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12. Experimental techniques and chemical analysis Starter Quiz ·课前小测

IGCSE Chemistry Name: Score:

1. The independent variable is the one that you:

□ deliberately change

□ measure

□ keep the same

□ ignore

2. In a titration, the piece of apparatus that delivers an exact, measured volume is the:

□ burette

□ beaker

□ test tube

□ thermometer

3. Chromatography separates a mixture because its components:

□ travel at different speeds as the solvent moves

□ all move at the same speed

□ react with the paper

□ evaporate equally

4. Filtration is used to separate:

□ an insoluble solid from a liquid

□ two liquids

□ a dissolved solid

□ two gases

5. A sodium ion gives which flame colour?

□ yellow

□ lilac

□ red

□ blue-green

6. How many moles are in 20 cm3 of acid of concentration 0.5 mol/dm3? (moles = conc × volume
in dm3)

IGCSE Chemistry · Starter quiz 课前小测 12



7. A spot moves 3 cm; the solvent moves 6 cm. What is the Rf value?

8. Repeating measurements and averaging improves reliability.

□ True □ False

9. If 0.01 mol of alkali is in 25 cm3, what is its concentration (mol/dm3)?

10. An Rf value is always between 0 and 1.

□ True □ False

IGCSE Chemistry · Starter quiz 课前小测 23



12. Experimental techniques and chemical analysis Answers ·答案

IGCSE Chemistry

1. deliberately change

You change the independent variable.

2. burette

The burette delivers a precise, variable volume.

3. travel at different speeds as the solvent moves

Different speeds separate the substances.

4. an insoluble solid from a liquid

Filtration removes insoluble solids.

5. yellow

Sodium burns with a yellow flame.

6. 0.01

0.5 × (20 ÷ 1000) = 0.01 mol.

7. 0.5

Rf = 3 ÷ 6 = 0.5.

8. True

Repeats reduce the effect of random error.

9. 0.4

0.01 ÷ (25 ÷ 1000) = 0.4 mol/dm3.

10. True

The spot cannot move further than the solvent.

IGCSE Chemistry · Starter quiz 课前小测 34



IGCSE CHEMISTRY • EXERCISE SHEET

12.1 Experimental design

Name: Class: Date: Total: 7 marks

KEY WORDS apparatus仪器 • measuring cylinder量筒 • burette滴定管 • thermometer温度计
• stop-watch秒表

Objective
Build the skills to answer exam questions on experimental design实验设计— choosing
apparatus 仪器 for each measurement and the key practical words.

You must be able to:

• choose the right apparatus for measuring time, temperature, mass and volume
• define solvent, solute, solution, saturated solution, residue, filtrate
• describe accurate vs rough volume measurement

1 Worked examples

Apparatus and key words

burette
(measures volume added)

tap

conical flask:
solution + indicatorwhite tile

Accurate volume: burette/pipette; rough volume: measuring cylinder; gas volume:
gas syringe

IGCSE Chemistry • 12.1 Experimental design 1
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filter funnel

filter paper
residue
(insoluble solid)

filtrate
(the liquid that passes through)

Filtration is a core separation technique

• solvent dissolves the solute to make a solution; saturated = max dissolved.
• residue = solid left behind; filtrate = liquid that passes through a filter.

2 Practice
2.1 Name the apparatus used to measure an accurate volume of a solution. [1]

2.2 Define a saturated solution. [1]

3 Exam-style questions
3.1 Which apparatus measures the volume of a gas produced? [1]

• A thermometer
• B balance
• C gas syringe
• D stop-watch

3.2 A student needs to measure exactly 25.0 cm3 of acid and the temperature of a reaction.

(a) Name the apparatus for each. [2]

(b) State the difference between a residue and a filtrate. [2]

IGCSE Chemistry • 12.1 Experimental design 2
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IGCSE Chemistry • 12.1 Experimental design 3
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Solutions
2.1 a burette or a (volumetric) pipette.

2.2 a solution holding the maximum amount of solute that will dissolve at that temper-
ature.

3.1 C. A gas syringe measures the volume of gas produced.

3.2 (a) a pipette (or burette) for the acid; a thermometer for the temperature.
(b) the residue is the solid left behind on the filter; the filtrate is the liquid that passes
through.

IGCSE Chemistry • 12.1 Experimental design 4

8



IGCSE Chemistry: w25 61Name: IGCSE Chemistry: w25 61Name: 2

0620/61/O/N/25© UCLES 2025

1 Hot concentrated hydrochloric acid reacts with solid manganese(IV) oxide to make chlorine gas. 

 Chlorine gas is toxic and more dense than air. Concentrated hydrochloric acid is corrosive.

 Fig. 1.1 shows the apparatus used to make and collect a sample of chlorine gas. 

 There is one error in the way the apparatus has been set up in Fig. 1.1.

X

HEAT

Y

Fig. 1.1

 (a) Name the item of apparatus labelled X in Fig. 1.1.

 .............................................................................................................................................  [1]

 (b) Identify the substance labelled Y in Fig. 1.1.

 .............................................................................................................................................  [1]

 (c) Name an item of apparatus that can be used to heat X in Fig. 1.1.

 .............................................................................................................................................  [1]

 (d) There is one error in the way the apparatus has been set up.

  Describe a change that needs to be made to the apparatus in Fig. 1.1 to correct this error.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (e) Explain why this experiment should be carried out in a fume cupboard.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 [Total: 5]
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IGCSE Chemistry: w25 62Name: 2

0620/62/O/N/25© UCLES 2025

1 Eggshells are made from a mixture of calcium carbonate and other insoluble substances.

 Calcium carbonate reacts with dilute hydrochloric acid. The equation for the reaction is shown.

CaCO3(s)  +  2HCl (aq)    CaCl 2(aq)  +  H2O(l)  +  CO2(g)

 The other substances in eggshells do not react with dilute hydrochloric acid.

 A student finds the percentage by mass of calcium carbonate in an eggshell.

 Fig. 1.1 shows the first three steps of the method the student uses.

step 1

Grind the eggshell

into small pieces.

step 2

Find the mass of the

small pieces of eggshell.

step 3

Add the small pieces of eggshell to

excess dilute hydrochloric acid and

warm the mixture while stirring it 

with a glass rod.

small pieces

of eggshell
small pieces

of eggshell

balance

pestlemortar

eggshell

dilute

hydrochloric

acid

conical

flask

glass rod

Fig. 1.1

 (a) (i) Describe what is seen when the calcium carbonate in the eggshell reacts with dilute 

hydrochloric acid.

 .....................................................................................................................................  [1]

  (ii) Describe what the student should do to make sure the acid is in excess and all of the 

calcium carbonate has reacted.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]
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IGCSE Chemistry: w25 62Name: 3

0620/62/O/N/25© UCLES 2025 [Turn over

 (b) After step 3, the student filters the mixture to obtain the unreacted solid left from the eggshell. 

