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Activity 1 

Aims & Objectives 
 Be able to collect a gas from a reaction. 

 Be able to measure the volume of a gas. 

 Be able to calculate relative atomic mass. 

Before this Practical… 
You should know the formula to convert volume of a gas into Moles 

Using ml 
000,24

0 Volume
MolesN     or using dm3 

24

0 Volume
MolesN   

You should read OCR 2.2.2, 2.3.2 & 2.3.3 

 

Questions to answer before the practical 

1. What is the word equation for the reaction between an acid and a metal 

 

2. The metal you will use is from group II write a symbol equation using MII to represent the 

unknown metal. 

 

3. What is the Molar gas volume at RTP? 
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Aims 
To find the relative atomic mass of an unknown metal by gas collection 

Equipment 
 1.00 mol dm–3 hydrochloric acid, HCl 

 Weighing bottle 

 Unknown metal, X 

 Spatula 

 Conical flask  

 Delivery tube 

 250 cm3 measuring cylinder 

 Bowl 

 Mass balance 

 25 cm3 measuring cylinder 

 Stand and clamp 

Method 
1. Set up your apparatus as shown in Figure 1. You must fill the measuring cylinder with water, 

cover the open end and place this under water in the bowl provided. 

2. Place between 0.15 g and 0.20 g of the unknown metal in the conical flask. 

3. Measure out 25.0 cm3 hydrochloric acid (HCl) and add this directly to the conical flask as 

quickly as possible, connecting the delivery tube to the flask immediately afterwards. 

4. Ensure that all of the metal has reacted. 

5. Collect the gas and record the final volume of hydrogen. 

  

Figure 1 
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Results 
 

 

 

 

 

 

 

State the Ar of the Metal X and therefore suggest an identity for the metal. 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 Record your masses and gas volume measurement before you begin your calculations.  

 Explain each line of your calculation in the Results section above, you might want to use the 

help given below. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Help with your results… 

 Calculate the amount, in moles, of hydrogen collected. 

 Calculate the amount, in moles, of unknown metal, X, used. 

 Calculate the relative atomic mass, Ar of X. 

 Suggest an identity for X based on your value of Ar and its observed reactivity. 

 

Questions 
1. State a major procedural error for this experiment. 

2. Suggest a modification which would reduce this major procedural error. 

3. Calculate amounts in moles (using your value of Ar for X) to show that the acid was in excess. 

4. How would you modify the procedure if metal X was provided in lump form? 

5. How could this experiment be modified to find the relative atomic mass of lithium? 
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Spare page with plenty of space to answer questions.  
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Activity 2 

Aims & Objectives 
 Be able to heat a hydrated salt to remove water only. 

 Be able to measure mass changes accurately. 

 Be able to calculate the percentage of water present. 

Before this Practical… 
You should know the formula to convert Mass into moles 

Using mL 
rM

mass
MolesN 0

  

You should read OCR 2.3.2 & 2.3.3 

 

Questions to answer before the practical 

1. What is the reaction for the dehydration of hydrated calcium nitrate tetra aqua (4 water)? 

 

2. What is the relative mass for these hydrated crystals? 

 

a. MgBr2•5H2O 

b. Na3PO4•10H2O 

 

3. Using the empirical formula deduce the dot formula for these hydrated salts 

 

a. BaI2H10O5 

Barium Iodide 

 

b. MgN2H8O10 

Magnesium Nitrate 
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Aims 
To find the percentage of water of crystallisation in hydrated iron (II) sulfate 

Equipment 
 Hydrated iron(II) sulfate, FeSO4·xH2O  

 Crucible and lid 

 Weighing bottle 

 Crucible tongs 

 Bunsen, tripod and pipe clay triangle 

 Mass balance 

 Spatula 

 Heat-proof mat 

Method 
1. Weigh a crucible with its lid.  

2. Add between 1.30 g and 1.50 g of hydrated iron (II) sulfate crystals, FeSO4• x H2O. Reweigh 

the crucible. 

3. Place the crucible containing the hydrated iron (II) sulfate crystals on the pipe clay triangle 

and gently heat for two minutes whilst carefully moving the crystals with a spatula. You 

should avoid the formation of brown iron (III) oxide if possible. 

4. Allow to cool and weigh the crucible, lid and its contents. 

5. Reheat the crucible and its contents and reweigh. 

6. Continue reheating and reweighing until constant mass is observed. 

7. Record the colour of your final product. 

Results 
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Deduce the value of x  
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 If a salt can decompose, it is important to heat gently to avoid thermal decomposition of the 

salt. 

 Record masses to the number of decimal places appropriate for the balance used. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Help with your results… 

 Calculate the mass of hydrated iron (II) sulfate.  

 Calculate the mass of water driven off. 

 Calculate the percentage by mass of water in the crystals. 

 Your teacher may give you further information to allow you to calculate the value of x in 

FeSO4•·xH2O 

 Use the table format 

 FeSO4• xH2O   +  

Mass      

Relative Mass      

No Moles      

 

Questions 
1. Why is it important to carry out steps 5 and 6? 

2. Write the formula of anhydrous iron (II) sulfate. 

3. When anhydrous iron sulfate decomposes it forms iron (III) oxide, sulfur (IV) dioxide and 

sulfur (VI) oxide. Write a balanced equation for this reaction. 

4. If decomposition takes place what effect will this have on your value of the percentage of 

water in the crystals? (use moles equations in your answer) 

5. Suggest two changes to either the apparatus or method that would increase the 

experiment’s accuracy. 
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Spare page with plenty of space to answer questions.  
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Activity 3 

Aims & Objectives 
 Be able to recall the reactions between acids and bases. 

 Be able to recall the reactions between acids and alkalis. 

 Appreciate the difference between strong and weak acids. 

Before this Practical… 
You should know the formulae of some common acids, alkalis, bases and ions. 

Hydrochloric acid HCl Chloride ion Cl- 

Sulphuric acid H2SO4 Sulphate ion SO4
2- 

Nitric acid HNO3 Nitrate ion NO3
- 

Phosphoric acid H3PO4 Phosphate ion PO4
3- 

Sodium hydroxide NaOH Hydroxide ion OH- 

Magnesium Oxide MgO Group II metal ion M2+ 

Ammonia NH3 Ammonium ion NH4
+ 

You should read OCR 2.4.1 

Questions to answer before the practical 
1. Write an equation in words and symbols to show the general reaction between an acid (HA) 

and an alkali (MOH) 

Acid + Alkali  

HA + MOH  

2. What is the definition of… 

a. An acid 

 

b. A base 

 

c. An alkali 

 

d. A salt 

 

e. An ion  
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Aims 
To investigate the reactions of bases, alkalis and carbonates with acids 

Equipment 
 1 mol dm–3  hydrochloric acid, HCl 

 0.5 mol dm–3 sulfuric acid, H2SO4 

 1 mol dm–3 ethanoic acid, CH3COOH 

 1 mol dm–3 citric acid, C6H8O7 

 Copper oxide 

 Magnesium oxide 

 0.4 mol dm–3 sodium hydroxide, NaOH (alkali) 

 0.4 mol dm–3 ammonia solution, NH3  (alkali) 

 Copper carbonate 

 Calcium carbonate 

 Limewater 

 Boiling tubes, test tubes, spatula, delivery tube 

 Thermometer 

 Universal indicator 

 2 x 10 cm3 measuring cylinder 

Method 
1. Compare the reactivity of the four acids with the metal oxide bases by placing 5 cm3 of acid 

in a boiling tube and adding small amounts of the solids. It may be necessary to warm the 

mixture. 

2. Compare the reactivity of the four acids with the alkalis by adding 5 cm3 of each alkali to 5 

cm3 of each acid in separate boiling tubes and monitoring any temperature change. Retain 

mixtures for step 3. 

3. To each mixture from step 2 add a few drops of universal indicator followed by excess alkali. 

4. Compare the reactivity of the four acids with the metal carbonates by adding acid to 1 cm 

height of solid. Any gas should be passed through limewater. 
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Results 
 Record your observations using a suitable format 

 Write an equation for each reaction that takes place (word and symbol) 

 Compare the reactivity of the acids and relate this to their strengths 

 Comment on any anomalous results 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 Know the names and formulae of the common acids and alkalis. 

 You should be able to write balanced equations for reactions of acids with oxides, alkalis and 

carbonates. 

Questions 
1. The temperature rises in step 2 are caused by the exothermic reaction: H+ + OH-  H2O. 

Explain why they do not all have the same temperature rise given that the same amount of 

acid and alkali is used. 

2. Sodium hydroxide is used in oven cleaners because it reacts with fats. Suggest why 0.4 mol 

dm–3 rather than 1 mol dm–3 is used in this experiment. 

3. Hydrochloric acid is found in our stomachs. Suggest which compounds would be suitable for 

neutralising excess acidity. 

4. Wasp stings are alkaline. Name a household substance which could be used to reduce the 

pain of a wasp sting. 

5. Phosphoric acid has the formula H3PO4. Write the formulae of the three possible sodium 

salts of this acid. 

  



 

P a g e  | 18 

Spare page with plenty of space to answer questions. 
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Activity 4 

Aims & Objectives 
 To make accurate measurement of the mass of the sample, and of the volume of CO2 

released in the reaction of the sample with an excess of H2SO4. 

 To determine the percentage by mass of CuCO3 in a sample of CuCO3•Cu (OH)2(s).  

Before this Practical… 
Copper (II) carbonate basic, CuCO3•Cu(OH)2(s), is the dull green colour that forms on copper roofs. 

Copper oxidises in the air to form an approximately equimolar mixture of CuCO3 and Cu(OH)2. The 

percentage of CuCO3 in the mixture can be determined by reacting the mixture with an acid and 

calculating the amount of CO2 evolved. 

Questions to answer before the practical 
1. When copper rooftops turn green, the copper reacts with oxygen, water vapour and carbon 

dioxide in the air to form CuCO3·Cu(OH)2(s). Construct an equation for this reaction. 

 

 

 

 

2. Find out the names and locations of famous buildings which have copper roofs and explain 

why some architects use this material. 
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Equipment 
 Copper(II) carbonate basic, CuCO3·Cu(OH)2(s) 

 Aqueous sulfuric acid, H2SO4(aq) 1M 
 

 balance accurate to two decimal places or more 

 weighing boat or filter paper 

 spatula 

 conical flask (250 cm3) 

 bung with delivery tube 

 measuring cylinder (250 cm3) 

 measuring cylinder (50 cm3) 

 clamp stand with boss and clamp 

 trough 

Method 
1. Record all relevant observations during the practical. You should record your results in an 

appropriate format. 

2. Set up the apparatus as shown in Figure 2. 

3.  Weigh approximately 1.5 g of CuCO3·Cu(OH)2(s). Record the exact mass. Use the correct 

number of decimals and the correct unit. 

4. Add the solid to the conical flask and replace the bung. 

5. Using a 50 cm3 measuring cylinder, measure out 50 cm3 H2SO4(aq). (This is an excess.) 

6. Remove the bung from the conical flask, quickly add the acid to the flask, and immediately 

replace the bung. 

7. Collect the gas in the 250 cm3 measuring cylinder and record the final volume of carbon 

dioxide using an appropriate format. 

8. If you have time, repeat the experiment. 

 

Figure 2 
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Results 
 Calculate the amount of carbon dioxide, CO2(g), collected in the measuring cylinder. Assume 

that 1 mol of gas occupies 24 000 cm3 at room temperature and pressure. 

 

 Copper(II) carbonate basic reacts with sulfuric acid as below: 

CuCO3·Cu(OH)2(s) + 2H2SO4(aq)  2CuSO4(aq) + 3H2O(l) + CO2(g) 

 

 Deduce the amount of copper (II) carbonate, CuCO3(s) that reacted. 

 

 

 

 Calculate the percentage by mass of CuCO3 in the original sample of CuCO3·Cu(OH)2(s). Give 

your answer to an appropriate number of significant figures. 



Practical Endorsement Activity 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

  

Questions 
1. Assuming your sample of CuCO3·Cu(OH)2(s) contains exactly equal amounts of CuCO3(s) and 

Cu(OH)2(s), what % by mass of CuCO3 would you expect? 

2. Determine the size of the divisions on the measuring cylinder you used to collect the carbon 

dioxide. Calculate the percentage error in the value of the gas volume. 

3. Determine to how many decimal places the balance measures that you used to weigh the 

CuCO3·Cu(OH)2(s). Calculate the percentage error in the value of the mass. 

4. Explain why it is not necessary to calculate the percentage error in the volume of H2SO4(aq) 

used. 

5. Suggest two errors in the procedure that could lead to inaccuracies in your experimental 

value for the % by mass of CuCO3(s). 

6. For each error identified in (5.), state and explain what effect these errors would have on 

your final result. 

7. Suggest two ways in which the experiment could be modified to give a more accurate value 

for the % by mass of CuCO3(s), giving reasons for your choices. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 5 

Aims & Objectives 
 To determine the relative atomic mass of magnesium using two different methods and using 

a range of practical skills.  

 Method 1: By measuring the volume of hydrogen produced when a weighed mass of 

magnesium reacts with excess sulfuric acid. 

 Method 2: By evaporating the solution of magnesium sulfate to dryness and weighing the 

mass of product obtained. 

Before this Practical… 
You will determine the relative atomic mass of magnesium.  

It is your responsibility to work safely and to organise your time efficiently.  You should try to work in 

such a way as to make your results as accurate as possible. 

First you will carry out the experimental work.  You will then use your results to calculate the relative 

atomic mass of magnesium. 

 

Equipment 
 1.00 mol dm-3 sulfuric acid, H2SO4(aq) 

 Magnesium ribbon, Mg(s) 

 distilled water, H2O(l) 

 

 Balance (to 2.d.p) 

 Measuring cylinder (10 cm3) 

 Conical flask 

 Stopper and delivery tube 

 250 cm3 measuring cylinder 

 Trough 

 Evaporating basin 

 Bunsen tripod  

 Pipe clay triangle 
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Method 
Method 1 

Figure 3 

 

1. Set up the apparatus as shown in Figure 3 above. 

2. Using a measuring cylinder, add 10.0 cm3 of the 1.00 mol dm–3 sulfuric acid (an excess) to 

the conical flask. 

3. Weigh accurately between 0.12 g and 0.16 g of magnesium.  Record the exact mass of 

magnesium using an appropriate format. 

4. Remove the stopper, add the magnesium to the flask and quickly replace the stopper. 

5. Collect the gas and record the final volume of hydrogen. 

6. Keep the solution in the conical flask for method 2. 

7. Assume room temperature and pressure. 

Mg(s) + H2SO4(aq)    MgSO4(aq) + H2(g) 

Show all of your working clearly. 

(a) Calculate the amount, in mol, of, H2, that you collected. 

(b) Deduce the amount, in mol of magnesium, Mg that reacted. 

(c) Using the original mass of Mg that was reacted, calculate the relative atomic mass of magnesium. 

  

 

magnesium 

H2SO4(aq) 

250 cm3 
measuring 
cylinder 
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Method 2 

Read the information below and decide how you will show your results.   

Then record your measurements of mass in a suitable format. 

1. Weigh a clean, dry evaporating basin. 

2. Pour the contents of the conical flask into the evaporating basin. Wash the evaporating 

basin with a little distilled water and add to the evaporating basin 

3. Evaporate the solution of magnesium sulfate. DO NOT OVER HEAT. STOP HEATING WHEN 

CRYSTALS START TO FORM.  Allow the basin to cool and reweigh the evaporating basin and 

solid magnesium sulfate. 

4. Record your results. 

5. Calculate the amount, in mol, of magnesium sulfate, MgSO4, formed. 

6. Deduce the amount, in mol of magnesium, Mg, in the MgSO4. 

Using the original mass of Mg that was reacted, calculate the relative atomic mass of magnesium. 

 

Results 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Questions 
1. When you add the magnesium, you are introducing two errors: one results in a smaller 

volume of gas and the other a larger volume of gas. What are these errors? 

2. Modify your experiment so that the magnesium and acid could be mixed without needing to 

remove the stopper. 

3. You have assumed room temperature and pressure. Repeat the experiment, recording the 

actual temperature and pressure. Then repeat your analysis of your results, using the Ideal 

Gas Equation. 

4. Calculate the percentage uncertainties in the measurements that you have made. Identify 

the most significant uncertainty and how this could be reduced. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 6 

Aims & Objectives 
 To determine the formula of magnesium oxide by making mass measurements 

Before this Practical… 
You will determine the formula of magnesium oxide.  

For this exercise you are given instructions for the practical procedure.  It is your responsibility to 

work safely and to organise your time efficiently.  You should try to work in such a way as to make 

your results as accurate as possible. 

In this experiment, you will be making mass measurements to find the formula of magnesium oxide.  

Magnesium reacts with oxygen in the air forming magnesium oxide.  

