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MATTER AND MATERIALS 
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ACTIVITY 11 C1: THE SHAPES OF SIMPLE MOLECULES 
 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
In this modelling system we use beads to represent atoms and tiny bits of Prestik (adhesive) to 
represent chemical bonds between atoms. The result of atoms bonding together is molecules. Where 
there is a single bond between two atoms 
then we use one tiny bit of Prestik; if there 
are two bonds between the same two 
atoms then we use two tiny bits of Prestik. 
In effect one tiny bit of Prestik represents 
a pair of electrons (a bonded pair) shared 
between two atoms.  
 
Some atoms may also have non-bonded pairs (lone pairs) of electrons; these can be shown in a 
molecular model by sticking a tiny piece of Prestik onto the bead representing that atom. If 
available, use a different colour of Prestik for this lone pair, to help identify it as such. 

 
The beads have different colours according to the identity of the atom: C = black, H = white, O = 
red, N = blue. 
 
Requirements 
Collect the following from your teacher: 
Beads, Prestik  
 
Activity 1 Modelling the Methane Molecule, CH4 
The molecular formula shows the composition of the molecule. Taking into account the H atoms have 1 
valence electron each and the C atom has 4 valence electrons, it can be deduced that the C atom is at the 
centre of the molecule and forms bonds to four H atoms around it. 
Draw a Lewis diagram to represent the electronic structure of this molecule. 
Build a model of this molecule using a black bead for the carbon atom and white beads for the H atoms. 
 
Q 1.1. The figure below shows two possible 3-D molecular shapes for a molecule of methane. One is called 

“square planar” and one is called “tetrahedral”. Which of these matches the model you have made? 
Which one is correct (that is, it corresponds to what we know to be the methane molecule shape)? 
Explain why? If necessary, change the shape of your model, and save it for comparison with the 
models of other molecules. 

Figure 1 showing square planar and tetrahedral shapes for a molecule of methane 
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Activity 2 Modelling the Ammonia Molecule, NH3 
The molecular formula shows the composition of the molecule. Taking into account that there are 5 valence 
electrons in the N atom and 1 valence electron in each H atom, we can deduce that only 3 of the N valence 
electrons are used in bonding the H atoms. The other two N valence electrons remain non-bonded. These 2 
are often called a lone pair. 
 
Draw a Lewis diagram to represent the electronic structure of this molecule. 
Build a model of this molecule using a blue bead for the N atom and white beads for the H atoms. To 
represent the lone pair use a tiny piece of Prestik of a different colour from that used to show bonds between 
atoms. 
 
Q 2.1 The figure below shows two possible 3-D molecular shapes for a molecule of ammonia. One is 

called “trigonal planar” and one is called “trigonal pyramidal”. Which of these matches the model 
you have made? Which one is correct (that is, it corresponds to what we know to be the ammonia 
molecule shape)? Explain why? If necessary, change the shape of your model, and save it for 
comparison with the models of other molecules. 

 
Figure 2 showing trigonal planar and trigonal pyramidal shapes for a molecule of ammonia 

 
Q 2.2 A learner says the model of the ammonia molecule is tetrahedral. Why might the learner suggest this 

and why is it wrong? 
 
Activity 3 Modelling the Water Molecule, H2O 
The molecular formula shows the composition of the molecule. Taking into account that there are 6 valence 
electrons in the O atom and 1 valence electron in each H atom, we can deduce that only 2 of the O valence 
electrons are used in bonding the H atoms. The other 4 valence electrons of the O atom remain non-bonded, 
thus there are 2 lone pairs. 
 
Draw a Lewis diagram to represent the electronic structure of this molecule. 
 
Build a model of this molecule using a red bead for the O atom and white beads for the H atoms. Show the 
lone pairs on the O atom using the differently-coloured Prestik. 
 
Q 3.1. The figure below shows two possible 3-D molecular shapes for a molecule of water. One is called 

linear and the other is called angular. Which of these matches the model you have made? Which one 
is correct (that is, it corresponds to what we know to be the water molecule shape)? Explain why? If 
necessary, change the shape of your model, and save it for comparison with the models of other 
molecules. 

 
Figure 3 showing linear and angular shapes for a molecule of water 
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Activity 4 Comparing the Models of the Methane, Ammonia and Water Molecules 
The shapes of simple molecules can be explained by the VSEPR Theory. VSEPR is the acronym of Valence 
Shell Electron Pair Repulsion. According to this theory, pairs of electrons in the valence shell of an atom 
repel each other so that they stay as far apart from each other as possible.   
 
Q 4.1. The three molecular models you have made all have 4 pairs of electrons in the valence shell of the 

central atom (C, N and O, respectively). How do these three molecular models you have made 
support this theory? 

Q 4.2. Although the models do not allow you to measure bond angles reliably, you should be able to see 
that they are all similar. That is the H-C-H angle in the methane model is approximately the same as 
the H-N-H angle in the ammonia model and the H-O-H angle in the water molecule. Experimental 
measurement however shows they are not exactly the same: the H-C-H angle in the methane 
molecule is 109,50; the H-N-H angle in the ammonia molecule is 107,30; the H-O-H angle in the 
water molecule is 104,50. What can you deduce about the relative size of the repulsive forces exerted 
by lone pairs and bonded pairs of electrons? 

 
Activity 5 Modelling Molecules with More than Four Electron Pairs in the Valence Shell of 

the Central Atom 
Where there are more than 4 electron pairs in the valence shell of the central atom in a molecule, other 
molecular shapes naturally are found. In this activity you will build models of two example molecules where 
this occurs: phosphorus pentachloride, PCl5, and sulfur hexafluoride, SF6.  

 
Because P is in the same Group (15) as N, and S is in the same Group (16) as O, we can easily deduce that 
the P atom has 5 valence electrons and the S atom has 6 valence electrons. The formulae of the two 
molecules indicates that these atoms use all their valence electrons in forming these molecules. 
 
Draw a Lewis diagram of each molecule to show its electronic structure. 
 
Build a model of each molecule using a purple bead for the P atom, a yellow bead for the S atom and a green 
bead for both F and Cl atoms. For simplicity, do not show all the valence electrons of the halogen atoms in 
your models (although they should be shown in the Lewis diagrams), unless the teacher encourages you to 
do so.  
 
The figure below shows the shapes of the molecules concerned and the names of these shapes as trigonal 
bipyramidal and octahedral, respectively. Study these and make any necessary changes to your models. 

 
Figure 4 showing the trigonal bipyramidal shape of PCl5 and the octahedral shape of SF6 

 
Q 5.1 When phosphorus reacts with chlorine, two different phosphorus chlorides may be formed, 

depending on the conditions. The two products are phosphorus pentachloride, PCl5, and phosphorus 
trichloride, PCl3. Draw the Lewis diagram of the phosphorus trichloride molecule, and predict the 
shape this molecule should have. Draw the shape and explain your reasoning. 

Q 5.2 Sulfur not only forms sulfur hexafluoride but also sulfur tetrafluoride. Draw the Lewis diagram of 
the sulfur tetrafluoride molecule and predict the shape of the molecule. Draw the shape and explain 
your reasoning.  
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ACTIVITY 11 C2: 
INVESTIGATE AND EXPLAIN INTERMOLECULAR FORCES &  

THE EFFECTS OF INTERMOLECULAR FORCES ON:  
EVAPORATION, SURFACE TENSION, SOLUBILITY, BOILING POINTS 

AND CAPILLARITY 
 

LEARNERS’ INSTRUCTIONS 
 
PART 1: The effects of intermolecular forces on evaporation 
 
Apparatus: 
A timing device, the lid of the microchemistry kit, 4 x propettes,  
a piece of paper approximately 15 cm x 2 cm 
 
Chemicals: 
Water, methylated spirits, paraffin oil and acetone (CH3COCH3) 
 
What to do: 
1. On a piece of paper label: 

water                   methylated spirits                 paraffin                         acetone                
 

Put this piece of paper next to the lid of the microchemistry kit, or any other soft plastic or glass 
surface. If you use the lid of the microchemistry kit, then the paper should be about 15 cm x 2 cm. 
Write the names so each drop is clearly labeled. 

2. Use the 4 propettes to add one drop of each of water, methylated spirits, paraffin oil and acetone next 
to the label on the piece of paper, labeling each drop of liquid. Note: use a different propette for each 
liquid. 

3. Start timing as soon as all your drops are placed.  
4. Carefully move the labels and the lid to a warm (sunny) spot. 
5. Observe each drop and measure the time required for each of the liquids to evaporate. Record your 

results in table 1 below. You may have to carry on with other experiments while the water, 
methylated spirits and paraffin are evaporating, depending on how hot the sun is. Record your results 
in Table 1. 

 
Table 1. 
No. Substance Time to evaporate 
1 Water  

2 Methylated spirits  

3 Paraffin oil  

4 Acetone  

 
QUESTIONS 
 
1.1 Which of the four liquids evaporated the quickest? And after that? 
1.2 Which of the four liquids evaporated most slowly? 
1.3 With reference to intermolecular forces, explain why it took so long for water to evaporate. 
1.4 Give the order in which the liquids evaporated. 
1.5 State the relationship between evaporation time and strength of intermolecular forces. 
1.6 Based upon your answer to Q1.4 and Q1.5 above, list the liquids in order of the strength of the 

intermolecular forces, from weakest to strongest. 
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PART 2: The effects of intermolecular forces on boiling points 
 
Apparatus: 
1 x comboplate, 1 x well lid 1, 1 x glass vial, wire vial-holder, microburner, 2 x elastic bands,  
3 x capillary tubes (sealed at one end), 1 x thermometer (-10 to 110 °C), 1 x microstand, 1 x fusion tube,  
1 x propette. 
 
Chemicals: 
Collect the following from the teacher:  
Water, methylated spirits and acetone for finding the boiling point. Cooking oil for heating up. 
 
What to do: 
1. Place well lid 1 in well E1 of the comboplate. 
2. Place the wire vial-holder into the small opening in lid 1, so that it is touching the bottom of the well. 
3. Wrap one elastic band around the centre of the glass vial so that it fits tightly. 
4. Fill the glass vial with cooking oil to a depth of approximately 1 cm and rest the vial in the vial-

holder. 
5. Clip the thermometer into the microstand and attach the fusion tube with the other elastic band. 
6. Place the microstand in well D2 and lower the thermometer and fusion tube into the oil (see 

diagram below). NOTE: Do not let the thermometer or the fusion tube touch the bottom 
of the vial and keep the elastic band out of the oil. 

 
7. Using a propette, place the liquid (start with acetone) into the fusion tube until it is ¾ full (do not fill 

it up completely). 
8. Place the capillary tube into the fusion tube, with the open end downwards (closed end upwards). 
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9. Light the microburner and place it directly under the vial. 
Watch the temperature rise on the thermometer.  

10. Bubbles will emerge from the open end of the capillary 
tube, slowly at first, but eventually almost continuously. 
When the stream of bubbles is continuous, stop heating by 
removing the flame of the microburner from beneath the 
vial. Extinguish the flame. You must not heat the liquid 
for a long time after the bubbles start appearing. 

11. Observe and record the temperature when the evolution of 
bubbles just ceases as the sample cools. This is the boiling 
point of the liquid at the atmospheric pressure of that day. 
If available, record the atmospheric pressure. Tabulate 
your results in a suitable table as in Table 2. 

12. Clean the fusion tube thoroughly and repeat steps 7-11 to 
determine the boiling point of methylated spirits and then 
water. The boiling points should be measured in this order. 

 
 
 
 
    Table 2 

Substance 
Temperature at which liquid boils/ oC 

( atm pressure =              ) 
Acetone   

Methylated spirits  

Water  

 
13. Take the fusion tube out of the oil and allow it to cool to room temperature. 
14. Wash the fusion tube as directed by the teacher, and leave it to dry. 
 
QUESTIONS 
 
2.1 Use Table 2 to report the observed boiling point in °C, together with the atmospheric pressure. 
2.2 What is the purpose of the cooking oil? Why is the sample not heated directly? 
2.3 Why is it important that the thermometer and fusion tube do not touch the bottom of the glass vial? 
2.4 Why do bubbles emerge from the capillary tube as it is heated? Explain why the boiling point is 

recorded as the temperature when the bubbles stop on cooling?  
2.5 Why is it necessary to record the atmospheric pressure? 
2.6 Write down the order in which the substances boiled, starting with the substance that boiled at the 

lowest temperature and ending with the substance that boiled at the highest temperature. 
2.7 What is the relationship between the boiling temperatures of liquids and the strength of the 

intermolecular forces in the liquids? 
2.8 Explain the order of boiling temperatures in terms of the intermolecular forces in the 3 liquids 

studied. 
2.9 Glycerine boils at 290°C and paraffin oil begins to boil at about 174°C at 1 atmosphere pressure. 

Both of these temperatures are much higher than the boiling temperatures of the substances you 
observed. Explain, in terms of intermolecular forces, why this is so. 
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PART 3: The effects of intermolecular forces on surface tension 
 
Apparatus: 
1 x comboplate, 5 propettes, glass vial, forceps, microspatula, wooden toothpick 
 
Chemicals: 
Collect the following from the teacher:  
water, methylated spirits, paraffin oil, glycerine and acetone 
 
Other: 
Staples from a stapler 
 
What to do: 
1. Make sure that all items are completely dry. Use a different propette for each different liquid. 
2. In F1 put 10 drops of water. In F2 put 10 drops of methylated spirits. In F3 put 10 drops paraffin oil, 

In F4 put 10 drops glycerine. Put 10 drops of acetone in a glass vial. DO NOT PUT THE 
ACETONE IN THE COMBOPLATE AS IT WILL DAMAGE IT.  
Notice how the water “clumps together” – it does not spread out along the bottom of the well. It 
looks different from the other liquids. Describe this difference.  

3. Put an additional 20 drops of each liquid in the wells. The wells should be at least half way full, F1 
with water, F2 with methylated spirits, F3 with paraffin oil and F4 with glycerine. Put another 20 
drops of acetone in the glass vial. 

4. Using clean forceps, carefully place one staple on the surface of each liquid. Your goal is to 
determine whether or not the staple stays on top of the liquid or sinks, so it is important to maintain 
the flat surface of the object parallel to the liquid surface when placing the object.   

5. In each case, carefully observe and record whether the staple is held on top of the surface or sinks. 
6. Stir up the liquid with a microspatula, wiping it clean between different liquids. Record whether the 

staple floats or sinks after stirring. DO NOT USE THE MICROSPATULA TO STIR THE 
ACETONE – USE A WOODEN TOOTHPICK. 

7. DO NOT THROW OUT THESE LIQUIDS AS THEY ARE USED IN PART 4 AND PART 5 
AGAIN. 

 
QUESTIONS 
 
3.1 Complete Table 3 below. 
 

Table 3 
 Indicate whether the staple sinks or rests on the surface 

 Before stirring After stirring 

Water   

Methylated 
spirits 

  

Paraffin Oil   

Glycerine   

Acetone in 
glass vial 
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3.2 Explain why in some cases the staple rests on top of the liquid before you stir it and then sinks after 
it is stirred. 

3.3 What importance does surface tension have in our daily lives? 
3.4 Surface tension is dependent on the strength and type of intermolecular forces. Hydrogen bonding 

results in higher surface tension than van der Waals forces. Which liquids have high surface tension 
based on the staple not sinking? In which liquids is there hydrogen bonding? 

 
 
PART 4: The effects of intermolecular forces on capillarity 
 
In this activity, you are going to investigate capillarity. Capillarity (capillary action) is defined as the 
movement of liquids through capillary tubes as a result of surface tension. A capillary tube is a tube with a 
narrow bore. You will investigate what effect the intermolecular forces have on capillarity.  
 
Apparatus: 
1 x comboplate, 5 x small thin glass capillary tubes, 5 x propettes, a ruler, glass vial. 
 
