This allows you to
observe the difference between the
immersed and non-immersed part of the
nail or coin.

Ͳ

Leave it few minutes and observe.

Observations

Ͳ

Compare the coins. Which liquid made the colour of the coins change the most?

Ͳ

Some liquids such as vinegar, lemon juice, orange juice, coke etc. all cause the nails to become cleaner.
If you leave the nails half in the liquid they will turn stripy.

Explanation

The tarnish that forms on an alloy is caused by a reaction between oxygen and one of the metals that make
up the alloy. This forms an oxide. Cola, which is weakly acidic, reacts with the oxide to form a soluble salt of
the metal that produced the tarnish, which then dissolves in the liquid, leaving behind a clean metal surface
as bright and shiny as the day the coin was produced.
All the liquids which had an effect on the coins are acids. When coins or nails are left around for a long time,
the copper in them reacts with the oxygen in the air and turns into copper oxide. That's the black gunk stuff
on the coin. When you put the coin in an acid the copper oxide will dissolve leaving behind just the shiny
metal coin. Basically, if you ever want to clean any metals, acid is a good thing to do it with!
The acid has some hydrogen in it which will react with the oxygen in the oxide and turn into water. The more
hydrogen atoms in the acid, the stronger the acid, the lower its pH, and the more shiny the coins will appear
after being soaked. Vinegar is the strongest acid in our collection, so its effect will be strongest.
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The figure above illustrates what happens with copper, but the explanation is similar for other metals.
Health implications
Coke contains phosphoric acid. Because this acid can also eat away at substances other than the tarnish on
nails, you should always brush your teeth after drinking coke. And because regular coke and diet coke both
have the same cleaning effect, donʼt be fooled into thinking that diet coke is in some way better for your teeth
than regular coke. It does contain less sugar, but the phosphoric acid level is very similar.
The average pH of these soft drinks is pH 3.4. This acidity is strong enough to dissolve teeth and bones! Our
human body stops building bones at around the age of 30. After that it will be dissolving gradually depending
on the acidity of the food intake.

Conclusion

The tarnish that forms on an alloy is caused by a reaction between oxygen and one of the metals that make
up the alloy. This forms an oxide. Cola is weakly acidic, reacts with the oxide to form a soluble salt of the
metal that produced the tarnish.

Low-Cost Experiments for Chemistry

Page 81 of 107

2.15 Exothermic reactions
Objectives

-

Students can explain in their own words what an exothermic reaction is

-

Students can execute an experiment in an accurate and careful way.

Position in curriculum

Grade11, Chapter4, lesson1, 2009

Materials needed

Ͳ

1 test tube

Ͳ

1 thermometer

Ͳ

Aluminium foil (approximately 5 cm x 1 cm)

Ͳ

3 ml of hydrochloric acid (HCl) 2 mol/liter

Procedure

Ͳ

Record the room temperature = temperature of the materials.

Ͳ

Bring the aluminium foil in the test tube

Ͳ

Pour the HCl on the aluminium foil.

Ͳ

Wait for a few minutes until the reaction starts.

Ͳ

As soon as the reaction has ceased, measure the temperature of the solution.
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Observations

Experiment

Temperature

Before reaction
After reaction
The solution foams up bubbles, and the bottom and sides of the test tube feels very warm. Gas can be seen
coming from the solution.

Explanation

The higher temperature shows that heat energy was produced. The change of aluminium to a non-edible salt
produces heat. When heat is produced in a chemical change, we call the process exothermic.
The same effect is recorded when a piece of steel wool is soaked in a CuSO4-solution (1 mol/l).

Conclusion

Exothermic reaction is chemical reaction that releases light or heat or sound energy.
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2.16 Endothermic reaction
Objectives

Ͳ

Students can explain in their own words what an endothermic reaction is.

Ͳ

Students can execute an experiment in an accurate and careful way.

Position in curriculum

Grade11, chapter4, lesson1, 2009

Materials needed

Ͳ

1 small plastic beaker

Ͳ

1 thermometer

Ͳ

Candies with citric acid and bicarbonate (called ʻsour owlsʼ)

Ͳ

Water

Procedure

Ͳ

Open 5 owls and bring the content in the beaker.

Ͳ

Record the temperature of the powder.

Ͳ

Record the temperature of the water.

Ͳ

Add a few ml of water (maximum 5 ml).

