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Answer all questions in the spaces provided. 
 
1 Ethanol is the main component of wine.  

 
You are going to use titration to determine the concentration of ethanol in a 
sample of wine. 
 
Fenton’s reagent is a mixture of hydrogen peroxide and trace amounts of iron(II) 
sulfate. The iron(II) sulfate acts as a catalyst for this reaction. When excess 
Fenton’s reagent is added to ethanol, the ethanol is oxidised to form ethanoic 
acid and water according to the chemical equation. 
 

C2H5OH + 2 H2O2 → CH3COOH + 3 H2O  
 
The amount of unreacted Fenton’s reagent can be found by titration with acidified 
potassium manganate(VII). The ionic equation for the reaction is shown. 
 

2 MnO4− + 5 H2O2 + 6 H+ → 2 Mn2+ + 5 O2 + 8 H2O 
 
Read all the instructions carefully before starting the experiments in 
Question 1. 
 
Instructions 
 
P is 0.2 mol/dm3 aqueous potassium manganate(VII). 
 
Q is a solution containing ethanoic acid and unreacted Fenton’s reagent which is 
formed by adding 100 cm3 of 0.2 mol/dm3 Fenton’s reagent to 5 cm3 of wine.  
 
R is dilute sulfuric acid.  

    
(a) (i) Fill a burette with P. As the colour of the solution is intense, you should 

obtain burette readings by reading the top of the meniscus. 
 
Use a pipette to transfer 25.0 cm3 of Q into a conical flask.  
 
Use a measuring cylinder to measure and transfer 20.0 cm3 of R into the 
same conical flask.  
 
Add P from the burette to the flask. At first, the purple colour disappears 
rapidly. At the end point, one drop of P produces a permanent pale pink 
colour that does not disappear on swirling. 

 
 
 
 
 

 
  

www.KiasuExamPaper.com 
4



3 
 

                                                   6092/03/4E/PRELIM/2025   [Turn over 
 

  Record your titration results in the space provided. Repeat the titration 
as many times as you consider necessary to achieve consistent 
results. 
 
Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [5] 

    
 (ii) From your titration results, obtain the average volume of P to be used 

in your calculations. Show clearly how you obtained this volume. 
 
 
 
 
 
 

average volume of P = ……………..…  

 
 
 
 
 
 
 
[1] 

    
(b) (i) Calculate the number of moles of potassium manganate(VII) used to 

react with the unreacted Fenton’s reagent in Q. 
 
 
 
 
 
 

number of moles of potassium manganate(VII) = ….………..… [1] 
    
 (ii) Use your answer from (b)(i) and the equation for the reaction to 

calculate the number of moles of unreacted Fenton’s reagent in Q.  
 
 
 
 
 
 
 
number of moles of unreacted Fenton’s reagent in Q = ….………..… [1] 
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 (iii) Use your answer from (b)(ii) to calculate the volume of unreacted 
Fenton’s reagent in Q. 
 
 
 
 
 
 
 
 

volume of unreacted Fenton’s reagent in Q = ….………..… [1] 
    
 (iv) Use your answer from (b)(iii) to calculate the volume of Fenton’s 

reagent that reacted with ethanol. 
 
 
 
 
 
 
 
volume of Fenton’s reagent that reacted with ethanol = ….………..… [1] 

    
 (v) Use your answer from (b)(iv) to calculate the concentration of ethanol 

in the sample of wine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

concentration of ethanol in the sample of wine = ……….………..… [4] 
    

  

www.KiasuExamPaper.com 
6



5 
 

                                                   6092/03/4E/PRELIM/2025   [Turn over 
 

(c)  Potassium manganate(VII) is unreactive to the ethanoic acid in Q. 
However, at extremely high temperatures, Potassium manganate(VII) 
can also oxidise ethanoic acid.  
 
Describe how your calculated concentration of ethanol would change 
if the experiment was conducted at high temperatures.  
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. [2] 

    
(d)  Identify one source of error for this experiment and suggest an 

improvement that would avoid this source of error.  
 
source of error ……………………………………………………………… 
 
……………………………………………………………………………….. 
 
improvement ……………………………………………………………….. 
 
……………………………………………………………………………….. [2] 

    
  [Total: 18] 
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2 Read all the instructions carefully before starting the experiments in 
Question 2. 
 
You are provided with a sample of dilute acid X, and a stoppered boiling tube 
containing salt Y. 
 
Instructions 
 

(a) Carry out the following tests. You should test and identify any gases evolved. 
Record your observations in the table. 
 
The volumes given below are approximate and should be estimated rather than 
measured.  
 
If no observable change is observed for a test, write 'no observable change'. 

     

test observations 

Add about 2 cm depth of X into a clean 
test-tube. Add a few drops of barium 
nitrate. 

 
 

 
[1] 

 
Add about 2 cm depth of X into a clean 
test-tube. Add a few drops of silver 
nitrate. 

 
 
 

[1] 
 

Add about 2 cm3 of X into the boiling 
tube containing Y. 
 
Add an equal volume of aqueous 
sodium hydroxide. Gently warm the 
mixture. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 

     
(b) Deduce the formulae of acid X and salt Y. 

 
X is ………………………………      Y is ………………………………       

 
[1] 

    
  [Total: 6] 

  

www.KiasuExamPaper.com 
8



7 
 

                                                   6092/03/4E/PRELIM/2025   [Turn over 
 

3 Read all the instructions carefully before starting the experiments in 
Question 3. 
 
You are given the same acid X from Question 2. 
 
You are also provided with 5 stoppered test-tubes containing Z which is copper(II) 
carbonate.  
 
It is known that X and Z react to form carbon dioxide gas. The evolution of carbon 
dioxide gas causes visible bubbling to occur in the reaction flask.  
 
You will investigate the relationship between the rate of reaction and the 
concentration of X. The rate of reaction can be estimated by measuring the time 
taken for effervescence in the reaction flask to stop. 
 
Experiment 1 

• Use a 10 cm3 measuring cylinder to measure 10.0 cm3 of X.  

• Pour X into the test-tube containing Z and immediately start the stopwatch. 

Stir the solution constantly using a glass rod.  

• Stop the stopwatch as soon as you can no longer see visible effervescence 

in the test-tube. Record the time to the nearest second in the results table 

on page 8.  

• Empty the contents of the test-tube into the WASTE container provided. 
 
Experiment 2 

• Use a 10 cm3 measuring cylinder to measure 8.0 cm3 of deionised water. 

Add 2.0 cm3 of X to make the total volume 10.0 cm3.  

• Pour the mixture of X and water into another test-tube containing Z and 

immediately start the stopwatch. Stir the solution constantly using a glass 

rod.  