Chemicals: 
Use the liquid in the wells that you have from PART 3 of the practical. If you did not do PART 3, then 
collect the following from the teacher: water, methylated spirits, paraffin oil, glycerine and acetone. Acetone 
must be put into a glass vial.  
 
What to do: 
1. Use the liquids from Part 3 above to do this experiment. If you do not have the liquid in the wells 

already, use the propettes provided to put 30 drops each of water, methylated spirits,  paraffin oil and 
glycerine, in wells F1 to F4 respectively, of the comboplate (maximum ¾ full). Put 30 drops of 
acetone into a glass vial.  

2. Place a thin glass capillary tube in the various liquids in wells F1- F4 of the comboplate and one in 
the glass vial. See how the liquid rises in the tube in each case.  

3. Note how the liquid rises in each tube. In order to measure the rise in each case, firstly make the tube 
vertical without removing the lower end from the liquid. Wait for a minute to allow any liquid 
movement in the capillary tube to be completed. 

4. Then gently place your finger over the top of the capillary tube and remove it from the liquid. The 
liquid inside the capillary tube should remain at the same point as it was when inside the well. 
Another person from the group can now use a ruler to measure the height of the liquid in the 
capillary tube, while it is being held up. Replace the tube in the well from which you took it. When 
all the measurements have been done, and you are sure there is nothing to re-measure and check, you 
can discard the tubes with the liquids still inside them.   

5. Record your results in Table 4 below. 
 
Table 4 
Substance Height in the capillary tube that each liquid rises  

(mm) 
Water   

Methylated spirits  

Paraffin Oil  

Glycerine  

Acetone (in glass vial)  
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QUESTIONS 
 
4.1 List the liquids from the lowest height to the highest height in the capillary tube. 
4.2 Is this sequence the same as the evaporation results? 
4.3 Why is the order in the capillarity different from the evaporation results? 
4.4 Explain what cohesive and adhesive forces are. 
4.5 How do these forces influence the capillarity of the liquid in the tube?  
4.6 Refer to the forces in questions 4.4 and 4.5 and explain your results in Table 4. 
 
 
PART 5: The effects of intermolecular forces on solubility  
 
Apparatus: 
1 x comboplate, microspatula, 6 x propettes,  
wooden toothpick for acetone (acetone will dissolve the plastic microspatula; hence, do not use a 
microspatula in acetone) 
 
Chemicals: 
Collect the following liquids from the teacher using propettes:  
water, methylated spirits, paraffin oil, glycerine, acetone. 
 
Test the solubility of one solid at a time.  
When you have the liquid ready for the each experiment, collect a few grains of the solid from the teacher: 
sodium chloride, iodine (I2 (s)), potassium permanganate, oxalic acid.  
 
What to do: 
1. Use the liquid from PART 3 and PART 4 for your first set of liquids. Using the small end of the 

microspatula add a few grains of iodine to each of the liquids in F1 to F4 – water, methylated spirits, 
paraffin oil, and glycerine, and to the acetone in the glass vial. Stir each liquid, making sure the 
stirrer is clean before inserting it into the next liquid. Use a wooden toothpick to stir the acetone. 
Record whether the solid dissolves completely, or dissolves partially or does not dissolve at all in 
Table 5.  

2. Clean out the glass vial. 
3. Add 30 drops of water, methylated spirits, paraffin oil, and glycerine to wells E1 to E4. Add 30 

drops of acetone to the glass vial. 
4. Put a few grains of sodium chloride in each well, cleaning the microspatula between each liquid. Stir 

and write down whether the solid dissolves completely, or dissolves partially or does not dissolve at 
all in Table 5. Clean the glass vial and the comboplate.  

5. Add 30 drops of each liquid to wells F1 to F4 and a few grains of potassium permanganate to each 
well. Add 30 drops of acetone to the glass vial and a few grains of potassium permanganate. Stir 
with a wooden toothpick and record whether this dissolves completely, or dissolves partially or does 
not dissolve at all in Table 5. 

6. Clean out the glass vial.  
7. Add 30 drops water, methylated spirits, paraffin oil and glycerine, respectively to wells E1 to E4. 

Add 30 drops acetone to the glass vial. 
8. Put a few grains of oxalic acid into each well and into the vial and stir with a wooden toothpick. 

Record what you observe in Table 5. 
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Table 5 
Solvent/Liquid To what extent does the solid dissolve? 

Liquid Iodine Sodium 
Chloride 

Potassium 
Permanganate 

Oxalic Acid 

Water     

Methylated spirits      

Paraffin oil     

Glycerine     

Acetone     

 
 
QUESTIONS  
 
5.1 What dissolves in water and why? Explain in terms of molecular bonding, polarity of molecule and 

intermolecular forces.   
5.2 What does not dissolve in water and why? Explain in terms of molecular bonding, polarity of 

molecule and intermolecular forces. 
5.3 What does iodine dissolve in? Explain your observations.  
5.4 Which liquids do not dissolve NaCl? Explain your observations.  
5.5 What (apart from water) dissolves potassium permanganate and why? 
5.6 Oxalic acid is an organic carboxylic acid. What dissolves oxalic acid? Why does oxalic acid dissolve 

in the liquids it dissolves in? 
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ACTIVITY 11 C3: WATER MOLECULES IN THE  
THREE STATES OF WATER  

 
LEARNERS’ INSTRUCTIONS 
 
Requirements  
Collect the following from your teacher: 
Beads, Prestik 
 
Activity 1 
 
1. Working in a group, make 18 models of water molecules, using red beads for the O atoms and white 

beads for the H atoms. For this activity it may simplify things if you do not show the lone pairs of 
electrons on the O atoms. Remember however that the molecule is angular in shape. 

 
2. On a large sheet of paper laid on a flat surface, place 6 of the models to represent how you imagine the 

gaseous state of water at the molecular level. Make this molecular picture on one part of the paper, 
leaving space for two other arrangements (see 3 and 4 below). Identify the model of gaseous water by 
writing H2O(g) next to it. 

 
3. On the same large sheet of paper, place 6 of the models to represent how you imagine the liquid state of 

water at the molecular level. Make this molecular picture on another part of the paper, so that you still 
leave space for one more arrangement (see 4 below). Identify the model of liquid water by writing 
H2O(l) next to it. 

 
4. On the same large sheet of paper, place 6 of the models to represent how you imagine the solid state of 

water at the molecular level. Identify the model of solid water (ice) by writing H2O(s) next to it.  
 
QUESTIONS 
To answer the following questions study the models of the 3 states of water you have made. 
 
Q 1. Do the models of the 3 states represent equal masses of water or different? Explain your reasoning. 
 
Q 2. Do the models of the 3 states represent equal volumes of water or different? Explain your reasoning. 
 
Q 3. Which of the 3 states has the lowest density and which the highest? Explain your reasoning. 
 
Q 4. Which of the 3 states has the highest energy and which the lowest, assuming they are all at the same 

temperature. Explain your reasoning. 
 

 

RADMASTE LEARNER GUIDE: PRACTICAL ACTIVITIES FOR CAPS GRADE 11 CHEMISTRY 15



ACTIVITY 11 C4: HEATING AND COOLING CURVE OF WATER 
 

LEARNERS’ INSTRUCTIONS 
 
Make sure that your group has the following: 

 
From the Advanced Microchemistry kit: 

• a large sample vial (no lid needed) •  the plastic lunch box provided as container for 
the Advanced Microchemistry Kit.  

     
Collect from your teacher: 

• A stopwatch, a digital wristwatch or a timer on a cell phone 

• Graph paper 

• a thermometer (-10 - 100°C) 

• crushed ice 

• hot water  

• 4 teaspoons of table salt (for cooling curve only) 

• A plastic teaspoon for stirring the ice and salt mixture (for cooling curve only) 

 
Instructions for a heating curve: 
1. Draw up a table with three columns, using the following headings: Time (minutes), Temperature (°C) 

and Observations. 

2. Measure the room temperature and note your reading in the table. 

3. Fill the large sample vial with crushed ice. Carefully stir the ice with the thermometer and find the 
temperature of the ice. Note your reading in the table. 

4. Fill the lunch box with cold tap water to a depth of ± 1 cm and place the sample vial with ice in the tap 
water so that the ice can start to melt.  

5. Record the starting time and the initial temperature of the ice in the table. 

6. Carefully stir the ice in the sample vial with the thermometer. 
7. Take at least three temperature readings on the thermometer while the ice is melting and record the time 

and the temperature readings in the table. 

8. Observe the ice in the sample vial and note your observations in the table. 
9. Gradually add hot water to the water in the lunch box and take a temperature reading of the water in the 

sample vial every minute until the water in the sample vial has reached room temperature. 
 
Now after recording all your readings, plot the graph of temperature (T) against time (t) on the graph paper 
you have collected from your teacher.  
 
or 
 
Instructions for a cooling curve: 
1. Draw up a table with three columns, using the following headings: Time (minutes), Temperature (°C) 

and Observations. 
2. Fill a large sample vial with warm water. Carefully stir the warm water with the thermometer and find 

the temperature of the hot water. Note your reading in the table. 
2. Fill the lunch box with crushed ice to a depth of ± 2 cm and place the sample vial with warm water in the 

crushed ice so that the warm water can start to cool. 
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3. Record the starting time and the initial temperature of the warm water in the table. 
4. Carefully stir the warm water with the thermometer and take a temperature reading every minute for 

five minutes. Record your time and temperature readings in the table. 
5. When the temperature of the water in the sample vial has reached ± 10°C, add four teaspoons of table 

salt to the crushed ice in the lunch box and stir the ice and salt mixture with the plastic teaspoon. Take 
care to keep the sample vial upright. 

6. Take at least three more readings of the water temperature in the sample vial after the temperature of 
the water has reached freezing point. 

 
Now after recording all your readings, plot the graph of temperature (T) against time (t) on the graph paper 
you have collected from your teacher.  
 
Answer the following questions in your book 
 
1. What do your results tell you about average kinetic energy of the molecules of the substance during 

your experiment? 
 The graph below shows the change in temperature of a substance when it is heated.  These types of graphs 

are called heating curves. Study the graph and answer the questions that follow:  

 
2. What is the name of the substance? How do you know? 
3. What is happening between A and B? 
4. Use the Kinetic Molecular Theory and give a microscopic description of what is happening between 

B and C.  
5. Explain what is happening to the energy and movement of the particles between C and D by referring 

to the Kinetic Molecular Theory. 
6. Why is the graph horizontal between D and E?   
7. A block of ice is taken out of a freezer at –10 0C.  Describe what happens to its particles as its 

temperature rises to –1 0C.       
 
 
 

Rinse all apparatus with clean water. 
Dry the lunchbox so that the microchemistry components can be placed back into it 
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ACTIVITY 11 C5: INVESTIGATING THE  
PHYSICAL PROPERTIES OF WATER 

 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Comboplate 
Microstand and cross-arms 
Vial 
Micropipette (2 ml) 
Silicone tubing (5 cm) 
Syringe (3 ml)  
Thermometer 
DPS (+/- 0,01 g) 
Water 
 
Introduction 
There are many physical properties of water that can be measured: viscosity, surface tension, melting point, 
boiling point, density, for example. Some of these you may have studied before. In this activity the density of 
liquid water is measured. 
 
Density of a substance is defined as the ratio of mass to volume, so its determination implies two 
measurements – mass and volume. Since the volume of a substance changes 
with temperature change (whereas mass does not), the density of a substance 
also changes with temperature.  
 
What to do 
1. Set up the microstand as shown in the diagram. The microstand 

should be located in a microwell such as D8 for convenience.  
2. Attach a short length of silicone tubing to the upper end of the 

micropipette (see diagram).  
3. Attach a 3 ml plastic syringe to the silicone tubing. The plunger of the 

syringe should be pressed in. 
4. Lower the tip of the micropipette into the water 

sample provided and draw water into it by 
pulling the syringe plunger out (but 
not completely out!). Water will rise 
inside the micropipette and you 
should try to make it do so all the 
way to the graduation 0,00 ml. This 
is the last (highest) major 
graduation on the micropipette. 

5. If you draw in more water than described 
in step 4, you can push out the extra water by 
pushing the syringe plunger in. It requires good 
finger control to get the water level at exactly 
the right level, and with practice it becomes 
easier. 

6. Put the micropipette (with syringe still attached) 
back into the microstand arms (see diagram). 

7. Measure the water sample temperature as 
exactly as you can and record it. 
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8. Use the DPS (Digital Pocket Scale) to measure the mass of the vial and record it. 
9. Place the vial under the tip of the micropipette, with the tip inside but near the top of the vial. 
10. Deliver water into the vial by carefully pushing in the plunger of the syringe. Try to deliver 

approximately 1 ml, but you do not have to make it exactly 1,00 ml. Read the volume delivered, 
which is indicated by the level of the liquid in the micropipette. This reading should be to 2 decimal 
places, eg 0,99 ml or 1,02 ml. Record the reading. 

11. Determine the mass of the vial plus water with the DPS, and record it. 
12. If time permits, or the teacher directs, deliver an additional volume of water into the same vial (but 

do not overrun the 1,80 ml mark in the micropipette). Record the new volume reading and re-
determine the mass of the vial plus water. This will give you an additional set of mass and volume 
results. 

 
QUESTIONS 

 
1. What is the temperature of the water sample? 
2. What is the mass of the vial (empty)? 
3. What volume of water was delivered into the vial? 
4. What is the mass of the vial with the water? 
5. What is the mass of water delivered? 
6. If you repeat the procedure (step 12 above), record the relevant mass and volume here. 
7. Calculate the density of the water as mass water/volume water. 
8. If you did repeat the measurements (step 12) calculate another value for the density. 
9. Obtain the density results obtained by other learners (or groups of learners) and calculate an average 

density result. 
10. Why were the results not exactly the same from the different learners? 
11. Obtain from the teacher the scientifically-accepted result for the density of water at the temperature 

you observed. Compare the average result for the class with that accepted value. If there is a 
difference, explain why this is so. 
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ACTIVITY 11 C6 PART 1 - VERIFYING BOYLE’S LAW 
 
LEARNERS’ INSTRUCTIONS 
 
A Boyle’s Law Apparatus is used to investigate the relationship between the pressure and the volume of an 
enclosed mass of gas: 
 
As shown in the diagram alongside, the  
apparatus consists of a manometer, a  
pressure gauge and an inlet valve to allow  
for connection to a pump.  
 
In order to obtain sufficient data points 
to construct a series of graphs, a  
minimum of six pressure and volume  
readings should be taken.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Instructions: 
1. Prepare a table to record the readings obtained from the Boyle’s Law Apparatus 
2. Record the temperature in the room before you start taking measurements  
3. Put the apparatus on a flat surface and take the readings on the manometer and the pressure gauge and 

record the values in the table.  
4. Use a bicycle pump (or any pump that can maintain pressure) to change the pressure in the system. 

5. Pump the oil up the glass tube until the volume is about 10 cm3 

6. Read the volume (in cm3) and the pressure (in kPa) on the apparatus. Ensure that the level of the 
liquid in the manometer does not change while you are taking a reading. 

7. Release the pressure so that the oil runs down the column very slowly 

8. Let the oil level stabilize at the next suitable reading. 

9. Continue until you have at least six sets of readings when the system is under pressure. 

10. For readings below atmospheric pressure, attach a tube to the valve and use a syringe to decrease the 
pressure. Attach a screw clip to the tube to ensure that the oil level does not change during readings. 