  (i) Draw a labelled diagram of the apparatus the student should use to filter the mixture.

 [2]

  (ii) After the filtration, the student washes the residue. 

   Identify the two substances removed from the residue by washing.

substance 1  .......................................................................................................................

substance 2  .......................................................................................................................

 [2]

  (iii) After washing the residue, the student dries the residue in an oven.

   The student then measures the mass of the dry residue.

   The masses the student records are shown in Table 1.1.

Table 1.1

mass of small pieces of eggshell / g 2.00

mass of dry residue after filtration / g 0.11

   Use the data in Table 1.1 to calculate the percentage by mass of calcium carbonate in 

the eggshell.

 percentage of calcium carbonate =  .........................................................  [2]

 [Total: 9]
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IGCSE Chemistry: w25 63Name: 2

0620/63/O/N/25© UCLES 2025

1 A student uses the apparatus in Fig. 1.1 to show that water is formed as one of the products when 

a fuel is burned. The gases produced when the fuel is burned are passed through the apparatus 

using a suction pump.

to suction

pump

solid X

U-tube

burning

fuel

ice

W

Fig. 1.1

 (a) Identify the item of apparatus labelled W in Fig. 1.1.

 .............................................................................................................................................  [1]

 (b) When the fuel is burned, the steam produced passes into the U-tube.

  Suggest why the U-tube is surrounded by ice.

 .............................................................................................................................................  [1]

 (c) Water causes solid X in the U-tube to change colour.

  Name solid X and state the colour change seen.

solid X  .......................................................................................................................................

colour change from ...................................................... to  ........................................................

 [2]

.
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IGCSE Chemistry: w25 63Name: 3

0620/63/O/N/25© UCLES 2025 [Turn over

  The student tries to use the apparatus in Fig. 1.2 to pass the gases produced through acidified 

aqueous potassium manganate(VII). 

  There is an error in the apparatus in Fig. 1.2 so that the gases produced will not pass through 

the acidified aqueous potassium manganate(VII).

to suction

pump

burning

fuel

Y

acidified aqueous

potassium manganate(VII)

Fig. 1.2

 (d) Identify the item of apparatus labelled Y in Fig. 1.2.

 .............................................................................................................................................  [1]

 (e) On Fig. 1.2, draw a circle around the error in the apparatus. [1]

 (f) The error in the apparatus in Fig. 1.2 is corrected. 

  The student observes that the acidified aqueous potassium manganate(VII) changes colour 

from purple to colourless.

  Suggest why this colour change occurs.

 ................................................................................................................................................... 

 .............................................................................................................................................  [1]

 [Total: 7]
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IGCSE Chemistry: s25 62Name: 2

0620/62/M/J/25© UCLES 2025

1 When heated, magnesium reacts with steam to make magnesium oxide and hydrogen gas.

 Fig. 1.1 shows the apparatus a teacher uses to react clean magnesium ribbon with steam and 

collect the hydrogen gas produced.

A

X

clean

magnesium ribbon

water and

mineral wool

Fig. 1.1

 (a) Name the item of apparatus labelled A in Fig. 1.1.

 .............................................................................................................................................  [1]

 (b) Suggest how the magnesium ribbon should be cleaned before use.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (c) State the purpose of the mineral wool.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 (d) Draw two arrows on Fig. 1.1 to show the two places where the apparatus should be heated.

 [2]

 (e) During the reaction a colourless liquid collects at the point marked X on Fig. 1.1.

  Suggest the identity of liquid X.

 .............................................................................................................................................  [1]

 (f) The gas collected in A is not pure hydrogen. 

  Suggest why the gas collected is not pure.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]

 [Total: 7]
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IGCSE Chemistry: s25 63Name: 2

0620/63/M/J/25© UCLES 2025

1 Fermentation is a process in which yeast is used to convert aqueous glucose to ethanol and 

carbon dioxide. Fermentation takes place at a temperature of between 25 °C and 35 °C.

C6H12O6(aq)    2C2H5OH(aq)  +  2CO2(g)

 A student uses the apparatus shown in Fig. 1.1 to make carbon dioxide by fermentation.

B

A

aqueous glucose

and yeast

water-bath

Fig. 1.1

 (a) Name the items of apparatus labelled A and B in Fig. 1.1.

A  ...............................................................................................................................................

B  ...............................................................................................................................................

 [2]

 (b) Suggest why a water-bath is used.

 ...................................................................................................................................................

 .............................................................................................................................................  [1]
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IGCSE Chemistry: s25 63Name: 3

0620/63/M/J/25© UCLES 2025 [Turn over

 (c) The student measures the volume of gas that is collected every 10 minutes for 90 minutes.

  Their results are shown in Fig. 1.2.

0
0

20

40

60

80

100

10 3020

time / min

volume of gas

collected / cm3

40 50 60 70 80 90

Fig. 1.2

  Describe how the results in Fig. 1.2 show that the fermentation is not complete after 90 minutes.

 .............................................................................................................................................  [1]

 (d) The student repeats the experiment using the apparatus shown in Fig. 1.3.

aqueous glucose

and yeast

water-bath

limewater

Fig. 1.3

  (i) State what happens to the appearance of the limewater during fermentation.

 .....................................................................................................................................  [1]

  (ii) State one observation the student would make that shows that fermentation is complete.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (e) State the method the student should use to obtain ethanol from the fermentation mixture.

 .............................................................................................................................................  [1]

 [Total: 7]
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IGCSE CHEMISTRY • EXERCISE SHEET

12.2 Acid-base titrations

Name: Class: Date: Total: 7 marks

KEY WORDS indicator指示剂• end-point终点• titration滴定• acid–base titrations酸碱滴定• solution溶液

Objective
Build the skills to answer exam questions on acid–base titrations 酸碱滴定 — the
method, the end-point 终点, and reading the burette.

You must be able to:

• describe the titration method (pipette, indicator, burette)
• explain the end-point
• relate the procedure to an accurate result

1 Worked examples

The titration method

burette
(measures volume added)

tap

conical flask:
solution + indicatorwhite tile

Run solution from the burette into the flask until the indicator just changes colour

IGCSE Chemistry • 12.2 Acid-base titrations 1

17



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

acidic (more H+) neutral alkaline (more OH−)

lower pH = more acidic pH 7 = neutral higher pH = more alkaline

A titration tracks the change in pH

• pipette a fixed volume of one solution into a flask; add indicator.
• add the other solution from the burette slowly until the colour just changes (end-

point).
• read the burette to find the volume added.

2 Practice
2.1 Name the apparatus used to measure the fixed volume into the flask. [1]

2.2 State what the end-point of a titration shows. [1]

IGCSE Chemistry • 12.2 Acid-base titrations 2

18



3 Exam-style questions
3.1 The solution added from the burette is run in: [1]

• A all at once
• B slowly, until the indicator just changes colour
• C until the flask overflows
• D without an indicator

3.2 A student titrates sodium hydroxide against hydrochloric acid.

(a) Describe how they would carry out the titration. [3]

(b) Explain why a few drops of indicator are added. [1]

IGCSE Chemistry • 12.2 Acid-base titrations 3

19



Solutions
2.1 a (volumetric) pipette.