• Stop the stopwatch as soon as you can no longer see visible effervescence 

in the test-tube. Record the time to the nearest second in the results table 

on page 8.  

• Empty the contents of the test-tube into the WASTE container provided. 
 

 Experiments 3 to 5 

• Choose 3 further volumes of X between 2.0 cm3 and 10.0 cm3 and 

deionised water. Record the volumes you have chosen in the results table 

provided on page 8.  

• Follow the instructions for Experiment 2 for each pair of volumes you have 

chosen. You should use a fresh test-tube of Z in each experiment. 
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(a) (i) Results  
  

experiment 
volume of 

X / cm3 
volume of 

water / cm3 
reaction 
time / s 

rate of 
reaction / s−1 

1 10.0 0.0 
 
  

2 2.0 8.0  
 

 

3    
 

 

4    
 

 

5    
 

 
 

[2] 
    
 (ii) Calculate the rate of reaction in each experiment using the following 

equation. 

rate of reaction =  
1000

reaction time
 

 
Record each rate in the results table above to three significant figures. [1] 

    
(b)  Visual observation of effervescence to determine the endpoint of the 

reaction is convenient but unreliable to accurately determine the rate 
of reaction. 
 
Suggest one alternative method of determining the endpoint of the 
reaction that would improve the accuracy of the results.  
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. [1] 
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(c) (i) Use your results from (a) to plot a graph of rate against volume of X 
on the grid. You should include the origin (0,0).  
 
Draw a line of best fit. Circle anomalous points, if any. 
 
  

 [4] 
   

 
 
 
 
  

 (ii) Use your graph to determine the rate of reaction if the volume of X 
used is 2.5 cm3. Show clearly on the graph how you obtained your 
answer. 
 

rate = ……………………. s−1 [1] 
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(d)  From your results, describe the relationship between concentration of 
X and rate of reaction.  
 
Explain your answer using your graph and ideas about collisions 
between reacting particles. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. [2] 

    
 [Total: 11] 
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4 Brass is an alloy containing copper and zinc. It is commonly used to make 
household tools like screws.  
 
Outline a method you could use to determine the percentage by mass of zinc in 
a brass screw. Show clearly how you can use the experimental results to 
calculate the percentage by mass of zinc. 
 
You can assume all the apparatus and chemicals normally found in the school 
laboratory are available. 
 
You should include a relevant chemical equation in your answer. You may also 
choose to include a labelled diagram if it helps your explanation.  
 
 
 
 
 
 
 
 
 
 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 

    
 [Total: 5] 

 
– End of Paper –  
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NOTES FOR QUALITATIVE ANALYSIS 
 
Test for anions 
 
anion test test results 

carbonate (CO3
2–) add dilute acid effervescence, carbon 

dioxide produced 

chloride (Cl–) 
[in solution] 

acidify with diute nitric acid, then add 
aqueous silver nitrate 

white ppt. 

iodide (l–) 
[in solution] 

acidify with diute nitric acid, then add 
aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
–) 

[in solution] 
add aqueous sodium hydroxide, then 
alumninium foil; warm carefully 

ammonia produced 

sulfate (SO4
2–) 

[in solution] 
acidify with dilute nitric acid, then add 
aqueous barium nitrate 

white ppt. 

 
Test for aqueous cations 
 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming – 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in 
excess 

zinc (Zn2+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., soluble in excess 
giving a colourless solution 

 
Test for gases 
 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) “pops” with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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1 An oxyacid of phosphorus has the formula, H3PO3. 
 
You are required to find, by experiment, the number of moles of sodium hydroxide that react with 
1 mole of this acid. 
 
P is 0.0984 mol/dm3 sodium hydroxide. 
Q is a solution containing 5.04 g of the oxyacid of phosphorus, H3PO3, in 1 dm3 of solution.  
 
Read all the instructions carefully before starting the experiments in Question 1. 
 
Instructions 

 
 (a) (i) Fill the burette with solution Q.  

 
Pipette 25.0 cm3 of P into a flask and titrate with Q, using the indicator provided. 
 
Record your titration results in the space provided below, repeating the titration as 
many times as you consider necessary to achieve consistent results. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[5] 
 

  (ii) From your titration results, obtain an average volume of Q to be used in your 
calculations. Show clearly how you obtained this volume. 

 

     
     
    

 
 
 
 
 

average volume of Q ……………………….. 

 
 
 
 
 
 
[1] 
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 (b) (i) P is 0.0984 mol/dm3 sodium hydroxide. 
 
Calculate the number of moles of sodium hydroxide in 25.0 cm3 of P. 
 

 

    
 
 
 

 
 

 
no. of moles of sodium hydroxide in 25.0 cm3 of P …………………….. 

 
 
 
 
 
 
 
[1] 

     
  (ii) Q is an aqueous solution of H3PO3 with a concentration of 5.04 g/dm3.   

 
Calculate the molar concentration, in mol/dm3, of H3PO3 in Q. 
 
[Ar: H, 1; P, 31; O, 16] 
 
 

 

     
     

     

    
 
 
 
 
 

concentration of H3PO3 in Q …………………….. 
 

 
 
 
 
 
 
[2] 
 

  (iii) Hence, using your answer from (b)(i) and (b)(ii), calculate the number of 
moles of sodium hydroxide which react with 1 mole of H3PO3. 

 

    
 
 
 
 
 
 
 
 
 
 
 

no. of moles of sodium hydroxide …………………….. 
 

 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

  (iv) Using your answer to (b)(iii), write an equation for the reaction of the oxyacid 
of phosphorus, H3PO3, with sodium hydroxide. 

 

    
……………………………………………………………………….……………….. 

 
[1] 
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 (c) Using your results in (a)(ii), describe briefly how a pure and dry sample of the salt 
formed from the reaction of the oxyacid of phosphorus, H3PO3, with sodium hydroxide 
can be obtained. 

 

   
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 

 
 
 
 
 
 
 
 
 
 
 
[3] 

    
 (d) A student repeated the experiment. When preparing solution Q, the student 

accidentally measured 5.04 g of the oxyacid of sulfur, H2SO3, instead and dissolved 
it in 1 dm3 of solution.  
 
The number of moles of sodium hydroxide which react with 1 mole of H2SO3 is the 
same as the number of moles of sodium hydroxide which react with 1 mole of 
H3PO3. 
 
Describe and explain the effect this would have on the titration results recorded in 
(a)(i). 
 
[Ar: H, 1; S, 32; O, 16] 
 

 

   
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 
…….………………………………………………………………………………………….. 
 