Magnesium + Oxygen  Magnesium oxide 

Equipment 
 Magnesium ribbon 

 

 crucible + lid 

 Bunsen burner 

 tripod stand 

 heat-proof mat 

 pipe clay triangle 

 tongs 

 access to balance accurate to two decimal places 
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Method 
1. Measure the mass of the crucible + lid. 

2. Put the magnesium ribbon to the crucible. You will need to coil the magnesium so that it fits. 

Reweigh the crucible + lid. 

3. Arrange the apparatus as in Figure 4 and heat the crucible strongly.  

Raise the crucible lid slightly using tongs to control the reaction. 

 

4. When the reaction is nearly complete, place the crucible lid on the heat-proof mat and heat 

the crucible strongly for 5 minutes. During this time, tap the magnesium oxide gently with 

tongs to break up the residue. 

5. Allow the crucible to cool and reweigh the crucible, its contents and the lid. 

6. Calculate the mass of magnesium that you reacted, the magnesium oxide formed and 

oxygen that reacted. 

7. Calculate the No. Mol of Mg and O atoms in the magnesium oxide that you prepared. 

8. Determine the empirical formula of magnesium oxide. 

  

Pipe clay triangle 

Crucible Magnesium ribbon 

HEAT 

Figure 4 
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Results 
 Determine the empirical formula of magnesium oxide. 



Practical Endorsement Activity 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Questions 
1. Complete these questions to help develop your skills in answering practical questions in the 

written examinations. 

2. Why did you need to raise the crucible lid slightly when you first heated the magnesium? 

3. What was the purpose of breaking up the magnesium oxide whilst heating the contents of 

the crucible strongly for 5 minutes? 

4. The formula from this experiment often shows slightly less oxygen than is present in 

magnesium oxide. Suggest why this should be so. 

5. If magnesium is heated very strongly in pure nitrogen, magnesium nitride is formed. This 

compound is a black colour and usually a small amount of this compound contaminates the 

magnesium oxide that is formed in this experiment. 

6. Why does the magnesium react with oxygen rather than nitrogen? 

7. 1.82 g of magnesium reacted to form 2.52 g of magnesium nitride. Calculate the formula of 

magnesium nitride. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 7 

Aims & Objectives 
 Be able to recall the reactions between acids and metals. 

Before this Practical… 
You should know the formulae of some common acids, alkalis, bases and ions. 

You should have an understanding of oxidation numbers and how to calculate them using the 

periodic table and the names of compounds 

You should read OCR 3.8.1 

Questions to answer before the practical 

1. Complete the table below giving the oxidation number of the underlined items 

    [O] No. 

 HCl  Cl-  

Sulphuric acid   SO4
2-  

 HNO3  NO3
-  

 H3PO4  PO4
3-  

Sodium hydroxide   OH-  

Magnesium Oxide   M2+  

Ammonia   NH4
+  

Citric Acid     

2. What is the oxidation number for 

a. A group II metal 

 

b. An oxygen ion 

 

c. Iron in Iron (III) chloride 

 

d. The Vanadium in NH4VO3  
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Aims 
To investigate the reactions of metals with acids 

Equipment 
 1 mol dm–3 hydrochloric acid, HCl 

 0.5 mol dm–3  sulfuric acid, H2SO4 

 1 mol dm–3  ethanoic acid, CH3COOH 

 1 mol dm–3  citric acid, C6H8O7 

 1 mol dm–3 nitric acid, HNO3 

 Magnesium ribbon 

 Manganese pieces 

 Zinc granules 

 Copper turnings 

 Test tubes, spatula and splints    

 Bunsen burner 

Method 
9. React each of the metals with about 3cm 1 mol dm–3 hydrochloric acid in test tubes and test 

any gas evolved with a lighted splint. You may need to heat the mixtures if the reaction is 

quite slow. 

10. Compare the reaction of magnesium with: 

a. hydrochloric acid 

b. sulfuric acid 

c. ethanoic acid 

d. Citric acid. 

11. Using a fume cupboard, react magnesium with 3cm 1 mol dm–3 nitric acid 
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Results 
 Record your observations in an appropriate format.  

 Write an equation for each reaction. 

 Place the metals in order of reactivity. 

 Place the acids in order strength. 

 How does the reaction of nitric acid differ? 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  

   

   

   

   



 

P a g e  | 41 

Hints and tips 

 Reactive metals form hydrogen with acids. 

 Nitric acid is an exception. 

 A metal reacting with an acid is a redox reaction. 

 These reactions are neutralisation reactions and produce salts. 

 You should be able to represent these reactions as a general equation. 

Questions 
8. Use oxidation numbers to show that magnesium reacting with hydrochloric acid is a redox 

reaction.  

9. Write a general equation for the reaction between metals and acids (excluding nitric acid). 

10. Predict the reaction between calcium and ethanoic acid. 

11. Explain how a sample of magnesium chloride could be made from one of the reactions you 

have carried out. 

12. Concentrated nitric acid reacts with copper as follows: 

Cu + 4HNO3  Cu(NO3)2 + 2NO2 + 2H2O 

Copper’s oxidation number increases from 0 to +2; deduce which element is reduced. 
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Activity 8 

Aims & Objectives 
 Be able to use volumetric equipment for dilution. 

 Be able to carry out a titration. 

 Be able to calculate purity using moles. 

Before this Practical… 
You should know and be able to use the mole equations 

No Moles =  
Mass  

Conc =  
No Moles 

Relative Mass  Volume 

 

You should also be able to calculate % error 

Error =  
± error 

Amount measured 

 

You should read OCR 2.4.1 & 2.4.2 2.2.2, 2.2.3, 2.3.3, 2.3.4 & 2.4.2 and view the RSC videos on 

standard lab techniques chemstuff.co.uk/practical-techniques 

 

Questions to answer before the practical 
1. What is the % error for each piece of equipment? Which one has 

the lowest % error? 

 

 

 

2. What are the colours of the following indicators and at what pH do they change colour? 

a. Phenolphthalein 

b. Methyl orange 

c. Bromothymol blue 

 

  

Use this QR code to 
access: 
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Aims 
To find the purity of a sample of sodium carbonate by titration 

Equipment 
 A8: 4.00 g dm–3 impure sodium carbonate, Na2CO3 

 1.00 mol dm–3 hydrochloric acid, HCl  

 Methyl orange indicator 

 Deionised/distilled water 

 25.0 cm3 pipette 

 50.0 cm3 burette and stand  

 250 cm3 volumetric flask 

 Conical flask and funnel  

 Wash bottle  

 White tile  

 Label or glass marker pen 

Method 
1. Use a pipette to measure 25.00 cm3 of 1.00 mol dm–3 hydrochloric acid, HCl into the 250 cm3 

volumetric flask. 

2. Make up the contents of the flask to the mark with deionised/distilled water. Label this C8. 

3. Fill your burette with C8. 

4. Pipette 25.0 cm3 of A8 into a conical flask. (Seek advice on attaching pipette fillers) 

5. Add a few drops of methyl orange to the conical flask. 

6. Titrate the contents of the conical flask with C8. 

7. Repeat the titration until you have concordant results (within 0.10 cm3). 

8. Record all titration results in a table showing initial and final burette readings. 
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Results 
 Record your observations in an appropriate format.  

 Indicate which titres you use in your average. 

 Calculate the average of your concordant results. 

 Calculate the amount of HCl, in mol, in the volumetric flask. 

 Calculate the amount, in mol, of HCl reacting with the Na2CO3. 

 Calculate the amount, in mol, of Na2CO3 in the pipette. 

 Calculate the amount, in mol, of Na2CO3 in 1.00 dm3 of A1. 

 Calculate the mass of Na2CO3 in 1.00 dm3 of A1. 

 Calculate the % purity of the 1.00 dm3 A1 sample. 
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P a g e  | 47 

Hints and tips 

 It is important to present your results (with units) in a table showing initial and final burette 

readings. 

 Show clearly how the average titre is obtained. 

 Explain each line of your calculation as shown in the Analysis of Results section above. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Questions 
1. Find out what could have caused the impurity in the sodium carbonate. 

2. Sodium carbonate has a number of uses in the lab and in industry. Find one for each. 

3. Explain why it was necessary to dilute the hydrochloric acid before carrying out the titration. 

4. Suggest how someone would have calculated the dilution of the HCl from 20.0 cm3 to 250 

cm3. 

5. If the volumetric flask has a tolerance of 0.6 cm3, calculate the potential percentage 

inaccuracy in this apparatus. 
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Activity 9 

Aims & Objectives 
 Be able to carry out a titration using volumetric equipment. 

 Be able to calculate concentration in g dm-3 using moles. 

Before this Practical… 
You should know and be able to use the mole equations 

No Moles =  
Mass  

Conc =  
No Moles 

Relative Mass  Volume 

 

You should have an understanding of acids and how they work. 

You should read OCR 2.2.2, 2.2.3, 2.3.3, 2.3.4 & 2.4.2 and view the RSC videos on standard lab 

techniques chemstuff.co.uk/practical-techniques 

Questions to answer before the practical 

1. Give the word and symbol equation for the reaction between 

hydrochloric acid and sodium hydroxide 

 

 

 

2. What is the smallest resolution you can measure using a school: 

a. Burette 

 

b. 25ml Pipette 

 

c. 250ml volumetric flask 

 

  

Use this QR code to 
access: 
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Aims 
To find the concentration of a solution of sodium hydroxide by titration 

Equipment 
 A9: sodium hydroxide solution 

 0.100 mol dm–3 sulfuric acid, H2SO4 

 Phenolphthalein indicator 

 25.0 cm3 pipette 

 50.0 cm3 burette and stand  

 Funnel  

 Conical flask 

 Wash bottle  

 White tile  

Method 
1. Fill your burette with 0.100 mol dm–3 sulfuric acid, H2SO4. 

2. Pipette 25.0 cm3 of A9 into a conical flask. 

3. Add a few drops of phenolphthalein indicator to the conical flask. 

4. Titrate the contents of the conical flask with 0.100 mol dm–3 sulfuric acid, H2SO4. 

5. Repeat the titration until you have concordant results (within 0.10 cm3). 

6. Record all titration results in a table showing initial and final burette readings. 
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Results 
 Record your observations in an appropriate format.  

 Indicate which titres you use in your average. 

 Calculate the average of your concordant results. 

 Calculate the amount, in mol, of H2SO4 reacting with the NaOH. 

 Calculate the amount, in mol, of NaOH in the pipette. 

 Calculate the amount, in mol, of NaOH in 1.00 dm3 of A2. 

 Calculate the mass of NaOH in 1.00 dm3 of A2. 
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Hints and tips 

 It is important to present your results (with units) in a table showing initial and final burette 

readings. 

 Show clearly how the average titre is obtained. 

 Explain each line of your calculation as shown in the Analysis of Results section above. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Questions 
1. Sulfuric acid is known as a diprotic acid. Explain what this means. 

2. Explain why a titration reading of 23.58 cm3 would generally be unacceptable. 

3. Under what conditions would the acid salt, NaHSO4, be produced? 

4. Why is phenolphthalein such a good indicator to use in this case?  

5. Explain why more than three significant figures for the final answer would not be 

appropriate. 
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Activity 10 

Aims & Objectives 
 Be able to use volumetric equipment for dilution. 

 Be able to carry out a titration using volumetric equipment.  

 Be able to calculate concentration using moles. 

Before this Practical… 
You should know and be able to use the mole equations 

No Moles =  
Mass  

Conc =  
No Moles 

Relative Mass  Volume 

 

You should know the reactions of acids 

You should read OCR 2.2.2, 2.2.3, 2.3.3, 2.3.4 & 2.4.2 and view the RSC videos on standard lab 

techniques chemstuff.co.uk/practical-techniques 

Questions to answer before the practical 

1. Give the generic word equation for the following reactions 

a. Acid + Alkali 

 

b. Acid + Metal 

 

c. Acid + Carbonate 

 

2. What is the balanced symbol equation for the reaction between limewater and Hydrochloric 

acid 

 

  

Use this QR code to 
access: 
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Aims 
To find the concentration of limewater by titration 

Equipment 
 Limewater, A10 

 Deionised/distilled water 

 2.00 mol dm–3  hydrochloric acid, HCl, (in communal burette) 

 Burette  

 25.0 cm3 pipette and pipette filler  

 Conical flask 

 0-5 cm3 graduated pipette or second burette 

 250 cm3 volumetric flask  

 Methyl orange  

 Funnel  

 White tile and label  

 Wash bottle 

Method 
1. Use a burette to add 5 cm3 of 2.00 mol dm–3 hydrochloric acid, to a 250 cm3 volumetric flask 

and label B10. 

2. Make up to the mark with deionised/distilled water. 

3. Fill a burette with B10. 

4. Pipette 25.0 cm3 limewater, A10, into a conical flask. 

5. Titrate with the acid B10 using methyl orange as an indicator. 

6. Repeat until concordant results are obtained. 
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Results 
 Record your observations in an appropriate format.  

 Calculate the amount, in mol, of HCl in the volumetric flask. 

 Calculate the amount, in mol, of HCl used in titration. 

 Calculate the amount, in mol, of Ca(OH)2 reacting. 

 Calculate the amount, in mol, of Ca(OH)2 in 1 dm3. 

 Calculate mass of Ca(OH)2 in 1 dm3.  
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Hints and tips 

 It is important to present your results (with units) in a table showing initial and final burette 

readings. 

 Show clearly how the average titre is obtained. 

 Explain each line of your calculation as shown in the Analysis of Results section above. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Questions 
1. The dilution factor of 3.5/250 was calculated for you on the basis that limewater can be 

about 1 g dm–3. Using this value of 1 g dm–3 calculate the amount, in mol, of Ca(OH)2 in a 

25.0 cm3 pipette. 

2. Hence, calculate the concentration of HCl needed to give an average titre of 25.00 cm3.  

3. Now you can calculate the dilution ratio. 

4. Explain why the concentration of limewater may vary. 

5. List some uses of calcium hydroxide. 
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Activity 11 

Aims & Objectives 
 Be able to make a standard solution. 

 Be able to carry out a titration using volumetric equipment. 

 Be able to calculate relative molecular mass using moles. 

Before this Practical… 
You should know and be able to use the mole equations 

No Moles =  
Mass  

Conc =  
No Moles 

Relative Mass  Volume 

 

You should read OCR 2.2.2, 2.2.3, 2.3.3, 2.3.4 & 2.4.2 and view the RSC videos on standard lab 

techniques chemstuff.co.uk/practical-techniques 

Questions to answer before the practical 

1. Describe in detail the steps to make up a volumetric flask 

 

 

  

Use this QR code to 
access: 



 

P a g e  | 62 

Aims 
To find the relative molecular mass of washing soda by titration 

Equipment 
 Washing soda, A11 

 0.500 mol dm–3 hydrochloric acid, HCl 

 Weighing bottle 

 Beaker, stirring rod and funnel 

 25.0 cm3 pipette and pipette filler 

 50.0 cm3 burette, stand, white tile 

 Mass balance 

 250 cm3 volumetric flask 

 Methyl orange 

 Spatula 

 250 cm3 conical flask  

 Wash bottle 

 Deionised/distilled water 

 Label  

Method 
1. Weigh accurately between 9.90 g and 10.10 g of washing soda, A11. 

2. Make a standard solution by dissolving in deionised/distilled water and making up to the 

mark in a 250 cm3 volumetric flask and label B11. 

3. Fill a burette with the acid, 0.500 mol dm–3 hydrochloric acid, HCl. 

4. Pipette 25.0 cm3 of C6 into a conical flask and titrate with acid B6 using methyl orange as an 

indicator. 

5. Repeat until concordant results are obtained. 
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Results 
 Record your observations in an appropriate format.  

 Calculate the average amount, in mol, of HCl used.  

 Calculate the amount, in mol, of washing soda reacting. 

 Calculate the amount, in mol, of washing soda in the volumetric flask. 

 Calculate relative formula mass of washing soda. 
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Hints and tips 

 It is important to present your results (with units) in a table showing initial and final burette 

readings. 

 Show clearly how the average titre is obtained. 

 Explain each line of your calculation as shown in the Analysis of Results section above. 

 Consider how many significant figures to use within the calculation. 

 Consider how many significant figures to use in your final answer. 

Data 

Atomic Mass 

H = 1.0, C = 12.0, O = 16.0, Na = 23.0 

Na2CO3•xH2O + 2HCl  2NaCl + (x + 1)H2O + CO2 

Questions 
1. Use the data above to calculate the value of x. 

2. Washing soda is used in washing powders for softening water. It precipitates the dissolved 

hard calcium ions as calcium carbonate. Write a balanced equation for this reaction. 

3. Washing soda is efflorescent. Find out what this means. 

4. If efflorescence has taken place before your practical, what effect will this have on the 

relative formula mass? 

5. See if you can find out why phenolphthalein is not a suitable indicator for this reaction. 

(Hint: pH curves.) 
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Activity 12 

Aims & Objectives 
 To determine the concentration of hydrochloric acid by titration with a standard solution of 

sodium hydrogencarbonate. 