2.2 the reaction is exactly complete (the acid and alkali have reacted).

3.1 B. The solution is added slowly until the indicator just changes colour.

3.2 (a) pipette a fixed volume of sodium hydroxide into the flask and add indicator; add
acid from the burette slowly, swirling; stop when the indicator just changes colour and
read the burette.
(b) to show the end-point by changing colour.

IGCSE Chemistry • 12.2 Acid-base titrations 4

20
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39 Which item of apparatus is used to measure 13.7 cm3 of dilute hydrochloric acid? 

A a balance 

B a burette 

C a conical flask 

D a volumetric pipette 
 
 
40 Chromatography is used to separate and analyse mixtures of soluble substances. 
 

The first steps of the process are listed. 
 

● apply sample to baseline 

● develop chromatogram in solvent 
 

What is the next step in the process to detect soluble colourless substances? 

A calculate the Rf values 

B compare the results with known substances 

C count the number of spots 

D use a suitable locating agent 
 
 

121



IGCSE Chemistry: w25 61Name: 3

0620/61/O/N/25© UCLES 2025 [Turn over

2 A student investigates the reaction between dilute hydrochloric acid and aqueous  

sodium hydroxide.

 The student does five experiments.

 Experiment 1

• Fill a burette with aqueous sodium hydroxide. 

• Run some of the aqueous sodium hydroxide out of the burette so that the level of the aqueous 

sodium hydroxide is on the burette scale. 

• Record the initial burette reading. 

• Use a volumetric pipette to add 25.0 cm3 of dilute hydrochloric acid to a conical flask.

• Stand the conical flask on a white tile.

• Add five drops of thymolphthalein indicator to the conical flask.

• Slowly add aqueous sodium hydroxide from the burette to the conical flask, while swirling the 

flask, until the solution just changes colour. This is the end-point.

• Record the final burette reading.

 Experiment 2

• Empty the conical flask and rinse it with distilled water.

• Refill the burette with aqueous sodium hydroxide. 

• Run some of the aqueous sodium hydroxide out of the burette so that the level of the aqueous 

sodium hydroxide is on the burette scale.

• Record the initial burette reading.

• Use the volumetric pipette to add 25.0 cm3 of dilute hydrochloric acid to the conical flask.

• Add 0.25 g of sodium hydrogencarbonate to the conical flask and swirl the flask.

• Stand the conical flask on the white tile.

• Add five drops of thymolphthalein indicator to the conical flask.

• Slowly add aqueous sodium hydroxide from the burette to the conical flask, while swirling the 

flask, until the solution just changes colour. This is the end-point.

• Record the final burette reading.

 Experiment 3

• Repeat Experiment 2 using 0.50 g of sodium hydrogencarbonate instead of 0.25 g.

 Experiment 4

• Repeat Experiment 2 using 1.00 g of sodium hydrogencarbonate instead of 0.25 g.

 Experiment 5

• Repeat Experiment 2 using 1.50 g of sodium hydrogencarbonate instead of 0.25 g.
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 (a) Use the information in the descriptions of Experiments 1 to 5 and the burette diagrams in 

Fig. 2.1 and Fig. 2.2 to complete Table 2.1.

Experiment 1 Experiment 2

initial burette

reading

final burette

reading

2

1

0

47

46

45

initial burette

reading

final burette

reading

2

1

0

42

41

40

 Fig. 2.1 Fig. 2.2

Table 2.1

Experiment 

1

Experiment 

2

Experiment 

3

Experiment 

4

Experiment 

5

volume of dilute 

hydrochloric acid / cm3

mass of sodium 

hydrogencarbonate / g
0.00 0.25 0.50 1.00 1.50

final burette reading / cm3 36.0 24.1 13.5

initial burette reading / cm3 1.4 0.3 0.5

volume of aqueous sodium 

hydroxide added to reach 

the end-point / cm3
13.0

 [5]
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 (b) Complete a suitable scale on the y-axis and plot the results from Experiments 1 to 5 

in Table 2.1 on Fig. 2.3. Draw a straight line of best fit.

0.00
0

0.50 1.00 1.50

mass of sodium hydrogencarbonate / g

volume of

aqueous sodium

hydroxide

added to reach

the end-point / cm3

2.00 2.50

Fig. 2.3

 [4]

 (c) The sodium hydrogencarbonate added in Experiments 2 to 5 neutralises some of the dilute 

hydrochloric acid in the conical flask. The sodium hydroxide used in the titration neutralises 

the remaining dilute hydrochloric acid.

  Extrapolate the line on your graph in Fig. 2.3 and deduce the mass of  

sodium hydrogencarbonate needed to neutralise all of the dilute hydrochloric acid in the 

conical flask.

  Show clearly on Fig. 2.3 how you worked out your answer.

 mass of sodium hydrogencarbonate = ..............................

 [3]
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 (d) (i) Explain why a volumetric pipette is used rather than a measuring cylinder to measure the 

volume of dilute hydrochloric acid used in each experiment.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) Explain why it is not possible to use a volumetric pipette instead of the burette to measure 

the volume of aqueous sodium hydroxide added in each experiment.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (e) The conical flask is placed on a white tile to make the colour change of the indicator at the 

end-point more visible.

  Explain why universal indicator is not a suitable indicator for this titration.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (f) Draw a line on Fig. 2.3 to show the results you would expect if the investigation was repeated 

using aqueous sodium hydroxide with twice the concentration.

  Label your line F. [2]

 [Total: 18]
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2 A student investigates the reaction between acidic solution B and two different solutions of 

aqueous sodium hydroxide, solution C and solution D, using two different indicators.

 The student does two experiments.

 Experiment 1

• Rinse a burette with distilled water and then with solution C.

• Fill the burette with solution C. Run some of solution C out of the burette so that the level of 

the solution is on the burette scale. 

• Record the initial burette reading.

• Use a measuring cylinder to pour 25 cm3 of solution B into a conical flask.

• Add five drops of methyl orange indicator and five drops of thymolphthalein indicator to the 

conical flask.

• Stand the conical flask on a white tile.

• Slowly add solution C from the burette to the conical flask, while swirling the flask, until the 

solution changes colour from red to orange. This is the first end-point. 

• Record the burette reading at the first end-point.

• Continue to add solution C from the burette to the conical flask while swirling the flask. The 

solution changes colour from orange to yellow. 

• Continue to add solution C, while swirling the flask, until the solution changes colour from 

yellow to green. This is the second end-point.

• Record the burette reading at the second end-point.

 Experiment 2

• Empty the conical flask and rinse it with distilled water.