 
 
 
 
 
 
 
[2] 

  [Total: 17] 
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2 You are provided with two solids, R and S. 
 
You will carry out the following tests on the two solids, recording your observations at each 
stage. You should test and identify any gases evolved. 
 
Read the instructions carefully before starting the experiments. 
 

 (a)  Tests on Solid R 
 

 test observations  

(i) Using a spatula, place 
approximately half of the solid R 
sample in a boiling tube. 
 
With a measuring cylinder, add 
about 8 cm3 of dilute sulfuric acid 
to the boiling tube. 
 
 

 
 
 
 
   
 
 
 
 
 

                                                                         
[2]           

 Filter the reaction mixture from (a)(i). The filtrate is solution T. 

(ii) Pour about 1 cm depth of 
solution T into a test-tube. 
 
Add aqueous sodium hydroxide 
dropwise and then in excess.  
 
 
 

                  
 
 
 
 
 
 
 
 

                                                   [2] 

(iii) Place the remaining solid R in a 
hard-glass boiling tube.  
 
Heat the solid strongly until no 
further change is seen.  
 
Then, stop the heating and 
leave the solid to cool. 

 
 
 
 
 
 
 
 
 
[2] 
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  (iv) Identify the gas given off in (a)(i). 
 
…………………………………………………………………………………………… [1] 
 

    
  (v) Explain why it is not possible to identify the cation contained in solution T from 

your observations in (a)(ii). 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… [1] 
 

    
  (vi) Suggest an additional test that can be done on solution T that would allow you to 

identify the cation contained in solution 
 
…………………………………………………………………………………………… 
 
…………………………………………………………………………………………… [1] 

    
 

 (b) Tests on Solid S 
    
  Place solid S in a boiling tube. With a measuring cylinder, add about 15 cm3 of 

distilled water to the boiling tube. Stopper the boiling tube and shake to dissolve the 
solid to form solution S. 
 
Divide this volume of solution S into three approximately equal portions in three test-
tubes. 
 

 

 test observations  

(i) Add the first portion of solution 
S to the aqueous chlorine 
provided in a test-tube.  
 
 

 
 
 
 
 
 
 

                                                                     
[1]             

(ii) To the second portion of 
solution S, add about 1 cm 
depth of dilute nitric acid 
followed by a few drops of 
aqueous silver nitrate.  
 
 
 

 
 
 
 
 
 
 
 

[1]                                                                     
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(iii) To the third portion of solution 
S, add aqueous sodium 
hydroxide dropwise and then in 
excess. 

 
 
 
 
 
 
 

[2] 
 

    
 

  (iv) Use evidence from the observations above to identify solid S. 
 
Identity: …………………………………………………………………………………. 
 
Evidence: ………………………………………………………………………………. 
 
……………………………………………………………………………………………   
 
……………………………………………………………………………………………   
 
……………………………………………………………………………………………  [3] 
 

 

    
[Total: 16] 
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3 (a) You are provided with a rusty iron nail. The mass of the nail is between 0.10 to 0.20 g. 

 
Outline a method you would use to determine the mass of rust in the iron nail. 
 
You can assume all the apparatus and reagents normally found in a school laboratory are 
available. You may wish to include one or more labelled diagrams as part of your answer. 
 
In your method, you should include the measurements you would take and explain how 
you would use your results to determine the mass of rust in the iron nail. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………. [4] 
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 (b) A separate experiment was carried out on a similar rusty nail to determine how the mass 

of the nail changes as time proceeds. 
 
At 1-minute intervals, the mass of the rusty iron nail is measured. 
 
The results are shown in the table. 

   
  time / min mass of the rusty nail / g 

0 0.17 

1 0.11 

2 0.07 

3 0.06 

4 0.06 
 

   
  Use these results to plot a suitable graph on the grid in the next page. Draw a line of 

best fit, using all of the plotted points. 
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  [3] 

 
[Total: 7] 

 
 
 
 
 
 

END OF PAPER  
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NOTES FOR QUALITATIVE ANALYSIS 
Test for anions 
anion test test result 

carbonate (CO3 
2−) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl−) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate white ppt. 

iodide (I−) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
−) 

[in solution] 
add aqueous sodium hydroxide 
then aluminium foil; warm carefully ammonia produced 

sulfate (SO4
2−) 

[in solution] 
acidify with dilute nitric acid, then 
add aqueous barium nitrate white ppt. 

 
 
Test for aqueous cations 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess giving 
a colourless solution white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming - 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in 
excess 

zinc (Zn2+) 
white ppt., soluble in excess giving 
a colourless solution 

white ppt., soluble in excess 
giving a colourless solution 

 
 
Test for gases 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) 
gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) 
turns aqueous acidified potassium manganate(VII) from purple 
to colourless 
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1 The ionic equation for the reaction between sodium thiosulfate and hydrochloric acid is: 
 

S2O3 2– (aq) + 2H+ (aq) → S (s) + SO2 (aq) +H2O (l) 
 

The solid sulfur formed causes the reaction mixture to become cloudy and opaque.  
 
In this experiment, you will investigate the relationship between the concentration of 
sodium thiosulfate and the rate of reaction. 
 
Very small amounts of SO2 gas may be produced in this reaction. Take care not 
to inhale any gas. The reaction products should be disposed off into the container 
labelled WASTE immediately following each experiment.  
 

Read all the instructions below carefully before starting the experiment in 
Question 1. 
 
Instructions 
 
X is 0.10mol/dm3 sodium thiosulfate, Na2S2O3.  
Y is 2.00mol/dm3 hydrochloric acid, HCl.  
 
Complete the table with your results in the ‘Results section’ on page 4.  
 

• Relative rate can be calculated using the expression:  
 

relative rate =   
1000

𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒
 

 
• Leave your answers to 3 significant figures.  

You are going to carry out five experiments using the apparatus shown.  
 

 
 

  
 
 
 
 

 
 
 
 
 

 
 
 
 
 

100 cm3 beaker 

aqueous sodium 
thiosulfate 

printed insert 

10 cm3 of 
hydrochloric acid 

eye 
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(a) Experiment 1 
 

• Put X into the burette labelled X. 
• Fill the burette with X.  
• Transfer 25.00 cm3 of X into a 100 cm3 beaker. 
• Place the beaker on the printed insert (Refer to diagram on page 2).  
• Use the 25 cm3 measuring cylinder to measure 10.0 cm3 of Y.  
• Add Y to the 25.00 cm3 X in the beaker and immediately start the 

stopwatch.  
• Stir the mixture once.  
• Look vertically down through the solution in the beaker at the print 

on the insert.  
• Stop the stopwatch as soon as the print on the insert is no longer 

visible.  
• Record the reaction time to the nearest second.  
• Rinse the beaker with water.  
• Dry the beaker with the paper towels provided so that it is ready to 

be used in Experiment 2. 