Before this Practical… 
For this Practical Activity, you will titrate a solution of sodium hydrogencarbonate against a solution 

of hydrochloric acid. You will use your results to work out the concentration of the hydrochloric acid. 

When finding the exact concentration of an acid, you must use a standard solution of an alkali. This 

should be prepared by dissolving an accurate known mass of a base sodium hydrogencarbonate 

(NaHCO3) into distilled water and making this up to an accurately measured volume. A chemical that 

has a fixed chemical formula and does not absorb or lose moisture to the atmosphere must be used.  

The indicator you will be using in this activity is methyl orange, which is red in acid and yellow in 

alkali. At the end point of the titration, the colour is orange. 

Equipment 
 Solid sodium hydrogencarbonate, NaHCO3(s) 

 Dilute hydrochloric acid, HCl (aq) 

 (unknown concentration) 

 Distilled water 

 Methyl orange indicator 
 

 Safety spectacles 

 Burette 

 White tile 

 Pipette (25.0 cm3) and filler 

 Clamp stand, with boss and clamp (for supporting the burette) 

 Filter funnel 

 Measuring cylinder (100 cm3) 

 Glass rod 

 Dropping pipette 

 Volumetric flask and stopper (250 cm3) 

 Wash bottle containing distilled (or deionised) water (about 300 cm3 will be required) 

 Two conical flasks (250 cm3) 

 Glass beaker (250 cm3 and 100 cm3) 
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Method 

Procedure part 1: Making up a standard 0.10 mol dm3 NaHCO3 solution 

1. Weigh 2.10 g of solid sodium hydrogencarbonate. Transfer the solid to a clean, dry 100 cm3 

beaker. 

2. Add enough distilled water to dissolve the solid, stirring with a glass rod. 

3. Transfer the solution to a clean 250 cm3 volumetric flask, using a funnel. Rinse the beaker 

and glass rod with distilled water and include the rinsings into the volumetric flask.  

4. Make up to the mark with distilled water, insert the stopper, and invert several times to mix 

thoroughly. 

 

Procedure part 2: Finding the concentration of the HCl solution by titrating with your 

standard solution 

1. Transfer your standard solution to a clean, dry beaker and label it. 

2. Use a pipette and pipette filler to transfer 25.0 cm3 of this solution to a 250 cm3 conical flask. 

3. Add a few drops of methyl orange to the flask. 

4. Fill a burette with the hydrochloric acid provided. 

5. Titrate the sodium hydrogencarbonate solution with the hydrochloric acid until the end 

point is reached. This is your trial titration. 

6. Repeat your titration accurately until you have two consistent results. You may wish to keep 

the solution from your first accurate titration in order to achieve consistency by colour 

matching. 

7. Ensure you have recorded all of your results. 
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Results 
 Calculate your mean titre to two decimal places using your concordant results. You should 

indicate in your results which values you have used. 

 Calculate the amount in moles of NaHCO3 present in the 25 cm3 portion of your standard 

0.10 mol dm-3 solution. 

 The equation for the neutralisation reaction is shown below. Calculate the amount in moles 

of HCl present in the mean titre HCl (aq) + NaHCO3 (aq)    NaCl (aq) + H2O(l)  + CO2 (g)  

 Calculate the concentration in mol dm-3 of the hydrochloric acid. Give your answer to three 

significant figures. 
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Questions 
1. The balance has a maximum uncertainty of ±0.005 g in each reading. Calculate the 

percentage uncertainty in your mass of sodium hydrogencarbonate. 

2. Explain why hydrated sodium carbonate and sodium hydroxide are not appropriate bases for 

making up a standard solution.  

3. The burette has a maximum uncertainty of ±0.05 cm3 in each reading. Calculate the 

percentage uncertainty in your first accurate titre. 

4. The volumetric flask has a maximum uncertainty of ±0.3 cm3 and the pipette has a maximum 

uncertainty of ±0.04 cm3. Which of these gives the larger percentage uncertainty? 
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For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 13 

 

Aims & Objectives 
 You will prepare a solution of a hydrated acid, H3X•nH2O. 

 You will then carry out a titration of this solution with 0.100 mol dm–3 sodium hydroxide, 

NaOH. 

 From your results, you will determine the molar mass of the acid. 

 You will then calculate the value of n in the formula H3X•nH2O using some additional data. 

Before this Practical… 
You are given full instructions for the practical procedure, which must be followed carefully. It is 

your responsibility to work safely and to organise your time efficiently. 

Equipment 
 A solid acid, H3X•nH2O  

 Aqueous sodium hydroxide, NaOH, of concentration 0.100 mol dm–3  

 Phenolphthalein as indicator 

 

 Safety spectacles 

 Burette 

 White tile 

 Pipette (25.0 cm3) and filler 

 Clamp stand, with boss and clamp (for supporting the burette) 

 Filter funnel 

 Measuring cylinder (100 cm3) 

 Glass rod 

 Dropping pipette 

 Volumetric flask and stopper (250 cm3) 

 Wash bottle containing distilled (or deionised) water (about 300 cm3 will be required) 

 Two conical flasks (250 cm3) 

 Glass beaker (250 cm3 and 100 cm3) 
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Method 
1. Weigh the bottle provided, containing H3X•nH2O. 

2. Tip the solid into a 250 cm3 beaker and re-weigh the empty bottle. 

3. Dissolve the solid carefully in about 100 cm3 of distilled (or de-ionised) water. 

4. Make the solution up to 250 cm3 using distilled water using a technique you have been 

shown. 

5. Invert the volumetric flask several times before use to mix the solution thoroughly. 

6. Using a pipette and filler, transfer 25.0 cm3 of the aqueous sodium hydroxide into a conical 

flask. 

7. Add 3–4 drops of phenolphthalein indicator. 

8. Fill the burette with some of the solution that you prepared in the volumetric flask. 

9. Record all burette readings to the nearest 0.05 cm3. 

10. Carry out a trial titration. 

11. The colour change at the end-point is from pink to colourless. 

12. Now carry out the titration accurately and obtain two concordant values for the titre. 
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Results 
The equation below represents the reaction that you carried out. 

3NaOH(aq) + H3X(aq) → Na3X(aq) + 3H2O(l) 

 Calculate the amount, in moles, of NaOH used in your mean titration. 

 Using the equation above, calculate the amount, in moles, of H3X in your mean titre. 

 Calculate the amount, in moles, of H3X present in the 250 cm3 solution that you prepared. 

 Calculate the molar mass, in g mol–1, of H3X•nH2O. 

 In another experiment a teacher obtained a molar mass for H3X•nH2O of 210 g mol–1. 

 Use this information and the structure of the anhydrous acid H3X below to calculate the 

value of n in the formula H3X•nH2O. 
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Questions 
1. The balance has a maximum error of ±0.005 g in each reading. Calculate the percentage 

error in your mass of sodium hydrogencarbonate. 

2. Explain why hydrated sodium carbonate and sodium hydroxide are not appropriate bases for 

making up a standard solution.  

3. The burette has a maximum uncertainty of ±0.05 cm3 in each reading. Calculate the 

percentage error in your first accurate titre. 

4. The volumetric flask has a maximum error of ±0.3 cm3 and the pipette has a maximum 

uncertainty of ±0.04 cm3. Which of these gives the larger percentage error? 
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For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 14 

 

Aims & Objectives 
 Prepare a solution of an unknown Group 1 carbonate, X2CO3. 

 Carry out a titration of this solution with 0.100 mol dm–3 hydrochloric acid. 

 Identify X in the formula X2CO3. 

Before this Practical… 
You are given full instructions for the practical procedure, which must be followed carefully. It is 

your responsibility to work safely and to organise your time efficiently. 

Equipment 
 Solid metal carbonate, X2CO3.  

 Hydrochloric acid, HCl(aq), of concentration 0.100 mol dm–3. 

 Methyl orange as indicator. 

 

 Safety spectacles 

 Burette 

 White tile 

 Pipette (25.0 cm3) and filler 

 Clamp stand, with boss and clamp (for supporting the burette) 

 Filter funnel 

 Measuring cylinder (100 cm3) 

 Glass rod 

 Dropping pipette 

 Volumetric flask and stopper (250 cm3) 

 Wash bottle containing distilled (or deionised) water (about 300 cm3 will be required) 

 Two conical flasks (250 cm3) 

 Glass beakers (250 cm3 and 100 cm3) 

You will also need access to the following: 

 Top-pan balance weighing to 0.01 g 

 Dropping bottle containing methyl orange indicator 
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Method 
1. Weigh the bottle provided, containing X2CO3. 

2. Tip the solid into a 250 cm3 beaker and re-weigh the empty weighing bottle. 

3. Dissolve the solid carefully in about 100 cm3 of distilled water. 

4. Make the solution up to 250 cm3 using distilled water using a technique you have been 

shown. 

5. Invert the volumetric flask several times before use, to mix the solution thoroughly. 

6. Using a pipette and filler, transfer 25.0 cm3 of this solution into a conical flask. 

7. Add 3–4 drops of methyl orange indicator. 

8. Fill the burette with 0.100 mol dm–3 hydrochloric acid. 

9. Record all burette readings to 0.05 cm3. 

10. Carry out a trial titration. 

11. The colour change at the end-point is from yellow to orange. 

12. Now carry out the titration accurately and obtain two concordant values for the titre. 
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Results 
In all questions show your working. 

The equation below represents the reaction that you carried out. 

X2CO3(aq) + 2HCl(aq) 2XCl(aq) + H2O(l) + CO2(g) 

1. Calculate the amount, in moles, of HCl in your mean titre. 

2. Using the equation above, calculate the amount, in moles, of X2CO3 used in the titration. 

3. Calculate the amount, in moles, of X2CO3 present in the 250 cm3 solution that you prepared. 

4. Calculate the molar mass, in g mol–1, of X2CO3. 

5. Calculate the relative atomic mass of X. 

6. Deduce the identity of X in the formula X2CO3. 
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Hints and tips 

  

Questions 
1. The balance has a maximum error of ±0.005 g in each reading. Calculate the percentage 

error in your mass of X2CO3. 

2. The burette has a maximum uncertainty of ±0.05 cm3 in each reading. Calculate the 

percentage error in your first accurate titre. 

3. The volumetric flask has a maximum error of ±0.3 cm3 and the pipette has a maximum 

uncertainty of ±0.04 cm3. Which of these gives the larger percentage error? 
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For this piece of work to count towards Practical Activity Group 1 of the GCE Chemistry Practical 

Endorsement, you should have evidence of your recorded measurements and observations as well 

as your calculations with all working shown and your final answer to an appropriate number of 

significant figures. You should have considered the above questions as the answers will aid you in 

preparation for your written examinations. 
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Activity 15 

Aims & Objectives 
 Be able to carry out simple tests on substances. 

 Be able to relate properties to bonding and structure. 

 Be able to predict the bonding and structure in unknown compounds. 

Before this Practical… 
You should understand the properties of several substances and the reasons for those properties 

including. 

 Metals 

 Ionic compounds 

 Covalent compounds (including graphite and diamond) 

You should read OCR 2.5.2 &2.5.3 

Questions to answer before the practical 

1. Describe & explain the electrical conductivity of ionic compounds 

 

 

 

 

2. Explain the difference between bonding and structure 
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Aims 
To investigate the relationship between bonding, structure and physical properties of substances 

Equipment 
 Copper, Cu or zinc, Zn 

 Glucose, C6H12O6 

 Magnesium oxide, MgO 

 Silicon(IV) oxide, SiO2 

 Nylon, -[HN(CH2)6NH•CO(CH2)4CO]n- 

 Conduction circuit 

 Test tubes and spatula 

 Cyclohexane 

 Unknown substances: A15, B15 and C15 

 Bunsen burner (restricted use) 

Method 
1. Carry out the following tests on the underlined substances in the materials list:  

a. Using the conduction circuit and holding the plugs 1 cm apart, find out to what 

extent the pure substance conducts electricity using the ammeter reading. 

b. Heat a small sample in a test tube to see if it melts or decomposes. Remember to 

transfer tubes that are emitting unpleasant gases to a fume cupboard immediately. 

c. Test the substance for its solubility in cyclohexane. Use small amounts of the 

substance and keep the cyclohexane away from naked flames. 

d. Test the substance for its solubility in water. Use small amounts of the substance 

initially and then test the conduction of the resulting solution. 

2. Now repeat the tests on the unknown substances. Always treat an unknown substance as a 

maximum hazard. 
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Results 
 Record results in an appropriate format. 

 Predict the type of bonding you would expect in each substance. 

 In each case identify the type of bonding involved as well as the type of structure using your 

results. 

 For the unknown substances, deduce the type of bonding involved as well as the type of 

structure. 
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Hints and tips 

 Do not confuse bonding and structure. 

 Structure is either giant or simple molecular. 

 Be able to discuss the different types of intermolecular forces. 

 When discussing boiling points make it clear whether it is intermolecular bonds, covalent 

bonds, ionic bonds or metallic bonds that are being broken. 

Questions 
1. Explain the statement: “Giant structures do not have free ions but some conduct electricity 

relatively well.” 

2. Water and carbon dioxide have a simple molecular structure but at room temperature one is 

a liquid whereas the other is a gas. Explain this in terms of intermolecular bonding. 

3. The melting point of sodium is much lower than the melting point of aluminium. Use your 

knowledge of metallic bonding to account for this. 

4. Silicon dioxide does not melt in a Bunsen flame but nylon softens very easily. Use ideas 

about large molecules to account for this difference. 

5. Predict, with reasons, the results of carrying out this experiment on copper sulfate. 
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Activity 16 

Aims & Objectives 
 Be able to describe the redox reactions of the Group 2 elements with oxygen and with 

water. 

 Be able to identify trends in reactivity down Group 2. 

Before this Practical… 
You should understand the terms Reduction and Oxidation, you should know that electrons are 

transferred during a redox reaction 

OiLRiG 

Oxidation 

is 

Loss 

Reduction 

is 

Gain 

 

You also need to understand the oxidation number rules 

You should read OCR 3.8.1 & 2.4.3,  

and visit 

chemstuff.co.uk/academic-work/a-level/unit-1/oxidation-states: 

Questions to answer before the practical 

1. Explain the terms oxidation and reduction using examples 

 

 

 

 

2. Write down the symbol equation for the reaction of caesium with water and oxygen then 

use oxidation numbers to show that a redox reaction has taken place 
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Aims 
To investigate the reactions of Group 2 elements 

Equipment 
 2 x 250 cm3 beakers 

 Funnel 

 2 x boiling tubes 

 Crucible tongs 

 Calcium granules 

 Magnesium ribbon 

 Magnesium powder 

 Spatula 

 Universal indicator 

 Thermal mat  

 Filter paper 

Method 
1. Using crucible tongs burn a small piece of magnesium ribbon over a thermal mat (do not 

look directly at the flame). 

2. Your teacher may be able to show you what happens when calcium is burned in air.  

3. Set up a 250 cm3 beaker half filled with cold water and containing an inverted boiling tube 

full of water on top of an inverted funnel.  

4. Put a few of the calcium granules into the beaker and carefully move the boiling tube to 

collect any gases. 

5. Carefully ignite any gas collected in the boiling tube. 

6. Test the resulting solution with universal indicator. 

7. Repeat steps 3–7 but this time using magnesium powder wrapped in filter paper. You will 

need to use boiling water from a kettle instead of cold water. 
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Results 
 Record your results in an appropriate form. 

 Identify any trends in your results. 

 Write a balanced equation for each reaction. 
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Hints and tips 

 Realise that all of the reactions in this practical are redox reactions. 

 You should be able to write balanced equations with state symbols. 

 You need to be able to assign oxidation numbers and so identify which element has been 

oxidised and which has been reduced. 

 Redox half equations are more difficult but help with the understanding of redox and 

oxidation numbers. 

Questions 
1. Predict how barium would react with: (a) oxygen; and (b) water. 

2. Use oxidation numbers to show that magnesium is oxidised when it reacts with oxygen and 

that oxygen is reduced. 

3. Explain the trend in reactivity down the group using the 1st and 2nd ionisation energy 

values. 

4. Give a use for one of your reactions. 

5. Write half equations for the reaction between magnesium and water. 
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Spare page with plenty of space to answer questions.  
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Activity 17 

Aims & Objectives 
 Be able to describe the action of water on the oxides of Group 2 elements. 

 Be able to test the pH of solutions 

Before this Practical… 
You should understand the reactions of the group II metals 

MII + H2O  MII(OH)2 +H2 

MII + O2  MIIO 

MII + HA  MIIA2 + H2 

You should read OCR 3.8.1 & 2.4.3 

and visit 

chemstuff.co.uk/academic-work/a-level/unit-1/oxidation-states: 

Questions to answer before the practical 

1. What is the definition of a base? 

 

2. What is the approximate pH of most metal hydroxides in solution 

 

3. Explain why group II oxides are not alkalis? 

 

4. Describe and explain how the pH of group II metal hydroxides increases down the group 
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Aims 
To investigate the reactions of Group 2 compounds 

Equipment 
 Magnesium oxide 

 Calcium oxide 

 Calcium hydroxide 

 Barium hydroxide 

 3 x boiling tubes with stoppers 

 Universal indicator 

 Measuring balance and spatula 

 Dropping pipette 

 2 mol dm–3 hydrochloric acid 

 2 x 10 cm3 measuring cylinders 

 Deionised/distilled water 

Method 
1. Place a small quantity (about 0.02 g as demonstrated by your teacher) of magnesium oxide 

and calcium oxide in two separate boiling tubes. 