11. Slowly increase the pressure by unscrewing the screw clip to get a number of readings below 
atmospheric pressure 

Glass tube 

Enclosed gas (air) 

Manometer 

Pressure gauge 

Inlet valve 

To pump 
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12. Draw the following graphs: 

 a. Pressure (in N∙m-2) against volume (in m3) 

 b. Pressure (in N∙m-2) against 1/volume (in m-3) 

 c. pV (in N∙m) against volume (in m3) 
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ACTIVITY 11 C6 – PART 2: VERIFYING CHARLES’ LAW 
 
LEARNERS’ INSTRUCTIONS  
 
 

REQUIREMENTS 
 
Apparatus: large glass vial, thermometer (0°C – 5°C), microburner, glass capillary tube 

sealed at one end with oil trapping about 40 mm of air in the tube, plastic ruler, 
two small rubber bands, prestik (or glue), supply of ice, glass rod, matches 
 

Chemicals: Methylated spirits 
 

INSTRUCTIONS 
 
Investigate the relationship between the volume of a fixed mass of gas and its temperature 
 
1. Set up the experiment as in the diagram below.  Accurate measurements are important in this 

practical. 

2. Attach the capillary tube and the thermometer to the ruler with the rubber bands.  Put the 
tube and thermometer on the inside of the glass vial and the ruler on the outside of the vial 
as in the diagram.  Ensure that the bottom of the column of air is in line with the zero 
position on the ruler.  Also the markings on the thermometer and ruler should be visible so 
that the readings can easily be taken.   

3. Add a small piece of ice or crushed ice to the glass vial.  Fill the rest of the vial with tap 
water, enough to completely cover the air column in the capillary tube and the bulb of the 
thermometer. 

4. You can either hold the glass vial with the ruler, tube and thermometer in your hand for 
easier reading or put it on the desk. 

5. Stir the ice water with the glass rod and take the first reading of the temperature and 
corresponding length of the air column. Read the bottom level of the bead of oil.  Record the 
reading in a table. 

6. Allow the ice to melt and the water to reach room temperature.  Take readings at regular 
intervals and record them in the table. 
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7. Fill the microburner with methylated spirits and light it with a match.   Hold the glass rod at 
one end and heat the other end evenly by turning it in the flame.  Stir the water with the 
heated end of the glass rod.  Heat the glass rod repeatedly over the microburner and continue 
stirring the water in the vial so that the temperature increases.   
 
Hazard: Methylated spirits is poisonous.  
 

 
8. Continue to take readings until the teacher is satisfied with the range of values. 
 
Questions 
 
1. Record all the readings and complete the table below. Add rows as required. 
 
 

No. Temperature (°C) Temperature (K) Height of air column (mm) 
1    
2    

 
2. Draw an accurate graph of the height of air column (mm) versus the absolute temperature (K) from 

your data.  Label the graph. 

3. Does the graph show a linear or non-linear relationship? 

4. Is the relationship between volume and temperature a direct or an inverse relationship? 

5. What are the three variables that have to be considered when doing experiments with a gas? 

6. Which variable for Charles’ Law is held constant?  How was this done? 

7. State Charles’ Law. 

8. Does this experiment verify Charles’ Law?  Explain. 
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ACTIVITY 11 C7: MAKING A STANDARD SOLUTION OF OXALIC ACID 
 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Digital pocket scale (DPS) 
100 ml volumetric flask 
Measuring cylinder 
Distilled water 
Oxalic acid dihydrate (s) 
 
Pre-calculation 
The molecular formula of oxalic acid dihydrate is H2C2O4. 2H2O. Its molar mass is therefore 126,07 g/mol. 
What mass of the acid, mA, is required to make 100 ml of a 0,100 mol/l solution? 
Have your answer checked by the teacher before proceeding. 
 
Making the solution 
1. Switch on the DPS and check that it reads zero and that the units of measurement are shown as g (for 

grams).  
2. Take a small piece of clean, smooth paper (no bigger than the top of the DPS), place it on the DPS 

and observe and record its mass. 
3. Calculate what the reading on the DPS should be when you add the mass mA to the paper. 
4. Use a microspatula to add crystals of the oxalic acid to the piece of paper, until the mass reading 

shows you have added the correct quantity (mA g) of acid. 
5. Remove the stopper from the 100 ml volumetric flask and carefully empty the weighed oxalic acid 

crystals into it. Reweigh the piece of paper and record its mass. This will allow you to see if all the 
oxalic acid has been transferred. 

6. Use the measuring cylinder to add distilled water to the volumetric flask until it is about ¾ full. 
7. Stopper the flask tightly and then shake it thoroughly to speed up the dissolving of the oxalic acid 

crystal in the water. 
8. Remove the stopper and add more distilled water until the water level in the flask is almost at the 

graduation mark of the flask. 
9. Finally use a propette to add drops of water to the solution, until the meniscus of the solution lies on 

the graduation mark. 
10. Stopper the flask and shake once more. 
 
Final calculation 
Use the mass measurements to calculate the actual mass of oxalic acid dihydrate dissolved in the 100 ml of 
solution. If it differs from the intended mass, calculate the actual concentration of the solution. 
 
Q 1. The molar mass given above (126.07 g/mol) is that the molar mass of oxalic acid or of oxalic acid 

dihydrate? Make a calculation to prove the answer. 
Q 2. What is the mass of oxalic acid in 100 ml of the solution you have prepared? 
Q 3. If a reaction required 0,0025 mol of oxalic acid, what volume of your solution would you use? 
Q 4. When oxalic acid reacts with a strong base like sodium hydroxide two H atoms per molecule react. 

Write a balanced chemical equation to represent the reaction of oxalic acid with sodium hydroxide in 
aqueous solution. 

Q 5. What is a standard solution? 
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ACTIVITY 11 C8: DETERMINING THE MASS OF LEAD DIOXIDE 
PREPARED FROM A CERTAIN MASS OF LEAD NITRATE 

 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Digital pocket scale (DPS) 
Glass vial 
Distilled water 
Lead nitrate, Pb(NO3)2 (s) 
“Pool chlorine” (calcium hypochlorite) (s) 
Nitric acid, HNO3(aq), 2 mol dm-3 
2 Microspatulas 
Propette 
 
Introduction 
In this activity, lead nitrate, Pb(NO3)2, is reacted with “pool chlorine” to form lead dioxide, PbO2. “Pool 
chlorine” is not a pure substance, so we cannot use a simple chemical formula to represent it in a chemical 
equation. We can approximate it by using the formula Ca(OH)(OCl). This shows that in aqueous solution it 
is a source of hydroxide, hypochlorite and calcium ions. 
 
When the solid “pool chlorine” is added to the solution of lead nitrate a yellow solid forms, which is lead 
monoxide, PbO: 

Pb2+(aq)  + 2 OH-(aq)  =  PbO (s) + H2O(l) 
(the nitrate, calcium and hypochlorite ions in solution are spectators and are omitted from this equation) 
 
The yellow lead monoxide then slowly turns brown as it is oxidized to lead dioxide: 

PbO(s)  + OCl-(aq)  =  PbO2(s)  + Cl-(aq) 
(the nitrate, calcium and hydroxide ions in solution are spectators and are omitted from this equation) 
 
If we focus on the lead compounds involved, we can see that in summary: 

Pb(NO3)2    PbO2 
 
This symbolic summary makes it clear that if we start with 1 mole of lead nitrate we should be able to 
produce 1 mole of lead dioxide. Or, using the quantities that the following procedure requires, 0,005 mole of 
lead nitrate should produce 0,005 mole of lead dioxide. 
 
Pre-calculations 
If the procedure requires we start with 0,00500 mole of lead nitrate, what mass of lead nitrate is that? 
If we start with 0,00500 mole of lead nitrate, what mass of lead dioxide should we get? 
Have your answers checked by the teacher before starting the practical activity. 
 
What to do 
Note that lead compounds are poisonous so be sure to minimize your contact with them. Never put anything 
in your mouth whilst working with these compounds. 
 
1. Use the DPS to weigh a clean, dry glass vial. Record the mass of the vial.  Leave the vial on the DPS 

for step 2. 
2. Use a microspatula to add solid lead nitrate to the vial until the required mass has been added. If you 

add just a little too much, it does not matter. Record the mass of lead nitrate in the vial. Remove the 
vial from the DPS. 
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3. Use a propette to add distilled water to the vial, making it about half-full. Stir with a clean 
microspatula, and leave the microspatula in the solution. 

4. Use the DPS to weigh about 0,75 g of “pool chlorine” on a small piece of clean paper. 
5. Add the “pool chlorine” to the lead nitrate solution in the vial and stir with the microspatula. Observe 

and record what you see. Keep the microspatula in the solution. 
6. Stir the mixture for about 5 minutes. The time required for completion of the reaction depends on the 

surrounding temperature. 
7. After 5 minutes, or when no further change can be seen, use a propette to add dilute nitric acid to the 

mixture in the vial. This dissolves and neutralizes remaining “pool chlorine” and does not react with 
lead dioxide. Use the microspatula in the vial to stir the mixture, and keep it in the vial.  When 
sufficient nitric acid has been added, there should be a clear solution with a brown solid (lead dioxide) 
settled at the bottom. 

8. Use a propette to remove as much of the solution as possible without removing any of the brown solid. 
Keep the microspatula in the vial. Discard the solution. 

9. Use a clean propette to add distilled water to the vial (make it about half-full) and stir with the 
microspatula. This is to “wash” the solid. Remove the microspatula from the vial, making sure that it 
does not have any brown solid sticking to it. 

10. Using the same propette, remove as much of the water from the vial as possible, without removing any 
of the brown solid. 

11. Leave the vial with the wet, brown solid to dry out. How long it will take to dry depends on the 
conditions. If the weather is cold and wet it will take much longer than if it is hot and dry. Drying can 
be speeded up in an oven if there is one available, but the temperature must not exceed 300 0C (lead 
dioxide decomposes above this temperature). 

12. Wash all equipment used as well as your hands.  
13. When the solid in the vial appears to be dry, use the DPS to measure the mass of the vial with solid. 

Record the result. 
14. Calculate the mass of lead dioxide formed. 

 
 
 

QUESTIONS 
1. Calculate the mass of lead nitrate taken. What amount (mol) of lead nitrate is this? 
2. What did you observe when you added the “pool chlorine” to the solution of lead nitrate? 
3. Calculate the mass of lead dioxide obtained. 
4. Calculate the mass of lead dioxide you would expect to obtain starting with the mass of lead nitrate 

used. 
5. Calculate the percentage yield of the reaction you have carried out. 
6. Explain any difference between your calculated percentage yield and 100%. 
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ACTIVITY 11 C9: PROJECT FOR FORMAL ASSESSMENT 
INVESTIGATING ENDOTHERMIC AND EXOTHERMIC REACTIONS 

 
LEARNERS’ INSTRUCTIONS 
 

NOTES: 
• This is a Project for Formal Assessment. 
• You must complete the practical work during classroom time. The report and answers to the questions 

can be completed at home unless otherwise instructed by your teacher. 
• Even if you work as part of a group, you must submit your own individual report with calculations and 

observations, as well as answers to the questions in this worksheet. 
• Your teacher will tell you in what format/s you can submit the project (e.g. written report, poster 

presentation, etc.). 

 
Part 1: The Reactions of Some Solids with Water – Exothermic or Endothermic? 
 
Requirements 
Each group will need the following: 
 

Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate   •1 x 2 ml syringe   •7 x microspatulas   • 1 x propette 

 

Chemicals: 
The following items should be collected from the teacher: 
• ammonium nitrate powder (NH4NO3(s)) • potassium nitrate powder (KNO3(s)) 
• anhydrous calcium chloride powder (CaCl2(s)) • anhydrous magnesium sulfate powder (MgSO4(s)) 
• anhydrous copper sulfate powder (CuSO4(s)) • solid sodium hydroxide (NaOH(s)) 
• solid sodium chloride (NaCl(s)) • distilled water 

 

Other: 
You will also need: 
• A thermometer • A container for distilled water; • A container for waste; •Paper towel 

 

It is better to use a thermometer graduated in 0.1 °C intervals so that the temperatures can 
be recorded accurately. 

 
What to do: 
 
1. Before you start with the experiment, draw Table 1 (see Questions) into your workbooks. You will use 

this table to record all the temperatures you measure during Part 1 of the experiment. 
2. Make sure that all the large wells in the comboplate are clean and dry. 
3. Using the thermometer provided, measure the temperature (± 0.1 °C) of the water you will use to 

dissolve the solids in this activity. When you place the thermometer into the container of water, wait 
about 10 – 15 seconds before recording the temperature and make sure the bulb of the thermometer is 
adequately covered with water.  

4. Record the water temperature in column 2 of Table 1.  It will be assumed that this initial temperature for 
water will be the same as the initial temperature (Ti) of all the water + solid mixtures. 

If you are carrying out this experiment at a time of day where the room temperature is steadily 
increasing or decreasing (e.g. mid- to late morning or late afternoon), then it is a good idea to 
measure the water temperature again at intervals during the experiment because the water 
temperature may also change. This will affect the initial temperatures of reactions that take place 
later in the activity. 
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5. Rinse the thermometer with water from a clean propette and allow the rinsing to fall into the waste 
container. Dry the thermometer thoroughly. 

6. Use the spoon end of a clean microspatula to place 2 level spatulas of ammonium nitrate powder 
(NH4NO3(s)) into well F1 of the comboplate. 

For the next few steps group members should help each other so that time can be saved and accurate 
temperature readings recorded. One member can add the water to the well, whilst another stirs the 
solution with the thermometer and takes the temperature reading. 

All group members should observe what is happening in the wells as the reactions take place and 
record these observations to help with answering questions later on. 

 
7. Fill a clean syringe with 1 ml of water. While holding the thermometer in well F1, quickly but carefully 

add the water to the ammonium nitrate powder in the well.  
8. Stir the solution immediately with the thermometer to make sure that all of the solid dissolves. Do not 

splash the solution out of the well. 
9. Measure the maximum or minimum temperature of the solution once the solid has all dissolved. Record 

this as the final temperature (Tf) for the ammonium nitrate solution in Table 1. 
10. Rinse the thermometer and dry it thoroughly. 
11. Repeat steps 6 to 10 with the: 

a. KNO3(s) in well F2,  
b. CaCl2(s) in well F3, 
c. MgSO4(s) in well F4, 
d. CuSO4(s) in well F5 
e. NaOH(s) in well F6 
f. NaCl(s) in well E6 

Stir the solution each time with the 
thermometer for as long as required to 
dissolve all of the solid. Measure the maximum or minimum temperature reached each time and record 
your results in Table 1. 

Make sure that you use a clean microspatula each time for adding the solids to the wells. Do not mix 
up the spatulas as this will lead to incorrect results.  Be careful not to spill any of the solids into 
other wells. 
 

Rinse the thermometer and dry it. 
Rinse the comboplate and dry the large wells thoroughly before starting Part 2. 

Dry the syringe thoroughly. Rinse the microspatulas and dry two of these for use in Part 2. 
 
 
 
Part 2: What Energy Changes are Associated with Different Kinds of Reactions? 
 

Requirements 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate   • 1 x 2 ml syringe   •2 x microspatulas    • 1 x propette 
 
Chemicals: 
The following chemicals should be collected from the teacher: 
• 0.5 M sodium hydrogencarbonate solution 

(NaHCO3(aq)) 
• solid citric acid powder 

(HOOCCH2C(OH)(COOH)CH2COOH(s) 
• 1 M sodium hydroxide solution (NaOH(aq)) • 1 M hydrochloric acid (HCl(aq)) 
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• 1 M sulfuric acid (H2SO4(aq)) • piece of magnesium ribbon  ± 5 mm x 3 mm (Mg(s)) 
• 1 M copper sulfate solution (CuSO4(aq)) • iron filings/powder (Fe(s)) 
• water for rinsing  

 
Other: 
You will also need: 
• A thermometer  • A container for water;  • A container for waste;   • Paper towel 
 
What to do: 

Group members must work together to record temperatures accurately and make the necessary 
observations required to complete Table 2. One group member should manage the thermometer 
and note the temperature whilst others handle the addition of chemicals to the wells. Another 
group member can record the temperatures and observations. Everyone in the group should 
watch what happens in the wells as each learner must submit their own report. 