 
Experiment 2 
 

• Transfer 12.50 cm3 of X into the 100 cm3 beaker.  
• Fill the burette labelled ‘water’ with distilled water.  
• Transfer 12.50 cm3 of distilled water into the 100 cm3 beaker.  
• Place the beaker on the printed insert.  
• Use the 25 cm3 measuring cylinder to measure 10.0 cm3 of Y.  
• Add the Y to the solution in the beaker and immediately start the 

stopwatch. Stir the mixture once.  
• Look vertically down through the solution in the beaker at the print 

on the insert.  
• Stop the stopwatch as soon as the print on the insert is no longer 

visible. Record the reaction time to the nearest second.  
• Rinse the beaker with water.  
• Dry the beaker with the paper towels provided so that it is ready to 

be used in the next experiment. 

 
Experiment 3-5 
 

• Carry out three further experiments to investigate how reaction 
times change with different volumes of X. Do not use a volume of X 

less than 12.50 cm3. 
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Results 
 

volume of X 
used / cm3 

volume of 
distilled water 

used / cm3 

reaction time / s relative rate 

25.00 
 

0.00   

    

 
 

   

 
 

   

12.50 
 

12.50   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[5] 

 (b) Plot a graph, on the given grid, of relative rate (y-axis) against volume of X 
(x-axis). The graph should not include the origin.  
 
Draw a curve of best fit using all the plotted points. 
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[4] 
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 (c) Use your graph to predict the reaction time if an experiment is carried out 
using 23.50 cm3 of X and distilled water.  
 
Show clearly on the graph how you obtained your answer. 
 
 
 
 
 

                
 

reaction time = ……………..….… s 

 

 
 
 
 
 
 
 
 
 
 
 
[2] 

 (d) The final instruction for each experiment is to rinse and dry the beaker. 
 
State the effect on the reaction time of not drying the beaker before carrying 
out each of Experiments 2–5.  
Explain your answer. 
 
……………………………………………………………………………………… 
 
……………………………………………………………………………………… 
 
………………………………………………………………………………………. 

 
 
 
 
 
 
 
 
 
 
[2] 

    
 (e) A student repeats Experiment 1 but uses a 250 cm3 beaker in place of the 

100 cm3 beaker. All other conditions remain the same.  
 
State whether each statement below is correct.  
Explain your answers. 
 

 

  (i) The student records a longer time for this experiment because the  
250 cm3 beaker is used. 
 

 

   ………………………………………………………………………………… 
 
………………………………………………………………………………… 
 
………………………………………………………………………………… 

 
 
 
 
[1] 

     
  (ii) A longer time is recorded because the rate of production of sulfur is 

slower. 
 

 

   ………………………………………………………………………………… 
 
………………………………………………………………………………… 
 
………………………………………………………………………………… 

 
 
 
 
[1] 

     
  [Total:15] 
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2 Acids react with carbonates to produce carbon dioxide gas. 
 

Na2CO3 (s) + H2SO4 (aq) → Na2 SO4 (aq) + CO2 (g) + H2O(l) 
 
This reaction can be used to determine the concentration of acid, using the mass 
of carbon dioxide released. 
 
You will determine the concentration of sulfuric acid in P. 
 
P is sulfuric acid.  
Q is sodium carbonate, Na2CO3. 
 

 

 (a) Carry out the following experiment and record all results in the space 
provided.  
 
Instructions 

Pre-Reaction:  
• Use the 25 cm3 measuring cylinder to transfer 25.0 cm3 of P into the 

conical flask.  
• Weigh the flask with the acid. Record the mass.  
• Weigh the container with Q. Record the mass.  
• Carefully transfer all of Q into the acid in the conical flask.  
• Swirl the contents of the flask and leave the flask to stand with 

occasional swirling until the fizzing stops.  

Post-Reaction: 
• Weigh the container with any residual Q. Record the mass.  
• Weigh the flask and contents when the fizzing has stopped. Record 

the mass.  
 

• Record your results in an appropriate format in the space provided. 

 
 

 (b) Results 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
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  Calculations 
 

 

 (c) (i) In the space provided, calculate 
 
• the mass of Q added to the flask       

         
 

mass of Q added =......................... 
 

• the total mass of flask + acid + Q.  
 

 

total mass of flask + acid + Q added =......................... 
 
• the mass of carbon dioxide given off during the experiment. 

 
 
 
 

mass of carbon dioxide given off =......................... 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 

  (ii) Calculate the amount, in mol, of carbon dioxide given off in the reaction.  
    

 
 
 
 

amount of CO2 = .......................mol 

 
 
 
 
 
[1] 

     
  (ii) The sodium carbonate, Q, was in excess in the reaction with sulfuric 

acid.  
Show by calculation that the sodium carbonate was in excess. Use your 
answer in (c)(i). 

 

     
     
     
     
    

 
 
 
 
 
 
 
 
 
 
 

     
    [3] 
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  (iii) Calculate the concentration, in mol/dm3, of sulfuric acid in Q.  
     
     
     
     
    

 
 
 
 

 
 
 

     
     
   concentration of H2SO4 = ..............................  [1] 
     
 (c) (i) A student does not have a conical flask and uses a small beaker for the 

reaction.  
 
Explain why a conical flask is better. 

 

     
   …………………………………………………………………………………  
     
   ………………………………………………………………………………… [1] 
     
  (ii) Two students made suggestions of how they thought the experiment in 

(a) could be adapted to determine the concentration of sulfuric acid, P, 
by using other reactions. In each case their teacher told them that this 
method was not suitable.  
 
Explain, in each case, why the method is not suitable. Do not consider 
factors based on quantities of any reagent. 
 

 

   Student 1 suggested using magnesium in place of sodium carbonate.  
     
   …………………………………………………………………………………  
     
   ………………………………………………………………………………… [1] 
     
   Student 2 suggested using calcium carbonate in place of sodium 

carbonate. 
 

     
   …………………………………………………………………………………  
     
   ………………………………………………………………………………… [1] 
                                                                                                                                                       

[Total:13] 
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3 Metal carbonates generally decompose on heating, liberating carbon dioxide and 
leaving behind an oxide of the metal.  
 
Outline a method you could use to determine the reactivities of 2 metals, iron and copper 
based on the action of heat on their carbonates.  
 
You are only provided with samples of their carbonates. You can assume all the 
apparatus and reagents normally found in a school laboratory are available.  
 