2. Add 10 cm3 of deionised water to each tube and shake well. 

3. Add three drops of universal indicator, gently shake and record the pH. 

4. Place a small quantity (about 0.02 g) of magnesium oxide, calcium hydroxide and barium 

hydroxide in three separate boiling tubes. 

5. Add 10 cm3 of deionised water to each tube and shake well. 

6. Add three drops of universal indicator, gently shake and record the pH. Keep the reaction 

mixtures for the next step. 

7. To each reaction mixture add 10 cm3 of 2 mol dm–3 hydrochloric acid drop by drop while 

shaking. 
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Results 
 Record your results in an appropriate form. 

 Identify any trends in your results. 

 Write a balanced equation for each reaction. 
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Hints and tips 

 Realise that all of the reactions in this practical are not redox reactions. 

 You should be able to write balanced equations with state symbols. 

 You need to be able to assign oxidation numbers and so show that redox is not taking place. 

 Recall likely pH values of the solutions formed in this practical. 

Questions 
1. Step 4 appears not to be a fair test as magnesium oxide rather than magnesium hydroxide is 

used. Using your results from steps 1–3 explain why this is not so. 

2. Milk of magnesia is an indigestion remedy. It is a suspension of magnesium hydroxide in 

water. Explain how it works and why it is safe to swallow. 

3. State a large scale use for calcium hydroxide. 

4. Use oxidation numbers to show that the reaction between barium hydroxide and 

hydrochloric acid is not a redox reaction. 

5. What would you see if strontium oxide is added to water followed by three drops of 

universal indicator and then an excess of hydrochloric acid? Write equations for the 

reactions. 
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Activity 18 

Aims & Objectives 
 To identify the positive and negative inorganic ions in a mixture of salts, using appropriate 

apparatus and procedures. 

Before this Practical… 
You are given a mixture of two salts of the same Group 2 metal. You will first use qualitative tests to 

identify the negative ions in the two salts. These tests make use of reactions and observations that 

are specific for particular ions. 

Next, you will identify the Group 2 metal ion in the two salts, making use of the fact that salts of 

different Group 2 metals have different solubilities. You will mix a solution of the unknown salts with 

two known salts, and observe whether any precipitation occurs. Using solubility data provided, you 

will be able to identify the positive ion. 

Equipment 
 Mixture A, containing two salts of the same Group 2 metal 

 Dilute nitric acid, HNO3(aq) 

 Silver nitrate solution, AgNO3(aq) 

 Dilute ammonia, NH3(aq) 

 Aqueous sulfuric acid, H2SO4(aq) 

 Potassium chromate solution, K2CrO4(aq) 

 

 wash bottle containing distilled (or de-ionised water) 

 measuring cylinder (25 cm3) 

 beaker (100 cm3) 

 glass rod 

 filter paper 

 conical flask (100 cm3) 

 filter funnel 

 test-tube holder 

 four test tubes 

 dropping pipettes 

 spatula 
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Method 
Procedure part 1: Identifying the negative ions (anions) present in Mixture A 

1. Using a measuring cylinder, transfer about 25 cm3 of distilled (or de-ionised) water into a 

beaker. 

2. Tip Mixture A into the water in the beaker. Stir the mixture with a glass rod for about 1 

minute. 

3. Filter the mixture into a conical flask. 

4. Add about 1 cm depth of the filtrate to a test tube.   

5. Add five drops of HNO3(aq) followed by ten drops of AgNO3(aq). Record your observations. 

6. Add NH3(aq) dropwise into the test tube.  Keep adding NH3(aq) until no further change 

occurs. Record your observations. 

7. Add a spatula measure of the solid residue from Step 3 to a test tube. 

8. Add about 1 cm depth of HNO3(aq) then keep adding HNO3(aq) until no further change 

occurs. Record your observations. 

9. Suggest the formulae for the two negative ions present in mixture A using your 

observations. If you do not know what your observations mean, try to find the relevant 

information in your textbook or online. 

10. Write the equations for the reactions you have observed. 

 

Procedure part 2: Identifying the Group II positive ion (cation) present in Mixture A 

1. Add about 1 cm depth of the filtrate from Step 3 to a new test tube.   

2. Add about the same volume of H2SO4(aq). Record your observations. 

3. Add about 1 cm depth of the filtrate from Step 3 to a new test tube.   

4. Add about the same volume of K2CrO4(aq). Record your observations. 

5. Suggest the formula of the Group II positive ion present in mixture A using your 

observations and the solubility (in water) information from the table below. 

 

Group 2 metal ion Solubility of chromate Solubility of sulfate 

magnesium soluble soluble 

strontium soluble insoluble 

barium insoluble insoluble 
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Results 
 You should suggest the formulae for the two negative ions present in A and the group II 

positive ion 

 Suggest formulae for the compounds in A 
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Questions 
1. Write the equations for the reactions you have observed. 
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For this piece of work to count towards Practical Activity Group 4 of the GCE Chemistry Practical 
Endorsement, you should record evidence of all your observations from this experiment. You should 
also record all your equations.  
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Activity 19 

Aims & Objectives 
 Be able to compare halogen reactivity using displacement. 

 Be able to extract halogens into an organic solvent. 

Before this Practical… 
You should understand electronegativity and how that affects halide reactivity. 

Gas High electronegativity F 

Gas  Cl 

Liquid  Br 

Solid  I 

Solid Low electronegativity At 

 

You should read OCR 2.6.2, 3.8.2 & 3.8.3 

Questions to answer before the practical 
1. Explain how substances dissolve and therefore how halogens are able to dissolve in water 

and cyclohexane 

 

 

 

2. Describe the reactivity of halogens using examples where possible 

 

 

3. Define the term electronegativity 
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Aims 
To investigate halogen displacement reactions 

Equipment 
 1.0 mol dm–3 potassium chloride  

 1.0 mol dm–3 potassium bromide  

 1.0 mol dm–3 potassium iodide  

 Chlorine water 

 Bromine water 

 Iodine solution 

 Cyclohexane 

 Test tubes with stoppers  

 Dropping pipette 

 Gloves 

Method 
1. Place a potassium halide to a height of 2 cm into a test tube. 

2. Add an equal volume of a halogen solution. 

3. Stopper the test tube and shake carefully. 

4. Add an equal volume of cyclohexane. 

5. Stopper the test tube and shake carefully. 

6. Record all observations. 
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Results 
 Present your results in an appropriate form.  

 Interpret your results in terms of halogen displacement. 

 Relate your results to the order of the halogens in Group 7 of the Periodic Table.  

 Write word equations for any reactions. 

 Write chemical equations for any reactions. 
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Hints and tips 

 Look for patterns in your results. 

 Relate these patterns to the order of the halogens in Group 7. 

 Be able to explain any patterns in terms of the ability of halogens to gain an electron. 

 Make sure you can write balanced chemical equations as well as word equations. 

 Be able to add state symbols to an equation. 

Questions 
1. What is the order of ability of halogens to gain an electron? 

2. Explain the order in question 1 in terms of atomic radius and nuclear charge. 

3. Give the equation for the reaction between chlorine and potassium iodide including state 

symbols. 

4. Now write the ionic equation for the reaction in question 3.  

5. Predict the reaction between: (a) chlorine and potassium astatide; and (b) astatine and 

potassium iodide. 
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Activity 20 

Aims & Objectives 
 Be able to identify halides using silver nitrate and ammonia. 

Before this Practical… 
You should know the colour of the silver halides 

Silver Halide Colour Solubility in NH3 

Silver Chloride White Dissolves in dilute NH3 

Silver Bromide Cream Dissolves in Conc NH3 

Silver Iodide Yellow Does not dissolve in NH3 

 

Ag+
 (aq) + X-

(aq)  AgX(s) +ANO3(aq) 

the source of the Ag+ ion is silver nitrate 

You should read OCR 2.6.2, 3.8.2 & 3.8.3 

Questions to answer before the practical 

1. Describe the properties in the reaction with silver nitrate above which mean that this test 

gives clear results? (How would you know which species is present) 

 

 

 

2. Why might it be important to distinguish between chlorides, bromides and iodides using 

ammonia? 

 

 

3. Describe the difference between halogens and halides and explain why the test for a 

halogen does not give a positive result for a chloride. 
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Aims 
To investigate the tests for halides 

Equipment 
 Silver nitrate solution, AgNO3 

 Dilute ammonia solution  

 Conc ammonia solution   

 Potassium chloride solution, KCl 

 Potassium bromide solution, KBr 

 Potassium iodide solution, KI 

 Dilute nitric acid 

 Solid A20 

 Solid B20 

 Deionised/distilled water 

 Test tubes and stoppers, dropping pipettes, spatula 

Method 
1. Place a potassium halide to a height of 1 cm into a test tube. 

2. Add silver nitrate until a precipitate forms. 

3. Add twice the volume of dilute ammonia, stopper and shake. 

4. If the precipitate remains add conc ammonia in the fume cupboard and shake carefully (do 

not stopper). 

5. If necessary repeat steps 1 and 2, then add conc ammonia. 

6. Now test solids A20 and B20 for the presence of halide ions. You will have to make a solution 

of the solids first. You may use dilute nitric acid to dissolve them if they will not dissolve in 

deionised water. 
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Results 
 Present your results in an appropriate form.  

 Write equations for the precipitation reactions. 

 Summarise your results by writing out the tests used to distinguish the three halide ions 

from each other. 
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Hints and tips 

 Look for the differences in the tests that make them unique and hence useful as a definitive 

test. 

 Be able to write balanced chemical equations for the reactions. 

 Be aware that ammonia acts as a complexing agent and the resulting complex ion is soluble. 

Questions 
1. What type of bonding would you expect in silver chloride? Explain your answer. 

2. The silver diamine ion, [Ag(NH3)2]+, is soluble. Suggest what happens in some of your 

reactions. 

3. Look at your results and suggest what differences there may be in the type of bonding 

present in silver iodide compared with that in silver chloride. 

4. Explain why nitric acid rather than hydrochloric acid or sulfuric acid should be used in step 6 

of the procedure. 

5. Explain why tap water should not be used in step 6 of the procedure. 
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Activity 21 

Aims & Objectives 
 To identify the positive and negative inorganic ions in four solutions, using appropriate 

apparatus and procedures. 

Before this Practical… 
You are given four unknown solutions. Using the chemicals provided you should carry out a series of 

tests to allow you to identify each solution A–D 

You will need to plan your experiment in advance. 

Equipment 
 Solutions A–D 

 Nitric acid, HNO3(aq), of concentration 1.0 mol dm-3 

 Silver nitrate, AgNO3(aq), of concentration 0.05 mol dm-3 

 Aqueous barium chloride, BaCl2(aq) 0.2 mol dm-3 

 Aqueous sodium hydroxide, NaOH(aq) 0.4 mol dm-3 

 

 pH indicator paper 

 protective gloves 

 wash bottle containing distilled (or de-ionised water) 

 measuring cylinder (25 cm3) 

 beaker (100 cm3) 

 glass rod 

 conical flask (100 cm3) 

 test-tube rack 

 four test tubes 

 dropping pipettes 

 spatula 

 Bunsen burner 

 test-tube holder 
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Method 
The identities of the solutions A–D are listed below in no particular order: 

 ammonium chloride, NH4Cl (aq) 

 sodium chloride, NaCl (aq) 

 sodium hydroxide , Na2CO3(aq) 

 sodium sulfate, Na2SO4 (aq) 

 

1. Plan and carry out a series of tests that would allow you to identify each solution A–D. 

2. You should carry out the minimum number of tests required. Each test should produce a 

positive result for at least one of the solutions A–D. You can use any of the chemicals 

supplied. 

3. Record the tests you carried out. 

4. Record all the observations for your tests on solutions A–D. 

5. Record your conclusions for each test. 

6. Record the identity of each solution.  
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Results 
 Record all the observations for your tests on solutions A–D. 

 Record your conclusions for each test. 

 Record the identity of each solution.  
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Questions 
1. Write the equations for the reactions you have observed. 

2. Write the methods for the experiments you have carried out. 
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For this piece of work to count towards Practical Activity Group 4 of the GCE Chemistry Practical 
Endorsement, you should have evidence of all of the tests you carried out, your recordings and 
conclusions from this experiment. You should ensure your records are recorded in an appropriate 
format. 
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Activity 22 

Aims & Objectives 
 To identify the positive and negative inorganic ions in five solutions, using appropriate 

apparatus and procedures. 

Before this Practical… 
You are given five unknown solutions. Using these chemicals only and pH indicator paper you should 

carry out a series of tests to allow you to identify each solution A–E 

You will need to plan your experiment in advance. 

Equipment 
 Solutions A–E 

 

 pH indicator paper 

 wash bottle containing distilled (or de-ionised water) 

 measuring cylinder (25 cm3) 

 beaker (100 cm3) 

 glass rod 

 conical flask (100 cm3) 

 test-tube holder 

 four test tubes 

 dropping pipettes 

 spatula 
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Method 
The identities of the solutions A–E are listed below in no particular order: 

 nitric acid, HNO3 (aq) 

 potassium iodide, KI (aq) 

 sodium carbonate, Na2CO3 (aq) 

 sodium chloride, NaCl (aq) 

 silver nitrate, AgNO3 (aq) 

 

1. Plan and carry out a series of tests that would allow you to identify each solution A–E. 

2. You should carry out the minimum number of tests required. Each test should produce a 

positive result for at least one of the solutions A–E. 

3. Record the tests you carried out. 

4. Record all the observations for your tests on solutions A–D. 

5. Record your conclusions for each test. 

6. Record the identity of each solution.  
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Results 
 Record the tests you carried out. 

 Record all the observations for your tests on solutions A–D. 

 Record your conclusions for each test. 

 Record the identity of each solution.  
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Questions 
1. Write the equations for the reactions you have observed. 

2. Write methods for the experiments you have carried out. 
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For this piece of work to count towards Practical Activity Group 4 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all of the tests you carried out, your recordings and 

conclusions from this experiment. You should ensure your records are recorded in an appropriate 

format. 
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Activity 23 

Aims & Objectives 
 Be able to produce ethene from paraffin oil. 

 Be able to test for an alkene. 

 Practise gas collection 

Before this Practical… 
You should be able to: 

 know and draw the first 10 hydrocarbons  

 be able to describe the test for an alkene (unsaturation) 

 explain how catalysts work 

You should read OCR 4.11.1, 4.11.2, 4.11.3, 4.12.1, 4.12.2 & 4.13.3 

Questions to answer before the practical 

1. Draw out the following hydrocarbons 

a. Decane 

b. 3-ethylhexane 

c. 2-bromoprop-1-ene 

 

 

 

2. Describe the purpose of catalysts, you could explain how they work and some of their 

properties in your answer. 
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Aims 
To investigate the cracking of paraffin oil 

Equipment 
 Heavy paraffin oil (alkane)  

 Aluminium oxide powder  

 Glass or ceramic wool   

 Boiling tube with delivery tube 

 Bowl 

 Gas jar and lid 

 Bromine water 

 Dropping pipette 

 Beehive shelf 

 Bunsen burner 

 Heat-proof mat 

Method 
1. Place some mineral wool in the bottom of the boiling tube and add the paraffin oil to a 

depth of 1 cm. 

2. With the boiling tube nearly on its side, place a layer of aluminium oxide or porcelain pieces 

in the dry part of the tube. 

3. Set up the apparatus as shown in Figure 5– either in a fume cupboard or in a well-ventilated 

laboratory 

4. Using the hottest flame heat the aluminium oxide strongly; it may be necessary to heat the 

paraffin also. 

5. Test any gas collected in the boiling tube by shaking with bromine water. 

6. When no more gases are produced remove the delivery tube from the water before 

removing the heat – this will avoid the chance of suck-back.  

7. Test a small amount of the paraffin with bromine water. 

  

Figure 5 
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Results 
 Present your results in a suitable format. 

 Write an equation for the cracking reaction assuming that the paraffin is C18H38 and that the 

gas is C2H4 
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Hints and tips 

 It is essential to know the general formulae of alkanes and alkanes. 

 Cracking is a thermal decomposition reaction and more than one reaction usually happens at 

the same time. 

 Check that the number of carbons and the number of hydrogens are the same on each side 

of your equation. 

Questions 
1. Suggest what the role of the aluminium oxide is in this reaction. 

2. In industry the aluminium oxide is fluidised by blowing gases through the powder. How does 

this help the reaction? 

3. Explain why this reaction would not have worked in a school laboratory without the 

aluminium oxide. 

