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ACTIVITY 12 C1: THE REACTIONS OF ALKANES AND ALKENES WITH 
BROMINE WATER AND POTASSIUM PERMANGANATE 

 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
 
Alkane molecules have only single C-C bonds: they are said to be saturated hydrocarbon molecules. 
Alkene molecules have one or more double C=C bonds: they are said to be unsaturated hydrocarbon 
molecules. As a result, although they are both hydrocarbon molecules, they differ in their reactivity. 
The C=C bonds are more reactive than C-C bonds, and also more reactive than the C-H bonds 
present in both alkane and alkene molecules. These differences can be seen very easily when using 
reactants that have a colour, because we can see the colour change when reaction occurs. In this 
activity we use brown-coloured bromine and purple-coloured potassium permanganate as reactants 
in two separate reactions. 
 
BEFORE YOU START 
  
Two organic substances will be used in this activity: cyclohexane and cyclohexene. They will both be treated 
with bromine and with potassium permanganate. Which of the two organic substances will produce colour 
changes with both reactants? Explain how you decided on your prediction. 
 
Prepare a table to record your predictions and your experimental observations. 
 
Requirements  
 
Each group will need the following: 
 
Apparatus: 
• An Organic comboplate 
• 5 propettes 
• 4 microspatulas 

 
Chemicals: 
The following chemicals should be collected from the teacher: 
• cyclohexane, C6H12(l) 
• cyclohexene, C6H10(l) 
• aqueous solution of bromine, Br2(aq) 
• 0,1% aqueous solution of potassium permanganate, KMnO4(aq) 
• 10% aqueous solution of sodium hydrogencarbonate, NaHCO3(aq) 
• Tap water 
 
What to do: 
1. Use a clean propette to add 5 drops of cyclohexane into each of wells A1 and A4. 
2. Use a clean propette to add 5 drops of cyclohexene into each of wells A2 and A5. 
3. Add 5 drops bromine solution to each of wells A1 and A2. Stir the contents of each well vigorously with 

separate, clean microspatulas. 
4. Observe the contents of wells A1 and A2 and record your observations after about 1 minute. 
5. Use a clean propette to add 6 drops 0,1% potassium permanganate solution to each of wells A4 and A5. 
6. Use a clean propette to add 6 drops sodium hydrogencarbonate solution to each of wells A4 and A5. Stir 

the contents of each well using separate, clean microspatulas. 
7. Observe the contents of wells A4 and A5 and record your observations after about 1 minute. 
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8. Observe again the contents of wells A1 and A4 to see if any further changes have occurred there. 
9. Discard the contents of the comboplate into a waste container. Rinse the comboplate thoroughly with tap 

water and shake dry. 
 

 
QUESTIONS 

 
1. When you added aqueous bromine solution to cyclohexane and to cyclohexene, what did you observe?  
2. Based upon your answer to Q1, which of the two hydrocarbons reacted and which did not? 
3. When you added aqueous potassium permanganate and sodium hydrogencarbonate solutions to 

cyclohexane and to cyclohexene, what did you observe? 
4. Based upon your answer to Q3, which of the two hydrocarbons reacted and which did not? 
5. Compare your predictions about the reactivity of cyclohexane and cyclohexene with your conclusions in 

answering Q2 and Q4. 
6. When you observed again the contents of wells A1 and A4 (point 8 in the instructions) did you see any 

further changes? If so, describe and explain them. 
7. There are 3 basic types of organic reactions – substitution, addition, elimination. Which of these have 

you observed in your experiments? Which hydrocarbon reacted in this way? 
8. When bromine reacts with hydrocarbon molecules it introduces bromine atoms into the molecules. Draw 

structural formulae to show the reaction of bromine with the hydrocarbon that reacted. 
9. When potassium permanganate in a basic solution reacts with hydrocarbon molecules it introduces OH 

groups into the molecules. Draw structural formulae to show the reaction of potassium permanganate 
with the hydrocarbon that reacted. 
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ACTIVITY 12 C2: THE REACTION OF CALCIUM CARBIDE WITH 
WATER AND TESTING OF THE GASEOUS PRODUCT WITH BROMINE 

AND WITH POTASSIUM PERMANGANATE 
 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
 
Metal carbides are unfamiliar compounds, and they are not all the same kind of substance. In this 
activity we investigate calcium carbide, CaC2. Taking into account the normal relation between 
periodic group and valency, we might expect carbide to be tetravalent. If it were, then calcium 
carbide would have the formula Ca2C. But it does not, and the actual formula, CaC2, shows that 
“carbide” in this case is divalent (assuming the calcium is divalent as it always is). 
 
BEFORE YOU START 
 
So what is this divalent carbide? If we assume the compound is ionic then we can see carbide must 
be C2

2-. The question then is how can we draw a structure for this ion in which 2 carbon atoms are 
joined together and the normal tetravalency of carbon atoms is respected? Draw a Lewis diagram to 
show your conclusion.  
 
Based upon this conclusion, predict what the product molecule will be when the carbide ion reacts 
with hydrogen ions (or water molecules). 
 
Requirements 
 
Each group will need the following: 
 
Apparatus: 
• An Organic comboplate 
• 1 x well lid 1 & 1 x well lid 2 
• 2,5 ml syringe 
• silicone tubing (4 cm x 4 mm) 
• 3 microspatulas 
• 2 propettes 

 
Chemicals: 
The following chemicals should be collected from the teacher: 
• calcium carbide, CaC2(s) 
• aqueous solution of bromine, Br2(aq) 
• 0,1% aqueous solution of potassium permanganate, KMnO4(aq) 
• 10% aqueous solution of sodium hydrogencarbonate, NaHCO3(aq) 
• Tap water 
 
What to do: 
1. Put 3-5 microspatulas of calcium carbide powder into well F1 of the comboplate. 
2. Seal well F1 with lid 1 and attach a piece of silicone tubing to the outlet. 
3. Use a clean propette to fill 2/3 of well F2 with bromine water. 
4. Use a clean propette to fill ½ of well E1 with aqueous potassium permanganate and then use another 

clean propette to fill the well to 2/3 with aqueous sodium hydrogencarbonate. 
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5. Place lid 2 on well F2 and connect the silicone tubing on lid 1 to the outlet on lid 2. (Note that this lid 2, 
whilst still attached to the silicone tubing, will be shifted to well E1 in a future step.) 

6. Fill the syringe with 0,5 ml tap water and fit the syringe into the syringe inlet on lid 1.  

 
7. Carefully add 1 drop (about 0,1 ml) water to the calcium carbide powder. (Do not add all of the water at 

once because a violent reaction might occur.) 
NOTE:  It sometimes happens that the drop of water collects under the lid instead of falling into the 
well. Gently tap the lid so that the water falls onto the powder in the well, before adding any more 
water from the syringe. 
8. Add more water slowly to the powder in well F1. Bubbles of gas should be observed in well F2. 

Observe any colour change in the bromine solution in that well. 
9. Shift lid 2 from well F2 to well E1, keeping lid 2 

attached to the silicone tubing from well F1. 
Twist the silicone tubing if necessary to remove 
any kinks in it. 

10. Observe if there any bubbles of gas in the 
permanganate solution in well E1. If not, or 
when they stop, add more water to the calcium 
carbide powder in well F1. Do not allow 
solution from well E1 to be sucked back into 
well F1 through the silicone tubing. 

11. Observe any colour change in the permanganate 
solution in well E1. 

12. Add all the remaining water to the calcium 
carbide and leave it until no further bubbling can 
be seen in well F1. This is to ensure that all the 
original calcium carbide has reacted. 

13. Discard the contents of the comboplate into a waste container. Rinse the comboplate thoroughly with 
tap water and shake dry.  
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QUESTIONS 
1. When you added water to the calcium carbide what did you observe? 
2. After adding the water to the calcium carbide bubbles of gas should have been seen in well F2. What 

happened to the bromine solution as the gas bubbled through it? 
3. What conclusion do you draw from your answer to Q2? 
4. When the gas from the calcium carbide reaction with water was passed into the permanganate solution 

in well E1, what did you observe? 
5. What conclusion do you draw from your answer to Q4? 
6. Compare your prediction of the result of reacting carbide ions with water (or hydrogen ions), with your 

conclusions in answering Q3 and 5. Was your prediction confirmed by your experimental conclusions? 
Explain your answer. 

7. Write a balanced chemical equation for the reaction of water with calcium carbide. 
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ACTIVITY 12 C3: MEASURING THE MELTING POINT AND BOILING 
POINT OF ORGANIC COMPOUNDS 

 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
 
In organic chemistry, melting point and boiling point values have long been used to identify 
compounds. They have also been used to assess the purity of these compounds, because when pure 
the melting temperature and boiling temperature are “sharply” defined. By this we mean that, when 
carefully observed, the sample of the compound melts completely, or boils completely, at a single 
temperature. Impure samples melt and boil over a range of temperature, the range being larger the 
more impure the sample. 
 
PART 1 BOILING POINT DETERMINATION 
 
Requirements 
 
Each group will need the following: 
 
Apparatus: 

• An Organic comboplate 
• 1 x well lid 1 
• 1 x glass vial 
• Wire vial-holder 
• Microburner 
• 2 x elastic bands 
• 1 x capillary tube (sealed at one end) 
• 1 x 1500C thermometer 
• 1 x microstand 
• 1 x fusion tube 
• 1 x propette 

 
Chemicals: 
Collect the following from the teacher: 

• Sample of the compound to be studied 
• Paraffin oil 
• Methylated spirits (for the microburner) 
 

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 paraffin 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 

on next page). 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.  
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7. Using a propette, place the sample of the compound into the fusion tube until it is ¾ full.  
8. Place the capillary tube into the fusion tube, with the open 

end downwards. 
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. 

11. Observe and record the temperature when the evolution of 
bubbles just ceases as the sample cools. This is the boiling 
point of the compound at the atmospheric pressure of that 
day. If available, record the atmospheric pressure. 