You should include in your answer:  
• the measurements you would take using 1 g of carbonate for each experiment  
• explain how your results would show the reactivities of the metals.  
 
You may wish to use a labelled diagram to illustrate your answer.  
 
 
 
 
 
 
 
 
 
 

  
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………….. 
 
……..……………….…………………………………………………………………….. 
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………….. 
 
……..……………….…………………………………………………………………….. 
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………..... 
 
……..……………….…………………………………………………………………….. 
 
……..……………….…………………………………………………………………….. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[5] 
 

                                                                                                                           [Total: 5] 
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4 

 
In this experiment you will perform tests to deduce the ions present in salt T. 
 
You are provided with a solution of salt T, labelled solution T. 
 
Read all the instructions carefully before starting the experiments in 
Question 4.  
 
Instructions 
 

 

 (a) Carry out the following testes. You should test and identify any gases evolved. 
Record your observations in the table.  
 
The volume given below are approximate and should be estimated rather 
than measured unless instructed otherwise. 

 

  
test observations 

Test 1  
Add about 1 cm depth of solution T into 
a clean test-tube. 
 
To this test-tube add aqueous sodium 
hydroxide slowly with shaking until no 
further changes are seen. 
 

 
 
 
 
 
 

[1] 

Test 2 
 
Add about 1 cm depth of solution T into 
a clean test-tube. 
 
To the same test-tube, acidify with nitric 
acid and then add barium nitrate.  

 
 
 
 
 
 
 

[1] 
Test 3 
Add about 1 cm depth of solution T into 
a clean test-tube. 
 
To this test-tube add about 1 cm depth 
of dilute sulfuric acid followed by 2 cm 
depth of aqueous potassium 
manganate (VII). Shake the test-tube. 
 
To the same test-tube, add aqueous 
ammonia slowly with shaking until no 
further changes are seen.  
 
 

 
 
 
 
 
 
 
 
 
 
 

[3] 
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 (b) Using your observations, deduce the ions present in salt T. Justify your 
deductions. 
 

 
 
 

  (i) ion: …………………………………………………………………………… 
 
justification: …………………………………………………………………. 
 
………………………………………………………………………………… 

 
 
 
 
[1] 

   
(ii) 

 
ion: …………………………………………………………………………… 
 
justification: …………………………………………………………………. 
 
………………………………………………………………………………… 

 
 
 
 
[1] 

     
  [Total: 7] 
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QUALITATIVE ANALYSIS NOTES 
Test for anions  
 
anion  test  test result  
carbonate (CO32–)  add dilute acid  effervescence, carbon dioxide 

produced  
chloride (Cl–)  
[in solution]  

acidify with dilute nitric acid, 
then add aqueous silver nitrate  

white ppt.  

iodide (I–) 
[in solution] 

acidify with dilute nitric acid, 
then add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3–)  
[in solution]  

add aqueous sodium 
hydroxide, then aluminium foil; 
warm carefully  

ammonia produced  

sulfate (SO42–)  
[in solution]  

acidify with dilute nitric acid, 
then add aqueous barium 
nitrate  

white ppt.  

 
Test for aqueous cations  
 
cation  effect of aqueous sodium 

hydroxide  
effect of aqueous ammonia  

aluminium (Al3+) white ppt., soluble in excess, 
giving a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4+)  ammonia produced on 
warming  

-  

calcium (Ca2+)  white ppt., insoluble in excess  no ppt.  
copper(II) (Cu2+)  light blue ppt., insoluble in 

excess  
light blue ppt., soluble in 
excess giving a dark blue 
solution  

iron(II) (Fe2+)  green ppt., insoluble in excess  green ppt., insoluble in excess  
iron(III) (Fe3+)  red-brown ppt., insoluble in 

excess  
red-brown ppt., insoluble in 
excess  

zinc (Zn2+)  white ppt., soluble in excess 
giving a colourless solution  

white ppt., soluble in excess 
giving a colourless solution 

 
 
Test for gases   
 
gas  test and test result  
ammonia (NH3)  turns damp red litmus paper blue  
carbon dioxide (CO2)  gives white ppt. with limewater  

(ppt. dissolves with excess CO2)  
chlorine (Cl2)  bleaches damp litmus paper  
hydrogen (H2)  “pops” with a lighted splint  
oxygen (O2)  relights a glowing splint  
sulfur dioxide (SO2)  turns aqueous acidified potassium manganate(VII) from purple 

to colourless  
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1 Sodium hydrogencarbonate, NaHCO3, is used as baking soda in cooking and it is known to 
decompose on heating as shown in the following equation:  
 

2NaHCO3(s) → Na2CO3(s) + H2O(g) + CO2(g) 
  
An impure sample of sodium hydrogencarbonate is provided and the impurity is a different 
sodium compound that does not react when heated. Perform the experiment described below to 
determine the percentage purity of sodium hydrogencarbonate in the sample and identify the 
impurity. 
 
Read all the instructions carefully before starting the experiments in Question 1.  
 

 Solid A is the impure sample of sodium hydrogencarbonate.  
 

(a) (i) Use the mass balance to find the mass of an empty test-tube. 
  

Add approximately 1.5 g of A to the test-tube and find the mass of the test-tube and 
its contents. 

 
Gently heat the test-tube and contents for 3 minutes so that the sodium 
hydrogencarbonate decomposes. 

 
Leave the test-tube and its contents to cool to room temperature before finding the 
mass of the test-tube and its contents. 

 
You may begin the experiments in parts (d) and (e) on page 4 while you are waiting 
for the test-tube to cool. 

 
Record your results clearly in the space provided. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               [4] 
 
(ii) Use your results to determine:  
 
 the mass of A before heating  ............................................ 
 
 the change in mass after heating  ............................................ 

[2] 
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(b) (i) Use your answers from (a)(ii) and the equation for the decomposition of sodium                  

hydrogencarbonate to calculate the mass of sodium hydrogencarbonate present in 
the mass of A heated. 
 
[Mr: NaHCO3, 84; H2O, 18; CO2, 44] 
 

 
 
 
 
 
 
 
 
 
 
 
 

    mass of sodium hydrogencarbonate present = …………………………..…g [2] 
 

 (ii) Calculate the percentage purity of sodium hydrogencarbonate in A. 
 
 
 
 
 
 
 
 
 
 
   percentage purity of sodium hydrogencarbonate in A = ……………………..% [2] 
 
  

(c) (i) Suggest why heating the sample once for 3 minutes may not give an accurate value 
for the percentage purity of sodium hydrogencarbonate in A. 