4. Why are large alkanes cracked in industry? 

5. Write an equation for the reaction between ethene and bromine. What type of reaction is 

this? 
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Activity 24 

Aims & Objectives 
 Be able to distinguish between alkanes and alkenes using bromine. 

 Be able to safely handle a toxic chemical. 

Before this Practical… 
You should be able to: 

 Draw simple reaction mechanisms 

 explain how catalysts work 

Addition of bromine to an alkene. 

 

You should read OCR 4.11.5, 4.12.2, 4.13.3 & 4.13.4 

Questions to answer before the practical 

1. Draw all the possible isomers of C6H12 

 

 

 

 

 

 

  

δ+ 
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Aims 
To investigate the cracking of paraffin oil 

Equipment 
 Bromine water  

 Bromine in an organic solvent 

 Cyclohexane (alkane) 

 Cyclohexene (alkene) 

 10 x test tubes with stoppers  

 Unknown organic compounds: X17; Y17; and Z17 

 Dropping pipettes 

 Gloves 

Method 
1. Place 10 drops of the alkane provided into a test tube and add bromine water a drop at a 

time while shaking up to a maximum of 20 drops. 

2. Place 10 drops of the alkene provided into a test tube and add bromine water a drop at a 

time while shaking up to a maximum of 20 drops. 

3. Repeat step 1 using bromine in an organic solvent instead of the bromine water.  

4. Repeat step 2 using bromine in an organic solvent instead of the bromine water. 

5. When you have summarised your results carry out tests to establish whether X17 is an 

alkane or an alkene. 

6. Repeat step 5 using Y17 and then Z17. 
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Results 
 Present your results in a suitable format. 

 Present the results of steps 1–4 in a suitable table. 

 Summarise your results in terms of distinguishing between alkanes and alkenes. 

 Record your results for X17, Y17 and Z17. 

 Deduce whether X17, Y17 and Z17 are alkanes or alkenes. 

 Write word equations for steps 1 and 2. 

 Write chemical equations for steps 1 and 2. 
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Hints and tips 

 It is essential to know the general formulae of alkanes and alkanes. 

 You must be able to write equations for these reactions. 

 You will need to know the mechanism for the reaction between an alkene and bromine. 

Questions 
1. Why is the organic alkane/alkene not added drop by drop to the bromine water? 

2. Suggest in terms of bonding why bromine reacts readily with one and not the other. 

3. Bromine will react with an alkane in the presence of ultraviolet light. What does the UV light 

do? 

4. Explain the difference between homolytic and heterolytic fission of a covalent bond. 

5. Bromine water also contains some HBr and HBrO. Draw structures for the three possible 

products resulting from the reaction between ethene with bromine water. 
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Activity 25 

Aims & Objectives 
 Be able to handle glassware. 

 Be able to carry out an extraction using reflux. 

 Be able to purify an organic liquid. 

 Be able to prove the presence of an alkene. 

Before this Practical… 
You should understand the techniques of reflux and distillation 

Reflux allows a substance to be heated at a temperature beyond that of it’s solvent, this can help 

accelerate the reaction. 

Distillation is often used to separate liquids with different boiling points. 

Reflux and distillation are often used together in the reactions of alcohols to form carboxylic acids 

and aldehydes respectively 

You should read OCR 4.14.1, 4.14.2 & 4.16.1,  

Questions to answer before the practical 
1. Draw and label a diagram to show and explain the key features of reflux and distillation 

apparatus. 
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Aims 
To extract limonene from orange peel 

Equipment 
 Orange 

 Blender 

 Boiling water 

 Bromine water 

 250 cm3 Quickfit round-bottomed flask, stillhead, dropping funnel, Liebig condenser, 

delivery tube, thermometer pocket 

 0–100 °C thermometer 

 Boiling tube 

 100 cm3 measuring cylinder 

 Bunsen burners, heat-proof mats, tripods and gauzes 

Method 
1. Place the peel of an orange in a blender. 

2. Set up the apparatus for reflux as shown in Figure 1. 

3. Place the blended orange peel in the 250 cm3 boiling flask. 

4. Add 100 cm3 of boiling water from a kettle. 

5. Reflux for 30 minutes. 

6. Allow to cool and rearrange apparatus for distillation as shown in Figure 2. 

7. Collect the limonene/water distillate in a boiling tube. 

8. Test the distillate for odour. 

9. Add bromine water a drop at a time to a few drops of the distillate. 
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Results 
 Present your results in a suitable format. 

 What does the test in step 9 tell you about limonene? 
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Hints and tips 

 Understand the purpose of reflux. 

 Understand the purpose of distillation. 

 Be familiar with the bromine water test. 

 Understand the chemistry of this bromine test. 

Questions 
1. Why is it necessary to reflux for 30 minutes? 

2. What is the purpose of the distillation? 

3. See if you can find the structure of limonene, which is known as a terpene natural product. 

4. Write an equation for the reaction of limonene with bromine water – limonene is based on 

cyclohexene and has the formula C10H16. 

5. Suggest why limonene is now being used as a solvent as well as providing the fresh smell in 

cleaning products. 
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Activity 26 

Aims & Objectives 
 To synthesise and purify an organic liquid 

 To use reflux and distillation apparatus in an organic preparation. 

Before this Practical… 
You should be able to: draw the structure of alcohols and understand the differences between 

primary, secondary and tertiary alcohols. 

When ethanol is heated with acidified potassium dichromate(VI), it can be partially oxidised to 

ethanal, CH3CHO, or completely oxidised to ethanoic acid, CH3COOH. 

 

 Partial oxidation  CH3CH2OH + [O]    CH3CHO + H2O 

 

 

 Complete oxidation  CH3CH2OH + 2[O]    CH3COOH + H2O 

 

 

In this activity, you will carry out the partial and complete oxidation of ethanol. 

You should also read 4.14.2, 4.16.1 & 4.16.2. You should also watch the 

RSC standard lab techniques videos.  

  

Use this QR code to 
access: 
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Questions to answer before the practical 

1. Draw all the possible products of oxidation from these alcohols 

a. Ethanol 

b. 2-methylpropan-1, 3-diol 

c. Hexan-3-ol 

d. 2-methylbutan-2-ol 

 

 

 

2. Describe the test for an aldehyde 

Equipment 
 Ethanol 

 Potassium dichromate(VI), K2Cr2O7 (s) 

 Dilute sulfuric acid 

 

 Anti-bumping granules  

 balance accurate to two decimal places 

 boiling tube 

 spatula x2 

 measuring cylinders (10 cm3) 

 Quickfit apparatus: 

 pear-shaped or round-bottom flask (50 cm3) 

 still head 

 – 110 °C) and quickfit adaptor (or thermometer pocket) 

 Liebig condenser and tubing 

 Receiver 

 water bath, electric heater or sand bath 

 retort stand, boss and clamp to hold the flask 

 dropping pipette  

 Bunsen burner 

 Boiling tube 

 Beaker with Ice – for ice bath 

Experiment 1 only  

 Sodium carbonate 

Experiment 2 only  

 Aqueous potassium dichromate(VI), K2Cr2O7(aq)  
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Method 
 
Experiment 1: Complete oxidation of ethanol. 
The ethanol and the oxidising agent have to be kept 

together at high temperature, with good mixing and no loss 

by evaporation. To achieve this we use a technique known 

as reflux. The apparatus is shown in the diagram. 

The flask is supported by a clamp at the neck and rests on a 

tripod and gauze. There is no stopper in the top of the 

condenser. That would mean that a closed apparatus was 

being heated and that would be dangerous. Do not 

assemble the apparatus yet.  

1. Use your weighed sample of 4.0 g of potassium 

dichromate (VI), K2Cr2O7, and add to a pear-shaped 

or round-bottom flask. 

Add 10 cm3 of dilute sulfuric acid from a measuring 

cylinder into the flask.  

2. Put a few anti-bumping granules into the flask and warm with swirling to dissolve the solid. 

It is important that you add the anti-bumping granules now and not later or the mixture 

might boil so rapidly that it spurts out to the top of the apparatus! 

3. Run cold water from the tap over the outside of the flask to cool the contents.  

4. Set up the Quickfit apparatus for reflux (Figure 6)  

5. Now add, 1 drop at a time, 20 drops of ethanol (1 cm3) down the condenser into the flask 

6. Using a small Bunsen flame, heat the flask contents to boiling for 10 minutes.  

Stop heating and allow to cool for a few minutes. 

7. Rearrange the apparatus for distillation as shown in the second diagram, except that you do 

not need the water bath. 

8. Distil 2 – 3 cm3 of liquid.  Does the smell of this liquid remind you of a substance you have at 

home?   

9. Add a few drops of pH indicator solution to the distillate, followed by a few drops of 

aqueous sodium carbonate. What do you see? What does this tell you?  

The sulfuric acid in the flask is not volatile and will not have distilled over into the collector 

Figure 6 
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Experiment 2: Partial 
oxidation of ethanol.    
Only half as much oxidising agent 

is used and the product is distilled 

away from the oxidising agent as 

soon as it is formed.  Reflux is not 

appropriate. 

1. Using your weighed 

sample of 2.0 g of 

potassium dichromate 

(VI), K2Cr2O7, and add to a 

pear-shaped or round-

bottom flask. 

Add 10 cm3 of dilute 

sulfuric acid from a 

measuring cylinder into 

the flask.  

2. Put a few anti-bumping 

granules into the flask and 

warm with swirling to dissolve the solid.   

It is important that you add the anti-bumping granules now and not later or the mixture 

might boil so rapidly that it spurts out to the top of the apparatus! 

3. Run cold water from the tap over the outside of the flask to cool the contents.  

4. Now add, 1 drop at a time, 20 drops of ethanol (1 cm3) keeping the open mouth of the flask 

pointed away from you or anyone else. Gently swirl after each addition to mix. 

5. Set up the apparatus for distillation (Figure 7) and collect about 3 cm3 of distillate.   

6. Add 2 drops of K2Cr2O7(aq) and a little dilute sulfuric acid and warm. What do you observe? 

What does this tell you? 

 

  

Figure 7 
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Results 
 Record your observations and explain them. 
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Questions 
1. The full equations for the formation of ethanoic acid (Experiment 1) and ethanol 

(Experiment 2) are shown below. 

Experiment 1: 3CH3CH2OH + 16H+ + 2Cr2O7
2–  3CH3COOH + 11H2O + 4Cr3+ 

Experiment 2: 3CH3CH2OH + 8H+ + Cr2O7
2–  3CH3CHO + 2H2O + 7Cr3+ 

Explain how the different quantities of K2Cr2O7 and different reaction conditions allow 

different organic products to be formed. Density of ethanol = 0.78 g cm–3 

 

2. Organic liquid products can often be purified by shaking with water followed by distillation. 

Explain why this is not possible for ethanol and ethanoic acid. 
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For this piece of work to count towards Practical Activity Group 5 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should 

include all of your observations. And all of your working. 

You should have considered the above questions as the answers will aid you in preparation for your 

written examinations. 
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Activity 27 

Aims & Objectives 
 To synthesise and purify an organic liquid 

 To use a separating funnel and distillation apparatus in an organic preparation. 

Before this Practical… 
You will carry out the preparation of cyclohexene from cyclohexanol in an elimination reaction.  

 

You will first carry out the preparation using quick-fit apparatus. The reaction mixture will be heated 

by reflux and then distilled. The product is purified using a separating funnel. You will also have the 

opportunity to identify an organic functional group in your product. 
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Equipment 
 Cyclohexanol,  C6H11OH 

 Phosphoric (V) acid, H3PO4 (85%) 

 Sodium chloride (aq) – saturated solution 

 Anhydrous calcium chloride, CaCl2(s), for use as a drying agent.  

 Bromine water 

 Distilled water 

For the Preparation 

 Anti-bumping granules  

 measuring cylinders (10 cm3) 

 dropping pipette 

 small funnel (glass or plastic) 

 Quickfit apparatus: 

o pear-shaped or round-bottom flask (50 cm3) 

o still head 

o – 110 °C) and Quickfit adaptor (or thermometer pocket) 

o Liebig condenser and tubing 

o Receiver 

 water bath, electric heater or sand bath 

For the purification: 

 balance accurate to two decimal places 

 wash bottle with distilled/deionised water 

 separating funnel with stopper (50 cm3) or Quickfit separating funnel 

 retort stand, boss and iron ring to support separating funnel or clamp for Quickfit separating 

funnel 

 small funnel (glass or plastic) 

 conical flask (100 cm3) 

For the organic functional group identification test 

 test-tube rack 

 test-tube 

 stopper 

 dropping pipette 
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Method 
Part 1: Preparation 

1. Add 10 cm3 of cyclohexanol to a small round-bottom or pear-shaped flask.  

2. Slowly add 4 cm3 of concentrated phosphoric (V) acid and mix thoroughly.  

3. Set up the apparatus for reflux using a water bath.  

Heat the mixture under reflux at about 70 °C for 15 minutes. 

4. Stop heating and arrange the apparatus for distillation as shown in Figure 8. 

5. Raise the temperature and distil very slowly, collecting the distillate which comes over 

between 70 °C and 90 °C. 

Part 2: Purification 

1. Add an equal volume of saturated sodium chloride solution to the distillate in a separating 

funnel. The sodium chloride helps the two layers to separate. 

2. Allow the layers to separate. Discard the lower aqueous layer. 

3. Wash the organic layer with an equal volume of water and discard the aqueous layer. 

The density of cyclohexene is 0.81 g cm–3. How do you know that cyclohexene is the upper 

layer? 

4. Run the remaining organic layer into a small conical flask. 

5. Add a few lumps of anhydrous calcium chloride and swirl the mixture. If the liquid does not 

become clear, add more CaCl2 and swirl again. 

6. Finally, decant the clear liquid into a weighed container. 

7. Reweigh the container and find the mass of cyclohexene that you have prepared. 

8. Calculate the percentage yield of cyclohexene. Density of cyclohexanol: 0.96 g cm–3 

  

Figure 8 
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Part 3: Organic functional group identification 

1. Test for the presence of a carbon-carbon double bond in the product.  

2. Write an equation, using skeletal formulae, for the reaction in your test. Name the organic 

product. 

 

Extension to procedure - Redistillation 

1. The cyclohexene that you have prepared will be reasonably pure. 

2. If you have time, you can purify the cyclohexene further by redistillation, collecting the 

distillate produced between 81 °C and 85 °C. 
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Results 
 Record your results with any observations and explain. 
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Questions 
1. Why were you advised to add phosphoric (V) acid slowly, rather than all at one time? 

2. At the end of the reaction, what impurities contaminate the organic product?  How are each 

of these impurities removed? 

3. How does the final redistillation step allow a check to be made on the purity of the organic 

product?  

4. Why do you think the yield of this reaction is below 100%?   
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For this piece of work to count towards Practical Activity Group 5 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should 

include all of your observations. And all of your working. 

You should have considered the above questions as the answers will aid you in preparation for your 

written examinations. 
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Activity 28 

Aims & Objectives 
 Be able to carry out test tube hydrolysis reactions. 

 Be able to compare the reactivity of halogenoalkanes. 

 Be familiar with the test for halides. 

Before this Practical… 
The halogens in halogenoalkanes make excellent leaving groups, this is due to their atomic radii 

which helps leads to their bond enthalpies. This property makes them ideal to use in the production 

of alcohols and other synthesis. 

You should also read 4.15.1, 4.15.2, 4.16.1 & 4.16.2. You should also watch the RSC standard lab 

techniques videos.  

Questions to answer before the practical 

1. Define the term hydrolysis 

 

 

 

2. Describe and explain the reactivity of the halogens 

 

  

Use this QR code to 
access: 
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Aims 
To investigate the rates of hydrolysis of halogenoalkanes. 

Equipment 
 1-chlorobutane, C4H9Cl 

 1-bromobutane, C4H9Br 

 1-iodobutane, C4H9I 

 Ethanol 

 Silver nitrate solution, AgNO3 

 

 3 x dropping pipettes 

 6 x test tubes and stoppers 

 6 x labels  

 0–100 °C thermometer  

 Beaker  

 Stopwatch or stopclock 

 10 cm3 measuring cylinder  

 Source of hot water 

 

Method 
1. Use the large beaker as a water bath. The temperature should be around 50 °C. 

2. Place 5 cm3 of ethanol into each of the three test tubes. Now add five drops of a different 

halogenoalkane to each tube.  

3. Stopper and label each test tube and place in the water bath. 

4. Place 5 cm3 of silver nitrate solution into three clean test tubes. Stopper and place the tubes 

in the water bath. 

5. When the solutions have reached the temperature of the water bath, add the silver nitrate 

from one tube to the test tube containing a halogenoalkane/ethanol mixture. Start the 

stopwatch as you do so. 

6. Time for the appearance of a precipitate. 

7. Repeat steps 5 and 6 for the other two halogenoalkanes. 

 

.  
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Results 
 Record your observations in an appropriate form. 

 Write an equation for each hydrolysis reaction. 