• Repeat Experiment 1 using solution D instead of solution C.
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 (a) Use the burette diagrams in Fig. 2.1 and Fig. 2.2 to record the readings for Experiment 1 and 

Experiment 2 in Table 2.1. Complete Table 2.1.

1

2

initial burette reading burette reading at

first end-point

burette reading at

second end-point

3

20

21

22

40

41

42

Experiment 1

0

1

initial burette reading burette reading at

first end-point

burette reading at

second end-point

2

10

11

12

20

21

22

Experiment 2

Fig. 2.1

1

2

initial burette reading burette reading at

first end-point

burette reading at

second end-point

3

20

21

22

40

41

42

Experiment 1

0

1

initial burette reading burette reading at

first end-point

burette reading at

second end-point

2

10

11

12

20

21

22

Experiment 2

Fig. 2.2

Table 2.1

Experiment 1  

using solution C

Experiment 2  

using solution D

burette reading at first end-point / cm3

burette reading at second end-point / cm3

initial burette reading / cm3

volume added from burette to reach 

first end-point / cm3

total volume added from burette to reach  

second end-point / cm3

 [5]
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 (b) (i) Explain why the conical flask is rinsed with distilled water at the start of Experiment 2.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

  (ii) At the start of Experiment 1, the burette is rinsed with distilled water and then with 

solution C.

   Explain how the volume added from the burette to reach the first end-point would be 

different if the burette was not rinsed with solution C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]

  (iii) Explain why the conical flask is placed on a white tile during the titration.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (c) Compare the concentration of solution C used in Experiment 1 with the concentration of 

solution D used in Experiment 2.

  Explain your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

 (d) (i) Deduce the volume of solution C required to reach the first end-point if Experiment 1 is 

repeated using 50 cm3 of solution B instead of 25 cm3.

 volume of solution C = .............................. [2]

  (ii) State why using 50 cm3 of solution B would cause a problem when finding the volume of 

solution C needed to reach the second end-point in Experiment 1. 

 ........................................................................................................................................... 

 .....................................................................................................................................  [1]
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 (e) A student repeats Experiment 2. 

  The student warms solution B in the conical flask before carrying out the titration. 

  State the effect, if any, on the volume of solution D required to reach the second end-point in 

Experiment 2.

  Explain your answer.

effect on volume of solution D  ..................................................................................................

explanation  ...............................................................................................................................

 ...................................................................................................................................................

 [2]

 (f) State one change to the apparatus that will improve the accuracy of the results.

 .............................................................................................................................................  [1]

 [Total: 18]
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37 The structures of two monomers that are used to make a condensation polymer are shown. 
 

HO C

H

H

C

H

H

C

H

H

OHC CC

OO

OHHO  
 

Which structure represents one repeat unit of the condensation polymer formed? 
 

C

O

C

O

C

H

A

H

C

H

H

C

H

H

C

O

C

O

O C

H

B

H

C

H

H

C O

H

H

C

O

OC

H

D

H

C

H

H

C O

H

H

C

O

C

O

O C

H

C

H

C

H

H

C O

H

H

C

O

 
 
 
38 Which item of apparatus is used to measure 25.0 cm3 of aqueous sodium hydroxide? 
 

A B C D

 
 
 
39 Which method is used to obtain copper(II) sulfate crystals from an aqueous solution of 

copper(II) sulfate? 

A chromatography 

B condensation 

C evaporation 

D filtration 
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38 Which item of apparatus is used to measure exactly 26.3 cm3 of a liquid? 
 

A B C D

 
 
 
39 A mixture containing an aqueous salt and an insoluble salt is filtered. 
 

X

Y
 

 
Which row describes X and Y? 

 
 X Y 

A solute pure water 

B solute filtrate 

C residue pure water 

D residue filtrate 
 
 
40 Pure ethanol has a melting point of –114 °C and a boiling point of 78 °C. 
 

What are the melting and boiling points of a sample of ethanol with glucose dissolved in it? 
 

 melting 
point / °C 

boiling 
point / °C 

A –116 77 

B –116 79 

C –112 77 

D –112 79 
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12.3 Chromatography

Name: Class: Date: Total: 6 marks

KEY WORDS chromatography色谱法 • paper chromatography纸色谱法 • chromatogram色谱图
• value比移值 • locating agent显色剂

Objective
Build the skills to answer exam questions on chromatography 色谱法 — separating a
mixture, the Rf value 比移值, and using a chromatogram 色谱图.

You must be able to:

• describe paper chromatography and the use of a locating agent
• calculate an Rf value
• use a chromatogram to identify substances and check purity

1 Worked examples

Chromatography and Rf

solvent

baseline
(pencil)

solvent front

a

b

spots separate

Rf =
a

b
=

spot
solvent

Substances travel different distances as the solvent rises; Rf =
spot distance

solvent distance

• colourless substances need a locating agent to show the spots.
• a pure substance gives only one spot.

IGCSE Chemistry • 12.3 Chromatography 1

30



2 Practice
2.1 State what a single spot on a chromatogram tells you about a substance. [1]

2.2 State why a locating agent is sometimes needed. [1]

3 Exam-style questions
3.1 The Rf value of a spot is the distance moved by the spot divided by the distance
moved by the: [1]

• A paper
• B solvent
• C baseline
• D beaker

3.2 On a chromatogram, a spot moves 3.0 cm while the solvent moves 12.0 cm.

(a) Calculate the Rf value. [2]

(b) State how a chromatogram can be used to identify an unknown substance. [1]

IGCSE Chemistry • 12.3 Chromatography 2
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Solutions
2.1 it is pure (a single substance).

2.2 to make colourless spots show up.

3.1 B. Rf =
distance moved by the spot

distance moved by the solvent.

3.2 (a) Rf =
3.0

12.0
= 0.25.

(b) compare its spot/Rf with those of known substances run alongside.

IGCSE Chemistry • 12.3 Chromatography 3
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39 Which item of apparatus is used to measure 13.7 cm3 of dilute hydrochloric acid? 

A a balance 

B a burette 

C a conical flask 

D a volumetric pipette 
 
 
40 Chromatography is used to separate and analyse mixtures of soluble substances. 
 

The first steps of the process are listed. 
 

● apply sample to baseline 

● develop chromatogram in solvent 
 

What is the next step in the process to detect soluble colourless substances? 

A calculate the Rf values 

B compare the results with known substances 

C count the number of spots 

D use a suitable locating agent 
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39 Substance X contains one cation. 
 

Two tests are completed on aqueous X. 
 

test 1 flame test 

test 2 addition of aqueous sodium hydroxide dropwise and then in excess 
 

Which row shows a possible combination of observations for the tests? 
 

 observation for test 1 observation for test 2 

A yellow flame white ppt., insoluble in excess 

B blue-green flame light blue ppt., insoluble in excess 

C light green flame green ppt., soluble in excess 

D red flame red-brown ppt., insoluble in excess 
 
 
40 A colourless mixture is separated by paper chromatography. 
 

The steps below describe the method. These steps are not in the correct order. 
 