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

(ii) Suggest one way in which the experiment could be improved to obtain a more 
accurate value of the percentage purity of sodium hydrogencarbonate in A. 

 
…………………………………………………………………….....................…………… 
 
……………………………………………………………………...........................……[1] 
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(d) B is the solid remaining after decomposing A by heating. 
 
You are provided with a sample of B to use in parts (d) and (e). 

 
Carry out the following test on the sample of B provided in a test-tube. Record your 
observations in the space provided. You should test and name any gas evolved. 
 
Place the test-tube containing the sample of B in a test-tube rack and add dilute nitric acid, 
a little at a time, until no further reaction occurs. 
 
Keep the final solution for use in (e). 

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

 
(e) Carry out the following tests on the solution from (d). Record your observations in the 

space provided. 
 
(i) To about 1 cm3 of the solution from (d) in a test-tube, add a few drops of aqueous 

silver nitrate.  
 
……………………………………………………………………...........................……[1] 

 
(ii) To another 1 cm3 of the solution from (d) in a test-tube, add an equal volume of 

aqueous barium nitrate. 
 

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

(f) Identify the impurity in A. 
 
.…………………………………………………………………………….....................………[1] 

 
(g) (i) Why was excess acid added to B in (d) before carrying out the tests in (e)? 

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

 
(ii) Why was nitric acid used in (d) rather than hydrochloric or sulfuric acid? 

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

 
  [Total: 20] 
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2 Iodine is widely used as an antiseptic. 
 

You are going to determine the concentration of iodine in an antiseptic solution by titration with 
aqueous sodium thiosulfate, Na2S2O3, using starch solution as an indicator. 
 
The equation for the reaction is shown below: 

 
2Na2S2O3 + I2 → Na2S4O6 + 2NaI 

 
Read all the instructions below carefully before starting the experiment. 

 
You are going to carry out a titration experiment. 
 
Q is an antiseptic solution containing iodine. 
R is 0.160 mol/dm3 sodium thiosulfate. 

 
(a) (i) Put R into the burette. 

 
 Pipette 25.0 cm3 of Q into a flask. 
 

Add R from the burette until the red-brown colour fades to yellow, then add about 4 
drops of the starch solution. This will give a dark purple-black colouration. 

 
Continue adding R slowly from the burette until one drop of R causes the  
purple-black colour to disappear, leaving a colourless solution. 

 
Record your titration results in the space provided, repeating the titration as many 
times as you consider necessary to achieve consistent results. 

 
 Results 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
               [5] 
 
(ii) From your titration results, obtain an average volume of R to be used in your 

calculations. Show clearly how you obtain this volume. 
 
 
 
 
          average volume of R ………………………………………… [1] 
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 (b) (i) R is 0.160 mol/dm3 aqueous sodium thiosulfate. 
 
  Using your results, calculate the concentration, in mol/dm3, of iodine in Q. 
 
 
 
 
 
 
 
 
 
 
 
                             concentration of iodine in Q ……………………………… mol/dm3 [2] 
 
 (ii) Using your answer from (i), calculate the mass of iodine, I2, in 1 dm3 of Q. [Ar : I, 127] 
 
 
 
 
 
 
          mass of iodine in 1 dm3 of Q ………………………………………… [1] 
 
 (iii) Given that 1 dm3 of Q has a mass of 1000 g, calculate the percentage by mass of 

iodine in the solution. 
 
 
 
 
 
 
 
 
    percentage by mass of iodine in Q ……………………………………% [3] 
 
 (c) A student repeated the experiment and accidentally used a 20.0 cm3

 
 pipette to measure 

solution Q into the flask in each titration. 
 
The student thought he had used a 25.0 cm3 pipette. 
 
Describe and explain the effect this would have on the percentage by mass of iodine in the 
solution calculated by the student. 
 
………………………………………………………………………….…………………………… 
 
………………………………………………………………………….…………………………… 
 
………………………………………………………………………….…………………………… 
 
…………..………………………………………………………………..………………………[2] 

 
[Total: 14] 
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3 The alcohols ethanol (boiling point 78 oC) and propanol (boiling point 97 oC) can both be used 
during surgery for cleansing. However, the oxidation of these alcohols by air, will limit their ability 
to clean.  
 
(a) Suggest how you would determine in the laboratory, which of these two alcohols is more 

quickly oxidised by air. Include all the measurements you would make.  
 
 ………………………………………………………………………..……………………………... 
  
 ………………………………………………………………………..……………………………... 

 
  ………………………………………………………………………..……………………………... 
 
  ………………………………………………………………………..……………………………... 
 
  ………………………………………………………………………..……………………………... 
 
  ………………………………………………………………………..…………………………..[4] 

 
(b) If two bottles of ethanol and propanol are accidentally mixed, suggest a method of 

separation for the mixture and briefly explain why the method works.  
  

method of separation: ……………………………………………..……………………………... 
 
  why the method works: ……...........………………..……………..……………………………... 
 
  ………………………………………………………………………..…………………………..[2] 
 

[Total: 6] 
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QUALITATIVE ANALYSIS NOTES 
Test for anions 

anion test test result 

carbonate (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl-)  
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

white ppt. 

iodide (I-) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
-)  

[in solution] 
add aqueous sodium hydroxide, 
then aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4
2-) 

[in solution] 
acidify with dilute nitric acid, then 
add aqueous barium nitrate 

white ppt. 

 
 
Test for aqueous cations 

cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess giving 
a colourless solution white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming — 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 

zinc (Zn2+) 
white ppt., soluble in excess giving 
a colourless solution 
 

white ppt., soluble in excess 
giving a colourless solution 
  

Test for gases 
 

gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) 'pops' with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) 
turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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1 The reaction between an acid and an alkali is known as neutralisation. 
 
You are provided with a sample of acid, P, that is diluted from acid HX. 
 
You are going to determine the percentage purity of the sample of acid, P, by titrating it with 
aqueous sodium hydroxide, using methyl orange as an indicator. 
 
Read all the instructions below carefully before starting the experiment in Question 1.  
 
Instructions 
 
You are going to carry out a titration experiment. 
 
P is a solution containing an impure sample of monobasic acid, HX. 
Q is a solution of sodium hydroxide of concentration 0.0800 mol/dm3. 
 

 (a) (i) Put P into the burette.  
 
Pipette 25.0 cm3 of Q into a conical flask. 
 
Add a few drops of the methyl orange indicator to the solution in the conical flask. 
 
Slowly add P from the burette, swirling the flask constantly, until the one drop of P 
causes the methyl orange indicator to change colour permanently, indicating that 
the end-point is reached. 
 