12. Take the fusion tube out of the oil and allow it to cool to 
room temperature. 

13. Discard the used capillary tube. Wash the fusion tube as 
directed by the teacher, and leave it to dry. 

 
QUESTIONS 

 
1. Report the observed boiling point in 0C, together with the 

atmospheric pressure. 
2. What is the purpose of the paraffin oil? Why is the sample not heated directly? 
3. Why is it important that the thermometer and fusion tube do not touch the bottom of the glass vial? 
4. Why do bubbles emerge from the capillary tube as it is heated? Explain why the boiling point is 

recorded when on cooling the bubbles stop?  
5. Why is it necessary to record the atmospheric pressure? 
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PART 2 MELTING POINT DETERMINATION 
 
Requirements  
 
Each group will need the following: 
• An Organic comboplate 
• 1 x well lid 1 
• 1 x glass vial 
• Wire vial-holder 
• Microburner 
• 2 x elastic bands 
• 1 x capillary tube (sealed at one end) 
• 1 x microspatula 
• 1 x microstand 
• 1 x 150°C thermometer 
 
Chemicals: 
Collect the following from the teacher. 
• Sample of the compound to be studied 
• Paraffin oil 
• Methylated spirits (for the microburner) 
 
What to Do 
 
1. Place 4 microspatulas of finely-powdered solid into well A1 of the comboplate. Push the open end of a 

capillary tube through this powder and make sure that some of the solid is pushed into it. 
2. Tap the closed end of the capillary tube on the desk/table so that the solid collects at the sealed end. A 

height of about 3-5 mm is suitable. 
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3. Place lid 1 in well E1 of the comboplate. 
4. Wrap one elastic band around the centre of the glass vial, so that it fits tightly. 
5. Place the wire vial-holder into the small opening in lid 1 so that it is touching the bottom of the 

comboplate. 
6. Rest the glass vial inside the loop. 
7. Fill the vial with paraffin oil to a depth of about 1 cm. 
8. Attach the capillary tube to the thermometer using the other elastic band. Clip the thermometer into 

the microstand and place it in well D2. 
9. Lower the thermometer and capillary tube into the oil. NOTE: Do not let the thermometer or the 

capillary tube touch the bottom of the vial. Keep the elastic band out of the oil. 
10. Light the microburner and place it directly under the vial. 
11. Continue to hold the flame under the vial until the temperature on the thermometer is about 100C 

below the expected melting temperature (as advised by the teacher). 
12. Remove the burner and note the temperature at which the solid suddenly melts in the capillary tube. If 

necessary, cautiously heat the vial further to cause the melting. NOTE: do not heat the vial directly 
for too long as the glass may crack. 

13. Discard the capillary tube and extinguish the microburner flame. 
 

QUESTIONS 
 

1. Record the observed melting point of the compound. 
2. What is the purpose of the paraffin oil? Why is the sample not heated directly? 
3. Why is it important that the thermometer and capillary tube do not touch the bottom of the glass vial? 
4. Why is it not necessary to record the atmospheric pressure when measuring a melting point?  
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ACTIVITY 12 C4: MOLECULES AND FORMULAE – ORGANIC 
 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
 
In this modeling 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 Modeling Alkane Molecules 
Alkanes are a homologous series of organic compounds of general formula CnH2n+2. The molecules comprise 
just C and H atoms bonded together with single bonds. The C atoms are tetravalent and the H atoms are 
univalent. 
 
1.1 “Straight-chain” molecules 
Working in a group, build molecular models of: 
• methane, CH4,  
• ethane, C2H6,  
• propane, C3H8,  
• butane, C4H10. 

 
Place the models on a clean sheet of paper and write the name, the structural formula and the molecular 
formula next to each model. 
 
QUESTIONS 
1.1.1 What do we mean by the description “straight chain”? Is the chain of C atoms in the propane and 

butane molecules “straight”? What is the name of the geometric arrangement of 4 bonds around a C 
atom? 
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1.1.2. The forces between molecules (intermolecular forces) govern the physical properties of the 
substance concerned. In the series of alkanes we find a regular increase in the boiling point (0C, at 1 
atm) with increasing molecular size:  
• methane -162,  
• ethane -88,5,  
• propane -42,  
• butane 0.  

 
Write this information next to the name of each alkane model. What does this suggest about how the 
magnitude of the intermolecular forces changes with molecular size in this series?  
 
1.2 Structural isomers and branched chain molecules 
Working in a group, build molecular models of EITHER butane, C4H10, and 2-methylpropane, C4H10, OR 
pentane, C5H12, 2-methylbutane, C5H12, and 2,2-dimethypropane, C5H12. 
 
Place the models on a clean sheet of paper and write the name, the structural formula and the molecular 
formula next to each model. 
 
Write the description “straight chain” and “branched chain” next to the appropriate model.  
 
QUESTIONS 
1.2.1. Explain what is meant by “structural isomers”. Illustrate your explanation by reference to the models 

you have built. 
1.2.2. Although structural isomers have the same molecular formula, the overall shape of the molecules is 

different. This results in different magnitudes of intermolecular forces. The following boiling point 
data (0 C, at 1 atm) illustrate the effect: 
● butane  0,   ● 2-methylpropane  -12. 
● pentane  +36,   ● 2-methylbutane  +28,   ● 2,2-dimethypropane  +9,5. 

 
Write this information next to the relevant model. State your conclusion about the effect of chain-branching 
on the magnitude of intermolecular forces. Why is this effect observed? 
 
Activity 2 Modeling Molecules with Functional Groups 
Alkanes have low chemical reactivity and the intermolecular forces are relatively weak (although of course 
influenced by molecular size). The presence of functional groups in organic molecules changes these 
characteristics to a greater or lesser degree. Functional groups are groups of atoms that, formally-speaking, 
replace H atoms in an alkane molecule. Alkane molecules thus have no functional groups: all the other 
homologous series and families of organic molecules have functional groups. Some common ones are: 
C=C , C=O , C-O , O-H . 
 
Working in a group, build models of: 
• butane, C4H10,  
• but-2-ene, C4H8,  
• propan-1-ol, C3H8O,  
• ethyl methyl ether, C3H8O,  
• ethanoic acid, C2H4O2. 

 
Place the models on a clean sheet of paper and write the name, the structural formula and the molecular 
formula next to each model. 
 
QUESTIONS 
2.1. Draw and give the name of the functional group represented in each model. 
2.2. All the substances named above have very similar molecular masses. However the magnitude of 

their intermolecular forces differs substantially. This is because some of the molecules have polar 
bonds and some can hydrogen-bond with each other.  
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The resultant is reflected in the boiling points (0 C at 1 atm), as follows: 
● Butane 0,  
● but-2-ene   +4 (cis), +1 (trans),  
● propan-1-ol   +97,  
● ethyl methyl ether   +8, 
● ethanoic acid   +118. 

 
Write this information next to the relevant model. Explain why two of the above differ markedly from the 
others. 
 
2.3. The boiling point data indicate the existence of two different but-2-enes. Examine the but-2-ene 

model you have made and decide if it is the cis- or trans-but-2-ene. Whichever it is, build a model of 
the other. These two are geometric isomers. Which one has the stronger intermolecular forces? 
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ACTIVITY 12 C5: PREPARING AND IDENTIFYING ESTERS 
 

LEARNERS’ INSTRUCTIONS 
 
Introduction 
Esters are organic compounds that can be formed by the reaction of an alcohol and a carboxylic acid (an 
organic acid) in the presence of a catalyst. The reaction can be represented by the general equation: 

R1OH  +  R2COOH   →   R1OOCR2  +  H2O 

where R1 and R2 refer to the hydrocarbon groups of the alcohol and acid respectively. The ester is formed 
with the elimination of water. This is called a condensation reaction. Many esters occur naturally while 
others are produced by commercial synthesis. Esters have characteristic odours, a property which will be 
exploited in this experiment to identify specific esters. At the end of this exercise you should be able to 
recognise in which industries esters are used commercially. 
 
Note that this introduction and description are strictly applicable to carboxylic esters. Other esters can exist, 
such as sulfuric esters ((C2H5)2SO4), nitric esters, etc.  Hence, in general “esters” are formed by the reaction 
of alcohols with acids. 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
Most of the items listed can be found in the Advanced Microchemistry Kit, but others must be collected from 
the teacher:  
• 1 x Organic comboplate;  • 6 x propettes;   • 1 x plastic microspatula;  • 1 x glass rod;  
• 1 x assembled microburner  
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• Ethanol (C2H5OH(l)); 
• Methanol (CH3OH(l)); 
• 1-Pentanol (amyl alcohol - C5H11OH(l)); 
• Isobutanol  (CH3)2CHCH2OH(l)) - optional; 

• *Glacial acetic acid (ethanoic acid - CH3COOH(l)); 
• Salicylic acid (C6H4OHCOOH(s));  
• Formic acid (HCOOH(l)) - optional;  
• 18 M sulfuric acid (H2SO4(aq)); 

*Note: glacial acetic acid is concentrated acetic acid. 
 
Other: 
You will also need: 
• paper towel  • matches • tap water for rinsing  • a container for waste 
• A pair of scissors (optional);  • Gloves (rubber or latex - optional). 

 
 
 
 
Please take note of the following cautions and make sure that you do not take any risks when 
carrying out this activity: 
 
• Always keep the stem of a propette containing an organic liquid facing downwards!  Organic 

liquids squirt out very easily from propettes with little or no squeezing of the bulb of the 
propette. 

• Glacial (concentrated) acetic acid is a nose and eye irritant. Be very careful when smelling the 
acid! 
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• Do not inhale the acids and alcohols deeply! The vapours are easily detectable. 
• 18 M sulfuric acid is very dangerous. Be very careful when adding the acid to the reaction 

mixture each time. 
• You will be using a microburner in this activity. Most organic solvents are flammable! Ensure 

that all propettes and bottles containing organic substances are placed away from the flame of 
the microburner. If the teacher prefers, a hot water bath can be used in place of the microburner 
for heating the comboplate each time an ester is prepared. 

 
What to do: 
 

You may wish to label the propettes because all the chemicals used in the experiment are colourless. 

 
1. Before you begin the activity, ask your teacher whether you will be using a boiling water bath, or glass 

rod and microburner, to heat the mixtures in each well.  If the teacher wants you to use a water bath, then 
steps 9 to 11 and step 15 will be replaced with special instructions from your teacher on how to use the 
water bath. 

2. Prepare a table like Table 1 in your workbooks. Complete the table by identifying the odours of the 
starting materials and products as you work through the experiment.  

3. Cut or tear a piece of paper towel into smaller pieces. You will need about 12 small pieces of towelling. 
4. Fill half of a clean propette with glacial (concentrated) acetic acid. Fill half of another propette with 

ethanol. 
5. Place one drop of the glacial acetic acid onto a small piece of paper towel. Cautiously hold the piece of 

towel close to your nose and smell the acid. Write down what you smell in Table 1. 
6. Now place one drop of the ethanol onto a different piece of paper towel and carefully smell the alcohol. 