1 Remove the chromatography paper from the solvent when the solvent front is near 
the top of the paper. 

2 Place the chromatography paper in the solvent. 

3 Spray the chromatography paper with a locating agent. 

4 Place a spot of the mixture on the pencil line. 

5 Draw a pencil line at the bottom of the chromatography paper. 

6 Draw a pencil line to mark the position of the solvent front. 
 

What is the correct order for these steps? 

A 3  5  6  4  2  1 

B 5  4  3  2  1  6 

C 3  5  4  1  2  6 

D 5  4  2  1  6  3 
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40 A mixture of four different colourless amino acids is analysed by paper chromatography. 
 

The final chromatogram is shown. 
 

solvent front

baseline
 

 
Why does the chromatogram only show three spots? 

A A locating agent is not used. 

B One of the amino acids is insoluble in the solvent. 

C The solvent front is too near the top of the paper. 

D Two of the amino acids have the same Rf value. 
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39 Which items of apparatus are used to separate a mixture of liquids with different boiling points? 
 

A DC

power
supply

+–

B

 
 
 
40 In paper chromatography, what is the equation for the Rf value? 

A Rf = 
substanceby  travelled distance

solventby  travelled distance
 

B Rf = 
substanceby  travelled distance

agent locatingby  travelled distance
 

C Rf = 
agent locatingby  travelled distance

substanceby  travelled distance
 

D Rf = 
solventby  travelled distance

substanceby  travelled distance
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40 A mixture of soluble substances can be separated by paper chromatography. Each substance 
can be identified using its Rf value. 

 
Which formula shows how the Rf value is calculated? 

A Rf = 
substanceby  travelled distance

solventby  travelled distance  

B Rf = 
solventby  travelled distance

substanceby  travelled distance  

C Rf = distance travelled by solvent – distance travelled by substance 

D Rf = distance travelled by solvent  distance travelled by substance 
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IGCSE CHEMISTRY • EXERCISE SHEET

12.4 Separation and purification

Name: Class: Date: Total: 8 marks

KEY WORDS filtration过滤• boiling point沸点• melting point熔点• distillation蒸馏• fractional distillation分馏

Objective
Build the skills to answer exam questions on separation and purification 分离与提
纯 — choosing filtration 过滤, crystallisation 结晶, distillation 蒸馏, and checking
purity.

You must be able to:

• choose the right method for a given mixture
• describe simple and fractional distillation
• check purity using melting and boiling points

1 Worked examples

Distillation methods

thermometer

water out

water in

heat

flask
(solution)

condenser

distillate
(pure liquid)

Simple distillation separates a solvent from a solution

IGCSE Chemistry • 12.4 Separation and purification 1

43



thermometer

condenser

heat

flask
(mixture)

fractionating
column

(glass beads)

collected liquid

Fractional distillation separates liquids with different boiling points

• filtration: insoluble solid from a liquid; crystallisation: soluble solid from solution.

2 Practice
2.1 Name the method to separate an insoluble solid from a liquid. [1]

2.2 State how impurities affect the melting point of a substance. [1]

IGCSE Chemistry • 12.4 Separation and purification 2
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3 Exam-style questions
3.1 To separate two liquids with different boiling points, you would use: [1]

• A filtration
• B crystallisation
• C fractional distillation
• D chromatography

3.2 A student wants pure water from salty water.

(a) Name the method to use. [1]

(b) Describe how it separates the water from the salt. [2]

3.3 Explain how you could check that a sample of a solid is pure. [2]

IGCSE Chemistry • 12.4 Separation and purification 3
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Solutions
2.1 filtration.

2.2 impurities lower the melting point.

3.1 C. Fractional distillation separates liquids with different boiling points.

3.2 (a) simple distillation.
(b) the water boils off and is cooled back to a liquid in the condenser; the salt is left
behind in the flask.

3.3 measure its melting (or boiling) point; a pure substance melts at a sharp, fixed
temperature, while impurities lower it / give a range.

IGCSE Chemistry • 12.4 Separation and purification 4
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39 The results of flame tests on three metal salts, X, Y and Z, are shown. 
 

metal salt flame test colour 

X yellow 

Y lilac 

Z blue-green 
 

Which row identifies the cations present in X, Y and Z? 
 

 X Y Z 

A potassium sodium calcium 

B potassium sodium copper 

C sodium potassium calcium 

D sodium potassium copper 
 
 
40 Ethanol can be made by fermentation of sugar, using yeast. 
 

This produces a mixture of ethanol and water. 
 

How is ethanol separated from this mixture? 

A distilling the mixture using a fractionating column 

B filtering the mixture 

C heating to evaporate most of the water, and allowing the ethanol to crystallise 

D heating to evaporate the water 
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3 A student prepares a sample of the insoluble salt barium sulfate, BaSO4.
 The student adds aqueous sodium sulfate, Na2SO4(aq), to aqueous barium chloride, BaCl 2(aq).

 The student carries out the following steps.

 step 1  Dissolve 0.100 moles of solid BaCl 2 in 100 cm3 of distilled water in a beaker to 
form BaCl 2(aq).

 step 2  Add an aqueous solution which contains 0.100 moles of Na2SO4(aq) to the beaker 
containing the BaCl 2(aq) from step 1.

 step 3 Stir the mixture and then filter it.

 step 4 Dry the solid left in the filter paper.

 (a) Complete the symbol equation for the reaction. Include state symbols.

BaCl 2(aq)   +   Na2SO4(aq)      BaSO4(......)   +   .........................(......)
 [2]

 (b) Calculate the mass of solid BaCl 2 dissolved in step 1.

 mass = .............................. g [2]

 (c) The concentration of Na2SO4(aq) in step 2 is 1.25 mol / dm3.

  Calculate the volume, in cm3, of 1.25 mol / dm3 Na2SO4(aq) added in step 2 which contains 
0.100 moles of Na2SO4 .

 volume = .............................. cm3 [1]

 (d) State the colour of the solid formed in step 2.

 .............................................................................................................................................  [1]

 (e) The mixture is filtered in step 3. 

  State the general term given to a solid left in the filter paper after filtration.

 .............................................................................................................................................  [1]
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 (f) The actual mass of dry BaSO4 collected in step 4 is greater than the expected mass. This is 
because the student should do an additional step between step 3 and step 4.

  Suggest what the student should do in this additional step, and explain why the actual mass 
collected is greater than the expected mass.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (g) State the name of this method of salt preparation.

 .............................................................................................................................................  [1]

 (h) State the name of a different:

• barium salt that can be used in place of BaCl 2 ..................................................................

• sulfate salt that can be used in place of Na2SO4 ................................................................