 
Before you start with the experiment draw Table 2 (see Questions) into your workbooks. Turn your paper 
onto its side and draw the table so that it fits on the whole page. There should be enough space to write down 
all of your observations, as well as answer some questions about each reaction. 
 
Reaction A: sodium hydrogencarbonate solution and solid citric acid 
1. Make sure that all the large wells of the comboplate are clean and dry. 
2. Use the clean, dry syringe to add 1 ml of 0.5 M sodium hydrogencarbonate solution (NaHCO3(aq)) to 

well F1. 
3. Lower the thermometer into the well.  Wait 10 to 15 seconds and then write down the temperature of the 

NaHCO3(aq). This will be the initial temperature (Ti) of the reaction. 
4. Keep the thermometer upright in the well.  
5. Use the spoon end of a clean microspatula to add 1 level spatula of citric acid to the solution in F1. 
6. Gently stir the reaction mixture with the thermometer and record the maximum or minimum temperature 

reached for the reaction. 
7. Write down everything that happened in the well from the time you added the citric acid. 
8. Rinse and dry both the syringe and thermometer before using them in Reaction B. 

 
Reaction B: sodium hydroxide solution and hydrochloric acid 
1. Use the clean, dry syringe to add 1 ml of 1 M sodium hydroxide solution (NaOH(aq)) to well F2. 
2. Lower the thermometer into well F2. Wait 10 to 15 seconds and then record the temperature of the 

NaOH(aq). This will be the initial temperature of the reaction. 
3. Rinse and dry the syringe inside and out. Fill it with 1 ml of the 1 M hydrochloric acid (HCl(aq)). 
4. Keeping the thermometer in the well, carefully add the 1 ml of HCl(aq) to the NaOH(aq).  
5. Stir the reaction mixture gently with the thermometer, making sure not to splash.   
6. Record the maximum or minimum temperature reached for the reaction. 
7. Write down any other observations. 
8. Rinse and dry both the syringe and thermometer before using them in Reaction C. 

Reaction C: sulfuric acid and magnesium metal 
1. Make sure that the piece of magnesium ribbon is clean and shiny. If it has not been cleaned before the 

activity, use the sandpaper in the kit to clean the surface of the ribbon. 

Do not use a large piece of magnesium ribbon as the reaction will be too vigorous.  If the 
piece of magnesium is larger than 5 mm x 3 mm, you should trim it to the correct size with a 
pair of scissors. 

 
2. Use the clean, dry syringe to add 1 ml of 1 M sulfuric acid (H2SO4(aq)) to well F3. 
3. Lower the thermometer into well F3. Wait 10 to 15 seconds and then record the temperature of the 

H2SO4(aq). This will be the initial temperature of the reaction. 
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4. Keeping the thermometer in the well, carefully add the piece of clean magnesium ribbon to the acid.  
5. Stir very gently with the thermometer, making sure not to splash any solution out of the well.   
6. Record the maximum or minimum temperature reached for the reaction. 
7. Write down everything that happened in the well from the time you added the magnesium ribbon. 
8. Rinse and dry both the syringe and thermometer before using them in Reaction D. 

 
Reaction D: copper sulfate solution and iron metal 
1. Use the clean, dry syringe to add 1 ml of 1 M copper sulfate solution (CuSO4(aq)) to well F5. 
2. Repeat step 1 but add the 1 ml of CuSO4(aq) into well F6. 
3. Lower the thermometer into well F6 only. Wait 10 to 15 seconds and then record the temperature of the 

CuSO4(aq). This will be the initial temperature of the reaction. 
4. Keep the thermometer in the well. Use the spoon end of a clean microspatula to add 1 level spatula of 

iron filings/powder (Fe(s)) to the CuSO4(aq) in well F6.  
5. Stir the reaction mixture gently with the thermometer, making sure not to splash any solution out of the 

well. Do not push down on the thermometer when stirring as the metal may scratch the bottom of 
the well. 

6. Record the maximum or minimum temperature reached for the reaction. 

This reaction takes a little longer than the others. Be patient and record the actual maximum or 
minimum temperature reached. 
 

7. Observe wells F5 and F6 from above and from the side. Compare the solution in well F6 to the copper 
sulfate solution in well F5. Note any changes in the colour of the solution in well F6. 

8. Hold the comboplate up to the light and observe well F6 from underneath. What do you notice? 

Rinse all apparatus thoroughly with clean water. Make sure that no solid remains in any of the wells.  
Rinse and dry the thermometer and return it to your teacher. 

Wash your hands! 
 

QUESTIONS: 
Part 1: The Reactions of Some Solids with Water – Exothermic or Endothermic? 

1. Prepare a table like Table 1 below.  Record all of your temperature measurements in the table while you 
are doing the experiment. 

Table 1 

SUBSTANCE  
Initial Temperature 

(Ti) 
/ °C 

Final Temperature 
(Tf) after reaction 

/ °C 

Temperature Change 
(ΔT) 
/ °C 

Distilled water 

 

  
(NH4NO3(s))   

KNO3(s)   
CaCl2(s)   

MgSO4(s)   
CuSO4(s)   
NaOH(s)   
NaCl(s)   

NOTE: In this activity, it is assumed that the water temperature does not change and that the initial 
temperature of the water is the same as the initial temperatures of the water + solid mixtures.  
However, if you found that the temperature of the water did change during the activity, you must 
record the actual initial temperature of the water used for individual reactions. Draw more lines in 
column 2 of the table to show this, if necessary. 
 
2. Use the values in the Table to calculate the temperature change, ΔT, for the reaction of each solid with 

water. Record your answers in column 4 of Table 1. 
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Temperature Change (ΔT)  =  Tf - Ti 
 

3. Use your ΔT values to answer the following questions? 
a. Which substances showed a decrease in temperature when the solids reacted with water? 
b. Which substances showed an increase in temperature when the solids reacted with water? 
c. Which substance had the smallest temperature change after reaction and which substance had the 

largest temperature change? 
d. Which solutions released energy to the surroundings during reaction? Explain your answer. 
e. Which solutions absorbed energy from the surroundings during reaction? Explain your answer. 

4. When the reaction process results in a negative temperature change (i.e. the final temperature of the 
solution is lower than the average initial temperature), we say that the process is endothermic because the 
reaction of the solid with water has caused energy to be absorbed from the surroundings.  Which 
substances have endothermic reactions with water? 

5. When the reaction process results in a positive temperature change (i.e. the final temperature of the 
solution is higher than the average initial temperature), we say that the process is exothermic because the 
reaction of the solid with water has caused energy to be released into the surroundings.  Which 
substances have reacted with an exothermic change? 

6. If you did not have a thermometer to measure temperature, how would you know that a chemical 
reaction had taken place when you added the anhydrous copper sulfate to water in well F5? 

7. An instant cold pack consists of two bags, one filled with water and the other filled with solid potassium 
nitrate or solid ammonium nitrate. The bag with the water is located inside the bag of KNO3(s) or 
NH4NO3(s). When the pack is squeezed or hit, the bag containing the water breaks and the water mixes 
with the solid. The cold pack starts to cool immediately and stays cold for about an hour. Based on your 
results in this activity for the reactions of KNO3(s) and NH4NO3(s) with water, explain how the cold 
pack gets cold. (Cooling helps prevent swelling in sports injuries.)  
 

Part 2: What Energy Changes are Associated with Different Kinds of Reactions? 
1. Draw Table 2 below into your workbook.  Turn your book onto its side so that the long edge of the page 

faces you (we call this landscape orientation).  Draw the table so that it fits on the entire page. Make the 
Observations column wide enough to write down all of your observations.  

a) Complete column 2 using the initial temperatures you have recorded for each reaction. 
b) Complete column 3 using the final temperatures you have recorded for each reaction. 
c) Calculate the temperature change for each reaction and complete column 4. 
d) Record your observations in full for each reaction in Column 5. 
e) Based on your observations, select what type of reaction is happening each time. More than one option 

can be chosen for some reactions. 
 

Table 2 

REACTION 
Initial 

Temperature 
(Ti)  / °C 

Final 
Temperature (Tf) 
after reaction / °C 

Temperature 
Change (ΔT) 

/ °C 

OBSERVATIONS 
(write in detail all 

that you see) 

TYPE OF 
REACTION 

(you can tick more 
than 1 option) 

A. sodium 
hydrogen-
carbonate + 
citric acid 

     Precipitation 
 Gas-forming 
 Acid-base 
 Redox  

B. sodium 
hydroxide + 
hydrochloric 
acid 

     Precipitation 
 Gas-forming 
 Acid-base 
 Redox 

C. sulfuric acid + 
magnesium  

     Precipitation 
 Gas-forming 
 Acid-base 
 Redox 
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REACTION 
Initial 

Temperature 
(Ti)  / °C 

Final 
Temperature (Tf) 
after reaction / °C 

Temperature 
Change (ΔT) 

/ °C 

OBSERVATIONS 
(write in detail all 

that you see) 

TYPE OF 
REACTION 

(you can tick more 
than 1 option) 

D. copper sulfate 
+ iron 

     Precipitation 
 Gas-forming 
 Acid-base 
 Redox 

 
2. Use your results from Table 2 to conclude which reactions are: 

a) Exothermic; 
b) Endothermic. 

3. The chemical equation for Reaction A can be represented as: 
NaHCO3(aq) + C6H8O7(aq) → C6H7O7Na(aq) + H2O(l) + CO2(g) 

Use the equation to explain your observations for this reaction. 
4. Write balanced chemical equations for Reactions B, C and D. 
5. Use your observations for Reaction D (CuSO4 + Fe) to explain your choice of type of reaction. 
6. Based on your results, which type of reaction has the bigger energy change: acid-base or redox? 
7. In class your teacher should have told you about the enthalpy of reaction, ΔH. The enthalpy of reaction 

is the amount of energy given out (released) or the amount of energy taken in (absorbed) by the system 
during a chemical reaction, at a known temperature and pressure. It is sometimes also referred to as the 
heat of reaction. We can get a comparative idea of the enthalpy of reaction by using the maximum 
change in temperature recorded during a reaction.  
For an exothermic reaction, we know that ΔT is positive (ΔT>0) because the final temperature of the 
reaction mixture is higher than the average initial temperature. This shows the KE of the molecules in the 
mixture has increased because molecules of lower potential energy (PE) have been formed. When the 
temperature of the reaction mixture decreases back to the temperature of the surroundings energy is lost 
from the system to the surroundings, and we say that ΔH is negative (ΔH<0).  
For an endothermic reaction, ΔT<0 because the final temperature of the reaction mixture is lower than 
the average initial temperature. In this case overall, heat is taken in by the system from the surroundings, 
and ΔH is positive i.e. ΔH>0. 
Summarise your results for the reactions in both Part 1 and Part 2 of this activity by copying and 
completing Table 3 below.  Use the information above and data from Tables 1 and 2 to help you 
complete it. 
 

Table 3: Summary of Results 

REACTION 
Temperature 

Change write either 
ΔT>0 or ΔT<0 

Enthalpy Change 
write either ΔH>0 or 

ΔH<0 

Exothermic or 
Endothermic 

NH4NO3(s) + H2O(l)    
KNO3(s) + H2O(l)    
CaCl2(s) + H2O(l)    

MgSO4(s) + H2O(l)    
CuSO4(s) + H2O(l)    
NaOH(s) + H2O(l)    
NaCl(s) + H2O(l)    

NaHCO3(aq) + C6H8O7(s)    
NaOH(aq) + HCl(aq)    
H2SO4(aq) + Mg(s)    
CuSO4(aq) + Fe(s)    
 

8. Are all reactions exothermic?  Are all reactions endothermic?  Do the same kinds of reactions have the 
same energy changes? Write a suitable paragraph as a conclusion to this activity based on your results 
and observations.  Make sure you refer to the energy changes associated with bond-breaking and bond-
forming in your paragraph.
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ACTIVITY 11 C10: BURNING MAGNESIUM METAL IN AIR – 
OVERCOMING THE ACTIVATION ENERGY 

 

LEARNERS’ INSTRUCTIONS 
 

Introduction 
Many reactions, even if they are spontaneous, will not occur at room temperature. This is because these 
kinds of reactions have a high Activation Energy. Activation Energy is the initial energy needed to start a 
reaction. It is like an energy barrier. The reactant molecules must have enough kinetic energy to overcome 
this energy barrier before a reaction can proceed. In this activity, you will be helping magnesium atoms in 
magnesium ribbon and oxygen molecules in air to overcome the activation energy needed for these two 
substances to react. During the reaction you will record the time at different stages and you will qualitatively 
measure the temperature of the surroundings to determine what energy changes are taking place in the 
system. (Note that initially “system” refers to the magnesium metal and surrounding air (Mg/air) whereas 
after the reaction the “system” refers to the magnesium oxide product and surrounding air (MgO/air)). 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 

• 1 x large glass vial (no lid)   • 1 x glass combustion tube • 1 x piece of prestik • sand paper 
• 1 x length of wire from a straw electrode (optional – you can use a metal paper clip) 
• 1 x assembled microburner 

Chemicals: 
The following items should be collected from the teacher: 

• Piece of magnesium ribbon ( ± 20 mm x 3 mm) • Methylated spirits for the microburner 
 
Other: 
You will also need: 
• A timing device (stop watch or wrist watch/clock with a second hand) 
• Metal paper clip (optional; must not have a plastic coating)  
• A container for waste;   • matches  • paper towel 
 
What to do: 

The burning of magnesium ribbon in air takes place in a short space of time.  It is important 
therefore that one group member is ready to record the times required during the reaction. Other 
members must help to record all observations made during the reaction. 

 
1. Before you start with the experiment, read the instructions on this worksheet at least once and make sure 

you understand what is required and how to avoid damage to your eyes from the burning magnesium. 
2. Draw Table 1 (see Questions) into your workbooks. You will use this table to record the times at which 

temperature changes occur at different stages, and some of your observations. 
3. Use either a non-coated, metal paper clip or the wire from one of the straw 

electrodes in the kit. If you use a paper clip, open it up as shown in the diagram 
alongside. Now bend the top curved end to form a small loop. If you are using the 
wire from a straw electrode, you can simply bend the top to form the small loop.  

4. Push a piece of prestik into the bottom of the large glass vial. 

Do not use a plastic vial as this may be melted if it comes into contact with the burning magnesium 
ribbon. Similarly, do not use the comboplate for this activity as the plastic may be damaged if the 
burning magnesium falls onto the plate. 
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5. Anchor the glass combustion tube in an upright position by pushing it into the prestik in the vial. Now 
push the straight part of the looped wire through the glass combustion tube so that the loop protrudes 
from the top of the glass tube (see setup below). 

6. Use sandpaper to scrape any black oxide from the piece of magnesium ribbon.  
7. Push the piece of clean magnesium ribbon through the loop in the wire and bend it at one end so that it is 

supported in the loop (see setup below).  Make sure that the magnesium ribbon is properly supported so 
that it does not move downwards or fall during heating. 

 
8. Feel the glass combustion tube with your fingers. Feel the air around the tube. Write down what you 

think the temperature is (high/low/room temperature).  
9. Wait one minute. Whilst you are waiting, observe the magnesium ribbon. Does any reaction happen 

between the metal and the air? 
10. Carefully feel the glass combustion tube again without disturbing the set-up.  Is there any change in the 

temperature of the tube? 
11. Light the microburner. The team member with the stop watch or wrist watch should be ready to start 

timing. 
12. Hold the microburner flame at the free end of the piece of magnesium. Start timing the reaction as soon 

as the flame touches the magnesium ribbon. 
13. Do not remove the microburner flame from the ribbon until you see the magnesium start burning.  