Record the odour in Table 1. 
7. Place 5 drops of the ethanol into well A1 of the Organic comboplate. Add 5 drops of glacial acetic acid 

to the ethanol in A1. 
8. Use a clean propette to add 1 drop of concentrated (18 M) sulfuric acid to A1. 
9. Light the microburner and place it on one side away from the comboplate. 
10. Wave one end of the glass rod five or six times through the flame of the microburner. Carefully lower 

the hot end of the glass rod into well A1. Do not boil the contents of the well! Stir the glass rod in the 
mixture to distribute the heat throughout the well. 

11. Dry the end of the rod with a piece of paper towel. Repeat the heating process in step 10 another two 
times. 

12. Lift up the comboplate and wave your hand across well A1 to smell the contents of the well. If you find 
it difficult to detect an odour in this way, suck up the contents of A1 with a clean propette and place a 
few drops onto a small piece of paper towel. Carefully inhale and smell the product.  Write down what 
you smell in Table 1. 

13. Dry up any remaining liquid from well A1with some paper towel and discard this into a waste container.  
14. Use the table below as a guide to add the other carboxylic acids and alcohols in the proportions shown. 

Remember to smell the starting materials and resulting esters so that you can identify the odours of each. 
Prepare only one ester at a time. If you try to prepare all the esters at the same time, the odours of each 
will mix and you will find it very difficult to identify the smell of each individual ester. 

Mixture Quantity of 
Alcohol Quantity of Organic Acid Quantity of 

H2SO4(aq) 

Methanol and salicylic acid in well A3. 5 drops 1 small spatula using the 
narrow end of the microspatula 

1 drop Pentanol and ethanoic acid in well A5. 5 drops 5 drops 
Isobutanol and formic acid in well A7 
(optional). 5 drops 5 drops 
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15. After adding the drop of concentrated H2SO4(aq) to each mixture, heat each mixture using the glass rod 
as described in steps 9, 10 and 11 above for the first ester prepared. 

16. Make sure that you dry out each well with paper towel after the odour of the ester has been identified, so 
that you do not become confused if the odours of different esters begin to mix. 

 
Extinguish the microburner! 

Deposit all organic waste into the waste container provided.  
Rinse the Organic comboplate and propettes with water.  

 
 
QUESTIONS: 
 
1. Prepare a table like Table 1 in your workbooks. Complete the table by describing the odours of the 

starting materials and products. You may compare the odour to that of a familiar product, or name the 
substance which has a similar odour to that of the acid, alcohol or ester. Name each of the esters formed 
during the reactions. 

 
Table 1: 

 

Name of the 
Alcohol  

Odour/ 
Smell of the 

Alcohol 

Name of  the 
Carboxylic 

Acid  

Odour/Smell 
of the 

Carboxylic 
Acid 

Odour/Smell 
of the 

Resulting 
Ester  

Name of the 
Ester Formed 

1. Ethanol 
 *Glacial acetic 

acid/ 
Ethanoic acid 

 
  

2. Methanol  Salicylic acid    

3. Pentanol/ 
Amyl alcohol 

 Glacial acetic 
acid/ 
Ethanoic acid 

 
  

4. Isobutanol/ 
2 methylpropanol 

 
Formic acid 

 
  

*Remember that the term “glacial” implies “concentrated” acetic acid. 
 
2. What is the name given to the type of reaction by which esters form from a carboxylic acid and an 

alcohol? 
3. The introduction to this experiment shows the general equation for preparing an ester from a carboxylic 

acid and an alcohol. Use the equation as a guide to write down balanced equations representing each of 
the esterification reactions you have performed. The formulae of the alcohols and carboxylic acids are 
given under the chemical requirements. If possible, use a different colour pen to show the alcohol and its 
presence in the ester formed. 

4. What evidence is there that esters formed in the reactions studied? 
5. Using the description of the odours of each ester you have prepared in this experiment, choose two 

industries in which you think esters are used commercially. Give reasons for your answers. 
6. If possible, obtain the containers of some food and cosmetic products. Read the lists of ingredients and 

identify any esters which appear on the labels. 
7. You should have covered the naming of organic compounds already. For esters, the first part of the name 

comes from the alcohol used to prepare the ester and the second part comes from the carboxylic acid. For 
each of the following esters, identify the alcohol and acid used to prepare the ester. 
a) Ethyl butanoate (pineapple odour) 
b) Pentyl butanoate (also called amyl butyrate – apricot odour) 
c) Methyl methanoate 
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Extension Questions: 
8. Will an esterification reaction take place in the absence of concentrated sulfuric acid (H2SO4(aq)), or 

other concentrated acid? 
9. Complete the following activity to determine the role of the H2SO4(aq) in the esterification reaction. 

a) Place 5 drops of ethanol into well A9, followed by 5 drops of glacial acetic acid. 
b) Light the microburner and pass one end of the glass rod through the flame five or six times.  
c) Heat the contents of A9 as you did before. Repeat the heating process three times. 
d) Smell the odour by either wafting the vapour from the well towards you, or by placing a drop of 

the mixture from A9 onto a piece of paper towel and smelling it carefully. 
 

9.1 Has the expected ester been formed? How do you know this?  
9.2 What is the role of concentrated sulfuric acid in the esterification reaction?
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ACTIVITY 12 C6: ADDITION POLYMERISATION OF STYRENE 
 

LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Comboplate 
Microstand and cross-arm 
Glass vial 
Microburner 
Fusion tube 
Wire vial holder 
Well lid 2 
Rubber band 
Styrene/peroxide mixture 
Aqueous bromine solution 
Methylated spirits 
Ethyl acetate 
 
Introduction 
 
Styrene is the popular name of phenylethene. It undergoes polymerization to polystyrene 
(poly(phenylethene)) very easily. The peroxide is used as an initiator of the polymerization. The peroxide 
decomposes on heating (at <100 C) to form free radicals and it is these that initiate the polymerization. 
The polymerization is a type of addition reaction. The polymer product will be tested to see whether or not it 
is unsaturated. 
 
What to do 
 
1. Set up the equipment as shown in 

the diagram and half-fill the vial 
with water.  

2. Use a propette to put 
styrene/peroxide mixture into the 
fusion tube to a depth of 1 cm. Do 
this carefully so that there are no 
trapped bubbles of air. Smell the 
tube contents. 

3. Clip the fusion tube into the cross-
arm of the microstand with the lower 
part of the tube immersed in the 
water. 

4. Light the microburner and heat the 
vial of water until it is just 
boiling/simmering.  

5. Maintain this condition until the 
sample in the fusion tube changes 
from a clear liquid to a white solid. 
This may take about 30 minutes. 

6. Extinguish the microburner flame 
and remove the fusion tube from the 
cross-arm. 

7. Allow the tube to cool until it is only a little warm. Smell the tube contents. 
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8. Use a clean propette to add 2 drops of aqueous bromine solution to the sample in the fusion tube and 
record your observation. 

9. Dissolve the sample out of the fusion tube by adding a few drops of ethyl acetate to the contents of the 
tube. Shake and pour the solution into a waste jar. Repeat this process until the fusion tube seems to be 
clean. 

 
Questions 
 
1. What is the initial appearance of the styrene/peroxide mixture? How does it smell? 
2. What is the final appearance of the contents of the fusion tube after heating for several minutes? How 

does it smell? 
3. Compare the smells at the start and at the end and explain any difference. 
4. What did you observe after adding aqueous bromine to the product in the fusion tube? Explain your 

observation. 
5. What is the evidence that addition polymerization occurred? 
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ACTIVITY 12 C7: CROSS-LINKING POLYMERS: “SLIME” FROM 
POLY(VINYL ALCOHOL) AND SODIUM BORATE 

 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Glass vial (large)  
Wood or metal stirrer 
PVA (aq) 4% solution 
Borax (aq) 4% solution 
Syringe, 3 ml 
 
Introduction 
 
Poly(vinyl chloride) (PVC), -(CH2CHCl)n-, is completely insoluble in water. However, poly(vinyl alcohol) 
(PVA) dissolves in water even though it is made of macromolecules of much the same size. This is because 
these macromolecules have many OH groups, as is shown by the macromolecular formula –(CH2CHOH)n-. 
In water these molecules are uniformly dispersed forming a homogeneous mixture, that is a solution. The 
OH groups are functional groups that can be used to form cross-links between the separate macromolecules 
in the solution. In this activity the borate ions, B(OH)4

-, present in an aqueous solution of borax (hydrated 
sodium tetraborate, Na2B4O7), bond with OH groups on different macromolecules, so that they are no longer 
all separate. You will observe what happens and test the product. 
 
What to do 
 
1. Use a syringe to measure approximately 4 ml PVA solution into a large glass vial. 
2. Rinse the syringe with water. 
3. Use the syringe to measure 1 ml borax solution into the vial: add drops at a time whilst stirring 

vigorously with the stirrer. 
4. At this stage, there should be no liquid left and only slime. 
5. Remove the slime from the vial and knead it by hand. You may protect your hands with disposable 

plastic gloves or with small plastic bags, as the teacher directs. 
6. Investigate some of the properties of the slime, as follows, and answer the questions about what 

happens that follow. 
 
6.1 Roll it into a ball and drop it onto the table or desk. 
6.2 Roll it into a ball, place it on the table, and wait a short while. 
6.3 Roll it into a ball, place it on the table and hit it with a pencil. 
6.4 Roll it into a ball, place it on the table and slowly push the pencil into it. 
6.5 Roll it into a sausage shape. Stretch it very quickly. 
6.6 Roll it into a sausage shape. Stretch it slowly. 

 
Questions 
1. What happens when a ball of slime is dropped on the table? 
2. What happens when a ball of slime is placed on the table for a short while? 
3. What happens when a ball of slime is hit with a pencil? 
4. What happens when the pencil is slowly pushed into a ball of slime? 
5. What happens when the slime sausage is very quickly stretched? 
6. What happens when the slime sausage is slowly stretched? 
7. Summarise your observations resulting from the above testing of the slime. 
8. Explain your observations in terms of cross-linked macromolecular chains.  
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ACTIVITY 12 C8: THE EFFECT OF TEMPERATURE  
AND SURFACE AREA ON THE RATE OF REACTION OF  

A CAL-C-VITA TABLET IN WATER 
 
LEARNERS’ INSTRUCTIONS 
 
Requirements: 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 

● 1 syringe (2,5 ml) ● 1 comboplate  ● plastic forceps 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

● Cal-C-Vita tablet ● cold water ● hot water 
 
Other: 
You will also need: 
• A piece of paper 

 
What to do: 
 
Part 1: Effect of temperature on the rate of reaction of a Cal-C-Vita tablet in water 
 
1. Take two small pieces of Cal-C-Vita tablet of approximately 0,2 g in each case. 
2. Take a clean, dry comboplate and use a syringe (2,5 ml) to put 1 ml of cold water into well E1 and 

then 1 ml of hot water into well E3. It is not necessary for this activity to measure the temperatures; 
you simply need to be sure which well has the colder water and which the hotter water. 