• barium salt that can be made by this method. ....................................................................
 [3]

 [Total: 13]
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37 The structures of two monomers that are used to make a condensation polymer are shown. 
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H
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C
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H

H

OHC CC

OO

OHHO  
 

Which structure represents one repeat unit of the condensation polymer formed? 
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38 Which item of apparatus is used to measure 25.0 cm3 of aqueous sodium hydroxide? 
 

A B C D

 
 
 
39 Which method is used to obtain copper(II) sulfate crystals from an aqueous solution of 

copper(II) sulfate? 

A chromatography 

B condensation 

C evaporation 

D filtration 
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38 Which item of apparatus is used to measure exactly 26.3 cm3 of a liquid? 
 

A B C D

 
 
 
39 A mixture containing an aqueous salt and an insoluble salt is filtered. 
 

X

Y
 

 
Which row describes X and Y? 

 
 X Y 

A solute pure water 

B solute filtrate 

C residue pure water 

D residue filtrate 
 
 
40 Pure ethanol has a melting point of –114 °C and a boiling point of 78 °C. 
 

What are the melting and boiling points of a sample of ethanol with glucose dissolved in it? 
 

 melting 
point / °C 

boiling 
point / °C 

A –116 77 

B –116 79 

C –112 77 

D –112 79 
 
 

13  
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38 Which item of apparatus is used to measure exactly 26.3 cm3 of a liquid? 
 

A B C D

 
 
 
39 A mixture containing an aqueous salt and an insoluble salt is filtered. 
 

X

Y
 

 
Which row describes X and Y? 

 
 X Y 

A solute pure water 

B solute filtrate 

C residue pure water 

D residue filtrate 
 
 
40 Pure ethanol has a melting point of –114 °C and a boiling point of 78 °C. 
 

What are the melting and boiling points of a sample of ethanol with glucose dissolved in it? 
 

 melting 
point / °C 

boiling 
point / °C 

A –116 77 

B –116 79 

C –112 77 

D –112 79 
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36 Methane forms chloromethane in a photochemical reaction using ultraviolet light. 
 

Which statement about this reaction is correct? 

A Methane is mixed with hydrogen chloride gas, and ultraviolet light prevents a combustion 
reaction. 

B Methane is mixed with hydrogen chloride gas, and ultraviolet light provides the activation 
energy for the reaction. 

C Methane is mixed with chlorine gas, and ultraviolet light prevents a combustion reaction. 

D Methane is mixed with chlorine gas, and ultraviolet light provides the activation energy for the 
reaction. 

 
 
37 Which statement about polymers is correct? 

A Nylon contains the                        linkage. 

B Nylon is a polyester. 

C Propane can be polymerised by addition polymerisation. 

D The linkage in PET contains a carbon–carbon double bond. 
 
 
38 The steps used to separate a mixture of a soluble solid and an insoluble solid are listed. 
 

● A solution is made by adding the mixture to a suitable ......1...... . 

● The mixture is stirred and then poured through a filter funnel lined with filter paper. 

● The insoluble solid is collected on the filter paper as the ......2...... . 
 

Which words complete gaps 1 and 2? 
 

 1 2 

A solute filtrate 

B solute residue 

C solvent filtrate 

D solvent residue 
 
 

C
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39 Which items of apparatus are used to separate a mixture of liquids with different boiling points? 
 

A DC

power
supply

+–

B

 
 
 
40 In paper chromatography, what is the equation for the Rf value? 

A Rf = 
substanceby  travelled distance

solventby  travelled distance
 

B Rf = 
substanceby  travelled distance

agent locatingby  travelled distance
 

C Rf = 
agent locatingby  travelled distance

substanceby  travelled distance
 

D Rf = 
solventby  travelled distance

substanceby  travelled distance
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12.5 Identification of ions and gases

Name: Class: Date: Total: 9 marks

KEY WORDS sodium hydroxide氢氧化钠• sodium钠• flame test焰色试验• nitrate硝酸盐• nitric acid硝酸

Objective
Build the skills to answer exam questions on the identification of ions and gases 离
子与气体检验 — tests for anions 阴离子, cations 阳离子, gases, and flame tests 焰
色试验.

You must be able to:

• give the test and result for common anions (carbonate, halides, sulfate, nitrate)
• give the cation tests with sodium hydroxide / aqueous ammonia
• give the gas tests and flame-test colours

1 Worked examples

Key tests

solution A

+

solution B insoluble salt
(precipitate)

Many ion tests give a coloured precipitate

• chloride: dilute HNO3 + silver nitrate → white precipitate.
• sulfate: dilute HNO3 + barium nitrate → white precipitate.
• CO2: turns limewater milky. H2: squeaky pop. O2: relights a glowing splint.
• flame: Li red, Na yellow, K lilac, Cu blue-green.

IGCSE Chemistry • 12.5 Identification of ions and gases 1
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2 Practice
2.1 Give the test and result for carbon dioxide gas. [2]

2.2 State the flame colour given by a potassium ion. [1]

3 Exam-style questions
3.1 A white precipitate forms when dilute nitric acid and silver nitrate are added. The
ion present is: [1]

• A sulfate
• B carbonate
• C chloride
• D nitrate

3.2 A solution gives a light blue precipitate with sodium hydroxide that dissolves in
excess aqueous ammonia to a deep blue solution.

(a) Name the cation present. [1]

(b) Describe the test for a sulfate ion and its result. [2]

3.3 Describe the test for hydrogen gas and its positive result. [2]

IGCSE Chemistry • 12.5 Identification of ions and gases 2
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Solutions
2.1 bubble it through limewater; the limewater turns milky.

2.2 lilac (purple).

3.1 C. Silver nitrate (with nitric acid) gives a white precipitate with chloride.

3.2 (a) copper(II), Cu2+.
(b) add dilute nitric acid then barium nitrate; a white precipitate confirms a sulfate.

3.3 hold a lighted splint at the mouth of the tube; a ’squeaky pop’ shows hydrogen.

IGCSE Chemistry • 12.5 Identification of ions and gases 3
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39 The results of flame tests on three metal salts, X, Y and Z, are shown. 
 

metal salt flame test colour 

X yellow 

Y lilac 

Z blue-green 
 

Which row identifies the cations present in X, Y and Z? 
 

 X Y Z 

A potassium sodium calcium 

B potassium sodium copper 

C sodium potassium calcium 

D sodium potassium copper 
 
 
40 Ethanol can be made by fermentation of sugar, using yeast. 
 

This produces a mixture of ethanol and water. 
 

How is ethanol separated from this mixture? 

A distilling the mixture using a fractionating column 

B filtering the mixture 

C heating to evaporate most of the water, and allowing the ethanol to crystallise 

D heating to evaporate the water 
 
 

IGCSE Chemistry: w25 2313  
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39 Substance X contains one cation. 
 