 Write an equation for each precipitation reaction. 
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Hints and tips 

 Know that this hydrolysis is a nucleophilic substitution reaction. 

 In this investigation the nucleophile is water. 

 If NaOH is used to hydrolyse the halogenoalkanes, then any excess NaOH has to be 

neutralised by HNO3 before adding AgNO3. 

Halogen = X Electronegativity 

of X 

Bond enthalpy of C-X 

(kJ mol-1) 

Cl 3.2 338 

Br 3.0 276 

I 2.7 238 

 

Questions 
1. Suggest the order of reactivity for the halogenoalkanes if the polarity of the C-X bond were 

the only factor. 

2. Suggest the order of reactivity for the halogenoalkanes if the bond enthalpy of the C-X bond 

were the only factor. 

3. Which of the factors stated in either Q1 or Q2 do you think is the more important for the 

reaction seen here?  

4. Read the notes from the examiner. Why must the excess NaOH be neutralised before adding 

silver nitrate? 

5. Explain why using the same number of drops of each halogenoalkane is not a fair test and 

suggest how a fair test could be achieved. 
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Activity 29 

Aims & Objectives 
 To synthesise and purify an organic liquid 

 To use a separating funnel and distillation apparatus in an organic synthesis. 

Before this Practical… 
You will be synthesising an organic liquid. The reaction you will be carrying out is the nucleophilic 

substitution of an alcohol to make a halogenoalkane.  The alcohol you are starting with is 2-

methylpropan-2-ol.  This reacts with hydrochloric acid to make a halogenoalkane product:  

C CH3

CH3

OH

CH3 + HCl C CH3

CH3

Cl

CH3 + H2O

2-methylpropan-2-ol
 

In this reaction, the Cl ion from the hydrochloric acid behaves as the nucleophile.   

There are three stages to the procedure:  

 carrying out the reaction, including assessing the risks involved in the process 

 separating the product from the reaction mixture  

 Purifying the product.  

The practical procedure is unusual in that the reaction is carried out using a separating funnel as the 

reaction vessel rather than a conical or round-bottomed flask.  After the reaction is complete, the 

halogenoalkane product is separated from the reaction mixture in the separating funnel.  Finally, the 

halogenoalkane product is purified by distillation.  
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Equipment 
 2-Methylpropan-2-ol 

 Concentrated hydrochloric acid, HCl(aq) 

 Sodium hydrogencarbonate solution, NaHCO3(aq) 

 Anhydrous sodium sulfate, Na2SO4 

For the preparation and separation: 

 balance accurate to two decimal places 

 wash bottle with distilled/deionised water 

 measuring cylinder (10 cm3) 

 measuring cylinder (50 cm3) 

 separating funnel with stopper (50 cm3) 

 retort stand, boss and iron ring to support separating funnel 

 small funnel (glass or plastic) 

 2 conical flasks (100 cm3) 

 spatula 

For the distillation: 

 water bath, electric heater or sand bath 

 retort stands, bosses and clamps 

 anti-bumping granules 

 Quickfit apparatus: 

o pear-shaped or round-bottom flask (50 cm3) 

o still head 

o – 110 °C) and Quickfit adaptor (or thermometer pocket) 

o Liebig condenser and tubing 

o Receiver 

 beaker (100 cm3) 

 sample tube with lid 
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Method 
Part 1: Preparation 

1. Pour about 6.5 cm3 of 2-methylpropan-2-ol into a 10 cm3 measuring cylinder.   

2. Measure the mass of the measuring cylinder and contents.  

3. Pour the 2-methylpropan-2-ol into a 50 cm3 separating funnel.  

4. Measure the mass of the empty measuring cylinder and use this to record the exact mass of 

2-methylpropan-2-ol you have put in the separating funnel.  

5. Using a 50 cm3 measuring cylinder, measure about 20 cm3 of concentrated hydrochloric acid.  

6. Over a period of about 2 minutes, add the concentrated hydrochloric acid gradually to the 2-

methylpropan-2-ol in the separating funnel.  

7. Place the stopper in the separating funnel and gently shake the mixture every few minutes 

for 20 minutes. After shaking, carefully release any pressure inside the separating funnel (BE 

CAREFUL: Your teacher will have shown you how to do this). 

Part 2: Separation 

1. Allow the separating funnel to stand until the two layers have separated.   

2. Remove the stopper and open the tap so that the lower aqueous layer runs into a clean 100 

cm3 conical flask. 

3. Slowly add 10 cm3 of 5% sodium hydrogencarbonate solution to the organic layer in the 

separating funnel.  

4. Put the stopper in the funnel and shake the contents gently.  Gas will be produced so the 

pressure inside the separating funnel must be released.  BE CAREFUL 

5. Shake the contents more vigorously and again release the pressure. BE CAREFUL 

6. Once the two layers have separated remove the stopper, then remove the lower aqueous 

layer. 

7. Repeat steps 3–7 until no more gas is given off.  

8. Add 10 cm3 of distilled water to the separating funnel and shake again. 

9. Allow the layers to separate and then run off the lower aqueous layer – you can discard this. 

10. Allow the organic layer to run into a clean 100 cm3 conical flask.  This liquid contains the 

product of the reaction.  

11. Anhydrous sodium sulfate acts as a drying agent to remove any traces of water.  Add small 

quantities (½ spatula measures at a time) to the organic liquid.  Swirl between each addition 

to the flask until the liquid is clear and the sodium sulfate no longer forms clumps. 
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Part 3: Distillation 

1. Set up the distillation apparatus as shown in Figure 9. 

2. Measure the mass of a clean, dry sample tube and lid. 

3. Transfer the impure organic product to the pear-shaped flask and add a few anti-bumping 

granules.  

4. Using a small beaker to receive any liquid impurities which distil over, heat the liquid in the 

pear-shaped flask gently with a small flame or spirit burner. 

5. When the temperature is close to 48 °C, use the sample tube to collect the liquid. The boiling 

temperature of the product is 51 °C.  

6. When the temperature rises above 53 °C (or there is no more liquid in the pear-shaped 

flask), stop the distillation.  

7. Put the lid on the sample tube and weigh it to find the mass of product collected.  

8. Calculate the % yield of your reaction.  

Figure 9 
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Results 
 Record your observations and explain them 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
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Signed: 

Significant Hazards and Associated Risks  Those 
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affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Questions 
1. Name the product of the reaction you have carried out. 

2. Why were you advised to add the hydrochloric acid dropwise, rather than in one go? 

3. At the end of the reaction, what impurities contaminate the organic product?  How are each 

of these impurities removed? 

4. How does the final distillation step allow a check to be made on the identity and purity of 

the organic product?  

5. Experience suggests that you will do well to get a yield over 50%.  Why do you think the yield 

of this reaction is below 100%? 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 5 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should 

include your risk assessment and all of your observations. You should also show all of your working 

for calculating your yield. 

You should have considered the above questions as the answers will aid you in preparation for your 

written examinations. 
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Activity 30 

Aims & Objectives 
 Be able to use a graph to obtain temperature change. 

 Be able to calculate enthalpy change. 

Before this Practical… 
It is not possible to measure the enthalpy of a substance directly, however it is possible to measure 

the change in enthalpy during a reaction. Enthalpy changes are deduced by measuring the 

temperature change of the surroundings during a reaction. 

Q = m c ΔT 

Q Heat exchanged 

m Mass of the surroundings 

c Heat capacity of the surroundings 

ΔT Temperature change of the surroundings 

The enthalpy change of a reaction is found by dividing the heat exchanged by the number of moles 

used in the reaction. 

You should also read 2.9.1, 2.9.2, 2.9.3 & 2.9.4 

Questions to answer before the practical 
1. Water is usually used as “the surroundings” as we know a large amount of information 

accurately about it. Find the heat capacity of water. 

 

 

 

2. Describe and explain how you could use a bomb calorimeter to measure a reaction. Explain 

the advantages of this method. 

 

  



 

P a g e  | 182 

Aims 
To find the enthalpy change for the reaction between zinc and copper sulfate using a direct method 

of calculation. 

Equipment 
 200 g dm–3 copper sulfate solution, CuSO4•5H2O 

 Zinc powder 

 Plastic cup 

 0–100 °C thermometer  

 Stop clock or stopwatch 

 Spatula 

 Pipette and filler 

 Mass balance  

 Weighing bottle 

 Stirring rod 

 Graph paper 

 

Method 
1. Weigh an empty weighing bottle. 

2. Weigh accurately between 2.90 g and 3.00 g of zinc powder in a weighing bottle. Record the 

mass of the weighing bottle plus the zinc. 

3. Place 25.0 cm3 of the copper sulfate solution in the plastic cup. 

4. Start the stopwatch and record the temperature of the solution every half minute for 2.5 

minutes.  

5. At exactly three minutes add the zinc and stir the mixture thoroughly. 

6. Record the temperature every half minute from 3.5 to 10 minutes, stirring thoroughly. 

7. Reweigh the weighing bottle. 

 

.  
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Results 
 Record your observations in an appropriate form. 

 Plot a graph of temperature against time. 

 Extrapolate the graph of the first five points to obtain the temperature at 3 minutes. 

 Use the graph to find the temperature rise. 

 Write an equation for the reaction. 

 Calculate which chemical is in excess and hence the moles reacting. 

 Calculate the enthalpy of the reaction. 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
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Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 The appropriate form for your results is a table. 

 You need to be able to calculate moles and establish which chemical is in excess. 

 Enthalpy of reaction is per mole as in the balanced equation. 

 Take care with units: kilojoules is small k and big J. 

 Similarly, per mole is mol–1 not /mol–1 or m–1. 

 Consider the accuracy of your data before deciding on the number of significant figures for 

the answer. 

Data 

Specific heat capacity of the solution = 4.2 J cm–3 K–1 

Relative atomic mass 

H = 1.0, O = 16.0, S = 32.1, Cu = 63.5, Zn = 65.4 

Questions 
1. Explain why the weighing bottle is weighed after the experiment. 

2. What are the strengths and weaknesses of using a graph to find the temperature rise? 

3. Suggest what might be the most significant procedural error and suggest a modification for 

it. 

4. Calculate the possible measurement errors for this practical. 

5. Explain in terms of bonding the source of this enthalpy change. 

6. Describe how you could improve your method by using data logging equipment and explain 

the difference that would make to your results. 
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Spare page with plenty of space to answer questions. 
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Activity 31 

 

Aims & Objectives 
 To determine the enthalpy change of combustion of an alcohol. 

Before this Practical… 
You will determine the enthalpy change of combustion of an alcohol. You will heat some water by 
burning a small amount of an alcohol. You will need to record  

 The mass of the alcohol that burns 

 The mass of the water that is heated 

 The temperature change of the water 
 

The enthalpy change of combustion (ΔHc
o) is the enthalpy change that takes place when one mole of 

a substance reacts completely with oxygen under standard conditions. All reactants and products 

being in their standard states. 

Q = m c ΔT 

Q Heat exchanged 

m Mass of the surroundings 

c Heat capacity of the surroundings 

ΔT Temperature change of the surroundings 

You should also read 2.9.1, 2.9.2, 2.9.3 & 2.9.4 

Questions to answer before the practical 

1. Water is usually used as “the surroundings” as we know a large amount of information 

accurately about it. Find the heat capacity of water. 

 

 

 

2. Describe and explain how you could use a bomb calorimeter to measure a reaction. Explain 

the advantages of this method. 
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Equipment 
 Methanol  

 Ethanol 

 Propan-1-ol 

 Butan-1-ol 

 Pentan-1-ol 

 

 100 cm3 measuring cylinder 

 Beaker (250 cm3) 

 Spirit burner with wick 

 Access to a balance that records to two decimal places 

 Thermometer (-10º –110 ºC) graduated in divisions of 0.5 °C or less 

 Heatproof mat 

Method 
1. Measure 100 cm3 of water into a beaker. 

2. Accurately weigh a ‘burner’ containing one of the alcohols. Record all of your measurements 

in an appropriate table. 

3. Arrange the apparatus in such a way that the burner can be used to heat the water in the 

beaker. You should try to protect your apparatus from draughts. 

4. Take the temperature of the water before you start heating. 

5. Use your burner to heat the water. Stop heating when you have heated the water enough to 

give a reasonable temperature rise. Take the final temperature of the water and reweigh the 

burner. 
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Results 
 From your results, calculate the energy given out by the alcohol in heating the water. 

 Calculate the amount, in mol, of the alcohol burnt and determine the enthalpy change for 

the combustion of the alcohol. 

 Write an equation for the enthalpy change of combustion of the alcohol. 

 Evaluate your results by comparing your experimental value to the accepted enthalpy 

change for the combustion of the alcohol and suggest three reasons why there is a 

difference. 

 Suggest how the experiment could be improved to give more accurate results. 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
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Signed: 

Significant Hazards and Associated Risks  Those 
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guidance  
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Questions 
1. Calculate the enthalpy change of combustion for methanol, ethanol, propan-1-ol, butan-1-ol 

and pentan-1-ol using bond enthalpies. (You will need to look up values for the relevant 

bonds). 

2. Work out the difference between the enthalpy values for each successive member of the 

alcohol homologous series. Why is the difference a constant value? 

3. Predict a value for the enthalpy change of combustion of dodecan-1-ol, CH3(CH2)11OH. 

4. Why are these calculations not standard enthalpy changes? 

5. Find the other information needed to convert the bond enthalpy values into standard 

enthalpy changes. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 3 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should also 

include and show all working for your calculations.  

You should have considered the above questions as the answers will aid you in preparation for your 

written examinations. 
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Activity 32 

Aims & Objectives 
  

Before this Practical… 
You will determine the enthalpy change of neutralisation of hydrogen chloride and sodium 

hydroxide. 

The enthalpy change of neutralisation is defined as the enthalpy change when solutions of an acid 

(aq) + H2O(aq) 

You can see that one mole of water is produced when one mole of HCl (or one mole of NaOH) reacts. 

So in this experiment, you will calculate the molar enthalpy change by dividing the heat energy 

change by the number of moles of HCl used. 

In calorimetry experiments, the temperature change can sometimes be difficult to accurately 

measure at the moment that neutralisation takes place. For that reason, this method involves 

extrapolating lines plotted on a graph in order to calculate the temperature change of the reaction. 

First, you will take a series of initial measurements to establish the initial temperature. Then, 

following the neutralisation, you will plot a cooling curve which you will extrapolate to determine 

the temperature change. 

Equipment 
 1.00 mol dm-3 hydrochloric acid, HCl(aq) 

 1.00 mol dm-3 sodium hydroxide, NaOH(aq) 

 

 expanded polystyrene cup 

 beaker (250 cm3)  

 thermometer graduated in divisions of 0.5 °C or less (–10°C – 110°C) 

 two measuring cylinders (25 cm3 or 50 cm3) 

 timer/stopwatch 
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Method 
1. Place a polystyrene cup in a 250 cm3 glass beaker. 

2. Use a measuring cylinder to measure 25.0 cm3 of dilute hydrochloric acid (The measuring 

cylinder should be rinsed with dilute hydrochloric acid before being used to measure.). 

Transfer the liquid into the polystyrene cup. 

3. Use another measuring cylinder to measure 25.0 cm3 of sodium hydroxide (The measuring 

cylinder should be rinsed with sodium hydroxide solution before being used to measure.) 

but do not yet add this to the beaker. 

4. Start your timer and record the initial temperature of the acid to the nearest 0.5 °C.  

5. Record the temperature of the acid at 1, 2 and 3 minutes. Stir the acid immediately before 

reading the thermometer.  

6. At the 4th minute, do not record the temperature. Instead, add the sodium hydroxide and 

stir. 

7. Stir the solution and then record the temperature to the nearest 0.5 °C at 5, 6, 7, 8, 9 and 10 

minutes. 
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Results 
1. Plot a graph of time (x-axis) against temperature (y-axis). You do not need to start the y-axis 

at 0 °C, but it should extend to a maximum temperature that is a few degrees higher than 

your highest reading. Remember that there is no temperature reading at 4 minutes. 

2. Draw a line of best fit through your points at 0, 1, 2 and 3 minutes. Extrapolate this line to 4 

minutes. 

3. Draw a line of best fit (straight or curved as appropriate for your data) through your points 

from 5 minutes onwards. Extrapolate this line back to 4 minutes. 

4. From your graph, calculate the temperature rise of the solution at 4 minutes. 

5. Calculate the energy absorbed by the solution during this experiment, using the equation 

q = mcT 

6. Note: if we assume that the density of the solution is 1.00 g cm3, the mass of the solution in 

g is the same as its total volume in cm3.  

7. Assume that the specific heat capacity of the solution is 4.18 J g1 K1. 

8. Calculate the amount (in mol) of HCl that you used. 

9. Calculate the enthalpy change of neutralisation in kJ mol1.  
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Questions 
1. Explain why your experimental value for the enthalpy of neutralisation must be negative. 

2. The literature value for the enthalpy of neutralisation for this reaction is 57 kJ mol1. 

Compare your answer with this and suggest one or more reasons for the difference. 