3. Now at the same time, place one piece of tablet into well E1 and the other piece of tablet into well E3, 
and immediately observe and compare what happens in the two wells. 

4. The reactions will continue for several minutes but it is not necessary to continue any close 
observation. It is the initial observation (in step 3) and the first minute thereafter which are needed to 
be able to report. (see Questions 1&2) 

5. Empty the solutions out and rinse the used wells with water. Shake dry the comboplate. 
 
 
Part 2: Effect of surface area on the rate of reaction of a Cal-C-Vita tablet in water 
 
1. Take two small pieces of Cal-C-Vita tablet of approximately 0,2 g in each case. Place one piece on a 

clean piece of paper and crush it gently to make a powder. Any fairly hard object can be used to crush 
the piece of tablet. Keep the other piece of tablet as it is and try to avoid breaking it any further. 

2. Take a clean comboplate and use a syringe to put 1 ml of cold tap water in both wells E4 and E6. 
3. Fold the paper with the powdered piece of tablet into a V-shape so that the powder can flow from the 

paper cleanly into well E4. When you are ready to pour the powder into well E4, use the forceps to 
take the solid piece of tablet ready to drop it into well E6. Add the powder to well E4 and the solid 
piece to well E6 at the same time, and immediately observe and compare what happens in the two 
wells. (see Questions 1&2) 

4. Continue observing the reactions in the two wells, until you think they are behaving in much the same 
way. 

5. At this point, empty the solutions out from the comboplate, rinse the wells with water and shake dry. 
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Questions Part 1 
 

1. What was the same about what you saw happening in both wells immediately after adding the piece of 
tablet? 

2. What was different about what you saw happening in the two wells immediately after adding the piece 
of tablet? 

3. What can you conclude about the effect of temperature on the rate of a reaction? 
4. How can this effect be explained in terms of the collision theory of reaction rates? 
 
 
Questions Part 2 
 

1. What was the same about what you saw happening in both wells immediately after adding the solid 
piece and the powder? 

2. What was different about what you saw happening in the two wells immediately after adding the piece 
of tablet and the powdered tablet? 

3. The reaction you have observed may be called a heterogeneous reaction. What does this mean? 
4. The masses of the two samples of tablet were about the same, but the solid piece has a different surface 

area to the powdered solid. Which sample had the greater surface area?  
5. What can you conclude about the effect of surface area on the rate of a heterogeneous reaction? 
6. How can this effect be explained in terms of the collision theory of reaction rates? 
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ACTIVITY 12 C9: THE EFFECT OF REACTANT CONCENTRATIONS ON 
THE RATE OF A REACTION –  

THE REACTION OF SODIUM THIOSULFATE WITH  
HYDROCHLORIC ACID 

 
LEARNERS’ INSTRUCTIONS 
 
INTRODUCTION 
 
The rate of a chemical reaction is the rate at which products form or the rate at which reactants are used up. 
In this activity, you will use the reaction between hydrochloric acid and sodium thiosulfate solution to study 
the effect of reactant concentration on reaction rate.   The equation for the reaction is: 

 
BEFORE YOU START 
 
Discuss with the other learners in your group  
 
1 How can you measure the rate of the reaction between sodium thiosulfate and hydrochloric acid?    

Explain. 
2 What must you vary if you wish to explore the effect of reactant concentration on reaction rate?  
3 What should be the same in all the wells when you measure the effect of reactant concentration on 

reaction rate?  
4 Write down a hypothesis for the investigation. 
 
Requirements: 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 

• A comboplate 
• 3 propettes (label these propettes: Na2S2O3, water and HCℓ using small pieces of paper on the stems of 

the propettes)  
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• sodium thiosulfate solution (Na2S2O3(aq)) [0.15 M] 
• hydrochloric acid (HCℓ(aq)) [11 M] 
• tap water 

 
Other: 
You will also need: 
• graph paper 
• a piece of white paper 

sodium 
thiosulfate(aq
 

hydrochloric 
acid(aq) 

→ + 
sodium 
chloride(aq) 

sulfur(s) 
sulfur (s) 
dioxide(aq

  

water(ℓ) + + + 

Na2S2O3(aq) 2HCℓ(aq) = + 2NaCℓ(aq) S(s) SO2(aq) H2O(ℓ)  +  + + 
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What to do: 
 
1 Place the comboplate on white paper with well A1 (the first of the small wells) top left. 
2 Using the Na2S2O3 propette, add 1 drop of sodium thiosulfate solution to well A1, two drops to well 

A2, three drops to well A3, etc., up to 8 drops in well A8. 
3 Using the water propette, add 7 drops of tap water to well A1, 6 drops of tap water to well A2, 5 

drops of tap water to well A3 and so forth up to 1 drop of tap water to well A7.  Each well now 
contains 8 drops of liquid in total. 

4 Use a pen or pencil to draw an  on the white paper. Place well A8 of the comboplate over the  on 
the paper before proceeding with the next step. You should be able to see the  beneath well A8.  

5 Using the HCℓ propette, add 5 drops of HCℓ (11 M) to well A8 and start the stop watch (or note the 
time on your watch/cell phone stopwatch function). Take the time when the  is no longer visible 
beneath well A8.    Fill this time in the table below. 

6 Place well A7 over the  on the paper and add 5 drops of HCℓ (11 M) to well A7. Note the starting 
time once again and the time when the  is no longer visible beneath well A7. 

7 Repeat the procedure followed above with each well up to well A1*. If the time measured for A1 is 
too long, you can use only the information from wells A8 to A2. 

 

Well 
Number 

Number of drops 
sodium thiosulfate 

solution 

time taken for the  
to disappear/ 

Reaction time 
(seconds) 

  ……………   1                            . 
Time taken for   to disappear 

 
1/reaction time = Reaction rate 

(10-3 s-1) 

A8 8   

A7 7   

A6 6   

A5 5   

A4 4   

A3 3   

A2 2   

A1* 1   
 
 
QUESTIONS 
1 What happens when you add the hydrochloric acid to the sodium thiosulfate solution? 
2 The reaction between sodium thiosulfate and hydrochloric acid is fastest immediately after the two 

solutions are mixed. The reaction becomes slower and slower as time passes. How can you be sure 
that you stop timing at exactly the same stage of the reaction in each of the wells? 

3 Draw a graph of concentration of sodium thiosulfate solution, expressed as ‘drops of Na2S2O3’ on 
the y - axis vs Reaction time (i.e. time taken for the cross to disappear) in seconds on the x-axis.  

4 What is the nature of the relationship between the concentration of sodium thiosulfate and the time 
taken for the  to disappear? 

5 Draw a graph of drops of Na2S2O3’ on the y – axis vs 1/reaction time (in units of 10-3 s-1 ) on the x -
axis. (This is the same as drawing a graph of concentration of Na2S2O3 vs reaction rate.) 

6 What is the nature of the relationship between the concentration of sodium thiosulfate solution and 
reaction rate? 

7 Identify the independent, dependent and controlled variables in this experiment.
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ACTIVITY 12 C10: THE EFFECT OF CHANGING THE CONCENTRATION 
OF REACTANT OR PRODUCT IN A CHEMICAL EQUILIBRIUM -  

THE EFFECT OF pH ON THE CHROMATE/DICHROMATE 
EQUILIBRIUM 

 
LEARNERS’ INSTRUCTIONS 

 
INTRODUCTION 
When a dichromate salt, such as potassium dichromate, dissolves in water, the dichromate ions react with the 
water molecules as shown in the equation below: 
 

 
 
OVERVIEW OF THE ACTIVITY 
We will investigate the effect of changing the concentration of H+ ions on the dichromate-chromate 
equilibrium. We can do this by: 
 

1. Adding sodium hydroxide solution, NaOH(aq).  
Adding sodium hydroxide to the dichromate-chromate equilibrium will decrease the concentration of 
H+ according to the reaction 
 

H+(aq)   +  OH-(aq)    =    H2O(ℓ) 
 

2.  Adding nitric acid, HNO3(aq), which will increase the H+ concentration 
 
 
BEFORE YOU START 
First complete the section of the table writing down your own prediction, then discuss the predictions of the 
members in your group. Complete that section of the table too. 
 

 INITIAL 
colour of the mixture 

in the well 

Change by 
adding 

Colour of the mixture in the well 
AFTER THE CHANGE 

MY prediction The GROUP’S        
prediction 

1 pale orange A few drops of 
NaOH(aq) 

  

2 pale orange A few drops of 
HNO3(aq) 

  

 
You are now ready to test your predictions. 
 

dichromate ions 

Cr2O7
2-(aq) 

orange 

chromate ions 

2CrO4
2-

 (aq) 
yellow 

hydrogen ions 

2H+(aq) 
colourless 

 

+   H2O(ℓ) +  
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Requirements: 
Each group will need the following: 
 
Apparatus: 
The following items can be found in the Advanced Microchemistry Kit: 
• A comboplate 
• labelled propettes, one for each of the solutions and the tap water. 
• 2 microspatulas 

 

Chemicals: 
The following chemicals should be collected from the teacher: 
• Potassium dichromate solution, K2Cr2O7(aq).  
• 5.5 M sodium hydroxide solution, NaOH(aq) 
• 6 M Nitric acid solution, HNO3(aq)  
• Tap water 

 
Other: 
You will also need: 
• A piece of white paper 

 
What to do: 
1. Use a propette to ½-fill wells F1 and F2 with the dichromate solution. 

2. Place the comboplate on the piece of white paper. 

3. Use a clean propette to add sodium hydroxide solution, drop by drop, to the dichromate solution in 
well F1 until the solution changes colour. Stir the solution with the back of a microspatula after each 
drop is added. Count the drops as you add them.   

4. Add an equal number of drops of tap water to well F2 and stir the solution with a microspatula. This is 
to show that the colour change is not due to dilution. 

5. Wait about 30 seconds, then add a sufficient number of drops of nitric acid into well F1 until the 
colour of the solution changes again. Stir the solution with a clean microspatula after each drop is 
added and count the number of drops you have used. 