Two tests are completed on aqueous X. 
 

test 1 flame test 

test 2 addition of aqueous sodium hydroxide dropwise and then in excess 
 

Which row shows a possible combination of observations for the tests? 
 

 observation for test 1 observation for test 2 

A yellow flame white ppt., insoluble in excess 

B blue-green flame light blue ppt., insoluble in excess 

C light green flame green ppt., soluble in excess 

D red flame red-brown ppt., insoluble in excess 
 
 
40 A colourless mixture is separated by paper chromatography. 
 

The steps below describe the method. These steps are not in the correct order. 
 

1 Remove the chromatography paper from the solvent when the solvent front is near 
the top of the paper. 

2 Place the chromatography paper in the solvent. 

3 Spray the chromatography paper with a locating agent. 

4 Place a spot of the mixture on the pencil line. 

5 Draw a pencil line at the bottom of the chromatography paper. 

6 Draw a pencil line to mark the position of the solvent front. 
 

What is the correct order for these steps? 

A 3  5  6  4  2  1 

B 5  4  3  2  1  6 

C 3  5  4  1  2  6 

D 5  4  2  1  6  3 
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3 A student tests two solids: solid J and solid K.

 Tests on solid J

 Solid J is lithium chloride.

 Record the expected observations.

 (a) The student carries out a flame test on solid J.

  (i) State the colour the Bunsen burner flame becomes during the flame test.

 .....................................................................................................................................  [1]

  (ii) The student uses a roaring Bunsen burner flame to carry out the flame test. 

   State why a yellow Bunsen burner flame is not suitable for a flame test.

 ...........................................................................................................................................

 .....................................................................................................................................  [1]

 (b) The student dissolves the remaining solid J in distilled water to form solution J. 

  The student divides solution J into two portions.

  (i) To the first portion of solution J, the student adds about 1 cm3 of dilute nitric acid followed 

by a few drops of aqueous silver nitrate.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]

  (ii) To the second portion of solution J, the student adds aqueous sodium hydroxide until it is 

in excess.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]
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 Tests on solid K

 Table 3.1 shows the tests and the student’s observations for solid K.

 

Table 3.1

tests observations

test 1

Heat about half of solid K in a boiling tube until there is 

no further change.

condensation forms at the top of the 

boiling tube

Hold anhydrous cobalt(II) chloride paper at the mouth of 

the boiling tube.

the anhydrous cobalt(II) chloride paper 

changes colour from blue to pink

test 2

The remaining solid K is dissolved in distilled water to 

form solution K. Solution K is divided into three portions.

To the first portion of solution K, add aqueous ammonia 

dropwise and then in excess.

a green precipitate forms

the precipitate remains when excess 

aqueous ammonia is added

test 3

To the second portion of solution K, add 1 cm3 of dilute  

nitric acid followed by a few drops of aqueous 

barium nitrate.

a white precipitate forms

test 4

To the third portion of solution K, add 3 cm3 of aqueous 

sodium carbonate.

effervescence is seen and a green 

precipitate forms

Test any gas given off. the gas turns limewater milky

 (c) State the conclusion that can be made from the observations in test 1.

 .............................................................................................................................................  [1]

 (d) Two different cations can give the observations in test 2.

  (i) Identify the two possible cations that the observations in test 2 show could be in solid K.

 ...........................................................................................................................................

 .....................................................................................................................................  [2]
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  (ii) Describe an additional test that can be carried out on solution K to confirm which of the 

two cations you have identified in (d)(i) is in solid K.

   Explain how the result of this test shows which of these two cations is in solid K.

test  ....................................................................................................................................

 ...........................................................................................................................................

explanation  ........................................................................................................................

 ...........................................................................................................................................

 [2]

 (e) Identify the gas given off in test 4.

 .............................................................................................................................................  [1]

 (f) Identify the anion in solid K.

 .............................................................................................................................................  [1]

  [Total: 11]
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3 A student tests two solids: solid E and solid F.

 Tests on solid E

 Solid E is ammonium sulfate.

 Record the expected observations.

 The student dissolves solid E in distilled water to form solution E. The student divides solution E 

into three approximately equal portions.

 (a) (i) To the first portion of solution E, the student adds about 2 cm3 of aqueous 

sodium hydroxide. The student warms the mixture gently and tests any gas produced.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]

  (ii) Identify the gas given off in (a)(i).

 .....................................................................................................................................  [1]

 (b) To the second portion of solution E, the student adds about 1 cm3 of dilute nitric acid followed 

by a few drops of aqueous barium nitrate.

observations  .............................................................................................................................

 .............................................................................................................................................  [1]

 (c) To the third portion of solution E, the student adds a few drops of acidified aqueous 

potassium manganate(VII).

observations  .............................................................................................................................

 .............................................................................................................................................  [1]
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Tests on solid F

Table 3.1 shows the tests and the student’s observations for solid F.

Table 3.1

tests observations

test 1

Carry out a flame test on solid F. yellow flame

test 2

Dissolve the remaining solid F in distilled water 

to form solution F. Divide solution F into three 

portions.

To the first portion of solution F, add about 1 cm3 

of dilute nitric acid followed by a few drops of 

aqueous silver nitrate. 

yellow precipitate forms

test 3

To the second portion of solution F, add aqueous 

sodium hydroxide dropwise until in excess.

white precipitate forms  

the precipitate dissolves in excess  

aqueous sodium hydroxide to form a  

colourless solution

test 4

To the third portion of solution F, add aqueous 

ammonia dropwise until in excess.

white precipitate forms  

the precipitate dissolves in excess  

aqueous ammonia to form a colourless solution 

 (d) Identify the three ions in solid F.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [3]

 [Total: 7]
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3 A student tests two substances: solution A and solid B.

 Tests on solution A

 Solution A is aqueous iron(III) nitrate.

 Record the expected observations.

 The student divides solution A into three approximately equal portions.

 (a) To the first portion of solution A, the student adds aqueous ammonia dropwise and then 

in excess.

observations when added dropwise  .........................................................................................

observations in excess  .............................................................................................................

 [2]

 (b) (i) To the second portion of solution A, the student adds excess aqueous sodium hydroxide. 

observations  ......................................................................................................................

 .....................................................................................................................................  [1]

  (ii) To the product from (b)(i), the student adds a small piece of aluminium foil. The student 

gently warms the mixture formed and tests any gas produced.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]

  (iii) Identify the gas produced in (b)(ii).

 .....................................................................................................................................  [1]

 (c) To the third portion of solution A, the student adds about 1 cm3 of dilute nitric acid followed by 

a few drops of aqueous barium nitrate.

observations  .............................................................................................................................

 .............................................................................................................................................  [1]
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Tests on solid B

Table 3.1 shows the tests and the student’s observations for solid B.

Table 3.1

tests observations

test 1

Do a flame test on solid B. light green flame colour

test 2

Add the remaining solid B to dilute 

hydrochloric acid.

Test any gas produced.

effervescence and a colourless solution forms

limewater turns milky

 (d) Identify the gas produced in test 2. 

 .............................................................................................................................................  [1] 

 (e) Identify solid B. 