Record your titration results in the space provided. Repeat the titration as many 
times as you consider necessary to achieve consistent results. 
 
Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

[5] 
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  (ii) From your titration results, obtain an average volume of P to be used in your 
calculations. Show clearly how you obtained this volume. 
 
 
 
 
 
 
 

average volume of P ………..……………… [1] 
 

 (b) The equation for the reaction occurring in the titration is shown. 
 

HX + NaOH → NaX + H2O 
 

  (i) Q is 0.0800 mol/dm3 aqueous sodium hydroxide. 
 
Use your answer from (a)(ii) and the equation for the reaction to calculate the 
concentration, in mol/dm3, of HX in P. 
 
 
 
 
 
 
 
 
 
 
 
 
 

concentration of HX in P ………………………………… mol/dm3 [2] 
 

  (ii) Given that the relative molecular mass of HX is 90, use your answer in (b)(i) to 
calculate the concentration, in g/dm3, of HX in P. 
 
 
 
 
 
 
 
 
 
 

concentration of HX in P ………………………………… g/dm3 [1] 
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  (iii) P was prepared by dissolving 12.0 g of an impure sample of HX in water to make 1 
dm3 of solution. 
 
Use your answer to (b)(ii) to calculate the percentage purity of the acid HX which 
was used to make P. 
 
 
 
 
 
 
 
 
 
 
 

percentage purity of HX in P ………..…………….. [3]  
 

 (c) The student repeated the titration but did not realise that there was an air bubble below 
the burette tap and carried out the titration as usual. 
 
Describe and explain the effect of this would have on the calculated concentration of P 
required for the complete neutralisation of Q. 
 
…………………………………………………………………………………………………….... 
 
……………………………………………………………………………………………….……... 
 
……………………………………………………………………………………………….……... 
 
………………………………………………………………………………………………...… [2] 
 

  [Total: 14] 
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2 Carbonates form an important range of compounds. Many of them occur naturally in rock 
formation. One example of carbonate is zinc carbonate. 
 
You are provided with solid S which is zinc carbonate. 
 
Read all the instructions carefully before starting the experiments in Question 2. 
 
Instructions 
 

 (a) Add 2 levelled spatulas of sample S into a dry boiling tube. Heat gently in the boiling tube, 
then strongly, until no further change occurs. Allow the boiling tube with the residue to cool 
for approximately 2 minutes. You do not need to test any gas evolved. 
 
Record your observations. 
 
…………………………………....…………………………………………………………………. 
 
…………………………………....…………………………………………………………...……. 
 
…………………………………....………………………………………………..………….… [2] 
 

 (b) You are provided with solution T. 
 
Carry out the following tests on T. Record your observations in the space provided. You 
should test and identify any gases evolved. 
 
The volumes given below are approximate and should be estimated rather than measured 
unless instructed otherwise. 
 

  
test observations 

Test 1 
To 2 cm depth of T in a clean test-tube, add 
1 levelled spatula of S. 

 
 
 
 
 
 

[1] 

Test 2 
To 1 cm depth of T in a clean boiling tube, 
add double the volume of aqueous sodium 
hydroxide and a piece of aluminium foil. 
 
Warm the mixture in the boiling tube. 

 
 
 
 

 
 
 

[1] 
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Test 3(a) 
To 1 cm depth of T in a clean boiling tube, 
add an equal volume of aqueous iron(II) 
sulfate. 
 
Heat the mixture until it just begins to boil. 
 

 
 
 

 
 
 

[1] 

  Test 3(b) 
To the mixture in 3(a), add aqueous 
ammonia until no further change occurs. 

 
 
 
 
 
 

[1] 

  Test 4 
To 1 cm depth of T in a clean boiling tube, 
add an equal volume of aqueous potassium 
iodide. 
 
Warm the mixture. 

 
 
 
 
 
 

[1] 

 

 (c) (i) Deduce the chemical formulae of the cation and anion in T, justify your deductions 
using evidence from your observations. 
 
The cation in T is ………………………………….. . 
 
justification for the cation in T: ………………………………………………..………... 
 
……………………………………………………………………………………………… 
 
 

The anion in T is ………………………………….. . 
 
justification for the anion in T: ……………………………………………..……….…… 
 
…………………………………………………..……….……………………………... [2] 
 

  (ii) What is the role of T in Test 3(a)? 
 
Explain your answer. 
 
…………………………………………………..………………………………………….. 
 
……………………………………………………………………………………………… 
 
………………………………………………………………..………………...………. [2] 
 

  [Total: 11] 
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3 A student passes electricity through a solution of zinc sulfate using an inert anode and a zinc 
cathode of known mass. Fig. 3.1 shows the set-up of the experiment.  
 

 
Fig. 3.1 

 
Zinc is deposited at the cathode while effervescence was observed at the anode throughout the 
experiment. 
 
After 5 minutes, the student removes the cathode to determine the mass of zinc deposited.  
 

 (a) (i) Suggest what the student must do to the cathode after removing it from the solution 
but before placing it on the electronic balance to measure its mass. 
 
………………………………………………………………………………………...…. [1] 
 

  (ii) Write the ionic equation, with state symbols, for the reaction that takes place at the 
cathode. 
 
………………….………………………………..…………………………………....… [1] 
 

  (iii) Describe a test to confirm the identity of the gas produced at the anode. 
 
………………….………………………………………………………………………....... 
 
………………….……………………………………………………………………...… [2] 
 

 (b) State whether ΔH, the enthalpy change that occurs during the experiment has a positive 
or negative value. 
 
Explain your answer. 
 
……………………………………………………………………………..………………....……... 
 
……………………………………………………………………………………………........… [1] 
 

zinc 
cathode 

inert 
anode 

aqueous 
zinc sulfate 
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 (c) The student measures the mass of the cathode and then puts it back into the circuit and 
continues the experiment. 
 
The mass of zinc deposited is measured every five minutes and recorded in Table 3.2. 

 
Table 3.2 

 

time / min mass of zinc deposited / g 

0 0.00 

5 0.29 

10 0.59 

15 0.88 

20 1.20 

25 1.30 

30 1.30 

35 1.30 
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  On the grid provided in Fig. 3.3, use the results from Table 3.2 to plot a graph of mass of 
zinc deposited on the y-axis against time on the x-axis. Label the axes. Draw a straight 
line through the first five points and draw another straight line through the last three points. 
Extend both lines so they both intersect. 
 

 
Fig. 3.3 

[3] 
 

 (d) Use your graph in Fig. 3.3 to answer the following questions. 
 

  (i) Determine the mass of zinc deposited after 18 minutes. 
 