6. Add an equal number of drops of tap water to well F2 to ensure that the colour change is not due to 
dilution. 

 
QUESTIONS 
1. When you add sodium hydroxide to well F1: 

a What happens to the colour of the solution in well F1? 
b Which ion is responsible for the final colour?    
c How was equilibrium affected by the addition of sodium hydroxide? 

 
2. When you add nitric acid to well F1: 

a What happens to the colour of the solution in well F1? 
b Which ion is responsible for the final colour?    
c How was equilibrium affected by the addition of nitric acid? 

 
3. How do your earlier predictions compare to your observations in the experiment? 
4. How many times could you change the colour of the solution from pale orange to yellow and back 

again? 
5. To establish equilibrium, a closed system is needed. Explain why the dichromate-chromate system can 

be regarded as closed, even if we are working in open wells of the comboplate. 
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ACTIVITY 12 C11: INVESTIGATING THE ACTION OF DILUTE BASES 
ON AQUEOUS METAL IONS TO FORM METAL HYDROXIDE 

PRECIPITATES 
 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Comboplate 
8 x propettes 
Sodium hydroxide solution, NaOH (aq) 0,1 M 
Potassium chloride solution, KCl(aq) 0,1 M 
Magnesium chloride solution, MgCl2(aq) 0,1 M 
Calcium chloride solution, CaCl2(aq) 0,1 M 
Barium chloride solution, BaCl2(aq) 0,1 M 
Lead nitrate solution, Pb(NO3)2(aq) 0,1 M 
Copper sulfate solution, CuSO4(aq) 0,1 M 
Iron(III) chloride solution, FeCl3(aq) 0,1 M 
 
Introduction 
 
In this investigation we shall use dilute sodium hydroxide solution as the dilute base. Aqueous solutions of 
metal compounds will be provided which contain different metal ions. When the dilute base is added to these 
aqueous solutions of metal compounds, you will observe either: 

1. there is no apparent change, 
2. a precipitate forms, 
3. firstly a precipitate forms, but then it redissolves as more base is added. 

 
You will investigate which metal ions give the result 1, 2 or 3, and will consider what factors are the cause of 
this. 
 
Pre-question 
Write the formula of each of the metal ions present in the solutions listed in the requirements. 
 
What to do 
1. Add 2 drops potassium chloride solution to well A1, 2 drops magnesium chloride solution to well 

A2, 2 drops calcium chloride solution to well A3, 2 drops barium chloride solution to well A4, 2 
drops lead nitrate solution to well A5, 2 drops copper sulfate solution to well A6, 2 drops iron(III) 
chloride solution to well A7, using a different clean propette in each case. 

2. Using a different clean propette, add 2 drops sodium hydroxide solution to each of wells A1 to A7. 
Gently shake the comboplate to aid mixing of the solutions in each well. Record your observations. 

3. Add 5 drops more sodium hydroxide solution to each of wells A1-A7. Gently shake the comboplate 
again. Record your observations. 

4. When you have recorded all your observations, thoroughly rinse the comboplate with water. If you 
have been using your own propettes, also rinse these thoroughly with water. 
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QUESTIONS 
 

1. Record in the table below your observations from steps 2 and 3. 
 

well Metal ion With 2 drops NaOH(aq) With 7 drops NaOH(aq) 
A1    
A2    
A3    
A4    
A5    
A6    
A7    

 
2. Write balanced chemical equations for each reaction in which you observed the formation of a 

precipitate with 2 drops of dilute sodium hydroxide solution. Your equations should show the 
reactions as ion-combination reactions, and do not need to include spectator ions. 

3. Three of the metal ions are of elements from the same group in the Periodic Table. Which are these, 
and in which group are they found? Predict whether or not Sr2+(aq) ions will give rise to a precipitate 
under the conditions you used in this activity, giving reasons for your prediction. 

4. Suppose that you are given two unlabelled and colourless solutions and that you are told that one is a 
solution of magnesium nitrate and the other is a solution of lead nitrate. How would you prove by 
experiment which is which? 

5. In one case you should have observed that after adding a further 5 drops of sodium hydroxide 
solution, the precipitate you observed after 2 drops dissolves. This could be due to the fact that the 
metal hydroxide initially formed reacts as an acid with the additional sodium hydroxide. Write a 
balanced equation to show this, once again omitting the spectator ions, Na+(aq).
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ACTIVITY 12 C12: INVESTIGATING THE TEMPERATURE CHANGES 
IN NEUTRALISATION REACTIONS WITH A STRONG BASE 

 
LEARNERS’ INSTRUCTIONS 
 
Part 1: The temperature change (∆T) for the neutralisation reaction between hydrochloric 

acid, HCl(aq) (a strong acid) and sodium hydroxide, NaOH(aq) (a strong base) 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
From the Advanced Microchemistry Kit:  
• 1 x comboplate;  • 1 x 2 ml syringe;  
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 1.0 M Sodium hydroxide solution (NaOH(aq))     •  1.0 M Hydrochloric acid (HCl(aq))  
 
Other: 
You will also need: 
• A thermometer (preferably graduated at 0.1 °C intervals to make recording of the temperature 

change more accurate) 
• paper towel  • tap water for rinsing  • a container for waste 

 
What to do: 
 
1. Lower a clean, dry thermometer into the bottle containing the 1.0 M NaOH(aq). Make sure that the bulb 

of the thermometer is well below the surface of the solution. 
2. Wait a few seconds, then write down the temperature of the sodium hydroxide solution. This will be the 

initial temperature for sodium hydroxide. 
3. Rinse the thermometer and dry it thoroughly. Lower the thermometer into the bottle containing the 

HCl(aq). The thermometer must be clean and dry, otherwise the hydrochloric acid will be diluted and/or 
contaminated. 

4. Write down the initial temperature of the HCl(aq) then rinse and dry the thermometer before using it 
again in step 8. 

5. Use a clean, dry syringe to add 1,0 ml of the 1.0 M NaOH(aq) into well F1 of the comboplate. 
6. Rinse the syringe and dry it thoroughly inside. Fill the syringe with 1,0 ml of the 1.0 M HCl(aq). 
7. Hold the thermometer in well F1 containing the NaOH(aq). Quickly add all of the hydrochloric acid 

from the syringe into well F1. 
8. Use the thermometer to stir the mixture in well F1. Read the maximum temperature reached by the 

mixture to 0.1°C. Record the temperature. 
 
If you continue with Part 2 in the same lesson, you can rinse the comboplate after Part 2 has 

been completed. Otherwise, rinse and dry the comboplate now. 
Make sure the syringe is properly rinsed and dried, as well as the thermometer. 
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Part 2: The temperature change (∆T) for the neutralisation reaction between acetic acid, 
CH3COOH(aq) (a weak acid)and sodium hydroxide, NaOH(aq) (a strong base) 

Requirements 
Each group will need the following: 
 
Apparatus: 
From the Advanced Microchemistry Kit:  
• 1 x comboplate;  • 1 x 2 ml syringe;  
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 1.0 M sodium hydroxide solution (NaOH(aq))           • 1.0 M acetic acid (CH3COOH(aq))  
 
Other: 
You will also need: 
• A thermometer    • paper towel  • tap water for rinsing  • a container for waste 

 
What to do: 
1. Repeat steps 1 to 8 in Part 1 using well F5 and 1.0 ml of 1.0 M acetic acid instead of 

hydrochloric acid. 
 

Rinse and dry all apparatus thoroughly. 
 
 

QUESTIONS: 
 
Part 1: The temperature change (∆T) for the neutralisation reaction between hydrochloric 

acid, HCl(aq) (a strong acid) and sodium hydroxide, NaOH(aq) (a strong base) 
 
1. What is the initial temperature of the sodium hydroxide solution? 
2. What is the initial temperature of the hydrochloric acid? 
3. Calculate the average of the two initial temperatures. This is the average initial temperature, Ti. 
4. What is the maximum temperature of the mixture? This is the final temperature, Tf . 
5. Calculate the change in temperature ∆T. ∆T represents the final temperature minus the initial 

temperature (Tf - Ti). 
6. Was the final temperature of the reaction mixture higher or lower than the initial average temperature of 

the reagents? 
7. Was energy absorbed or released by the surroundings as this reaction took place? 
8. Was energy absorbed or released by the reactants as this reaction took place? 
9. Is such a reaction exothermic or endothermic? 
10. Write down a balanced chemical equation for the reaction between hydrochloric acid and sodium 

hydroxide. 
 
Part 2: The temperature change (∆T) for the neutralisation reaction between acetic acid, 

CH3COOH(aq) (a weak acid)and sodium hydroxide, NaOH(aq) (a strong base) 
 
1. What is the initial temperature of the sodium hydroxide solution? 
2. What is the initial temperature of the acetic acid? 
3. Calculate the average initial temperature, Ti. 
4. What is the maximum temperature (Tf) of the mixture? 
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5. Calculate the change in temperature, ∆T. 
6. Was the final temperature of the reaction mixture higher or lower than the initial average temperature of 

the reagents? 
7. Was energy absorbed or released by the surroundings as this reaction took place? 
8. Was energy absorbed or released by the reactants as this reaction took place? 
9. Is the reaction of acetic acid with sodium hydroxide endothermic or exothermic? 
10. Write down a balanced chemical equation for the reaction between acetic acid and sodium hydroxide. 
11. Revise your understanding of strong and weak acids and bases, and then explain why the temperature 

change for the neutralisation in Part 1 is different to that of Part 2. 
 
 
EXTENSION QUESTIONS (optional): 
 
INTRODUCTION – ENTHALPY CHANGE OF A CHEMICAL REACTION 
 
The magnitude of the enthalpy change, ∆H, for a chemical reaction is related to the heat (q) absorbed or 
released by the surroundings during the reaction at constant pressure. The relationship between these two 
quantities is: 

q = - ∆H 

By convention, if energy is released to the surroundings as a reaction takes place, ∆H is negative (-). If 
energy is absorbed from the surroundings as reaction takes place, ∆H is positive (+). Hence q in the first 
case is positive (+) and in the second case is negative (-). 

• The heat (q) absorbed or released by the surroundings (in this experiment the reaction mixture) is 
related to the change in temperature of the reaction mixture in the following way: 

q = C∆T 

where C is the heat capacity of the mixture, the reaction vessel and the thermometer. 
 
1. The heat capacity, C, of the comboplate and contents is approximately 13.03 J °C -1. Calculate q, the 

energy absorbed or released by the surroundings for Part 1 of the activity (i.e. for the reaction of HCl(aq) 
with NaOH(aq)). 