Ͳ

Record the temperature of the mixture.
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Observations

Experiment

Temperature

Before adding water
After adding water

The solution foams up bubbles according the reaction between baking powder and citric acid:
NaHCO3 + RCOOH | RCOONa + CO2 + H2O

Explanation

The lower thermometer reading shows that heat energy was required to produce CO2. When heat is required
in a chemical change, we call the process endothermic. The same effect is recorded with the reaction
between baking soda and vinegar.
Because the reaction between citric acid and baking soda is endothermic these candies give a refreshing
feeling in the mouth.

Conclusion

An endothermic reaction is a chemical reaction during which the system absorbs energy from outside. An
example is the reaction between baking soda and vinegar.

Low-Cost Experiments for Chemistry

Page 85 of 107

2.17 Decomposition of sodium bicarbonate
Objectives

Ͳ

Students can deepen their understanding of thermal decomposition of sodium bicarbonate

Ͳ

Students can explain function of ethanol in thermal decomposition of sodium bicarbonate

Ͳ

Students can be aware of use of sodium bicarbonate in daily life.

Position in curriculum

Grade9, chapter2, lesson2,3, 2008
Grade11, chapter7, lesson1, 2009

Materials needed

Ͳ

8 g sugar powder

Ͳ

sand

Ͳ

1 g baking soda

Ͳ

long sized matches

Ͳ

approximately 30 ml ethanol

Ͳ

balance

Ͳ

petri dish or aluminium foil

Ͳ

plastic pipette

Procedure

Ͳ

Mix 8 g sugar powder with 1g baking soda and add about 6 ml ethanol to obtain a paste.

Ͳ

Moisture the centre of the sand with about 15 ml ethanol and make a little hole in the centre.

Ͳ

Bring the paste in the hole.

Ͳ

Use the rest of the alcohol to moisturize extra the sand around the hole.

e
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Ͳ

Ignite the alcohol around the white top with a long sized match.

Observations

Ͳ

It takes about 5 minutes before the ʻsnakeʼ starts growing.

Explanation

The combustion of ethanol gives enough starting energy for the thermal decomposition of sodium
bicarbonate:
2 NaHCO3 → Na2CO3 + H2O + CO2
Part of the sugar is burned according to the reaction:
C12H22O11 + 12 O2 → 12 CO2 +

11 H2O

Both reactions provide enough carbon dioxide to expand the material.
The black colour of the snake is due to the thermolysis reaction of sugar:
C12H22O11 → 12 C + 11 H2O
Ethanol is used to deliver enough energy to start the thermal decomposition of the baking soda and the
carbonizing of sugar.
Remarks
-

Ethanol is used instead of methanol because it releases more energy than methanol.
The yellow colour of the flame is due to the presence of sodium in the baking powder.

Conclusion

Thermal decomposition of sodium bicarbonate needs enough activated/starting energy to start
reaction (combustion of ethanol).
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3. Surface tension and adhesion
3.1 Swimming pepper
Objectives

Ͳ

Students can explain how surface tension is related to the chemical structure of water.

Ͳ

Students can execute an experiment on surface tension with low-cost experiments

Position in curriculum

Grade 12, chapter 2, lesson 2, 2010

Material needed

Ͳ

Pepper

Ͳ

Water

Ͳ

A deep plate

Ͳ

Dish washing liquid

Procedure

Ͳ

Clean the dish well with water.

Ͳ

Put a thin layer of water in the dish.

Ͳ

Put a bit of pepper on your hand and throw it carefully on the water.

Ͳ

Then put a bit of dish washing liquid on your finger and push your finger in the middle of the dish in the
pepper.

Observations

After adding the dish washing liquid the pepper moves toward the edge of the plate.
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Explanation

Water consists of molecules. At the top of the water, the molecules are at rest and form a strong layer, called
surface tension (H-bond). When you add dish washing liquid to the water the surface tension is broken. The
pepper is pushed towards the side of the dish, because the surface tension is broken in the middle.
You can compare it with two people pulling a rope. When the rope breaks the two people will fall backwards.

Conclusion

Attractive forces of water molecules form surface tension. Even density of matter is higher than waterʼs, it still
floats on surface of water due to surface tension. Adding dish washing liquid to the water, the surface tension
is broken because hydrogen bonds are damaged.
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3.2 Pushpin on water
Objectives

Ͳ

Students can explain surface tension in their own words

Ͳ

Students can execute an experiment on surface tension with low-cost experiments

Ͳ

Students can relate surface tension to phenomena in daily life

Position in curriculum

Grade 12, chapter 2, lesson 2, 2010

Materials needed

-

1 Glass of water

-

Pushpin or paperclip

-

Dishwashing liquid

Procedure

Ͳ

Fill the glass up to the rim with water.