 ................................................................................................................................................... 

 .............................................................................................................................................  [2] 

 [Total: 9]
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3 A student tests two solids: solid F and solid G.

 Tests on solid F

 Solid F is calcium carbonate.

 (a) The student adds about 15 cm3 of dilute hydrochloric acid to the sample of solid F in a boiling 

tube and tests any gas produced.

observations  .............................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 (b) The student filters the product from (a) to obtain solution H as the filtrate. 

  The student divides solution H into three approximately equal portions in three test-tubes.

  (i) To the first portion of solution H, the student adds about 1 cm depth of dilute nitric acid 

followed by a few drops of aqueous barium nitrate.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]

  (ii) To the second portion of solution H, the student adds aqueous sodium hydroxide 

dropwise and then in excess.

observations when added dropwise  ..................................................................................

observations in excess  ......................................................................................................

 [2]

  (iii) To the third portion of solution H, the student adds about 1 cm depth of dilute nitric acid 

followed by a few drops of aqueous silver nitrate.

observations  ......................................................................................................................

 .....................................................................................................................................  [1]
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 Tests on solid G

 Table 3.1 shows the tests and the student’s observations for solid G.

Table 3.1

tests observations

test 1

Do a flame test on solid G. lilac coloured flame

test 2

Dissolve the remaining solid G in water to form 

solution G. Divide solution G into three portions.

To the first portion of solution G, add about 1 cm3 

of aqueous chlorine.

orange solution forms

test 3

To the second portion of solution G, add about 

1 cm3 of aqueous sodium hydroxide.

remains colourless

test 4

To the third portion of solution G, add about 

1 cm3 of dilute nitric acid followed by a few drops 

of aqueous silver nitrate.

cream precipitate forms

 (c) Identify solid G.

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 [Total: 8]
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3 A student tests two solids: solid J and solid K.

 Tests on solid J

 Solid J is iron(II) iodide.

 The student dissolves solid J in water to form solution J. Solution J is divided into four portions.

 (a) To the first portion of solution J, the student adds aqueous sodium hydroxide dropwise and 

then in excess.

observations when added dropwise  .........................................................................................

observations when added in excess  .........................................................................................

 [2]

 (b) To the second portion of solution J, the student adds 1 cm3 of dilute nitric acid followed by a 

few drops of aqueous barium nitrate. 

observations  .............................................................................................................................

 .............................................................................................................................................  [1]

 (c) To the third portion of solution J, the student adds 1 cm3 of dilute nitric acid followed by a few 

drops of aqueous silver nitrate. 

observations  .............................................................................................................................

 .............................................................................................................................................  [1]

 (d) To the fourth portion of solution J, the student adds 1 cm3 of aqueous chlorine.

observations  .............................................................................................................................

 .............................................................................................................................................  [1]
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 Tests on solid K

 Table 3.1 shows the tests and the student’s observations for solid K.

Table 3.1

tests observations

test 1

Carry out a flame test on solid K. lilac coloured flame

test 2

The remaining solid K is dissolved in water to 

form solution K. Solution K is divided into two 

portions.

To the first portion of solution K in a boiling tube, 

add 1 cm3 aqueous sodium hydroxide. Warm the 

product and hold damp red litmus paper at the 

mouth of the boiling tube.

the damp red litmus paper remains red

test 3

To the second portion of solution K in a boiling 

tube, add about 1 cm3 of aqueous sodium 

hydroxide and a piece of aluminium foil. Warm 

the mixture and test any gas given off.

effervescence is seen

damp red litmus paper turns blue

 (e) State the conclusion about solid K that can be made from the observations in test 2.

 .............................................................................................................................................  [1]

 (f) Identify the gas given off in test 3.

 .............................................................................................................................................  [1]

 (g) Identify solid K.

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 [Total: 9]
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3 A student tests two solids: solid L and solid M.

 Tests on solid L

 Solid L is hydrated aluminium chloride.

 The student dissolves solid L in distilled water to form solution L. Solution L is divided into four 

approximately equal portions.

 (a) To the first portion of solution L, the student adds aqueous sodium hydroxide dropwise and 

then in excess.

observations when added dropwise  .........................................................................................

observations in excess  .............................................................................................................

 [2]

 (b) To the second portion of solution L, the student adds aqueous ammonia dropwise and then in 

excess.

observations when added dropwise  .........................................................................................

observations in excess  .............................................................................................................

 [2]

 (c) To the third portion of solution L, the student adds about 1 cm3 of dilute nitric acid followed by 

a few drops of aqueous silver nitrate.

observations  .............................................................................................................................

 .............................................................................................................................................  [1]

 (d) To the fourth portion of solution L, the student adds about 1 cm3 of dilute nitric acid followed 

by a few drops of aqueous barium nitrate.

observations  .............................................................................................................................

 .............................................................................................................................................  [1]
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 Tests on solid M

 Table 3.1 shows the tests and the student’s observations for solid M.

Table 3.1

tests observations

test 1

Do a flame test on solid M. light green coloured flame

test 2

Dissolve the remaining solid M in water to 

form solution M. Divide solution M into three 

portions.

To the first portion of solution M, add about 

1 cm3 of aqueous sodium hydroxide.

no visible change

test 3

To the second portion of solution M, add 

about 1 cm3 of aqueous sodium hydroxide 

and a piece of aluminium foil. Warm the 

mixture and test any gas given off.

effervescence is seen;

damp red litmus paper turns blue

test 4

To the third portion of solution M, add about 

1 cm3 of dilute sulfuric acid.

white precipitate forms

 (e) Identify the gas given off in test 3.

 .............................................................................................................................................  [1]

 (f) Identify solid M.

 ...................................................................................................................................................

 .............................................................................................................................................  [2]

 [Total: 9]
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36 The structural formula of methyl propane is CH3CH(CH3)CH3. 
 

The equation represents the reaction of methyl propane with chlorine. 
 

C4H10  +  Cl 2    C4H9Cl  +  HCl 
 

How many structural isomers with the molecular formula C4H9Cl can be formed from this 
reaction? 

A 1 B 2 C 3 D 4 
 
 
37 Which statements describe disadvantages of manufacturing ethanol by fermentation? 
 

1 The process uses a renewable resource. 

2 The process produces impure ethanol. 

3 The process requires a high temperature. 

4 The process is slow. 
 

A 1 and 3 B 1 and 4 C 2 and 3 D 2 and 4 
 
 
38 Nylon is made in a polymerisation reaction. 
 

Which row describes the type of polymerisation and identifies the other product of the reaction? 
 

 type of 
polymerisation other product 

A addition water 

B addition none 

C condensation water 

D condensation none 
 
 
39 Which ion forms a green precipitate with aqueous sodium hydroxide that dissolves in an excess 

of aqueous sodium hydroxide? 

A Ca2+ B Cr3+ C Cu2+ D Fe2+ 
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