 
2. Using the balanced chemical equation for the reaction in Part 1 and the answer to 1. above, calculate the 

enthalpy change of the reaction in J, and the enthalpy change per mole of reaction in kJ mol-1. 
 

3. The heat capacity, C, of the comboplate and contents is approximately 13.03 J °C -1. For the reaction of 
acetic acid with sodium hydroxide in Part 2 of this activity, calculate the enthalpy change of the reaction 
in J, and the enthalpy change per mole of reaction in kJ mol-1. 
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ACTIVITY 11 C13: 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 12 C14: HOW CAN WE USE THE TITRATION OF OXALIC 
ACID AGAINST SODIUM HYDROXIDE TO DETERMINE THE 

CONCENTRATION OF THE SODIUM HYDROXIDE? 
 

LEARNERS’ INSTRUCTIONS 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
Find the following items in the Advanced Microchemistry Kit: 
• 1 x comboplate;  • 1 x propette;   • 3 x plastic microspatulas;   
 
Find the following items in the Microburette Kit: 
• 2 x 2 ml plastic pipettes graduated in 0.01 ml intervals;  • 2 x plastic pipette tips 
• 2 x plastic syringes;  • 2 x silicone tubes;   • 1 x microstand with cross arms 
• 1 x extra set of cross arms for the microstand 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 0.1 M standard oxalic acid (H2C2O4(aq)); 
• Phenolphthalein indicator solution 

• Sodium hydroxide solution of unknown 
concentration (NaOH(aq)) 

 
Other: 
You will also need: 
• paper towel  • tap water for rinsing  • a container for waste 
• A piece of white paper (optional) 

 
 
What to do: 
 

Before you begin, copy Table 1 from the Questions into your workbook. Complete the table while you 
are doing the titration (Part C), by filling in the initial volume of the sodium hydroxide (NaOH(aq)) 
before each titration begins and then the final volume of the NaOH(aq) when the end point has been 
reached.  

Write down the exact concentration of the oxalic acid which will be given to you by the teacher. 

 
A. Assemble the microburette and micropipette 

 
The microburette and the micropipette are assembled in exactly the same way. The micropipette is 
used to first place measured volumes of an acid or base into the large wells of the comboplate.  
The microburette is clipped into the microstand and is used to add acid or base into the solution that 
has already been placed into the large wells. This is almost the same as when a conventional burette is 
used to add one solution to another solution in a conical flask during a titration on a larger scale.  
 

 
  Work together to save time – one or two group members can assemble the microburette whilst 

another one or two members can construct the micropipette. 
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1. Begin by attaching one end of the silicone tube to the nozzle of the syringe by gently sliding the tube 
over the nozzle as shown in the diagram below. 

2. Connect the remaining end of the silicone tube to the 2 ml pipette by similarly sliding the tubing over the 
top of the pipette (see diagram below left.) 

 

3. Now place the plastic tip on the pointed end of the pipette. Make sure that the tip 
is secure to prevent it from falling off during the titration procedure. (See 
diagram above centre.) 

4. Repeat the first three steps with the second pipette, syringe, silicone tube and 
plastic tip.  You should now have two identical set-ups as shown alongside. One 
of these is the micropipette for adding oxalic acid to the large wells of the 
comboplate and the other is the microburette for titrating sodium hydroxide with 
the acid in the large wells. 

 
B. Rinse the microburette and micropipette 
 

It is a good idea to label the microburette and micropipette so you do not mix them up during the 
titration.  You can use small, sticky labels or you can use a marker pen to write a label on the silicone 
tubing connecting the syringe to the pipette of each set-up. e.g. write NaOH on the silicone tubing of 
the microburette and write Ox. Acid on the silicone tubing of the micropipette. 

 

Never use your mouth to suck acid or base into the micropipette or microburette.  Always use 
the syringe at the top of the set-up to draw solution into the pipette or push solution out of the 
pipette. 

1. Rinse the micropipette first. Make sure the plunger of the syringe is pushed right down into the barrel of 
the syringe.  

2. Hold the micropipette over the container of oxalic acid. Lower the micropipette into the acid so that all 
of the pipette tip is covered with solution. This will prevent air bubbles being drawn into the 
micropipette from the surface of the solution. 

3. Gently slide the syringe plunger upwards, allowing about 0,2 to 0,3 ml of acid to enter the micropipette. 
Remove the container of acid. 
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4. Slide the plunger of the syringe several times slowly up and down without forcing the acid out of the 
micropipette. The solution will move up and down, rinsing the inside of the micropipette. Discard the 
rinse solution into a waste container. 

5. Now rinse the microburette in exactly the same way, but this time use the sodium hydroxide solution for 
rinsing. 

6. Once you have rinsed the microburette with the sodium hydroxide, lower the end of the microburette as 
before into the sodium hydroxide solution and slide the syringe plunger slowly upwards to fill the 
microburette to the 0.00 ml level.  Your microburette should now contain 2,00 ml of sodium hydroxide.
  

Do not pull the plunger up too quickly as this may cause the sodium hydroxide to fill the entire 
microburette, including the silicone tubing and syringe. 
 

7. Let the other team members assemble the microstand by sliding the two cross-arms of the microstand 
over the central stand. Push the microstand into well D2 of the comboplate. Move the pairs of arms 
around so that one arm of each pair is directly above well F1 (see diagram below). 

8. Now carefully clip the filled microburette containing sodium hydroxide solution into the arms of the 
microstand above well F1. Place the comboplate with microburette set-up onto a white piece of paper. 

 
This is what your set-up will look like when you are doing the actual titration. 

 
C. Do the Acid-Base Titration 

1. Fill the rinsed micropipette with exactly 0.50 ml of the oxalic acid. Add all of this solution to well F1 of 
the comboplate. 

2. Use the propette to add one drop of phenolphthalein indicator solution to the oxalic acid in well F1. 
Carefully stir the contents of well F1 with a clean microspatula. Leave the microspatula in the well 
and make sure that there is no spilling of the solution from well F1. 
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3. Position the microburette above well F1. Record the initial volume of the NaOH(aq) by reading the 
bottom of the meniscus formed by the NaOH(aq) in the microburette. Write this into Table 1 for 
Titration 1. 

Do not place the microburette tip too close to well F1 as the plastic microspatula may knock 
against it during stirring of the solution in the well. This may cause drops of the solution to splash 
out of the well. 

4. Push down gently on the syringe plunger of the microburette and add one 
drop of NaOH(aq) into well F1. Stir the solution in well F1 with the 
plastic microspatula, being careful not to spill any solution out of the well. 
Leave the microspatula in the well during the titration. 

5. Continue to add NaOH(aq) from the microburette one drop at a time with 
stirring, until the titration mixture in F1turns a pale pink-purple colour and 
remains pink-purple even after stirring for a few seconds. 

6. Once the colour of the solution in F1 is pale pink-purple, the end point of 
the titration has been reached. Stop adding NaOH(aq) but record the final 
volume of NaOH(aq) shown on the microburette. Calculate the volume of 
NaOH(aq) you added for Titration 1. 

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. 
In your next titration try to add half-drops of NaOH(aq) when you get very close to the end 
point so that the colour change at the endpoint is from colourless to pale pink-purple. 

7. Unclip the microburette and refill it with the NaOH(aq).  

8. Move the microstand to another small well in the D row of the comboplate. Clip the filled microburette 
back into the microstand and position the microburette above well F2. Record the initial volume of the 
NaOH(aq) for Titration 2 in your table. 

9. Use the micropipette to add another 0.50 ml of the oxalic acid to well F2. Add one drop of 
phenolphthalein indicator to well F2 and stir with a clean microspatula. Leave the microspatula in the 
well as before. 

10. Now that you know the approximate volume of NaOH(aq) required to titrate the oxalic acid, you can add 
the NaOH(aq) a little more quickly than before until about 0.04 ml before the expected end point. Stir 
thoroughly. (Note that whilst you are adding the NaOH(aq) quickly to the acid, the solution in the large 
well may change colour to pink/purple, but when stirred it will become colourless again if you stop 
adding the NaOH(aq) before the expected end point.) 

11. Once you are very close to the expected end point add the 
NaOH(aq) slowly, one drop at a time with stirring, until the 
indicator changes from colourless to pale pink-purple. 
Record the final volume of NaOH for Titration 2. 

If you are worried that you are going to overshoot the 
end point, then you can add a fraction of a drop (a 
droplet) from the microburette as follows: 

• Push down very gently on the syringe plunger so 
that a drop of NaOH(aq) begins to form at the end 
of the plastic tip. Do not let the drop fall into the 
acid in the large well. 

• Touch the hanging droplet with the narrow end of 
the microspatula. The droplet will stick to the 
microspatula. Carefully stir the droplet into the acid 
solution. 

 
12. Repeat the titration a third time in well F3. Reject any results where the end point has been overshot.  

This may mean repeating the titration one more time in another large well. 
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Return any unused oxalic acid and sodium hydroxide to your teacher.  
If the propettes still contain a large volume of phenolphthalein indicator, return these to your teacher 

so that the next class can use the propettes with indicator. 
Rinse all apparatus thoroughly with clean water. 

 
QUESTIONS: 
 
8. Prepare a table like Table 1 below and record your results whilst you are doing the titration in the large 

wells of the comboplate. 
 
TABLE 1: Volume of NaOH(aq) titrated at the end point of the titration with oxalic acid using 

phenolphthalein indicator 
 

Titration number 1 2 3 

Volume of NaOH(aq)/ ml 

Final volume 
   

Initial volume 
   

Volume NaOH(aq) added 
   

 
9. Record the exact concentration of the oxalic acid, H2C2O4(aq), as given to you by the teacher. 
10. What is the colour of the phenolphthalein indicator in the oxalic acid solution? 
11. What do you notice happening in the large wells when you add the NaOH(aq) to the oxalic acid, 

especially when you get close to the end point of the titration? 
12. What is the end point of a titration? 
13. Write down a balanced chemical equation to show the reaction of H2C2O4(aq) with NaOH(aq). 
14. a. What does the equation tell you about the mole ratio in which oxalic acid and sodium hydroxide 

react? 
 b. How many protons are transferred by one oxalic acid molecule during the acid-base titration? 
 c. What name do we give to an acid that transfers this many protons per molecule? 

15. Use your answers to questions 2, 6 and 7, as well as the volume of oxalic acid used in each well and the 
average volume of NaOH(aq) titrated to calculate the molar concentration of the sodium hydroxide 
solution. 