Ͳ

Put the pushpin carefully in the water (with the pin upwards).

Ͳ

Put one drop of dishwashing liquid in the water.
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Observations

The pushpin floats on the water and sinks when you add a drop of dishwashing liquid.

Explanation

The floating of the pushpin is caused by the high surface tension of water. When you add the dishwashing
liquid, the pushpin will sink, because the liquid destroys the surface tension. Then the pushpin is too heavy
to float.
The high surface tension of water is caused by the polarity of water molecules. Polarity means that they have
one end that is partially positively charged (both the hydrogen atoms) and one end that is partially negatively
charged (the oxygen atom). This polarity causes the water molecules to attract each other. Water molecules
together form a network of hydrogen-bonds, short-lived interactions between the oxygen of one water
molecule and the hydrogen of a neighbouring molecule. These are called hydrogen bridges.

The soap destroys the surface tension, because it destroys the bonds between the water molecules. The tail
of a soap particle is repelled by the water (hydrophobic), so this part of the soap particle stays at the surface.
The bonds that the soap particles form with the water molecules are much weaker than the hydrogen
bridges.

Low-Cost Experiments for Chemistry

Page 91 of 107

A duck in a pond sinks when the pond is polluted with oil. The duckʼs feathers are oily. This oil repels water
and helps a duck to float. But a detergent enables water to stick to greasy materials. Detergent may be fine
for washing dishes and clothes, but it is deadly for the duck.

Conclusion

Attractive forces of water molecules form surface tension. Even density of matter is higher than waterʼs, it still
floats on surface of water due to surface tension. Adding dish washing liquid to the water, the surface tension
is broken because hydrogen bonds are damaged.
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3.3 Amazing detergent
Objectives

Ͳ

students can explain the phenomenon of surface tension

Ͳ

students can explain the influence of detergents on the hydrogen bonds in milk

Position in curriculum

Grade 12, chapter 6, lesson 4, 2010

Material needed

-

1 plastic bowl or plate or saucer

-

Food colouring (red, green, orange…..)

-

Hand washing liquid

-

1 can of milk

-

Straw

Procedure

Ͳ

Fill the saucer with milk (about ¼ of the saucer).

Ͳ

Add one drop of each food colouring to the milk around the edge of the saucer with a straw.

Ͳ

Add one drop of detergent into the centre of the saucer.

Observations

The food colouring will swirl around in all direction on the surface of the milk (top layer of milk is water).

Explanation

When you add soap, the weak chemical bonds that hold the proteins in solution are broken. The molecules
of protein and fat bend, roll, twist, and contort in all directions. The food colour molecules are bumped and
shoved everywhere, providing an easy way to observe all the invisible activity. At the same time, soap
molecules combine to form a micelle, or cluster of soap molecules. These micelles distribute the fat in the
milk.
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This rapidly mixing fat and soap causes swirling and churning where a micelle meets a fat droplet. When
there are micelles and fat droplets everywhere the motion stops.
There's another reason the colours explode the way they do. Since milk is mostly water, it has surface
tension like water. The drops of food colouring floating on the surface tend to stay put. Liquid soap wrecks
the surface tension by breaking the cohesive bonds between water molecules and allowing the colours to
zing throughout the milk.
Detergent, because of its polar characteristics (hydrophilic on one end and hydrophobic on the other),
weakens the milk's bonds by attaching to its fat molecules. The detergent's hydrophilic end dissolves in
water and its water-fearing end attaches to a fat globule in the milk.

Questions

1. Explain the result of your observation in the table above before and after adding a drop of detergent.
2. What makes the food colouring in the milk move? How does it work?
3. Repeat the experiment using water in place of milk. Will you get the same eruption of colour? Why or
why not? What kind of milk produces the best swirling of colour?
a. Skim milk?
b. 1%, 2% of fat?
c. Pure milk?

Conclusion

Milk is mostly water but it also contains vitamins, minerals, proteins and tiny droplets of fat suspended in
solution. Fats and proteins are sensitive to changes in the surrounding solution (the milk). Its content is
mostly water and you will investigate in this experiment the effect of changing the surface tension of the
water. This experiment can be done as a student group activity.
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4. Polar and non-polar molecules and density
4.1 Mixing of oil and water
Objectives

Ͳ

Students can explain the importance of the polarity of molecules for the solubility of liquids.