Look for white sparks as an indication that the burning has started.   

 
14. Remove the microburner and record the time at which the burning of the magnesium started. 

Turn your head to the side and observe the burning out of the corner of your eye only.  If you 
look at the magnesium directly, the high intensity visible light emitted from the burning 
magnesium can damage your eyes. Do not touch the setup whilst the magnesium is burning! 

15. Someone in the group should write down all the observations made whilst the magnesium ribbon is 
burning.  This may be difficult, but try to look at what is happening above the burning ribbon. When the 
flame gets smaller and it is easier to observe the reaction, look at how the appearance of the ribbon 
changes. 

16. Record the time at which the magnesium ribbon stops burning.  Blow out the microburner. 
17. Wait about 45 seconds to 1 minute after the reaction has ended. Carefully touch the glass combustion 

tube. Does it feel different in temperature from before the magnesium ribbon was ignited? 
18. Wait another minute and feel the glass tube again.  Is there any change in temperature?  Record your 

observations of temperature so that you can answer the questions that follow. 
19. Write down what you see after the reaction once all of the magnesium ribbon has burned. Is there 

anything coating the top of the wire or the glass tube? 
Discard any solid waste from the apparatus into the waste container provided. 

Rinse the glass vial, tube and wire.  Use paper towel to remove any bits of white powder that are 
sticking to the wire or tube. Wash your hands thoroughly after the activity. 

If you have used the wire from one of the straw electrodes in the kit, bend the wire back into its 
original shape so that it can be used for electrolysis activities. 
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QUESTIONS: 
1. Prepare a table like Table 1 below.  Record in the table all the times needed during the burning of 

magnesium in air, as well as your observations while you are doing the experiment. 

Table 1 

Stage of reaction Time/seconds  Observations 

Before lighting the magnesium.   

Heating the system by holding the 
microburner flame at the end of the 
magnesium ribbon for the first time. 

 
 

Igniting of the magnesium ribbon (the 
metal starts burning). 

  

Magnesium ribbon stops burning.   

After the reaction i.e. after the 
magnesium ribbon has all burned. 

  

 
2. Does magnesium ribbon burn in air without the need to heat the Mg/air system? Explain how you know 

this. 
3. What do you think was happening to the temperature of the magnesium ribbon whilst it was being held 

in the flame of the microburner? 
4. What was the energy change taking place to the system while the magnesium ribbon was being heated? 
5. How did heating the magnesium ribbon help the reaction with air to occur? (Hint: use the term 

“activation energy” in your answer.) 
6. a. What do you think was happening to the temperature of the system when the magnesium was 

burning with a brilliant white flame? 
 b. What was the energy change taking place between the system and surroundings whilst the 

magnesium was burning? 
7. Is the reaction of magnesium with air endothermic or exothermic? Give two reasons for your choice, 

based on your observations. 
8. Use the table you have completed as well as your answers to the questions above, to draw a rough graph 

to show how you think the temperature of the system changes with time during the experiment. Indicate 
on your graph where the reactants and products should be. Explain your graph. 

9. Write down a balanced chemical equation for the reaction of magnesium metal with oxygen in the air. 
10. Name and describe the product you observed after the reaction. 

The following question is optional: 
 
11. The potential energy graph below shows the energy changes taking place in the system (i.e. the system of 

magnesium metal atoms and oxygen molecules in the air) during the burning of magnesium ribbon in air. 
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a) Describe what is happening to the bonds between the magnesium atoms and the bonds between the 
oxygen atoms in the first part of the graph where the potential energy is increasing. i.e. where you 
held the microburner flame at the end of the piece of magnesium ribbon.  

b) What is happening to the magnesium and oxygen atoms at the top of the curve? 
b) What do we call the molecules formed at the top of the curve?  Add this as a label on the graph. 
c) Draw and label that part of the curve which shows the Activation Energy for the reaction. 
d) Describe what is happening to the bonds between the magnesium atoms and oxygen atoms in the 

part of the graph where the potential energy is decreasing. How did this energy change become 
evident when you burned the magnesium ribbon in air? 

e) How does the graph show that the reaction between magnesium and oxygen is an exothermic one? 
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ACTIVITY 11 C11: A QUALITATIVE ACID-BASE TITRATION 
 

LEARNERS’ INSTRUCTIONS 
 
Part 1: Titration of Oxalic Acid with Sodium Hydroxide Solution 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate;   • 3 x plastic microspatulas;    • 3 x propettes; 
 
Chemicals: 
The following chemicals should be collected from the teacher: 
• 0.1 M standard oxalic acid (H2C2O4(aq)) •  0.1 M sodium hydroxide solution (NaOH(aq)) 
• Phenolphthalein indicator solution  
 
Other: 
You will also need: 
• Tap water  • Container for tap water   • Waste container  • Paper towel 
• Piece of white paper 
 
What to do: 

For this drop titration to give the best results, you should choose identical propettes for the acid 
and base solutions so that the drop sizes are the same for both solutions. 
Always make sure that there are no air bubbles in the stem of each propette. Bubbles will 
interfere with the sizes of your drops. If air bubbles do appear, push gently on the bulb of the 
propette to force solution through the stem and eliminate the bubbles before adding any more 
drops. 
Try to ensure that every drop of solution is the same size by applying even pressure on the bulb of 
the propette, and don’t forget to count the number of drops of acid and base solution that you add 
each time. 

 

1. Before you start the activity, draw Table 1 (see Questions) into your workbook. Use the table to record 
the number of drops of acid and base solution used for each titration. 

2. Fill a clean, dry propette with standard 0.1 M oxalic acid solution (H2C2O4(aq)). 
3. Fill a second, identical propette with the 0.1 M sodium hydroxide solution provided. 
4. Turn the comboplate around so that the small wells are closest to you. Place the comboplate on a white 

piece of paper so that you can see the colour changes better. 
5. Add 5 drops of oxalic acid to well A12. Add 1 drop of phenolphthalein indicator solution to the acid in 

A12 using a clean propette. 
6. Stir the solution with a clean microspatula, being careful not to splash. Note the colour of the solution. 
7. Add 1 drop of the sodium hydroxide solution (NaOH(aq)) to well A12. Observe what happens as the 

drop of NaOH(aq) enters the solution in A12. 
8. Stir the solution with the microspatula. 
9. Repeat steps 7 and 8, adding one drop of NaOH(aq) at a time until the reaction mixture in well A12 turns 

a pale purple-pink colour. Remember to count the number of drops of NaOH(aq) added. 

Once the colour of the solution in well A12 is pale purple-pink in colour, the end point of the 
titration has been reached and you can stop adding NaOH(aq). 
If the colour of your solution is dark purple, we say the end point has been “overshot” i.e. too 
much of the NaOH(aq) has been added. 
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10. Repeat the titration in well A10 and again in well A8.  Record the number of drops of NaOH(aq) used 
each time to reach the pale purple-pink end point. Use a clean microspatula each time for stirring. 

11. Calculate the average number of drops of NaOH(aq) added to H2C2O4(aq). 

If you do not intend to complete Part 2, rinse the comboplate immediately after Part 1 to prevent 
the indicator solution from staining the wells.  Rinse all remaining apparatus.  

Wash your hands thoroughly as oxalic acid is poisonous! 

If you continue with Part 2, keep all apparatus and rinse thoroughly after Part 2. 

 
Part 2: Titration of an Unknown Acid with Sodium Hydroxide Solution 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
• 1 x comboplate;   • 3 x plastic microspatulas;    • 4 x propettes. 
 
Chemicals: 
The following chemicals should be collected from the teacher: 
• 0.1 M unknown acid •  0.1 M sodium hydroxide solution (NaOH(aq)) 
• Methyl orange indicator solution • Tap water 
 
Other: 
You will also need: 
• Container for water   • Waste container  • Paper Towel  • Piece of white paper 
 
What to do: 
1. Draw Table 2 into your workbooks and use it to record the number of drops of acid and base used for 

each titration. 
2. Add 5 drops of water to well A6 using a clean propette.  
3. Add 1 drop of the methyl orange indicator solution to well A6 using another propette. Note the colour of 

the indicator. This well will be used for colour comparison. 
4. Follow the same procedure used in Part 1, but this time replace the oxalic acid with the unknown acid. 

Use any three small wells for the three titrations. Add a sufficient number of drops of NaOH(aq) to just 
cause the indicator to change from red in the acid solution to the same colour as that in well A6.  

5. Calculate the average number of drops of NaOH(aq) added to the unknown acid. 
 
Rinse the comboplate thoroughly with clean water and make sure that no coloured solution remains in 
the wells. Ask your teacher what to do with the solutions in the propettes. Rinse all emptied propettes 

thoroughly with clean tap water. 
Wash your hands! 
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QUESTIONS: 

Part 1: Titration of Oxalic Acid with Sodium Hydroxide Solution 
 
1. What is the colour of the phenolphthalein indicator in the oxalic acid solution? 
2. What do you notice when you add each drop of NaOH(aq) to the oxalic acid? 
3. Prepare a table like Table 1 below and record the number of drops of NaOH(aq) added each time. 

Table 1: 

Acid Number of Drops of H2C2O4 Number of Drops of NaOH Average No. of Drops NaOH 

H2C2O4 
1. 5   

2.   
3.   

 
4. Using your average number of drops for NaOH(aq), determine the volume ratio of NaOH:H2C2O4. 
5. Use your volume ratio to write a balanced chemical equation for the titration of 0.1 M standard oxalic 

acid with 0.1 M sodium hydroxide solution. (Note: if you did not get a whole number for the 
experimental ratio of NaOH:H2C2O4, you may round your result to the nearest whole number to obtain 
the stoichiometric ratio in which these two solutions react.) 

6. a. How many protons does one oxalic acid molecule donate to sodium hydroxide in the acid-base 
titration? 

b. What name do we give to an acid that donates this many protons to a base? 
7. a. Name the products formed in the reaction of oxalic acid with sodium hydroxide. 
 b. What do we call this kind of acid-base reaction where a salt and water are formed? 
8. What is the end point of a titration? 
9. Based on your results and observations, explain what happened when you titrated standard 0.1 M oxalic 

acid with 0.1 M sodium hydroxide solution. 
10. Oxalic acid is a standard solution, which means that its concentration is accurately known. In this 

activity, we know the concentration of oxalic acid is exactly 0.10 M. We have also been told that the 
NaOH(aq) is 0.1 M in concentration, but the base is not a standard solution. What does this say about the 
concentration of NaOH(aq)? How does this affect the number of drops of NaOH(aq) required to 
neutralise the oxalic acid? 

Optional Question: 
11. If we measured the volumes of the acid and base accurately, describe how we could use this titration to 

find out the exact concentration of the NaOH(aq)? 
 
Part 2: Titration of an Unknown Acid with Sodium Hydroxide Solution 
1. Prepare a table like Table 2 below and record the number of drops of NaOH(aq) added each time. 

Table 2: 

Acid Number of Drops of Unknown 
Acid Number of Drops of NaOH Average No. of Drops NaOH 

Unknown 
1. 5   
2.   
3.   

 
2. What colour change does the methyl orange show at the end point of the titration? 
3. Compare the volume ratio of NaOH:unknown acid to the volume ratio found in Part 1 for NaOH:H2C2O4.  
4. What does the volume ratio tell you about the number of protons per molecule that the unknown acid 

donates to NaOH(aq)?  What do we call this kind of acid? 
5. Write a balanced chemical equation for the reaction of the unknown acid with NaOH(aq). 
6. Give an example of a common acid that the unknown acid might be. 
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ACTIVITY 11C12: DISCOVERING AND COMPARING NATURAL ACID-
BASE INDICATORS 

 
LEARNERS’ INSTRUCTIONS 
 
Introduction 
Plants have been a source of food, clothing, medicine and dyes for hundreds of years, and they still are. To 
obtain the medicinal substances or the dyes, usually the substances have to be dissolved out of the plant 
material with water. This dissolving of substances from a complex material, leaving most of the material 
undissolved, is usually called extraction. Boiling water is usually used because dissolving is then faster than 
with cold water. 
 
In this activity you will investigate whether coloured substances extracted from plant material can be used as 
acid-base indicators and you will compare the usefulness of different extracts for this application. 
 
Your teacher will either provide you with the different extracts or will give you instructions for making these 
yourself (perhaps at home). The instructions here relate to the testing and comparison of the different extracts 
only. 
 
Requirements 
 
Apparatus 
• Comboplate 
• 6 x propettes 
• 1 x plastic syringe 
 
Chemicals 
• Coloured plant extracts (A, B etc) 
• 0,1 M Sulfuric acid 
• 0,1 M Acetic acid 
• 0,1 M Ammonia solution 
• 0,1 M Sodium hydroxide solution 
• Tap water 
 
What to do 
 
1. Use the plastic syringe to add 2 ml of one plant extract (A) to each of wells E1-E5 of the comboplate. 

Rinse the syringe with water. Record the colour of the extract in each well.  
2. Use the plastic syringe to add 2 ml of a different plant extract (B) to each of wells F1-F5. Rinse the 

syringe with water. Record the colour of the extract in each well. 
3. Use a clean propette to add 5 drops 0,1 M sulfuric acid to wells E1 and F1. 
4. Use a clean propette to add 5 drops 0,1 M acetic acid to wells E2 and F2. 
5. Use a clean propette to add 5 drops tap water to wells E3 and F3. 
6. Use a clean propette to add 5 drops 0,1 M ammonia solution to wells E4 and F4. 
7. Use a clean propette to add 5 drops 0,1 M sodium hydroxide solution to wells E5 and F5. 
8. Shake the comboplate carefully to help mix the contents in each well. Record the colour of the mixture in 

each well. 
9. The steps 1-8 provide for testing with two different plant extracts. If the teacher requires that more 

extracts be studied then rinse out the wells E and F of the comboplate and repeat these steps. 
 
After you have recorded all your observations rinse the comboplate and propettes with water. 
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QUESTIONS: 
 
1. Enter your observations in the table below, or in a similar table in your workbook. 

 
Observation Extract A Extract B 

Source (plant, fruit, flowers)   

Original colour   

Colour in 0,1 M H2SO4   

Colour in 0,1 M CH3CO2H   

Colour in tap water   

Colour in 0,1 M NH3   

Colour in 0,1 M NaOH   

 
2. Are the colours of (i) extract A and (ii) extract B different when different test solutions (including 

tap water!) are added?  
3. Considering that the test solutions differ by being acidic, neutral or basic, state how the colour of (i) 

extract A and (ii) extract B changes with the acidic/neutral/ basic nature of the test solutions. 
4. Based upon your answers to Q3 above, compare the two extracts for their application as acid-base 

indicators. 
5. Other ways of comparing these extracts for application as acid-base indicators might be important. 