 
Here are some equations to help you: 
 

moles H2C2O4 = molar concentration of H2C2O4  x volume of H2C2O4 (in litres or dm3) 
 

molar concentration of NaOH =  
moles NaOH

volume NaOH �in litres or dm3�at end point
 

 
 
Remember to use the correct volume unit for both the oxalic acid and sodium hydroxide and don’t 
forget that the mole ratio of NaOH: H2C2O4 is an important part of your calculation! 
 

Describe in your own words how you have used the titration of oxalic acid against sodium hydroxide to 
determine the concentration of the sodium hydroxide. 
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ACTIVITY 12 C15: USING A TITRATION TO DETERMINE BOTH THE 
MOLAR CONCENTRATION AND MASS PERCENTAGE OF ACETIC ACID 

IN VINEGAR 
 
LEARNERS’ INSTRUCTIONS 
 
Introduction 
In industry, alcoholic solutions that contain less than 18% ethanol are converted to vinegar by 
bacteria which use oxygen to oxidise the alcohol to acetic acid: 

CH3CH2OH(aq) + O2(g)  → CH3CO2H(aq) + H2O(l) 

The resulting acetic acid solution is called “vinegar” and can vary in concentration, depending on 
the source of the alcohol and the time used to oxidise the alcohol e.g. cider vinegar is prepared from 
the fermentation of apples whilst balsamic vinegar is produced from fermenting grapes. Vinegars 
used for human consumption usually contain between 4 and 8 % acetic acid. White vinegar, also 
called spirit vinegar, commonly contains about 5% acetic acid and is widely used in cooking, 
baking, pickling, cleaning and gardening.  In this activity, you will be required to determine the 
concentration of acetic acid in a white vinegar sample using an acid-base titration. Sodium 
hydroxide will be the titrant (standard reaction solution) and acetic acid the analyte (solution of 
unknown concentration). You will first need to find the molar concentration of acetic acid in the 
vinegar sample (Part 1) and from this you will calculate the mass percentage of acetic acid in the 
vinegar (Part 2). 
 

Part 1: Molar Concentration of acetic acid (CH3CO2H) = 
moles CH3CO2H

volume of vinegar sample �in litres or dm3�
 

 
 

Part 2: Mass Percentage of acetic acid = 
mass acetic acid in vinegar sample

mass of vinegar sample    x 100 

Part 1: Determining the Molar Concentration of Acetic Acid in Vinegar 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
Find the following items in the Advanced Microchemistry Kit: 
• 1 x comboplate;  • 1 x propette;   • 3 x plastic microspatulas;   
 
Find the following items in the Microburette Kit: 
• 2 x 2 ml plastic pipettes graduated in 0.01 ml intervals;  • 2 x plastic pipette tips 
• 2 x plastic syringes;  • 2 x silicone tubes;   • 1 x microstand with cross arms 
• 1 x extra set of cross arms for the microstand 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• White vinegar (also called spirit vinegar) 
• Phenolphthalein indicator solution 

• Standard 1.0 M sodium hydroxide solution 
(NaOH(aq)) 
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Other: 
You will also need: 
• paper towel  • tap water for rinsing  • container for waste 
• piece of white paper (optional)    • a calculator 

 
 
What to do: 
 

Before you begin,  

1. Make sure that you have the instructions for Activity 12 C16 available, where you carried out the 
titration of sodium hydroxide with oxalic acid. That worksheet tells you how to set up and rinse both 
the microburette (for the NaOH(aq)) and the micropipette (for the vinegar). It also explains how to 
carry out the titration using the microburette, and how to add droplets of NaOH(aq) to the acid 
solution near the end point.  These instructions are only partially included in the worksheet for 
Activity 12 C17. 

2. Copy Table 1 from the Questions into your workbook. Complete the table while you are doing the 
titration, by filling in the initial volume of the sodium hydroxide (NaOH(aq)) before each titration 
begins and then the final volume of the NaOH(aq) when the end point has been reached.  

3. Write down the exact concentration of the sodium hydroxide solution which will be given to you by 
the teacher. 

 
1. Assemble the micropipette as described in Part A of the worksheet for Activity 12 C16. This will be used 

to add vinegar to the large wells of the comboplate. 
2. Assemble the microburette in the same way. This will be used to titrate sodium hydroxide solution 

(NaOH(aq)) into the acid solution in the large wells. 
 

 
  Work together to save time – one or two group members can assemble the microburette whilst 

another one or two members can construct the micropipette. 
 

It is a good idea to label the microburette and micropipette so you do not mix them up during the 
titration.  You can use small, sticky labels or you can use a marker pen to write a label on the silicone 
tubing connecting the syringe to the pipette of each set-up. e.g. write NaOH on the silicone tubing of 
the microburette and write Ac. Acid or Vinegar on the silicone tubing of the micropipette. 

 

3. Rinse the micropipette with the vinegar as described in Part B of the worksheet for Activity 12 C16.  
4. Rinse the microburette with the NaOH(aq).  

 

Never use your mouth to suck acid or base into the micropipette or microburette.  Always use 
the syringe at the top of the set-up to draw solution into the pipette or push solution out of the 
pipette. 

 
5. Assemble the microstand and move the pairs of arms around so that one arm of each pair is directly 

above well F1 (see diagram). 
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6. Fill the microburette with sodium 
hydroxide solution and clip it into the 
arms of the microstand above well F1. 
Place the comboplate with microburette 
set-up onto a white piece of paper. 
Record the initial volume of the 
NaOH(aq) by reading the bottom of the 
meniscus formed by the solution in the 
microburette. Write this into Table 1 for 
Titration 1. 

7. Fill the rinsed micropipette with exactly 
1.00 ml of the vinegar. Add all of this 
solution to well F1 of the comboplate. 

8. Use the propette to add one drop of 
phenolphthalein indicator solution to the 
vinegar in well F1. Carefully stir the 
contents of well F1 with a clean 
microspatula. Leave the microspatula 
in the well and make sure that there is 
no spilling of the solution from well F1. 

9. Add NaOH(aq) from the microburette 
one drop at a time with stirring to the 
vinegar in well F1, until the titration 
mixture in F1turns a pale pink-purple 
colour and remains pink-purple even 
after stirring for a few seconds (i.e. the 
end point has been reached). 

10. Stop adding NaOH(aq) but record the final volume of NaOH(aq) shown on the microburette. Calculate 
the volume of NaOH(aq) you added for Titration 1. 

11. Unclip the microburette and refill it with the NaOH(aq). Add another 1,00 ml of vinegar to well F2 using 
the micropipette. 

12. Move the microstand to another small well in the D row of the comboplate and clip in the microburette 
so that it is positioned above well F2. 

13. Repeat the titration a second time in well F2 and then a third time in well F3 so that you have three sets 
of volume readings of NaOH(aq) from which you can calculate the average volume of NaOH(aq) used. 

Reject any results where the end point has been overshot i.e. where the indicator is dark pink-purple 
in colour.  This may mean repeating the titration one more time in another large well. 

Return any unused vinegar and sodium hydroxide to your teacher.  
Hand back the propettes containing phenolphthalein indicator to your teacher so that the next class 

can use the indicator solution. 
Rinse all apparatus thoroughly with clean water. 
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QUESTIONS: 
 
1. Prepare a table like Table 1 below and record your results whilst you are doing the titration in the large 

wells of the comboplate. Calculate the average volume of NaOH(aq) used to reach the end point. 
 
TABLE 1: Volume of NaOH(aq) titrated at the end point of the titration with vinegar (acetic acid) 

using phenolphthalein indicator 
 

Titration number 1 2 3 

 Volume of NaOH(aq)/ ml 

Final volume 
   

Initial volume 
   

Volume NaOH(aq) added 
   

Average Volume of 
NaOH(aq) added  

 
2. Record the exact concentration of the sodium hydroxide solution, NaOH(aq), as given to you by the 

teacher. 

3. Write down a balanced chemical equation to show the reaction of acetic acid, CH3CO2H(aq), with 
NaOH(aq). 

4. What does the equation tell you about the mole ratio in which acetic acid and sodium hydroxide react? 

5. Using the known concentration of NaOH(aq) and the average volume of NaOH(aq) required to reach the 
end point, calculate the moles of NaOH(aq) used in the titration. 

6. Using your answers to 3, 4 and 5, find the moles of CH3CO2H(aq) in the vinegar sample. 

7. Finally, calculate the molar concentration of the acetic acid in vinegar from your answer to question 6 
and the volume of the vinegar sample used. 

 
Remember to use the correct volume unit for both the vinegar and sodium hydroxide. 
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Part 2: Converting the Molar Concentration of Acetic Acid to a Mass Percentage of Acetic 
Acid in Vinegar 

 
You will need: 
• Periodic Table 
• a calculator 

 
 
What to do: 
1. Use relative atomic masses to calculate the molar mass of acetic acid. Show your working out. 

2. Convert the moles of acetic acid previously calculated in Part 1 to a mass of acetic acid using the molar 
mass from your answer to Q1 above. 
 

Remember that mass of acetic acid in vinegar sample =  moles acetic acid x molar mass of acetic acid  
 
3. Assuming that the density of vinegar is 1.00 g/ml (i.e. approximately the density of water), calculate the 

mass of the vinegar sample used. 

4. Finally, calculate the mass percent of acetic acid in vinegar from the mass of acetic acid and the mass of 
vinegar. 

 
QUESTIONS: 
 
1. What is the mass percent of acetic acid in your vinegar sample? 

 
2. (Optional) Ask your teacher for the brand label of the vinegar you have used in this activity. Look to see 

if the label shows the mass percent of acetic acid in the vinegar. 
a. How does your answer compare with the mass percent of acetic acid reported on the label? 
b. If your results indicate that the mass percent is higher than what the label shows, give reasons why this 

could be so. 
c. If your results show that the mass percent is lower than what the label reports, give reasons why this 

could be so. 
 

3. In certain countries, a mass percent of acetic acid in vinegar of greater than 5% is regarded as dangerous 
for consumption (use/eating) by humans. Based on this, would the sample of vinegar you have analysed 
in this activity be suitable to use on food? Explain your answer. 