Ͳ

Students can explain why oil and water donʼt mix.

Ͳ

Students understand why oil leaking in water forms big, polluting oil spills.

Position in curriculum

Grade 12, chapter 2, lesson 2, 2010

Material needed

Ͳ

2 small glasses

Ͳ

Water

Ͳ

Vegetable oil

Ͳ

One plastic card

Procedure

Ͳ

Fill one glass until the edge with water

Ͳ

Fill the other glass until the edge with oil

Ͳ

Put the plastic card on the glass with water

Ͳ

Press the card gently, so no air can escape from the glass

Ͳ

Turn the glass with water around and put it on top of the glass with oil.

Ͳ

Make sure the glasses are exactly on top of each other.

Ͳ

Pull the plastic card carefully from in between the glasses. Predict what will happen.

Observations

Oil and water do not mix. Oil will float at the top because its density is slightly lower than that of water.
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Explanation

Water molecules are polar, so they have one end that is partially positively charged (the two hydrogen
atoms) and one end that is partially negatively charged (the oxygen atom). This polarity causes the water
molecules to attract each other. Oil is made of long hydrocarbons, which are non-polar. Non-polar molecules
don't really have much incentive to stick to each other.
When you try to mix water and oil together the water "wants" to satisfy its hydrogen bonds. This is best done
by sticking together with other water molecules, not with non-polar hydrocarbon molecules. The water
molecules attract each other. The hydrocarbons don't really "want" water but are happy to exclude water if it
"wants" to go somewhere else. Oil ends up being the top layer because it is less dense than water.

Reference: Wikipedia

Questions

What happens when oil leaks into the sea? What is the result for seabirds and fish?
Oil floats on top of water. If you have a large amount of water, the oil will spread out over the surface as
much as possible.

Conclusion

Water is polar molecule, but oil is non-polar one. Thus, they canʼt be mixed together.
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5.Electrochemistry
5.1 Electricity from lime fruits
Introduction

This experiment shows students how batteries work. Students will be surprised that a light or clock can be
powered with ordinary materials. After the battery is assembled, a multi meter can be used to check the
generated voltage. This experiment also demonstrates that voltage and current are two different things.

Objectives

Ͳ

Students can explain how chemical substances are used in a battery.

Ͳ

Students can construct a simple battery with a potato or lemon.

Ͳ

Students can explain the difference between voltage and current

Position in curriculum

Grade 11, chapter 3, lesson 1,2,4, 2009

Materials needed

Ͳ

Copper wire or copper plate

Ͳ

Large paper clips or galvanized nails

Ͳ

1 lemon (also works with tomato, potato, apple)

Ͳ

Scissors

Ͳ

1 Galvanometer (can be self-made, see next experiment). Otherwise use a digital clock.
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Procedure

Ͳ

Strip off any insulation at the ends of two copper wires.

Ͳ

Untwist the paper clip and attach it to an end of one of the wires.

Ͳ

Squeeze and roll the lemon to loosen the pulp inside.

Ͳ

Make two small cuts in the skin of the lemon about 2.5 cm apart.

Ͳ

Insert the bare copper wire and the paper clip through the skin of the lemon and into the juicy part. The
two wires should be close to each other but not touching. If theyʼre touching only heat will be produced.

Ͳ

Connect the free ends of the two wires to the terminals of the meter (or to the free ends of the wires of
the self-made galvanometer).

Observations

What happens when you connect the free ends of the wire with the galvanometer? The produced voltage is
about 0.7 volt. The current produced is not enough to turn on a small light. If potatoes are connected in
series, the current is increased and a digital clock will run.