3. Why is it safe to dispose of the product solution down the sink? 

4. The enthalpy change of neutralisation should be identical regardless of which strong acid 

and alkali are used. Suggest why. 

5. The analysis of the data required you to extrapolate the cooling curve after the reaction took 

place in order to calculate the temperature change at the point of mixing the reactants. An 

alternative method involves simply measuring the temperature before mixing and the 

maximum temperature after mixing and calculating the difference. Decide whether the 

method using graphical extrapolation is more important or less important for reactions that 

are highly exothermic. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 3 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should also 

include your graph and show all working for your calculations. You should have considered the 

above questions as the answers will aid you in preparation for your written examinations. 
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Activity 33 

Aims & Objectives 
 Be able to convert temperature changes to enthalpy changes. 

 Be able to use Hess' law to find an enthalpy change indirectly. 

Before this Practical… 
Hess’s law states that if a reaction can take place by more than one route and the initial and final 

conditions are the same, the total enthalpy change is the same for each route. 

H1

H2 H3

A + B

E + F

C + D

 

ΔH1 = ΔH2 + ΔH3 

 

You should also read 2.9.1, 2.9.2, 2.9.3 & 2.9.4 

Questions to answer before the practical 

1. Draw the displayed formula for the combustion of propan-2-ol 

 

 

 

 

2. Explain why there is no difference between the combustion of propan-2-ol and propan-1-ol 
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Aims 
To find the enthalpy change for the decomposition of potassium hydrogencarbonate indirectly using 

Hess' law. 

Equipment 
 2.00 mol dm–3 hydrochloric acid, HCl 

 Anhydrous potassium carbonate solid  

 Potassium hydrogencarbonate solid 

 Burette 

 Mass balance 

 0–100 °C x 0.2 thermometer  

 Plastic cup or calorimeter 

 Spatula, funnel 

 

Method 
1. Using a burette, measure 30.0 cm3 of the hydrochloric acid into the plastic cup. 

2. Measure the temperature of the acid after it has stood for a few minutes. 

3. Weigh the test tube containing the potassium carbonate. 

4. Tip the potassium carbonate solid into the plastic cup, stir carefully with the thermometer 

and record the highest temperature. 

5. Reweigh the test tube. 

6. Repeat steps 1–5 using potassium hydrogencarbonate instead of potassium carbonate. 

However, for step 4 the lowest temperature should be recorded. 

 

.  
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Results 
 Record your results in the appropriate format. 

 Calculate the energy change for reaction A. 

 Calculate the enthalpy change for reaction A. 

 Calculate the energy change for reaction B. 

 Calculate the enthalpy change for reaction B. 

 Construct a Hess diagram for reactions A, B and C. 

 Calculate the enthalpy change for reaction C. 
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Hints and tips 

 It is important to present your results (with units) in a table. 

 Enthalpy change of reaction is per mole as shown in the balanced equation. 

 Take care with units: kilojoules is small k and big J. 

 Similarly, per mole is mol–1 not /mol–1 or m–1. 

 Consider the accuracy of your data before deciding on the number of significant figures for 

the answer. 

Data 

Reaction A: K2CO3 + 2HCl  2KCl + CO2 + H2O 

Reaction B: KHCO3 + HCl  KCl + CO2 + H2O 

Reaction C: 2KHCO3  K2CO3+ CO2 + H2O 

Relative Atomic Masses 

H = 1.0, C = 12.0, O = 16.0, K = 39.1 

Specific heat capacity of water = 4.2 J g–1 K–1 

Questions 
1. What is missing from the equations but is essential when carrying out Hess calculations? 

2. What is the advantage of using this indirect method over the direct method for calculating 

the enthalpy change for reaction C?  

3. Show by means of calculation that the hydrochloric acid is in excess. 

4. What assumption have you made when using the value of Specific heat capacity of water = 

4.2 J g–1 K–1? 

5. Represent reactions A, B and C on one energy level diagram. 
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Spare page with plenty of space to answer questions. 
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Activity 34 

Aims & Objectives 
 To determine the enthalpy change of thermal decomposition for KHCO3 by carrying out two 

reactions of K2CO3 and KHCO3 with hydrochloric acid by accurate measurement of 

temperature. You will use Hess’s Law calculations to determine the enthalpy changes. 

Before this Practical… 
Hess’s law states that if a reaction can take place by more than one route and the initial and final 

conditions are the same, the total enthalpy change is the same for each route. 

H1

H2 H3

A + B

E + F

C + D

 

ΔH1 = ΔH2 + ΔH3 

You will determine the enthalpy change of reaction by Hess’s Law based on experimental evidence. 

This will involve measuring the temperature changes in the reactions of both K2CO3 and KHCO3 with 

hydrochloric acid and applying your knowledge of Hess’s Law to calculate the enthalpy change of 

thermal decomposition of KHCO3. 

You are given instructions for the practical procedure.  It is your responsibility to work safely and to 

organise your time efficiently.  You should try to work in such a way as to make your results as 

accurate as possible. 

You should also read 2.9.1, 2.9.2, 2.9.3 & 2.9.4 

Questions to answer before the practical 

1. Draw the displayed formula for the combustion of propan-2-ol 

 

 

 

 

2. Explain why there is no difference between the combustion of propan-2-ol and propan-1-ol 
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Equipment 
 2.00 mol dm-3 hydrochloric acid, HCl(aq) 

 K2CO3 (s)  

 KHCO3 (s) 

 

 Access to balance that records to two decimal places 

 polystyrene cup 

 beaker (250 cm3) – for stability of polystyrene cup. 

 –110 °C) graduated in divisions of 0.5 °C or less 

 measuring cylinders (50 cm3) 

 weighing bottles 

 stirring rod 

Method 

Reaction 1 

K2CO3 (s) + 2HCl (aq)   2KCl(aq) + CO2(g) + H2O(l) ∆H1 

1. Weigh an empty polystyrene beaker which you will use for the reaction. 

2. Measure 30 cm3 (an excess) of approximately 2 mol dm–3 hydrochloric acid into a 

polystyrene beaker. 

3. Weigh accurately a weighing bottle containing between 2.5 g and 3.0 g of potassium 

carbonate, K2CO3.  

4. Take the temperature of the acid and record this value. 

5. Add the weighed portion of K2CO3 to the acid carefully. Stir the mixture, take the highest or 

lowest temperature and record this value.  

6. Reweigh the weighing bottle and the polystyrene beaker and record this value. 

7. From your results, calculate the heat absorbed or evolved by the solution. (specific heat 

capacity of solution = 4.18 J g–1 K–1) 

8. Calculate the amount, in mol, of K2CO3 that reacted and determine the enthalpy change of 

reaction, ∆H1, for the equation above. 

Reaction 2 

KHCO3(s)  +  HCl(aq)    KCl(aq)  +  CO2(g)  +  H2O(l) ∆H2 

1. Repeat the first experiment using between 3.2 g and 3.7 g of KHCO3.  

2. Calculate the amount, in mol, of KHCO3 that reacted and determine the enthalpy change of 

reaction, ∆H2, for the equation above. 
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Results 

Using Hess’s Law 

1. The equation for the thermal decomposition of KHCO3 is: 

2KHCO3(s)    K2CO3(s) +  CO2(g) +  H2O(l) 

Construct an energy cycle to link this reaction with the two reactions of HCl (aq) with K2CO3 

and KHCO3. 

2. Use your energy cycle to help you to calculate the enthalpy change for the thermal 

decomposition of potassium hydrogen carbonate. 
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Questions 
1. Explain why you use hydrochloric acid in excess. 

2. The literature value for the enthalpy of reaction for this reaction is +95 kJ mol–1. Compare 

your answer with this and suggest one or more reasons for the difference. 
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Spare page with plenty of space to answer questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 3 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings from this experiment. You should also 

include and show all working for your calculations.  

You should have considered the above questions as the answers will aid you in preparation for your 

written examinations. 
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Activity 35 

Aims & Objectives 
 Be able to use a gas syringe to monitor rate. 

 Be able to plot data and interpret graphs. 

Before this Practical… 
Reactions take place when the following three events occur between to atoms or molecules. 

1. A collision takes place 

2. The collision has the required activation energy 

3. The atoms or molecules are in the correct orientation 

You should also read 2.10.1, 2.10.2 & 2.10.3 

Questions to answer before the practical 

1. Write the reaction in words and symbols for the reaction between phosphoric acid and 

strontium. Use this to help you write the general equation for the reaction between a metal 

(M) and an acid (HA) 

 

 

 

 

2. Use a diagram to explain how and why reactions take place 
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Aims 
To monitor the rate of a reaction by collecting a gas 

Equipment 
 4, 3, 2 and 1 mol dm–3 hydrochloric acid, HCl 

 Magnesium ribbon 

 Marble chips, CaCO3 

 250 cm3 conical flask connected to 100 cm3 gas syringe via delivery tube 

 50 cm3 measuring cylinder 

 Stopclock or stopwatch 

 Scissors, ruler and graph paper  

 Mass balance 

Method 
1. Weigh 5 cm of magnesium ribbon (or 5 marble chips) and place in the conical flask 

connected to a 100 cm3 gas syringe. 

2. Measure 25 cm3 of 1.00 mol dm–3 hydrochloric acid. Add this to the flask, start the 

stopwatch and seal the bung. 

3. Whenever 20 cm3 of gas is collected, record the time on the stopwatch.  

4. Repeat the experiment using a different amount of magnesium if the reaction is too slow or 

too fast – bear in mind that the reactions will be faster the more concentrated the acid.  

5. Once you have decided on the amount of magnesium to use, repeat the experiment using 

different acid concentrations. 

6. You can make different concentrations of hydrochloric acid by diluting with water. 

7. Repeat the experiments if you have enough time. 

.  
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Results 
 Record your results in the appropriate format. 

 Plot graphs of volume of gas against time. 

 Find the gradient of each graph at the start of the reaction where the graph should be linear. 

 Plot gradients against concentration of acid. How does the rate of reaction depend on the 

concentration of the acid? 
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Hints and tips 

 It is important to present your results (with units) in a table. 

 Axes on graphs must be linear scales. 

 Axes on graphs must be labelled with the physical quantity along with its units.  

 Gradients also have units. 

 Proportionality is not only represented by a straight line graph – it must also pass through 

the origin (0, 0). 

Questions 
1. Write an equation for the reaction you carried out. 

2. What other factors should have been taken into account to make this experiment a fair test? 

3. Suggest how you could obtain 25 cm3 of 2.5 mol dm–3 hydrochloric acid. 

4. Explain why the graph is not always a straight line for the whole experiment. 

5. Use collision theory to explain the effect of concentration on the rate of the reaction. 
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Activity 36 

Aims & Objectives 
 Be able to set up a cobalt (II) complex ion equilibrium. 

 Be able to monitor the effect of temperature on the equilibrium. 

 Be able to handle concentrated acid safely. 

Before this Practical… 
Le Chatelier’s principle states that when a system is in dynamic equilibrium is subjected to a change, 

the position of the equilibrium will shift to minimise the change. 

You should also read 2.10.4 & 2.10.5. 

Questions to answer before the practical 

1. Explain, using Le Chatelier’s principle and examples, how a reaction would be altered if the 

following were changed. 

a. Concentration 

b. Pressure 

c. temperature 
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Aims 
To investigate the qualitative effect of temperature on equilibrium 

Equipment 
 Cobalt chloride solid, CoCl2•6H2O 

 Conc hydrochloric acid, HCl  

 Boiling tube  

 2 x 250 cm3 beakers 

 Spatula 

 2 x 25 cm3 measuring cylinder  

 Ice 

 Boiling water 

 Stirring rod 

 100 cm3 conical flask 

 Gloves 

Method 
1. Place a spatula load of cobalt chloride in the boiling tube. 

2. Carefully make a mixture of 10 cm3 of water and 10 cm3 of concentrated hydrochloric acid 

by adding the acid to the water in a 100 cm3 conical flask. 

3. Add the hydrochloric acid mixture to the cobalt chloride and stir well. 

4. Place the boiling tube of the equilibrium mixture in a bath of iced water and wait a few 

minutes. Record your observations. 

5. Now transfer the boiling tube from the iced water to a water bath which has just been 

boiled. Wait a few minutes and record your observations. 

6. Now transfer the boiling tube from the hot water to the iced water bath. Wait a few minutes 

and record your observations. 

.  
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Results 
 Record your results in the appropriate format. 

 Summarise the shifts in equilibrium with temperature. 

 Use le Chatelier’s principle to predict whether the forward reaction is exothermic or 

endothermic. 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 An equilibrium must be represented by using reversible arrows in an equation. 

 Always make it clear which way the reaction will shift when a condition is altered. 

 Always make it clear whether you are referring to the forward or backward reaction when 

you say a reaction is exothermic/endothermic. 

 Include the charge of a complex ion in the formula. 

Data 

[CoCl4]2-
(aq) + 6H2O(l)  [Co(H2O)6]2+

(aq) + 4Cl- 

blue    pink 

chloro ion   aqua ion 

Questions 
1. The decomposition of N2O4 gas (colourless) into NO2 gas (brown) is endothermic. Why is this 

reaction endothermic? 

2. Write an equation for the reversible reaction discussed in Q1. 

3. Predict what a mixture of the two gases in Q1 would look like if the tube is placed in: (a) hot 

water; and (b) iced water. 

4. Explain your answer to Q3 in terms of le Chatelier’s principle and the equation you have 

given for Q2. 

5. Explain why high temperatures are often used in industry, even where they favour the 

reverse reaction. 
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Activity 37 

Aims & Objectives 
 Be able to set up an iron (III) complex ion equilibrium. 

 Be able to monitor the effect of concentration on the equilibrium. 

Before this Practical… 
Le Chatelier’s principle states that when a system is in dynamic equilibrium is subjected to a change, 

the position of the equilibrium will shift to minimise the change. 

You should also read 2.10.4 & 2.10.5. 

Questions to answer before the practical 
2. Explain, using Le Chatelier’s principle and examples, how a reaction would be altered if the 

following were changed. 

a. Concentration 

b. Pressure 

c. temperature 
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Aims 
To investigate the qualitative effect of concentration on equilibrium 

Equipment 
 0.10 mol dm–3 iron(III) chloride, FeCl3.6H2O 

 0.0050 mol dm–3 potassium thiocyanate, KCNS  

 5 x boiling tubes 

 10 cm3 and 25 cm3 measuring cylinders  

 Deionised/distilled water 

 Gloves 

Method 
1. Add 2 cm3 of Fe (III) chloride solution to each of the five boiling tubes. 

2. Now add different volumes of KCNS and deionised/distilled water to each boiling tube to 

make up five solutions with a total volume of 20 cm3. (You should have five boiling tubes 

each containing 20 cm3 of differing concentrations of KCNS solutions).   

3. Observe the colour for each solution. 

4. If necessary make up other solutions using different concentrations of KCNS. 

.  
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Results 
 Record your results in the appropriate format. 

 Calculate the concentrations of the reagents in each experiment. 

 Summarise the shifts in equilibrium with concentration. 

 Use le Chatelier’s principle to explain your observations. 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Hints and tips 

 An equilibrium must be represented by using reversible arrows in an equation. 

 Always make it clear which way the reaction will shift when a condition is altered. 

 Include the charge of a complex ion in the formula. 

Data 

[Fe(H2O)6]3+
(aq) + CNS-

(aq) ⇌ [Fe(H2O)5CNS]2+
(aq) + H2O(l) 

                  orange               blood red 

Questions 
1. How could this practical be made into a quantitative experiment?  

2. KCNS may be used to test for the presence of Fe3+ in solution. From your results suggest the 

concentration of KCNS that should be used and how the test should be carried out. 

3. The yellow chromate ion, CrO4
2-, changes to the orange dichromate ion, Cr2O7

2-, in the 

presence of acid in a reversible reaction. Write a balanced equation for this reaction. 

4. Explain why the addition of alkali, OH-, causes the orange colour referred to in Q3 to change 

back to yellow.  

5. What would you expect to see if concentrated hydrochloric acid was added to the solution 

described in Q3? 
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Activity 38 

Aims & Objectives 
 To carry out the multistep synthesis of aspirin, using reflux, followed by purification of the 

product through recrystallisation, and assessment of the purity of the product through thin-

layer chromatography and melting point determination. 

Before this Practical… 
Aspirin (2-ethanoylhydroxybenzoic acid) is a very common analgesic drug (painkiller). It can be made 

in a number of ways, but one of the most simple two-step processes begins with oil of wintergreen, 

a substance made by the distillation of the leaves of a plant called Gaultheriae procunbers 

(wintergreen).  

Oil of wintergreen contains about 98% methyl 2-hydroxybenzoate. This is hydrolysed by heating with 

sodium hydroxide. The addition of acid then forms a solid product, 2-hydroxybenzoic acid, also 

known as salicylic acid.  