Suggest some other ways of comparing. 
6. Suggest other plants you would like to extract to extend this investigation, giving reasons for your 

suggestions. Which part of the plant would you extract: the flowers, fruit, leaves, stem, roots? Are 
there perhaps other ways of extracting than boiling the plant material in water? 
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ACTIVITY 11 C13: PREPARATION OF SODIUM CHLORIDE 
FROM AN ACID-BASE REACTION 

 
LEARNERS’ INSTRUCTIONS 
 
Part 1: Preparing the Salt 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate;   • 1 x plastic microspatula;    • 1 x plastic syringe;  • 3 x propettes 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 1 M hydrochloric acid (HCl(aq)); •  1 M sodium hydroxide solution (NaOH(aq)) 
• Universal indicator paper  

 
Other: 
You will also need: 
• Piece of cling wrap (± 15 cm x 15 cm)  • Tap water  • Container for tap water 
• Waste container  • Paper towel 
 
What to do: 
1. Use a clean, dry syringe to add 0.5 ml of the 1 M hydrochloric acid (HCl(aq)) to well F1 of the 

comboplate. 
2. Rinse the syringe with tap water and dry it thoroughly. 
3. Use the syringe to add 0.5 ml of 1 M sodium hydroxide solution (NaOH(aq)) to the HCl(aq) in well F1. 
4. Stir the reaction mixture with a clean microspatula, being careful not to splash. 
5. Cut or tear a piece of Universal indicator paper into 3 or 4 smaller pieces. Dip the end of one piece of 

paper into well F1 and note the pH of the solution.  
6. If you find that the paper is orange in colour, the solution contains excess acid. If you find that the paper 

is dark green or slightly purple in colour, then the solution contains excess base. If the solution is an 
olive-green colour, then your solution is close to neutral. 
Do one of the following: 
• If the paper is olive-green, continue with Step 7 below. 
• If the paper is orange (pH ~ 4-5), use a clean propette to add one drop of the 1 M NaOH(aq) to the 

solution. Stir and test the solution with another piece of the indicator paper. If the solution is still 
acidic, add one more drop of the NaOH(aq), stir and test with the pH paper.  Continue in this way 
until the pH paper shows an olive-green colour i.e. the solution is neutral. 

• If the paper is dark green or purple, use a clean propette to add one drop of the 1 M HCl(aq) to the 
solution. Stir and test the solution with another piece of the indicator paper. If the solution still shows 
an excess of base, add one more drop of the HCl(aq), stir and test with the pH paper.  Continue in 
this way until the pH paper shows an olive-green colour i.e. the solution is neutral. 

7. Squeeze all of the air out of the bulb of a third, clean propette. Use the propette to suck up all of the 
solution from well F1. Place the propette safely to one side.  

8. Dry well F1 with paper towel. Turn the comboplate over so that the bottom ends of the wells are facing 
upwards.  

9. Carefully cover the bottom of the comboplate with the cling wrap. Push the cling wrap down over the 
small wells so that you create a basin or depression in this part of the plastic (see diagram below). 

10. Make sure that the cling wrap does not move on the comboplate by smoothing the ends of the plastic 
around the sides of the comboplate. 
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11. Carefully add all of the solution from the propette into the “basin” of cling wrap over the small wells of 
the comboplate (see diagram below). 

12. Place the comboplate in a warm place (such as a sunny window sill near an open window) and leave 
overnight.  Answer questions 1 to 8 (Part 1) after cleaning up. 

13. Check the comboplate once all of the water has evaporated from the cling wrap. What do you see?  

Keep the comboplate with cling wrap for Part 2.  Rinse all remaining apparatus. 

 
Part 2: Testing the compound formed to ensure that it is the salt we want 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• Comboplate and cling wrap with salt from Part 1;   • 3 x plastic microspatulas;    
• 1 x glass rod;    • 1 x assembled microburner  • 3 x propettes. 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 2 M nitric acid (HNO3(aq)) • 0.1 M silver nitrate solution (AgNO3(aq)) 
• Methylated spirits for the microburner • Tap water • Universal indicator paper 

 
Other: 
You will also need: 
• Container for water   • Waste container  • Matches  • Paper towel 
 
What to do: 
 
A. The pH Test 
1. Carefully remove the plastic cling wrap from the comboplate and place it on a flat, smooth surface. Turn 

the comboplate the right way up. 
2. Examine the salt crystals and write down what you see. 
3. Use the narrow end of a microspatula to gently scrape the crystals free from the plastic. Gather the 

crystals into a pile on the cling wrap.  
4. Use the spoon end of the microspatula to gently crush some of the larger crystals into smaller particles. 

(Be careful not to lose any crystals!)  

RADMASTE LEARNER GUIDE: PRACTICAL ACTIVITIES FOR CAPS GRADE 11 CHEMISTRY 44



5. Use a clean propette to add 10 drops of water to well F3.  
6. Tear a piece of the Universal indicator paper into two smaller pieces. Use one piece to test the pH of the 

water in the well.  
7. Scoop up about half a spatula of the crystals and transfer these into well F5 of the comboplate.  
8. Add 10 drops of water to the salt crystals in the well. Stir the contents with the narrow end of a 

microspatula until all the salt has dissolved. 
9. Dip the second piece of indicator paper into the salt solution in well F5 and note the pH of the solution. 

 
B. The Halide Ion Test 
1. Fill a second propette with 2 M nitric acid (HNO3(aq)). Fill a third propette with 0.1 M silver nitrate 

solution (AgNO3(aq)). 
2. Add 2 drops of the HNO3(aq) to the water in well F3. Add 3 drops of AgNO3(aq) to well F3 and stir. Do 

you see anything happening in the well? 
3. Now add 2 drops of the HNO3(aq) and 3 drops of the AgNO3(aq) to the salt solution in well F5. Stir with 

a clean microspatula. 
What happens after adding these two chemicals to the salt solution?  Write down your observations so 
that you can answer the questions at the end of this worksheet. 

 
C. The Flame Test 

Flame colours are more easily observed if you switch off the lights and close the curtains. 

1. Light the microburner. 
2. Dip one end of a clean glass rod into the remaining crystals on the cling wrap. Make sure that some 

crystals stick to the end of the rod. If necessary, you can wet the end of the glass rod with a little water. 
Dab the end of the rod quickly on some paper towel to remove excess water and then lower the moist end 
into the salt crystals. Allow some of the crystals to 
stick to the end of the rod. 

3. Hold the end of the rod immediately in the flame of 
the microburner. Observe what happens and write 
down the colour of the flame that you see. 

4. If you need to see the flame once more, make sure 
that you first rinse and dry the glass rod. Then 
repeat steps 2 to 3 using a few more of the salt 
crystals from the cling wrap. 

 
 

Rinse the comboplate thoroughly with clean water and make sure that no solids remain in the wells. 
Ask your teacher what to do with the solutions in the propettes. Rinse all emptied propettes and other 

apparatus thoroughly with clean tap water. 
 

QUESTIONS: 
Part 1: Preparing the Salt 
 

Answer questions 1 to 8 while you are waiting for the comboplate to dry.   
Answer questions 9 to 13 once your solid salt has formed. 
You will need a RADMASTE™ Molecular Stencil (RMS) to answer Q6 (Part 1) and Q10 
(Part 2). 

1. After adding the sodium hydroxide (NaOH(aq)) to the hydrochloric acid (HCl(aq)) in well F1, did you 
notice any changes in the well?  
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2. The reaction of NaOH with HCl is exothermic. Even if you did not see any changes in well F1, this 
means that something must have happened when you added NaOH(aq) to HCl(aq).  What is it that 
happened? 

3. Why is it necessary to check the pH of the solution in well F1 after the reactants have been mixed? 
4. Write a balanced chemical equation for the reaction that took place when you added HCl(aq) to 

NaOH(aq) in well F1. 
5. Use your equation to explain why you did not see any changes taking place after mixing the 2 reactants. 
6. Diagram 1 below shows a microscopic representation of two hydrated hydronium ions and two hydrated 

chloride ions that exist in the hydrochloric acid that you used in this activity. The black shaded water 
molecules represent the solvent (water) molecules that surround the hydronium ions and chloride ions in 
solution. Note that not all of the water molecules are shown, only those of the hydrated ions. Hence the 
ions are shown much closer together than would be the case in a normal aqueous solution of HCl. 
Similarly, Diagram 2 shows two hydrated hydroxide ions and two hydrated sodium ions that exist in the 
sodium hydroxide solution you have used in this activity. 

 
In Part 1 of this activity you added 1M sodium hydroxide solution (Diagram 2) to 1 M hydrochloric acid 
(Diagram 1). In the empty box below, use the RMS to draw a microscopic picture of the result of mixing 
diagrams 1 and 2.  Remember that the ions from two molecules of acid have reacted with the ions from two 
molecules of base. 

Diagram 3 
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7. Use the diagrams to explain on a microscopic level what happens when equal amounts of HCl(aq) and 
NaOH(aq) are mixed?  

8. What do these pictures tell you about the bonding in aqueous HCl (Diagram 1), aqueous NaOH 
(Diagram 2) and aqueous NaCl (Diagram 3)? 

9. Describe in detail what you see on the cling wrap after the comboplate has been left to dry. 
10. Name the substance that has been formed on the cling wrap. 
11. What was the other product on the cling wrap and what happened to it? 
12. Write down a balanced equation for the formation of the solid salt from the aqueous reaction mixture. 
13. Complete the general equation below for the reaction of an acid with a metal hydroxide: 

acid + metal hydroxide     →   
 

Part 2: Testing the compound formed to ensure that it is the salt we want 
1. a. Why was it necessary to test the pH of the solution prepared from your salt crystals? 

b. What was the pH of your salt solution? 
2. Why did you also test the tap water to check its pH and chloride content? 
3. What happens when you add AgNO3(aq) to the salt solution? 
4. Based on your knowledge of the test for halide ions, what does your result show? 
5. Write a balanced chemical equation to represent the reaction that took place between the salt solution 

and silver nitrate solution in well F1. 
6. Name the precipitate formed in the above reaction. 
7. What is the colour of the flame observed for your salt using the Flame Test? 
8. Use the table below to identify the metal atom present in the salt: 

 

Atom present Flame colour observed 
Mg Bright white 
K Lilac to red 
Na Intense yellow/orange 
Ca Orange to red 
Cu Blue/green 
Fe gold 
Cu Blue/green 

 
9. Do the results of the flame test and halide test confirm that you have prepared the correct salt?  Explain 

your answer. 
10. When you left the comboplate to dry, the following took place on the cling wrap. 

 
a. What does the diagram show has happened to the salt solution? 
b. Why are the sodium and chloride atoms bonded so differently in the two boxes?
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ACTIVITY 11 C14 (1): DIFFERENT KINDS OF REDOX REACTIONS: 
SYNTHESIS, DECOMPOSITION AND DISPLACEMENT 

 
LEARNERS’ INSTRUCTIONS 
 
A. A Synthesis Reaction: Heating Iron And Sulfur 
 
Requirements 
 
Apparatus: 
Each group will require the following from the Advanced Microchemistry Kit: 
 

• 1 comboplate  • 1 microburner  • 1 glass rod • 2 microspatulas  
• 1 combustion tube • 2 silicone tubes • 2 well lids (Lids 1 and 2) • cotton wool 
 
Chemicals 
• Mixture of iron and sulfur powders  • Methylated spirits for the microburner 
 
Other 
• 1 Digital Pocket Scale (DPS) • 1 small bar magnet (from the Microelectricity kit) 
• matches  • 2 pieces of white paper • paper towel/tissue 

 
What to do 

 
1. Use the microspatula provided and white paper to collect about 0.2 g of the iron and sulfur mixture 

prepared by your teacher. 
2. Note the appearance of the pure elements and the mixture. Demonstrate that iron can be separated from 

the mixture by physical means. Do this by wrapping the end of a small bar magnet in a paper tissue, and 
dipping it into the prepared mixture. The iron will be attracted, but the sulfur remains on the white paper.  

3. Use the DPS to measure about 0.1 g of the heterogeneous mixture. Place this into a combustion tube, 
putting it near the centre and away from the ends. 

4. Insert cotton wool into each end of the combustion tube as shown in the diagram. 
5. Heat the powder mixture at the base of the combustion tube – gently at first and then more strongly. Heat 

until an orange glow is seen inside the combustion tube. Immediately stop heating. Note that the glow 
spreads through the mixture. 

6. Allow the tube to cool down. Observe and note the appearance of the product.  
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7. Use the small bar magnet to test the product for magnetic properties. Compare this with your observation 
in instruction 2 above.  
Rinse the glass tube and other used apparatus thoroughly with clean water. Remove any iron 

sulfide sticking to the inside of the glass tube. Answer the questions for Part A. 
 
 
 
B. The Decomposition of Hydrogen Peroxide 
 
Introduction: 
For this activity, you will use a solid called sodium percarbonate as a source of hydrogen peroxide in 
solution. (In Grade 10, you probably used a solution of hydrogen peroxide when doing a similar activity to 
prepare oxygen.)  
Sodium percarbonate is an adduct (addition compound) of sodium carbonate and hydrogen peroxide. It has 
the formula 2Na2CO3.3H2O2 . When the sodium percarbonate dissolves in water, the hydrogen peroxide 
molecules are released from the crystal structure and the result is a mixture of H2O2(aq) and Na2CO3(aq). 
The hydrogen peroxide decomposes leaving only sodium carbonate in solution. Usually there is a need to 
speed up the decomposition of the hydrogen peroxide and a catalyst such as manganese dioxide is added to 
the sodium percarbonate before dissolving it. In this case, once the hydrogen peroxide has decomposed, the 
catalyst and sodium carbonate solution will remain. 
 
Requirements 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate  • 1 x well lid 1  • 2 x microspatulas • 1 x plastic syringe 
• 1 x wooden splint • Prestik 
 
Chemicals: 
• Sodium percarbonate (2Na2CO3.3H2O2(s))  
• Clean water (H2O(l)) 

• Manganese dioxide powder (MnO2(s)) 
 

 
Other: 
You will also need: 
• paper towel  • matches • containers for water and waste 
 
What to do: 
 
20. Prepare Lid 1 by blocking both of the outlets or “chimneys” with small pieces of Prestik. Place Lid 1 to 

one side to use later in the activity. 
21. Use the spoon end of a clean microspatula to add 5 level microspatulas of the sodium percarbonate solid 

to one of the large F wells in the comboplate. 
22. Use the narrow end of a different microspatula to add a small quantity of manganese dioxide powder to 

the sodium percarbonate in the large well. 
23. Gently stir the two solids with the microspatula until they are evenly mixed. 
24. Fill the syringe with 1 ml of the clean water. Carefully add the water to the solid mixture in the well.   
25. As soon as you have added the water to the well, observe what happens. Write down what you see and 

also what you hear.  Hold the comboplate up and look at the well from the side. Record what you see 
happening in the well. 

26. Now seal the well with Lid 1 as shown in the diagram on the next page. Wait 5 minutes whilst the 
reaction continues. 

For the next steps it is important to work together as a team. While you are waiting for the 5 
minutes to pass, read steps 8 and 9 carefully before moving on! 
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27. After 5 minutes, two team members should use the matches to light a wooden splint. Wait until the splint 
has burnt down about a third and there is a portion of splint that is glowing a dull red. Extinguish the 
flame on the splint by gently shaking the splint (or blowing very gently on it). 
 
Make sure that the end of the splint is still glowing. If it is grey and not glowing, you will need to light 
the splint again until it is glowing once more. 

 
28. As soon as the flame is out, another group member must remove the Prestik from one of the outlets on 

Lid 1. Immediately hold the glowing splint above the outlet on Lid 1 and observe carefully what happens 
to the glowing part of the splint. (See the diagram below). 

 

29. Record your observations and answer the questions for Part B. 
30. Optional: if your teacher permits it and there is time available, answer the questions for Part B before 

washing the comboplate. Just before you rinse the comboplate, look at the large well in which the 
reaction took place.  How has the appearance of the well contents changed?  Is there anything remaining 
in the well that was there before you added the water to the well? 
 

Rinse the comboplate and other apparatus thoroughly with clean water. Make sure that you 
have removed all the manganese dioxide from the large well. Wash your hands! 

 
 

C. Displacement: The Reaction of Sulfuric Acid with Zinc 
 
Requirements 
 
Apparatus: 
• 1 x comboplate  • 1 x microspatula • 1 x propette • 1 x syringe • Well Lids 1 and 2 
• 1 x piece of silicone tubing (4 cm x 4 mm) 
 
Chemicals: 
• 3 M sulfuric acid (H2SO4(aq))  • Zinc powder (Zn(s)) 

 
Other: 
You will also need: 
• paper towel  • tap water • a container for waste 
 
What to do: 
1. Set up the apparatus as shown in the diagram on the next page.  First use the spoon end of the plastic 

microspatula to add 1 level spatula of zinc powder (Zn(s)) to well F1. Seal well F1 firmly with Lid 1. 
2. Use a clean, dry propette to fill ⅔ of well F2 with clean water. Seal well F2 firmly with Lid 2. 
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3. Join Lids 1 and 2 by attaching the piece of silicone tubing to the tube connectors on each lid.  The tube 
must not have any kinks in it (see diagram). 