 
4. Is vinegar an element, compound or mixture? Explain your answer. 
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ACTIVITY 12 C16: ELECTROLYSIS OF WATER 

 
LEARNERS’ INSTRUCTIONS 
 
Requirements 
 
Apparatus: From the Microchemistry Kit:  
1 x 9 V heavy duty battery (or 2 x 1.5 V cells); 1 x comboplate; 
1 x current indicator (LED) with wire connections; 2 x drinking straw electrodes; 1 x plastic microspatula; 
1 x small sample vial; 1 x microburner; 1 x box of matches; 1 x thin stemmed propette; 
2 x red coated copper wires (with exposed ends); 1 x black coated copper wire (with exposed ends). 
 
Chemicals: Sodium sulphate decahydrate, Tap water. 
 
NB: Sodium sulphate decahydrate ,Na2SO4.10H2O, will be added to tap water in this experiment to 
increase the conductivity of the tap water. 
 

 
 
 
Procedure 
1. Push the current indicator into well E6 of the comboplate. 

 
2. Mark each of the drinking straw electrodes into 1 cm units using a permanent marker pen. Let one of 

the electrodes be called electrode 1 and the other electrode 2. 
 

3. Remove the lid from the small sample vial and fill half of the vial with tap water. Place the vial into 
well E5 next to the current indicator in well E6. 

4. Use the plastic microspatula to place 2 level spoons of sodium sulphate decahydrate , Na2SO4.10H2O 
into the small sample vial and it will quickly dissolve on stirring. Use an empty propette to suck up 
some of the solution from the vial. 

5. Hold electrode 1 with the open end upwards and fill the electrode completely with the water from the 
propette. 
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6. Quickly turn electrode 1 the other way up and place it into the water in the small sample vial. Repeat 
this procedure for electrode 2. Return any remaining solution in the propette to the small sample vial. 

7. Connect the end of the long black wire from the current indicator to the negative (-) terminal of the 
battery. Connect the end of the short black wire to electrode 1. 

8. Connect the one end of the red wire to the positive (+) terminal of the battery. Connect the other end of 
the red wire to electrode 2. What happens to the current indicator after connecting it to both electrodes? 

9. Disconnect the current indicator from the circuit. Reconnect electrode 1 directly to the negative (-) 
terminal of the battery with the loose red wire supplied.  

10. Let the substance produced in electrode 1 be called substance A. Let the substance produced in 
electrode 2 be called substance B. (Tap each electrode from time to time with your finger, to dislodge 
substances A and B which may build up in in certain parts of the electrodes.) 

11. When electrode 1 is full of substance A (at the end of the last pen marking on the electrode), disconnect 
the battery from the circuit. This may take approximately 10 minutes (or longer if you are using two 1.5 
V cells).  

12. Light the microburner. Carefully remove electrode 1 from the water, sealing the open end with your 
finger when it is out of the water. Bring electrode 1 very close to the flame of the microburner. Do not 
burn yourself or the straw! 

13. Remove your finger from the opening, allowing substance A to escape. When you have observed what 
happens, thoroughly rinse your fingers with tap water. Blow out the flame of the microburner. 

 
Rinse the vial out with clean water. 

 
 
 
QUESTIONS 
 
1. What effect is there on the current indicator when the battery is connected to the electrodes? 
2. What is the reason for your observation in question 1? 
3. What do you observe at the different electrodes? 
4. When electrode 1 is full of substance A, how much of substance B is there in electrode 2? 
5. What happens when substance A is exposed to the flame? 
6. What is the name given to substance A? 
7. What is the name of substance B? 
8. What test would you do to prove substance B is what you say it is? 
9. Why was a greater volume of substance A produced than of substance B? 
10. Write a summary of what happens when water is electrolysed. 
11. From question 10, would you say that tap water is a compound, an element or a mixture? Explain your 

answer. 
12. Write down a balanced equation to show the reaction taking place in the vial during electrolysis. What 

type of reaction is this? Explain your answer with reference to the observations made at each 
electrode. 

13. If reduction occurs at the cathode, which electrode (1 or 2) is the cathode and why do you say so? 
14. If oxidation occurs at the anode, which electrode (1 or 2) is the anode and why do you say so? 
15. Write a balanced equation for the half-reaction occurring at the cathode. 
16. Write a balanced equation for the half-reaction occurring at the anode. 
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ACTIVITY 12 C17: THE REDUCTION OF METAL IONS AND HALOGENS 
 
LEARNERS’ INSTRUCTIONS 
 
Part 1: The Reduction of Metal Ions – Reactions of Metals with Metal Salt Solutions 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
From the Advanced Microchemistry Kit:  
• 1 x comboplate;  • 3 x propettes;   • 3 x plastic microspatulas. 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• Copper powder (Cu(s));  
• Iron filings (Fe(s));  
• Zinc powder (Zn(s)); 

• Copper sulfate solution (CuSO4(aq)) [1 M];  
• Iron(II) sulfate solution (FeSO4(aq)) [1 M]; 
• Zinc sulfate solution (ZnSO4(aq)) [1 M]. 

*Note: If the iron(II) sulfate solution appears brown or brown/green in colour, it cannot be used. A 
fresh solution must be prepared. 

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

 
What to do: 
 
5. Prepare a table like Table 1 in your workbooks. Complete the table by observing what happens in each 

well as you work through the experiment.  
6. Use a clean propette to add 10 drops of copper sulfate solution into each of wells A1 to A3. 
7. Add the following metals to the wells, using a clean microspatula for each metal:  

 
a) 1 level microspatula of copper powder into well A1, using the spoon end of a clean microspatula. 
b) 1 level microspatula of iron filings into well A2, using the spoon end of a clean microspatula. 
c) 1 level microspatula of zinc powder into well A3, again using the spoon end of another clean 

microspatula. 
 
When adding the metals to the small wells, make sure that you do not spill any powder into adjacent 
wells as this will cause confusion. 
 

8. Stir the contents of each well with the thin end of a clean microspatula where necessary. 
9. Observe what happens in each well. Wait for 2-3 minutes to confirm your observations. View the 

comboplate from above and from the side when making your observations.  
10. Record your observations in Table 1. 
11. Repeat steps 2 to 6 above but this time add iron(II) sulfate solution to wells A5 to A7, followed by a 

different metal in each well. 
12. Repeat steps 2 to 6 but this time add zinc sulfate solution to wells A9 to A11, followed by a different 

metal in each well. 
 

Rinse the comboplate thoroughly with water.   
Dry the small wells thoroughly with paper towel before moving on to Part 2. 

Ask your teacher if the propettes containing metal sulfate solutions should be kept for another class, 
otherwise empty the propette contents into a waste container. 
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QUESTIONS: 
 
11. Prepare a table like Table 1 in your workbooks. Complete the table by observing what happens in each 

well as you work through the experiment. Describe exactly what you see. If no change is detected, 
indicate this also. 

 
TABLE 1 

 CuSO4(aq) FeSO4(aq) ZnSO4(aq) 

Cu(s)   

 

Fe(s)   

 

Zn(s)   

 

 
12. Write down a chemical equation for each reaction that has taken place. 

If no reaction was observed then write, for example, Cu(s) + CuSO4(aq) = no reaction.  
13. Where a reaction has taken place: 

i) Write down the ionic equation for the reaction, but leave out the spectator ions. 
ii) Explain what has happened to the metal atoms in terms of electron transfer.  
iii) Explain what has happened to the metal ions in the metal sulfate solution, in terms of electron 

transfer.  
14. Are the metal ions oxidised or reduced?  
15. Based on your answers to questions 2, 3 and 4, what do we call the metal ions in each sulfate solution: 

oxidising or reducing agents?  Explain your answer. 
16. Of the three metals investigated, which metal showed the greatest tendency to react with the aqueous 

solutions of metal salts? Give a reason for your answer. 
17. Which metal showed the least tendency to react with the aqueous solutions of metal salts? Give a reason 

for your answer. 
18. Write down a reactivity series for the metals, from the most reactive to the least reactive. 
19. Based on your reactivity series, which metal is the strongest reducing agent. Explain your answer. 
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Part 2: The Reduction of Halogens 
 
Requirements 
Each group will need the following: 
 
Apparatus: 
From the Advanced Microchemistry Kit:  
• 1 x comboplate;  • 6 x propettes;   • 3 x plastic microspatulas. 
 
Chemicals: 
The following chemicals should be collected from the teacher: 

• 0.1 M sodium chloride solution (NaCl(aq)) 
• 0.1 M sodium bromide solution (NaBr(aq)); 
• 0.1 M sodium iodide solution (NaI(aq)) 

• Chlorine solution (Cl2(aq));  
• Bromine solution (Br2(aq)); 
• Iodine solution (I2(aq)). 

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

 
What to do: 
 
1. Prepare a table like Table 2 in your workbooks. Complete the table by observing what happens in each 

well as you work through the experiment.  
2. Add 3 drops of sodium chloride solution into wells B1, B4 and B7. 
3. Add 3 drops of sodium bromide solution into wells B2, B5 and B8. 
4. Add 3 drops of sodium iodide solution into wells B3, B6 and B9. 
5. Add 5 drops of chlorine solution into wells B1, B2 and B3. Stir each solution with a clean spatula and 

observe what happens. 
6. Add 5 drops of bromine solution into wells B4, B5 and B6. Stir each solution with a clean spatula and 

observe what happens. 
7. Add 5 drops of iodine solution into wells B7, B8 and B9. Stir each solution with a clean spatula and 

observe what happens. 
 

Rinse the comboplate thoroughly with water.   
Ask your teacher if the propettes containing the different solutions should be kept for another class, 

otherwise empty the propette contents into a waste container. 
Wash your hands! 
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QUESTIONS: 
 
1. Prepare a table like Table 2 in your workbooks.  

i. Complete Column 1 of the table by writing down the reactants added to each well. 
ii. Complete Column 2 by observing what happens in each well as you work through the experiment. 

Describe exactly what you see. If no colour change is detected, indicate this also.  
ii. Write down in Column 3 the balanced chemical equations for any reactions observed. 

 
TABLE 2 
Well Reactants Observations Balanced Chemical Equation  

B1 NaCl and Cl2 No colour change/No reaction. No reaction 

B2    

B3    

B4    

B5    

B6    

B7    

B8    

B9    

 
2. Examine the equations you have written down for the reactions which did take place. 

Explain in terms of electron transfer why the reactions are redox in nature. Use your observations to help 
your explanations in each case. 

3. Which halogen was the most reactive towards halide ions? 
4. Which halogen was the least reactive towards halide ions? 
5. Which halogen tested is the strongest oxidising agent? Explain your answer. 
6. Look at a Periodic Table of the elements and find a halogen in Group 17 that is a stronger oxidising 

agent than chlorine. Give reasons for your choice. 
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