C
OCH3O

OH + NaOH

C
O

-
Na

+
O

OH + CH3OH

C
O

-
Na

+
O

OH + HCl

C
OHO

OH + NaCl

heat

methyl 2-hydroxybenzoate

2-hydroxybenzoic acid
 

The reaction between methyl 2-hydroxybenzoate and sodium hydroxide takes around 30 minutes of 

heating. To prevent any vapours escaping from the reaction mixture, the mixture is heated under 

reflux.  This means fitting a condenser to the reaction vessel so that vapours cool and drop back into 

the mixture as they condense. In this way, the reaction can be heated safely for a prolonged period.  

  



Extension Practical Endorsement Activity 
 

P a g e  | 230 

In the second stage of the procedure, the 2-hydroxybenzoic acid is esterified by reaction with 

ethanoic anhydride to make aspirin. This reaction does not need heating, but it does use an acid 

catalyst.  

C
OHO

OH +

C
OHO

O CH3

O

+C
CH3 O

C
CH3

OO

C
CH3 OH

OH+

2-hydroxybenzoic acid acetic anhydride
2-(acetyloxy)benzoic acid

Aspirin
 

When you have made the aspirin, you will purify it by recrystallisation, and then test its purity using 

two techniques: chromatography and melting temperature. 
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Part 1 

Preparation of 2-hydroxybenzoic acid 

Equipment 
 Oil of wintergreen 

  

  

 pH indicator paper 

 Distilled/deionised water 

 

 safety spectacles or goggles 

 access to balance accurate to two decimal places 

 measuring cylinder (10 cm3) 

 measuring cylinder (50 cm3) 

 Quick-fit apparatus  

 pear-shaped flask (50 cm3) 

 Liebig condenser and tubing 

 retort stand, boss and clamp 

 anti-bumping granules 

 water bath, electric heater or sand bath 

 beaker (100 cm3) 

 larger beaker to contain ice and water to cool the mixture 

 pH indicator paper 

 wash bottle with distilled/deionised water 

 dropping pipette 

 stirring rod 

 apparatus for filtration under reduced pressure 

 watch glass 

 sample tube and lid 
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Method 
1. Set up the apparatus for reflux using a 50 cm3 pear-shaped flask and Liebig condenser. 
2. Add about 2.5 cm3 oil of wintergreen to a 10 cm3 measuring cylinder and record the mass. 
3. Transfer the oil of wintergreen to the pear-shaped flask. 
4. Record the mass of the measuring cylinder again and calculate the mass of oil of 

wintergreen added to the pear-shaped flask.  

5. Using a 50 cm3 measuring cylinder, measure about 25 cm3 of 2 mol dm3 sodium hydroxide 
solution. 

6. Add the sodium hydroxide solution to the pear-shaped flask. Include a few anti-bumping 
granules. 

7. Heat the reaction mixture using a boiling water bath, sand bath or electric heater, for about 
30 minutes. 

8. Leave the mixture to cool, then pour into a 100 cm3 beaker which is being cooled in a larger 
beaker of ice and water.  

9. Carefully add 2 mol dm–3 hydrochloric acid to the mixture dropwise, stirring with a stirring 
rod. Test regularly with pH indicator paper. Keep adding acid until the mixture is just acidic.  

10. Filter the solid product from the reaction mixture using suction filtration and wash with a 
small amount of cold distilled water. 

11. Measure the mass of a watch glass, then transfer the solid product to the watch glass and 
leave to dry. 

12. When the solid is dry, record the mass of the solid and the watch glass, and thereby 
calculate the mass of product you have made.  

13. Store the product in a labelled, clean, dry sample tube for use in Part 2.  
14. Calculate the yield of 2-hydroxybenzoic acid from this procedure. 

 

 

Questions 
1. Methanol is formed in this procedure. What happens to this? 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Part 2 

Part 2: Preparation of aspirin 

Equipment 
 Ethanoic anhydride 

 Concentrated H2SO4 

 Concentrated ethanoic acid 

 

 safety spectacles or goggles 

 protective gloves 

 access to balance accurate to two decimal places 

 crushed ice 

 wash bottle with distilled/deionised water 

 clean, dry sample tube and lid 

 conical flask (100 cm3) 

 2 measuring cylinders (10 cm3) 

 spatula 

 stirring rod 

 beaker to contain ice and water to cool the mixture (250 cm3) 

 apparatus for filtration under reduced pressure 

 watch glass 

 sample tube and lid 
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Method 
1. Measure the mass of a clean, dry sample tube. 

2. Transfer about 2 g of the 2-hydroxybenzoic acid you made in Part 1 into the sample tube and 

weigh it again. 

3. Transfer the 2-hydroxybenzoic acid into a 100 cm3 conical flask and weigh the sample tube 

again. Use these measurements to calculate the mass of 2-hydroxybenzoic acid in your 

reaction mixture.  

4. In a fume cupboard, use a 10 cm3 measuring cylinder to measure 4 cm3 ethanoic anhydride 

and add this to the conical flask.  

5. Add five drops of concentrated sulfuric (VI) acid to the flask and shake gently from side to 

side for about 10 minutes. You should observe crystals of aspirin appearing in the reaction 

mixture.  

6. Cool the conical flask in a large beaker containing crushed ice.  

7. Using a clean measuring cylinder, measure 4 cm3 of cold glacial ethanoic acid and add this to 

the reaction mixture to dilute it. 

8. Filter off the solid product using suction filtration, washing once with ice-cold distilled water. 

9. Measure the mass of a watch glass and then transfer the solid product to the watch glass 

and leave to dry. 

10. When the solid is dry, record the mass of the solid and the watch glass, and thereby 

calculate the mass of product you have made.  

11. Store the product in a labelled, clean dry sample tube for recrystallisation in Part 3.  

12. Calculate the yield of aspirin from this procedure. 

 

 

Questions 
1. Which of the reactions – Part 1 or Part 2 – has the lower yield?   
2. What might happen at each stage of the processes in Parts 1 and 2 to lose material?  How 

could these losses be minimised? 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Part 3 

Part 3: Recrystallisation 

Equipment 
 Ethanol 

 2 conical flasks (100 cm3) 

 dropping pipette 

 spatula  

 stirring rod 

 larger beakers for hot water bath and ice bath 

 water bath or heating mantle 

 apparatus for filtration under reduced pressure 

 watch glass 

 sample tube and lid 

Method 
1. Transfer almost all your impure aspirin to a 100 cm3 conical flask. Save a few crystals for 

analysis by chromatography in Part 4.   

2. Warm around 30 cm3 of ethanol in another 100 cm3 conical flask, using a water bath or 

heating mantle.  

3. Add small amounts of hot ethanol (1–2 cm3) at a time to the impure aspirin until it has just 

all dissolved.  

4. Quickly filter the hot solution using suction filtration, washing with a small amount of hot 

ethanol.  

5. Cool the filtrate in an ice–water bath to form needle-like crystals of aspirin.  

6. Filter the aspirin crystals, again using suction filtration. 

7. Weigh a watch glass, then transfer the recrystallised aspirin to the watch glass and leave to 

dry. 

8. When the solid is dry, record the mass of the solid and the watch glass, and thereby 

calculate the mass of product you have made.  

9. Transfer the aspirin into a labelled, clean dry sample tube.  

Questions 
1. What does each stage of the recrystallisation achieve in terms of removing impurities? 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Part 4 

Chromatography 

Equipment 
 Pure aspirin (acetyl salicylic acid) 

 Pure 2-hydroxybenzoic acid 

 Impure aspirin – your sample from Part 2 

 Recrystallised aspirin – your sample from Part 3 

 Ethanol  

 Chromatography solvent (a mixture of cyclohexane, ethyl ethanoate and ethanoic acid) 

 MAY BE NEEDED Iodine 

 

 UV light / iodine crystals and suitable container 

 4 watch glasses 

 dropping pipette 

 thin layer chromatography plate (silica-coated, fluorescent), cut to fit into 100 cm3 beakers 

 beaker (100 cm3) 

 watch glass or other suitable cover for the beaker 

 pencil  

 melting point tubes drawn out into capillary in Bunsen flame, or very fine glass dropping 

pipettes 
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Method 
1. Prepare your thin layer chromatography (TLC) plate by drawing a line in pencil about 1 cm 

from the bottom. Mark four crosses along the line. These crosses are where the samples will 
be placed.  

2. Pour some chromatography solvent to a depth of no more than 5 mm into a 100 cm3 beaker 
and cover the beaker with a lid.  

3. Place one or two crystals of the pure aspirin sample into a watch glass and dissolve in a 
couple of drops of ethanol. 

4. Dip a drawn out melting point tube or very fine dropping pipette into the solution, then dab 
this onto the first cross on the TLC plate. Allow the spot to dry and then add more. Repeat a 
few times, trying to keep the diameter of the spot no wider than 5 mm. 

5. Repeat steps 3 and 4 with the other samples, using a clean watch glass and clean tube to 
apply the samples each time.  

6. Place the chromatography plate in the beaker and cover with the lid. 

7. Leave the solvent to rise up the plate. This will take 15–20 minutes. 
8. When the solvent has nearly reached the top of the plate, remove it from the beaker and 

mark the line of the solvent front with a pencil.  
9. Leave the plate to dry in a fume cupboard until the solvent has all evaporated. 
10. Place the plate under a UV lamp and mark the locations of the substances using a pencil.  

Take care – do not look directly into the UV light.  An alternative visualisation method to 
using UV light is to place the plate in a beaker containing a few crystals of iodine, and cover 
the beaker with cling film.  Do this in a fume cupboard.  

11. Calculate the Rf values for each substance visible in the chromatography. Do your results 
support the formation of aspirin in the reaction? 

 

Questions 
From the results of the chromatography, did the recrystallisation process help to purify the reaction 

mixture? 

Figure 10 
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
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Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
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guidance  
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Part 5 

Equipment 
 melting point tubes 

 watch glass 

 Bunsen burner (to seal melting point tubes) 

 melting point apparatus 

Method 
1. Seal the end of a melting point tube by rotating it in a Bunsen flame, then leave to cool.  

2. Place a small amount of your recrystallised aspirin into a watch glass.   

3. Fill the melting point tube with your recrystallised aspirin to a depth of about 5 mm, and tap 

the tube so the solid is transferred to the sealed end.  

4. Use the melting point apparatus to slowly heat the aspirin in the melting point tube until all 

the solid has melted. 

5. Note the range over which the solid melts.  

6. If you have time and some sample available, find the melting temperature of your impure 

aspirin from Part 2 also, to compare the difference in melting range of an impure and a pure 

sample.  

7. The melting point of aspirin is 138–140 °C. 

8. The melting point of 2-hydroxybenzoic acid is 158–160 °C.  

9. Does the melting point of your product support the conclusion that you have made aspirin? 

10. A narrow melting point range indicates a pure product.  How pure is your sample of aspirin? 

 

 

 

 

 

 

 

For this piece of work to count towards Practical Activity Group 6 of the GCE Chemistry Practical 

Endorsement, you should have evidence of all your recordings and risk assessments from this 

experiment. You should include all your working for any calculations that you do. 

You should have considered the extension questions as the answers will aid you in preparation for 

your written examinations  
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Practical Skills Assessment 

1-20 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Practical Skills 
Independent thinking (a) apply investigative approaches and 

methods to practical work 
                    

Use and application of 
scientific methods and 
practices 

(b) safely and correctly use a range of 
practical equipment and materials 

                    

(c) follow written instructions                     

(d) make and record 
observations/measurements 

                    

(e) keep appropriate records of experimental 
activities 

                    

(f) present information and data in a 
scientific way 

                    

(g) use appropriate software and tools to 
process data, carry out research and report 
findings 

                    

Research and referencing (h) use online and offline research skills 
including websites, textbooks and other 
printed scientific sources of information 

                    

(i) correctly cite sources of information                     

Instruments and equipment (j) use a wide range of experimental and 
practical instruments, equipment and 
techniques appropriate to the knowledge 
and understanding included in the 
specification. 

                    

Use of apparatus and techniques 
                     

(b) use of a water bath or electric heater or sand bath for heating                     

(c) measurement of pH using pH charts, or pH meter, or pH probe on a data logger                     

(d)(i)     use of laboratory apparatus for titration, using burette and pipette                     
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 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

(d) (ii)   use of laboratory apparatus for distillation including setting up glassware using 
retort stand and clamps 

                    

(d) (ii)   use of laboratory apparatus for  heating under reflux, including setting up 
glassware using retort stand and clamps 

                    

(d) (iii)  use of laboratory apparatus for qualitative tests for ions                     

(d) (iii)  use of laboratory apparatus for qualitative tests for organic functional groups  
                    

(d) (iv)  use of laboratory apparatus for filtration, including use of fluted filter paper, or 
filtration under reduced pressure 

                    

(e) use of a volumetric flask, including accurate technique for making up a standard 
solution 

                    

(f) use of acid–base indicators in titrations of weak/strong acids with weak/strong 
alkalis 

                    

(g) (i)     purification of: a solid product by recrystallisation                      

(g) (ii)    purification of: a liquid product, including use of a separating funnel 
                    

(h) use of melting point apparatus                     

(i) use of thin layer or paper chromatography                     

(j) setting up of electrochemical cells and measuring voltages                     

(k) safely and carefully handling solids and liquids, including corrosive, irritant, 
flammable and toxic substances 

                    

(l) (i)     measurement of rates of reaction by an initial rate method such as a clock 
reaction  

                    

(l) (ii)   measurement of rates of reaction by  a continuous monitoring method. 

                    

Common Practical Assessment Criteria 
(1) Follows written procedures                     

(2) Applies investigative approaches and methods when using instruments and 
equipment 

                    

(3) Safely uses a range of practical equipment and materials 
                    

(4) Makes and records observations 
                    

(5) Researches, references and reports  
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Practical Skills Assessment 

21-38 

 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

Practical Skills 
Independent thinking (a) apply investigative approaches and 

methods to practical work 
                  

Use and application of 
scientific methods and 
practices 

(b) safely and correctly use a range of practical 
equipment and materials 

                  

(c) follow written instructions                   

(d) make and record 
observations/measurements 

                  

(e) keep appropriate records of experimental 
activities 

                  

(f) present information and data in a scientific 
way 

                  

(g) use appropriate software and tools to 
process data, carry out research and report 
findings 

                  

Research and referencing (h) use online and offline research skills 
including websites, textbooks and other printed 
scientific sources of information 

                  

(i) correctly cite sources of information                   

Instruments and equipment (j) use a wide range of experimental and 
practical instruments, equipment and 
techniques appropriate to the knowledge and 
understanding included in the specification. 

                  

Use of apparatus and techniques 

(a) use of appropriate apparatus to record a range of measurements (to include mass, 
time, volume of liquids and gases, temperature) 

                  

(b) use of a water bath or electric heater or sand bath for heating                   

(c) measurement of pH using pH charts, or pH meter, or pH probe on a data logger                   

(d)(i)     use of laboratory apparatus for titration, using burette and pipette                   
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 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

(d) (ii)   use of laboratory apparatus for distillation including setting up glassware using 
retort stand and clamps 

                  

(d) (ii)   use of laboratory apparatus for  heating under reflux, including setting up 
glassware using retort stand and clamps 

                  

(d) (iii)  use of laboratory apparatus for qualitative tests for ions                   

(d) (iii)  use of laboratory apparatus for qualitative tests for organic functional groups  
                  

(d) (iv)  use of laboratory apparatus for filtration, including use of fluted filter paper, or 
filtration under reduced pressure 

                  

(e) use of a volumetric flask, including accurate technique for making up a standard 
solution 

                  

(f) use of acid–base indicators in titrations of weak/strong acids with weak/strong 
alkalis 

                  

(g) (i)     purification of: a solid product by recrystallisation                    

(g) (ii)    purification of: a liquid product, including use of a separating funnel 
                  

(h) use of melting point apparatus                   

(i) use of thin layer or paper chromatography                   

(j) setting up of electrochemical cells and measuring voltages                   

(k) safely and carefully handling solids and liquids, including corrosive, irritant, flammable 
and toxic substances 

                  

(l) (i)     measurement of rates of reaction by an initial rate method such as a clock reaction  

                  

(l) (ii)   measurement of rates of reaction by  a continuous monitoring method. 

                  

Common Practical Assessment Criteria 
(1) Follows written procedures                   

(2) Applies investigative approaches and methods when using instruments and 
equipment 

                  

(3) Safely uses a range of practical equipment and materials 
                  

(4) Makes and records observations 
                  

(5) Researches, references and reports  
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
 

Position: 
Chemistry Teacher 

Signed: 

Significant Hazards and Associated Risks  Those 
hazards which may result in serious harm or 
affect several people 

Who might be harmed by this 
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Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
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Who might be harmed by this 
risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  
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Risk assessment 
Assessment by: 
 

 

Date: Signed: 

Approved by: 
Mr. Banks 
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Signed: 
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risk: 

Control Measures (CM’s)  Controls, including relevant sources of 
guidance  

   

   

   

   

 

  



 

P a g e  | 256 

Risk assessment 
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