4. Carefully fill the syringe with 1 ml of the 3 M sulfuric acid 
(H2SO4(aq)). Fit the syringe into the syringe inlet on Lid 1. 

5. Carefully add the acid to the Zn(s) in F1 and 
observe what happens in both wells F1 and F2. 
What does the reaction mixture in well F1 look 
like? Record your observations.  

6. After about 2 to 3 minutes, remove the silicone 
tubing and the syringe from Lid 1. Now remove 
Lid 1 from well F1.  What do you hear and see in 
well F1?  Record your observations. 

7. Wait another few minutes and then look at the 
comboplate from the side. How has the 
appearance of the reaction mixture in F1 changed 
from when you first added the acid to the zinc?  

8. Optional: If your teacher allows you to, leave the 
reaction mixture in the comboplate for another 10 to 15 minutes while you answer the questions at the 
end of the worksheet. After this time, check the contents of well F1 and write down what you see. 

9. Answer the questions for Part C at the end of the worksheet. 

Rinse the comboplate and other apparatus thoroughly with clean water. 

 
QUESTIONS: 
 
A. A Synthesis Reaction: Heating Iron And Sulfur 
1. What observable evidence indicates that a chemical reaction is taking place?  
2. Is the reaction shown exothermic or endothermic? Cite observations that justify your choice.  
3. How could you demonstrate that the iron and sulfur before reaction constituted a mixture, but after the 

reaction a compound had been made (synthesised)? 
4. Write down a balanced chemical equation for the reaction. 
5. From the equation in 4. above, identify with explanation which substances (if any) have been reduced. 

Write down the equation for this reduction showing oxidation numbers of each species and electron 
transfer. 

6. From the equation in 4. above, identify with explanation which substances (if any) have been oxidised. 
Write down the equation for this oxidation showing oxidation numbers of each species and electron 
transfer. 

7. Balance the final redox equation, showing oxidation numbers of all species in the reaction. 
 
B. The Decomposition of Hydrogen Peroxide 
1. a. What happens when you add the water to the large well containing the sodium percarbonate and 

manganese dioxide? 
b. What do you hear in the well?  
c. What do you see when you observe the well from the side? 

2. What do your observations tell you about the kind of product that has formed? Explain your answer. 
3. What happens when you hold a dull glowing splint above the outlet of Lid 1? 
4. Based on your answers to questions 2 and 3, name one of the products formed during the decomposition 

of hydrogen peroxide. Explain your choice. 
5. It has already been explained in the introduction that when sodium percarbonate (Na2CO3.1.5H2O2(s)) is 

added to water, the solid dissolves and forms Na2CO3(aq) and H2O2(aq). The hydrogen peroxide 
decomposes.  Write a balanced equation for the decomposition of hydrogen peroxide from 2 moles of 
sodium percarbonate. 
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6. Check that your answer to question 5 is correct, then answer the following questions: 
a. What is the oxidation number of the oxygen atoms in the hydrogen peroxide molecule? 
b. What is the oxidation number of an oxygen atom in the water molecule?  
c. What is the oxidation number of the oxygen atoms in the oxygen molecule? 
d. Is the decomposition of hydrogen peroxide a redox reaction? Explain your answer in terms of 

electron transfer. Use the answers to 6a – c and the following diagram to help you. 

 
7. What is left behind in the large well after the reaction has ended? What do you think this is? 
8. If sodium percarbonate alone is added to water, it will dissolve and the hydrogen peroxide will slowly 

decompose to form water and oxygen. Based on your observations throughout this activity and your 
answer to Q7, what is the function of the manganese dioxide in this reaction? 

 
C. Displacement: The Reaction of Sulfuric Acid with Zinc 
1. What happens as soon as you add the sulfuric acid to the zinc in well F1? 
2. What is the appearance of the reaction mixture after you have added all of the acid to F1? 
3. What do you see in well F2 when the acid is added to the zinc?  
4. After you remove the lid from well F1, what do you hear and see in the well? 
5. After a few minutes, when you look at well F1 from the side, what is different about the appearance of 

the reaction mixture compared to when you first added the acid to the zinc? 
6. Your observations of wells F1 and F2 should tell you something about the products that are formed when 

sulfuric acid reacts with zinc. 
a) Write down a balanced chemical equation to represent the reaction taking place in F1. 
b) Name the products formed in this reaction. 
c) Explain how you know that these products have been formed, using your observations of wells F1 

and F2 to help you. 
7. We refer to the reaction between Zn and H2SO4 as a displacement. Explain what is meant by this. 
8. a. Is this displacement reaction also a redox reaction? Explain your answer by referring to the oxidation 

numbers of species in the reactants and products, and electron loss/gain. 
 b. Write down the redox equation for this reaction showing only the species that are oxidised and 

reduced.
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ACTIVITY 11 C14 (2): INVESTIGATING THE REDUCING ACTION OF 
HYDROGEN SULFIDE AND THE OXIDISING ACTION OF POTASSIUM 

PERMANGANATE ON VARIOUS SUBSTANCES 
 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Apparatus 
• Comboplate 
• Well lids 1 and 2 
• 1 x 2 ml syringe 
• 1 x short silicone tube 
• 3 x propettes 
 
Chemicals 
• Iron sulfide, FeS (s) 
• Potassium permanganate solution, KMnO4(aq), 0,1 M 
• Sodium sulfite (anhydrous), Na2SO3 (s) 
• Iron(II) sulfate heptahydrate, FeSO4.7H2O (s) 
• Sulfuric acid, H2SO4 (aq), 1 M. 
 
Introduction 
Hydrogen sulfide, H2S, is a poisonous gas with the smell of bad eggs. It is a reducing agent (reductant), 
usually forming solid sulfur, S8, when it reacts with other substances in a reduction-oxidation (redox) 
reaction. The bad smell disappears in the process! 
 
Potassium permanganate, KMnO4, is a purple solid. It is an oxidizing agent (oxidant) in aqueous solution, 
usually forming Mn2+(aq) in solution, when it reacts with other substances.  The Mn2+(aq) ion has a very pale 
pink colour, so in this case the purple colour disappears in the process and the solution looks colourless! 
 
In this activity we shall investigate the reaction of aqueous solutions of (A) potassium permanganate and (B) 
hydrogen sulfide with solutions of sodium sulfite and iron(II) sulfate. 
Thereafter (C) we shall investigate their reaction with each other. 
  
Pre-questions: 
What is the oxidation number of the S atom in the H2S molecule? Show how you decided. 
What is the oxidation number of the Mn atom in the MnO4

- ion? Show how you decided. 
 
What to do 
 
A. Investigating potassium permanganate 

 
1. Half-fill wells A1 and A3 with potassium permanganate solution and add 1 drop sulfuric acid to each 

using a propette. 
2. To well A1 add a few grains of sodium sulfite with a microspatula. What do you observe? 
3. To well A3 add a few grains of iron(II) sulfate with a microspatula. What do you observe? 
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B. Investigating hydrogen sulfide 
 

1. Add two microspatulas of iron(II) sulfide to 
well F2 and close the well with lid 1. 

2. Fill well F1 two-thirds with tap water and close 
the well with lid 2. 

3. Join lid 1 to lid 2 with a short length of silicone 
tubing. 

4. Take 1 ml sulfuric acid with the syringe and 
insert the syringe into well lid 1 (on F2). 

5. Add 0,5 ml of sulfuric acid from the syringe to 
the iron(II) sulfide in well F2. What do you 
observe in wells F1 and F2? 

6. When reaction stops in well F2, use a propette 
to remove some (about 1/3) of the aqueous 
solution of hydrogen sulfide from well F1 and 
transfer it to well A5. Use the same propette to 
transfer half of the remaining solution from F1 
into A7. 

7. To well A5 add a few grains of sodium sulfite with a microspatula. What do you observe? 
8. To well A7 add a few grains of iron(II) sulfate with a microspatula. What do you observe? 

 
C. Investigating potassium permanganate and hydrogen sulfide together 

 
1. If there is some aqueous solution of hydrogen sulfide in F1, this may be used for this last observation. If 

there is none left, then the above procedure B, steps 1-5 must be followed to prepare more solution. 
2. Use a propette to transfer some aqueous hydrogen sulfide solution from F1 to A9.  
3. With another propette, add a few drops of potassium permanganate solution to well A9. What do you 

observe? 
 

Rinse all apparatus thoroughly with clean water and answer the questions that follow. 
 

QUESTIONS 
 
1. What did you observe when potassium permanganate reacted with sodium sulfite in aqueous solution?  
2. Explain what you described in 1, taking into account the information given in the introduction. 
3. What did you observe when potassium permanganate reacted with iron(II) sulfate in aqueous solution?  
4. Explain what you described in 3, taking into account the information given in the introduction. 
5. What did you observe when hydrogen sulfide reacted with sodium sulfite in aqueous solution? 
6. Explain what you described in 5, taking into account the information given in the introduction. 
7. What did you observe when hydrogen sulfide reacted with iron(II) sulfate in aqueous solution? 
8. Explain what you described in 7, taking into account the information given in the introduction. 
9. What did you observe when hydrogen sulfide reacted with potassium permanganate in aqueous solution? 
10. Explain what you described in 9, taking into account the information given in the introduction. 
11. When potassium permanganate oxidizes another substance, it itself is reduced. Taking into account the 

information in the introduction, decide the number of electrons gained per Mn atom in the reactions you 
have observed. Where do these electrons come from in these reactions? 

12. When hydrogen sulfide reduces another substance, it itself is oxidized. Taking into account the 
information in the introduction, decide the number of electrons lost per S atom in the reactions you have 
observed.  
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ACTIVITY 11 C15  INVESTIGATE THE PROCESS OF CORROSION OF  
IRON 

 
LEARNERS’ INSTRUCTIONS  
 

REQUIREMENTS 
 
Apparatus:  6 iron nails, 1 combo plate, 3 microspatulas for stirring 
 
Chemicals:  anhydrous calcium chloride (CaCl2 (s)), vinegar (CH3COOH (aq)),  

table salt (NaCl (s)), cooking oil, petroleum jelly, water 
 

INSTRUCTIONS 
 
1. Obtain 6 iron nails from the teacher.   
2. Put an iron nail on its head in well F1 of the comboplate.  Add enough water to fill the well.  Label 

well F1 – Air and Water. 
3. Put an iron nail on its head in well F2 of the comboplate.  Leave the nail uncovered.  Label well F2 – 

Air only.   
4. Obtain cooled boiled water from the teacher.  Put an iron nail on its head in well F3 of the comboplate.  

Then pour enough of the cooled water to fill three quarters of the well.  Immediately add a layer of 
cooking oil to seal off the cooled water from air.  Label well F3 – Water only.   

5. Cover an iron nail completely with a layer of petroleum jelly.  Put it head down in well F4 and fill the 
well with water.  Label well F4 – Petroleum jelly.   

6. Fill well F5 about half full with water and then add in 1 to 3 microspatulas of salt until no more 
dissolves.  Stir the solution to help the salt dissolve more quickly.  Put an iron nail on its head in the 
salt water.  Label well F5 – Salt water. 

7. Fill well F6 about half full with vinegar.  Put an iron nail on its head in the well.  Label well F6 – 
Acid. 

8. Leave the comboplate for a few hours but preferably for a day.  Look at the wells regularly and record 
your observations.  
 
 

QUESTIONS 

1. Draw up a table to record the observations you made.  Leave enough space for the observations. 

Well No. Label Observations 
F1 Air and water  
F2 Air only  
F3 Water only  
F4 Petroleum jelly  
F5 Salt water  
F6 Acid  

 
2. How does the head of each nail in the well compare with the sharp end of the nail that is outside each 

well? 
3. What is necessary for the rusting of iron to occur? 
4. In which well did the iron nail rust fastest? 
5. How does the presence of dissolved salt and acids affect rusting? 
6. How can you prevent rust from forming? 

RADMASTE LEARNER GUIDE: PRACTICAL ACTIVITIES FOR CAPS GRADE 11 CHEMISTRY 56



ACTIVITY 11 C16: INVESTIGATING THE ACTIONS OF HEAT, ACID AND 
WATER ON CALCIUM CARBONATE and  

PERFORMING TESTS FOR CALCIUM CARBONATE 
 

 

LEARNERS’ INSTRUCTIONS 
 
Part 1: The Actions of Heat, Acid and Water on Calcium Carbonate 
 
A. What happens when you heat calcium carbonate? 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
The listed items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate  • 1 x well lid 1  • 1 x well lid 2  • 1 x microspatula 
• 2 x pieces of silicone tubing (4 cm x 4 mm) • 1 x propette  • 1 x assembled microburner 
• 1 x small piece of prestik • 1 x glass combustion tube 
 
Chemicals: 
The following items should be collected from the teacher: 

• Calcium carbonate powder (CaCO3(s)) 
• Fresh, clear limewater (Ca(OH)2(aq)) 

• Methylated spirits for the microburner 

 
Other: 
You will also need: 
• paper towel  • matches • tap water for rinsing  • a container for waste 

 
What to do: 
 
1. Set up the apparatus as shown in the diagram below. First use a clean propette to fill ⅔ of well F6 with 

clear limewater. 
2. Seal well F6 with Lid 2 and attach a piece of silicone tubing to the tube connector on the lid. 
3. Seal well F1 with Lid 1. Attach the other piece of silicone tubing to the tube connector on Lid 1. 
4. Push a small piece of prestik into the open end of the silicone tube on Lid 1 so that it is about ½ a cm 

from the end of the tube. 
5. Fill approximately ¼ of the combustion tube with calcium carbonate powder. Since the powder is very 

fine, it is difficult to use a microspatula to get the powder into the tube. The best way to do this is to push 
one end of the clean glass tube into the vial or container with the calcium carbonate powder. Allow about 
¼ of the glass tube to be filled with the powder. Carefully rotate the tube so that you are holding it in a 
horizontal position. 

6. Use the narrow end of a microspatula to gently push the powder into the centre of the glass tube. Try to 
spread the powder a little so that an air space is formed between the top of the powder and the inside of 
the tube as shown in the diagram. 

7. Very carefully connect one end of the glass tube to the silicone tube on Lid 1 and the other end to the 
silicone tube on Lid 2. 
 

Keep the glass tube as straight as possible. Tilting the tube could result in powder moving 
towards the ends of the tube, and it may be pushed into the silicone tubes during heating. 
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8. Light the microburner and begin heating the CaCO3(s) in the tube. Move the flame along the length of 
tube where the powder is located so that all the solid is heated. 

9. Observe what happens to the powder in the tube and check to see if there is any change in the limewater 
in well F6. Record your observations. 

10. After about 5 minutes of heating, blow out the microburner flame.  Allow the setup to cool and answer 
the questions for Part 1A at the end of this worksheet. 

 
Once the glass tube has cooled, dissemble the apparatus. Use the narrow end of the microspatula to 
push any solid residue in the glass tube into a waste container. Rinse all apparatus thoroughly.  Dry 

the well lids, silicone tubes and comboplate for Part 1B of the activity. 
 