Explanation

Batteries generate electricity through a chemical reaction between two different electrodes and one
electrolyte. Copper and zinc are often used as electrodes. The electrolyte does not participate directly in the
reaction but facilitates the transport of ions in the solution, while keeping the electrodes apart. Electric current
is the movement of electrons from one atom to another in a conductor. Inserting the two common metal
electrodes into the potato causes a chemical reaction to occur resulting in current. A potato contains
electrolytes which facilitates the electro-chemical reaction of zinc with copper.
Our battery consists of inserting two different metallic objects (copper and zinc), for example a galvanized
nail and a copper coin, into a lemon. The copper coin serves as the positive electrode or cathode and the
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galvanized nail as the negative electrode or anode. These two objects work as electrodes, causing an
electrochemical reaction which generates a small potential difference.
Zinc is a reactive metal, which reacts readily with acid to liberate electrons. The acid's active ingredient is
positively charged hydrogen, so a transfer of electrons takes place between the zinc and the acid. The zinc
0
2+
+
(Zn ) is oxidized (Zn ) and the acid (H ) is reduced to hydrogen gas (H2), which you can see bubbling out
around the electrodes. The reaction at the penny electrode depletes the electrons from the copper and
attaches them to the hydrogen ions in the phosphoric acid. The other metal (for example copper) with a
negative charge reacts with the chlorine in the salt within a potato.
Oxidation: Zn  Zn
Reduction: 2H

+

2+

+ 2e

-

(Zinc loses 2 electrons, is oxidized)

-

 H2

(Hydrogen ions gain electrons, is reduced)

+ 2e

Net reaction: Zn + 2H

+

 Zn

2+

+ H2 +

energy

In order for a more visible effect to be produced, a few lemons connected in series can be used to power a
digital clock. Lemon juice contains many water soluble chemicals that may cause a chemical reaction with
one or both of our electrodes. So we may get some electricity from that.

Conclusion

Batteries generate electricity through a chemical reaction between two different electrodes and one
electrolyte. Copper and zinc are often used as electrodes. Limes or potatoes can be used as electrolytes
because they facilitate the electro-chemical reaction of zinc with copper.
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6. Polymers
6.1 Making glue from milk
Objectives

-

Students can give an example of a polymer from daily life.

-

Students understand how glue can be made from milk and vinegar.

Position in curriculum

Grade 12, chapter 6, lesson 4, 2010

Materials needed

-

One can of raw milk (regular, low fat, or
skimmed)

-

20 ml of vinegar (5% acetic acid, CH3COOH)

-

4 teaspoons of baking soda (sodium
bicarbonate, NaHCO3)

-

-

Piece of cloth

-

Chopsticks

-

Match

1 milk can

-

Tongs

1 funnel

-

1 alcohol lamp or burning candle

Procedure

Ͳ

Measure 200 ml of milk into a can.

Ͳ

Add 20 ml of vinegar to the milk and stir well.

Ͳ

Heat the mixture on a hot plate, stirring occasionally. When the mixture gets warm, the milk will form
lumps.

Ͳ

Remove the can from the hot plate and stir until curdling stops.

Ͳ

Place a piece of cheese cloth in a strainer and strain the mixture to separate the curds from the whey.
Gently squeeze excess liquid from the curds.

Ͳ

Place the curds in a beaker and add about 50 ml of water and 5 grams (about one teaspoon) of baking
soda (sodium bicarbonate) to neutralize any remaining vinegar and stir well.

Low-Cost Experiments for Chemistry

Page 100 of 107

Ͳ

Test the glue by pasting together two pieces of paper. Let the glue dry and try to separate the paper.

Observations

Ͳ

What is your observation after 24 hours pasting together two pieces of paper with the white glue you
have just made?

NOTE: This glue does not contain any preservatives. It will not keep for any long period of time and will
probably spoil within 24 hours.

Explanation

The protein in the milk is casein. Casein is actually a micelle consisting of a protein subunit that stabilizes the
micelle so that it limits its growth and stays dispersed in the milk colloid. The other components of casein are
calcium and phosphate ions. When the protein subunit is removed from the casein micelle, they can clot
together to form the curd that can be further treated to make cheese or an adhesive suitable for use in paper,
plastics, or glues. Nowadays glues are often made from polymers that are more stable.

Conclusion

Milk contains protein that can be used to make glue. Protein is one of polymer compounds.
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6.2 Milk art
Objectives
Students can explain the clotting of the milk when vinegar is added to the milk.

Position in curriculum

Grade 12, chapter 6, lesson 4, 2010

Material needed

-

1 can of raw milk

-

Vinegar, 3 table spoons

-

1empty milk can

-

Alcohol lamp or burning candle

-

Matches

-

Sieve

-

Preformed shape

-

Tong

-

A large bowl or pot

Procedure

-

Pour the milk into the can and heat it with a alcohol lamp or candle until it is lukewarm (about 50 °C)

-

Add the vinegar and stir well. Continue heating it until it almost stops clotting.

-

Pour the mixture over the sieve into the large bowl.