 
B. What happens when you add an acid to calcium carbonate? 
 
Requirements 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• 1 x comboplate  • 1 x well lid 1  • 1 x well lid 2  • 1 x microspatula 
• 1 x piece of silicone tubing (4 cm x 4 mm) • 1 x plastic syringe • 1 x propette 
 
Chemicals: 
• 1 M hydrochloric acid (HCl(aq)  
• Fresh, clear limewater (Ca(OH)2(aq)) 

• Calcium carbonate powder (CaCO3(s)) 
 

 
Other: 
You will also need: 
• paper towel  • tap water for rinsing  • a container for waste 
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What to do: 
 
1. Set up the apparatus as shown in the 

diagram alongside.  First use the 
spoon end of the plastic microspatula 
to add 2 level spatulas of calcium 
carbonate powder (CaCO3(s)) to well 
F1. Seal well F1 firmly with Lid 1. 

2. Use a clean, dry propette to fill ⅔ of 
well F2 with clear limewater. Seal 
well F2 firmly with Lid 2. 

3. Join Lids 1 and 2 by attaching the 
piece of silicone tubing to the tube 
connectors on each lid.  The tube 
must not have any kinks in it (see 
diagram). 

4. Carefully fill the syringe with 0.5 ml 
of the 1 M hydrochloric acid. Fit the 
syringe into the syringe inlet on  
Lid 1. 

5. Add the acid slowly (drop by drop) to the CaCO3(s) in F1 and observe what happens in both wells F1 
and F2. Record your observations. 

6. After all of the acid and carbonate have reacted, observe the contents of well F1. Record your 
observations. 

7. Answer the questions for Part 1B at the end of the worksheet. 

Rinse the comboplate and other apparatus thoroughly with clean water. 
 

C. What happens when you add calcium carbonate to water? 
 
Requirements 
 
Apparatus: 
• 1 x comboplate  • 1 x microspatula • 1 x propette • 1 x small piece Universal indicator paper 
 
Chemicals: 
• Calcium carbonate powder (CaCO3(s)) 
 
Other: 
You will also need: 
• paper towel  • tap water  • a container for waste 
 
What to do: 
1. Fill half of a large well with water from a clean propette. 
2. Tear a piece of Universal indicator paper in half. Dip one half of the indicator paper into the water in the 

large well.  Note the colour of the paper and use the pH indicator chart to determine the pH of the water. 
3. Use the spoon end of a clean microspatula to add one level spatula of CaCO3(s) to the water in the well. 

Do not stir the contents of the well.  Does anything happen in the well? 
4. Use the narrow end of the microspatula to stir the contents of the well and note if anything happens. 
5. Leave the comboplate to stand for a few minutes. Does any solid appear to be dissolving? 
6. Leave the comboplate to stand for another 5 minutes. Observe the well from the side and from 

underneath by carefully lifting the comboplate to view the underside. Record your observations. 
7. Test the contents of the well with the remaining piece of Universal indicator paper. Note the colour and 

pH. 
8. Clean all the apparatus and answer the questions for Part 1C at the end of the worksheet. 
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Part 2: Tests for Calcium Carbonate 
 
Requirements 
 
Apparatus: 
• 1 x comboplate  • 1 x microspatula • 2 x propettes  • 1 x glass rod 
• 1 x assembled microburner 

 

Chemicals: 
• 1 M sulfuric acid (H2SO4(aq)) 
• Methylated spirits for the microburner 

• Calcium carbonate powder (CaCO3(s)) 
• Water 

 
Other: 
You will also need: 
• paper towel  or cotton wool   • tap water for rinsing  • a container for waste 
• matches 
 
A. The Flame Test for Calcium 

 
Flame colours are more easily observed if you switch off the lights and close the curtains. 

 
1. Use the spoon end of a clean microspatula to place 2 level spatulas of CaCO3(s) into one of the large 

wells of the comboplate. 
2. Wet a piece of cotton wool or paper towel with a few drops of water from a propette. 
3. Light the microburner and place it to one side. 
4. Rub one end of the clean glass rod with the moist cotton wool or paper towel. Dip the moist end of the 

rod into the CaCO3(s) in the large well. 
5. Make sure that there is powder sticking to the end of the glass rod, then immediately hold the end of the 

rod with powder in the flame of the microburner. 
6. Observe and record the colour of the flame. 
7. If you need to see the flame once more, make sure that you first cool, rinse and dry the glass rod. Then 

repeat steps 2 to 6 using more of the calcium carbonate powder in the large well. 
8. Extinguish the microburner and answer the questions for Part 2A at the end of the worksheet. 
 

Move onto Part 2B of the activity as all cleaning up can be done after the second test. 
 
 
B. The Smell Test for the Gas Produced when an Acid is Added to Calcium Carbonate 
 
1. Use the narrow end of the microspatula to add a small quantity of CaCO3(s) to one of the small wells of 

the comboplate. Spread the powder evenly along the bottom of the well. 
2. Use a clean propette to add 5 drops of 1 M sulfuric acid (H2SO4(aq)) to the CaCO3(s) in the small well. 

Record what happens in the well. 
3. Lift the comboplate up and wave your hand over the small well towards your nose. Does the gas being 

released from the small well have an odour? 
4. Answer the questions for Part 2B of the activity. 
 

Rinse all the apparatus thoroughly with tap water. Use paper towel to clean any solid residue out of 
the wells of the comboplate. 

 
Wash your hands after the activity! 
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QUESTIONS: 
 
Part 1: The Actions of Heat, Acid and Water on Calcium Carbonate 
 
A. What happens when you heat calcium carbonate? 
 
1. After heating the calcium carbonate powder for some minutes, is there any change in its appearance? 
2. Do you see anything happening in well F6 containing the clear limewater? 
3. After heating has been completed, has the limewater changed in appearance? 
4. What can you conclude about the action of heat on calcium carbonate using the microscale setup with 

microburner? 
5. Limestone is an example of a mineral that is mined from the Lithosphere (or Earth’s crust). It is 

composed mainly of calcium carbonate. When cement is being made in industry, limestone is first 
crushed and heated in a kiln or furnace at very high temperatures. At these high temperatures, the 
compound decomposes to form calcium oxide and carbon dioxide. The equation for this reaction is: 

CaCO3(s) + heat → CaO(s) + CO2(g). 
The calcium oxide is mixed with other compounds to prepare cement. 
Why do you think that the calcium carbonate used in this activity did not decompose when heated with 
the microburner? 

6. If you were able to decompose the calcium carbonate by heating, like that which is done in industry 
furnaces, what do you think would happen to the limewater used in well F6 of this activity. 
 
Hint: use the equation in Question 5 to help you. 
 

 
B. What happens when you add an acid to calcium carbonate? 

 
1. What happens in well F1 as soon as you add the hydrochloric acid to the calcium carbonate? What kind 

of product (solid, liquid or gas) do you know is being produced by this immediate observation? 
2. What do you observe in well F2 and what happens to the limewater? 
3. From your knowledge of the tests for gases, what must the gas be that was produced by the chemical 

reaction in well F1? 
4. There are two products formed during this reaction. You have identified one of them. After all of the 

acid and carbonate have reacted, what is left in well F1? What is this? 
5. Write a balanced chemical equation for the reaction of hydrochloric acid and calcium carbonate. 
6. Based on the results of reacting HCl(aq) with CaCO3(s), write a statement about the action of acids on 

calcium carbonate. 
7. Clear limewater is an aqueous solution of calcium hydroxide (Ca(OH)2(aq)). Explain why the limewater 

turns milky when CO2(g) is bubbled through it. Use a balanced chemical equation as part of your answer. 
8. The calcium carbonate content of limestone has been valued since the time of early civilisation. It has 

many uses, especially in industry and agriculture. Limestone that contains high concentrations of calcium 
carbonate (up to 90%) is usually crushed and marketed as agricultural lime. It is used on farms where it 
is added to acidic soils.  
Based on your observations of the action of hydrochloric acid on CaCO3, and the fact that soil acidity 
can limit crop production, explain how the lime helps farmers grow plants in acidic soils. 

9. Marble is a form of limestone that has been changed by high temperatures and pressures in the Earth’s 
crust.  It is found where there are volcanoes and earthquakes.  Marble is often used to make baths or 
counters for kitchen tops, and by sculptors.  Why should we never use vinegar or lemon juice to clean 
these marble structures? 
 

C. What happens when you add calcium carbonate to water? 
 
1. What is the colour and pH of the indicator paper in water? 
2. Does any of the calcium carbonate dissolve before stirring the contents of the large well? 
3. What happens when you stir the calcium carbonate in the water? 
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4. After stirring and waiting for several minutes, what happens in the well? Does any solid appear to be 
dissolving? Explain your answer. 

5. What is the colour and pH of the indicator paper at the end of the activity? 
6. Why do you think we use a pH test before and after adding the calcium carbonate to water? 
7. Based on your observations during this activity, and the results of the pH test with Universal indicator 

paper, what can you say about the reaction of calcium carbonate with water? 
 

Part 2: Tests for Calcium Carbonate 
 
A. The Flame Test for Calcium 
 
1. What is the colour of the flame observed for your test sample in the microburner flame? 
2. Use the table below to identify the metal atom present in the calcium carbonate powder. Is this what you 

expected? 
Atom present  Flame colour observed  
Mg  Bright white  
K  Lilac to red  
Na  Intense yellow/orange  
Ca  Orange to red  
Cu  Blue/green  
Fe  gold  
Cu  Blue/green  

 
 

B. The Smell Test for the Gas Produced when an Acid is Added to Calcium Carbonate 
 
1. What happens as soon as you add sulfuric acid to calcium carbonate in the small well?  What kind of 

product (solid, liquid or gas) do you know is being produced when you see this? 
2. Does this product have any odour? 
3. There is more than one product for this reaction. What do you see in the small well after the bubbling has 

stopped?  What is this? 
4. Write a balanced chemical equation for the reaction of the sulfuric acid with calcium carbonate. 
5. What gas has been produced during the reaction of H2SO4(aq) and CaCO3(s)?  How does this test 

reinforce your answer? 
6. Compare this reaction with that of Part 1B where you reacted hydrochloric acid with calcium carbonate: 

a. What are the similarities between the two reactions? 
b. What are the differences? 
c. Explain why there is a difference between the two reactions.
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ACTIVITY 11 C17  HOW CAN WE USE OXY-CLEANERS  
TO PRODUCE OXYGEN? 

 
LEARNERS’ INSTRUCTIONS 
 
Requirements: 
Apparatus: 1 comboplate, 1 glass tube, 1 silicone tube (4 cm x 4 cm), 2 microspatulas,  
 1 microburner, 1 syringe, 1 box of matches, 1 lid no. 1, 1 toothpick splint,  
 glass rod, 1 thin stemmed propette 

 
Chemicals: Manganese dioxide powder (MnO2(s)),  
 Vanish powder (containing sodium percarbonate, 2Na2CO3.3H2O2),  
 methylated spirits, distilled water 
 
What to do 

 
1. Use the spooned end of one of the plastic microspatula to place one level spatula of manganese 

dioxide powder into one of the large wells of the comboplate. 
2. Use the spooned end of the second plastic microspatula to place 5 heaped spatulas of Vanish powder 

in the same well.  Mix the manganese dioxide powder and Vanish powder well with the glass rod.  It 
should resemble a grey mixture. 

3. Seal the well securely with lid no. 1.  This is to prevent any produced gas from escaping. 
4. Attach a short piece of silicone tube to the tube connector on lid no. 1 so that it slants away from the 

syringe inlet (see the diagram). 
5. Connect the free end of the silicone tube to the glass combustion tube as shown in the diagram. 
6. Fill the syringe with 0,5ml of water.  Dry the bottom end of the syringe with a paper towel. 
7. Fit the syringe into the syringe inlet on lid no. 1, but do not add the water to the well yet. 
8. Use the propette to fill the microburner with methylated spirits.  Light the microburner and put it down 

away from the comboplate. 
9. Slowly add the water to the mixture of Vanish and manganese dioxide in the well.  Wait for 1 minute.  

Observe what happens in the well.  Put your finger over the opening of the glass tube so that the 
produced gas cannot escape.  Keep one finger over the opening while preparing the splint. 

10. Remove a toothpick splint from your kit.  Hold the one end of the splint in the flame of the 
microburner until it begins to burn.  

11. When the end of the splint is glowing red, put out the flame by either blowing softly on the splint or 
shaking it gently. 
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12. Hold the glowing portion of the splint just above the 
open end of the glass tube, take your finger away and 
press lightly on the silicone tube to squeeze a jet of 
oxygen out.  Observe what happens. 

 
If the end of the splint is not glowing red or has already 
burned to an ash, it will not be suitable to test for the 
escaping gas.  The splint will have to be quickly relit in the 
flame of the microburner until it is glowing red again. 
 
13. Once you have tested for the escaping gas, hold the 

glowing portion of the splint at the open end of the glass 
tube again to confirm your previous observation. 
 

Put out the flame of the microburner and clean all the apparatus thoroughly.  Also wash your hands 
thoroughly.  Manganese dioxide and methylated spirits are toxic. 
 
 
QUESTIONS 

 
1. What do you observe when the water is added to the mixture in the well? 
2. What do you observe when the glowing splint is held above the open end of the glass tube? 
3. What do you conclude from your observations of the glowing splint? 
4. The unbalanced chemical equations to represent the reaction occurring in the well are  

 
2Na2CO3.3H2O2(s)  →  Na2CO3(aq) + H2O2(aq) 
H2O2(aq)  →  H2O(l) + O2(g) 
 
Balance these equations. 
 

5. What is the role of the manganese dioxide in this experiment? 
6. Oxygen is often stored under pressure in large tanks for use in places like laboratories and hospitals.  

Why do you think these tanks have warnings for people not to smoke near them? 
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ACTIVITY 11 C18  HOW CAN WE USE OXY-CLEANERS TO GET 
A METAL FROM ITS ORE? 

 
LEARNERS’ INSTRUCTIONS 
 
Apparatus:  
• 1 comboplate,  
• 1 thin stemmed propette,  
• 2 plastic microspatulas,  
• 1 plastic syringe,  
• 1 vial 

 
Requirements:  
• a sample of copper ore, containing a mixture of copper powder (Cu(s)) and washed sea-sand,  
• ammonia solution (NH3(aq)) [2M],  
• Vanish powder (containing sodium percarbonate, 2Na2CO3.3H2O2) 
 
Procedure 
 
1. Using the spooned end of a plastic microspatula, place 2 heaped spatulas of the copper ore sample into a 

large well. 
2. Fill the syringe with 2ml of the ammonia solution.  Add this to the sample in the well. 
3. Stir the sample with a microspatula to ensure that the contents of the well have an opportunity to make 

contact with the ammonia solution. 
4. Leave to settle and note what happens. 
5. Now add 2 level spatulas of Vanish powder to the well.  Stir the contents.  Wait for 5 minutes or until no 

more bubbles are formed.  Once again observe carefully what happens. 
6. Wait until the foam has subsided.  Now suck up all of the solution from the well with the propette.  Be 

careful not to suck up the sediment at the bottom of the well. 
7. Transfer the solution in the propette to a vial for disposal or further use. 
 

Clean all the apparatus thoroughly. 
 
Questions 
 
1. What do you observe after the mixture has been mixed with the ammonia solution? 
2. What do you observe once the Vanish (containing sodium percarbonate) has been added to the well? 
3. The sodium percarbonate in the Vanish is a concentrated source of oxygen, which is produced as 

follows: 
Na2CO3.3H2O2(s)  →  Na2CO3(aq) + H2O2(aq) 
H2O2(aq)  →  H2O(l) + O2(g) 
Balance these equations and explain why Vanish (containing sodium percarbonate) was necessary for 
the reaction to occur? 

4. The chemical equation for the reaction in the well is 
Cu(s) + NH3(aq) + O2 (g) + H2O(l)  →  Cu(NH3)4

2+(aq) + OH-(aq) 
Balance the chemical equation. 

5. Which species in the above chemical equation gave the filtrate its blue color? 
6. How can copper metal be obtained from the blue solution in the vial? 
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