-

Let it cool down and try to roll it into a ball or into the preformed shape. Observe if it looks like plastic?
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Observations

-

Predict what will happen when you add vinegar to the milk.

-

Observe what happens when you add the vinegar. How can you explain this?

-

Observe the result after 2 days and explain.

Explanation

Milk consists of water and proteins (and a range of other substances such as vitamins and fats). Proteins are
chemical substances that are very important for humans. Casein in milk is such an important protein. In
normal conditions milk is pH neutral and these proteins are suspended in water. If the milk gets more acidic,
the proteins cannot stay dissolved in the water and will form clots, which are pieces of protein. The point at
which a protein cannot stay dissolved in the water is called the iso-electrical point. When the casein is dried,
it becomes very hard like plastic.
Bacteria make the milk more acidic, causing it to clot when it gets old.

Conclusion

Suspension of protein causes by pH of water. Acidic protein in milk produces precipitation. This process is
called coagulation.
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6.3 Pricking a balloon with a needle
Introduction

This experiment shows how to insert a needle in a balloon without breaking it. This is a great experiment to
use as a discrepant event. Students are very interested in the unexpected result. It can be done when
teaching about polymers and rubber.

Objectives

-

Students can relate the observations in the experiment to the characteristics of rubber

-

Students are engaged to learn more about polymers and rubber.

Position in curriculum

Grade 10, chapter 4, lesson 3, 2009

Material needed

Ͳ

Balloon

Ͳ

Needle (20 cm)

Procedure

Ͳ

Blow the balloon. Make sure that it is not too big.

Ͳ

By using the needle, prick gently and gradually the balloon to the part of the balloonʼs top till the bottom
of it. This can be easier if you use some oil or lubricant to apply with your needle and the area on balloon
being punched.

Ͳ
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Observations

The balloon doesnʼt burst when you prick it gently with a needle.

Explanation

Balloons are usually made from rubber, latex or a nylon fabric. When the balloon swells, the side part is
pulled. On the other hand, the top part is pushed from surroundings. If you prick the side part of the balloon,
the hole is pulled and grown. The balloon bursts. However, the hole doesn't grow even if do the prick in the
top and the balloon doesn't burst. Air escapes little by little through the hole.
Moreover, the balloons are usually made from rubber, latex or a nylon fabric. Once you prick them gently, the
needle will fit between the dense molecules of polymer resulting in very small amount of air escape from the
balloon.

Reference: Wikipedia

Conclusion

The balloons are made from rubber, latex or a nylon fabric. Once you prick them gently on the top or bottom,
the needle will fit between the dense molecules of polymer resulting in very small amount of air escape from
the balloon.
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6.4 Disintegration of rubber in the Sun
Objectives

Ͳ

Students can explain special characteristics of balloon

Ͳ

Students can link experiment to daily file activities

Position in curriculum

Grade10, chapter4, lesson3, 2009

Materials needed

Ͳ

Rubber bands or balloon

Ͳ

Some greaseproof paper to protect the chosen bearing surface.

Procedure

1. Leave the rubber object for a few weeks in a sunny spot.

You may prepare this experiment by placing a few pieces of rubber outside at different times before the
lesson, for example 1 month, 2 weeks and a few days. Let students try to find the order in which the rubber
pieces were laid outside.

Observations

Over the weeks and months the rubber seem to melt, at first becoming a sticky mess and then, when left
even longer, often becoming brittle and crumbly.

Explanation

Natural rubber is made of polyisoprene chains that slip past each other when the material is stretched. The
raw material is too sticky and soft to be useful, so it is toughened with chemicals such as sulphur. These
create cross-links between the chains, making the rubber stiffer and less sticky. This process is called
vulcanization.
Over time, ultraviolet light and oxygen in the air react with the rubber, creating reactive radicals that snip the
polyisoprene chains into shorter segments. This returns the rubber to its original short and sticky state.
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Later the radicals form new, short cross-links between the chains. This hardens the rubber and eventually
turns it brittle, leading to the crumbly end product.
Heat and light speed up the reactions. Other factors that influence the change are ultraviolet light intensity
and whether the band is stretched or not. Stretching brings the chains close together, allowing radicals to
jump from one chain to another more easily and so create new bonds between the chains. Car tires are
made of vulcanized rubber.

Conclusion

Natural rubber can be toughened by a process called vulcanization (adding sulphur). When exposing to sun
light, polar bond in molecules become weaker and weaker, and finally rubber will disappear.
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