 

………………………………… g [1] 
 

  (ii) Determine the minimum time taken for all the zinc to be deposited. 
 
 

………………………………… min [1] 
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 (e) It was discovered that the electronic balance used earlier was faulty.  
 
Outline another method, that does not involve the measurement of mass, to determine 
the number of moles of zinc deposited at the cathode in 30 minutes. 
 
In your method you should include: 

• the apparatus you would use 
• the measurements you would take 
• an explanation of how you would use your results to calculate the number of moles 

 
You can assume all the apparatus and reagents normally found in a school laboratory are 
available. Use a labelled diagram to illustrate your answer.  
 
 
 
 
 
 
 
 
 
 
 
 
……………………………………………………………………………………………….……... 
 
……………………………………………………………………………………………….……... 
 
…………………………………………………………………………………………………….... 
 
……………………………………………………………………………………………….……... 
 
……………………………………………………………………………………………….……... 
 
…………………………………………………………………………………………………….... 
 
……………………………………………………………………………………………….……... 
 
……………………………………………………………………………………………….……... 
 
…………………………………………………………………………………………………….... 
 
……………………………………………………………………………………………….……... 
 
………………………………………………………………………………………………...… [5] 
 

  [Total: 15] 
 

-END OF PAPER- 
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QUALITATIVE ANALYSIS NOTES 

Test for anions 

anion test test result 

carbonates (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl-) 
[in solution] 

acidify with dilute nitric acid, 
then add aqueous silver nitrate 

white ppt. 

iodide (I-) 
[in solution] 

acidify with dilute nitric acid, 
then add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
-) 

[in solution] 
add aqueous sodium hydroxide, 
then aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4
2-) 

[in solution] 
acidify with dilute nitric acid, then add 
aqueous barium chloride. 

white ppt. 

  

 Test for aqueous cations 

cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess, 
giving a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming - 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess, 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess  green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess, 
giving a colourless solution 

white ppt., soluble in excess, 
giving a colourless solution 

    
    Test for gases 

gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) 
gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) "pops" with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) 
turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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1 Magnesium reacts with hydrochloric acid as shown in the equation. 

Mg(s) + 2HCl(aq) → MgCl (aq) + H2(g) 

You will determine the enthalpy change, ΔH, of the reaction between magnesium and 
hydrochloric acid. To do this you will measure the change in temperature when a piece of 
magnesium ribbon reacts with an excess of hydrochloric acid. 
 
Read all the instructions carefully before starting the experiment. 
 
Instructions 
 
A is dilute hydrochloric acid, HCl. 
B is magnesium ribbon, Mg. 
 

 (a) 1. Weigh B using the beaker provided at the electronic balance and record the mass 
below. 
 

2. Support the Styrofoam cup in the 250 cm3 beaker. 

3. Coil B such that it will fit into the bottom of the Styrofoam cup and then remove it. 
 

4. Use the measuring cylinder to transfer 25 cm3 of A into the Styrofoam cup. 
 

5. Place the thermometer in the acid and tilt the cup if necessary, so that the bulb of the 
thermometer is fully covered. Record the temperature at time = 0.0 minutes in the table 
of results. 
 

6. Start timing and do not stop the clock until the whole experiment has been completed 
at time = 8.0 minutes. 
 

7. Record the temperature of the acid every one minute for 2 minutes. 
 

8. At time = 3.0 minutes, carefully drop the coil of B into A and stir the mixture. 
 

9. Record the temperature of the mixture at time = 4.0 minutes and complete the table by 
recording the temperature every one minute. Stir the mixture between thermometer 
readings. 

 
 
                 Results 
 

 

 

 

 

 

time / min 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

temperature / oC          

 
[4] 
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 (b) (i) Plot a graph of temperature against time on the grid below. 

The scale for the temperature axis should extend 10 °C greater than the 
maximum temperature you recorded. 

You will use the graph to determine the theoretical maximum temperature 
rise at 3.0 minutes. 

 

  

 
    [4] 
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(ii) Draw two lines of best fit through the points on your graph, the first for the temperature 
before adding B and the second for the cooling of the mixture once the reaction is 
complete. 
 
Extend the two lines to 3.0 minutes, draw a vertical line at 3.0 minutes to connect 
these lines and determine the theoretical rise in temperature at this time. 
 
 
 

theoretical rise in temperature at 3.0 minutes = ..………………. [2] 
 

 (c) (i) In reaction (a), A used was in excess. Without carrying out any additional tests, state 
what you could observe during your experiment to confirm this. 
 
………………………………………………………………………………………………[1] 
 

  (ii) Given that 4.2 J is needed to raise the temperature of 1.0 cm3 of solution by 1.0 °C, 
calculate the amount of heat released that occurred for the reaction in (a). 

  
               heat released (J) = mass of solution (g) x maximum temperature rise (oC) x 4.2 

 
                 Assume that 1.0 cm3 of solution has a mass of 1.0 g. 
 
 
 
 
 
 
 

amount of heat released = ……………………….. [1] 
 

   (iii) Using your answer to (ii), calculate the enthalpy change, in kJ/mol, for the reaction 
between hydrochloric acid and magnesium. 
[Ar : Mg, 24] 
 
 
 
 
 
 
 
 

enthalpy change = …………………… [2] 
 

  (iv) Suggest and explain one improvement that could be made to the method in (a) to 
increase the accuracy of the results. 
 
………………………………………………………………………………………………[1] 

    
     Total [15] 
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2 Solid C is an alloy of iron and other metals.  
 
In this experiment, you will determine the percentage of iron in C by performing a titration 
using aqueous potassium manganate(VII). 
 
No indicator is needed for this titration as the products of the reaction are almost colourless 
and one drop of potassium manganate(VII) in excess produces a pale pink colour. 
 
Read all the instructions carefully before starting the experiment in Question 2. 
 
Instructions  
 
D is a solution containing Fe2+, made from dissolving 6.00 g of C in dilute sulfuric acid, forming 
a mixture of metal sulfates and the solution is made up 1.00 dm3.  
E is 0.0200 mol/dm3 potassium manganate(VII) 
 

 (a) (i) • Fill the burette with E. 
The colour of E makes it difficult to see the bottom of the meniscus so you 
should take all your readings using the top of the meniscus. 
 

• Use the pipette to transfer 25.0 cm3 of D into a conical flask.  
 
• Add E from the burette to the conical flask whilst constantly swirling the flask.   

 
At first the purple colour disappears quickly but as more E is added the colour 
disappears less quickly. At the end-point, one drop of E produces a pale pink 
colour that does not disappear on swirling. 
 

• Record your titration results in an appropriate format in the space provided. 
Repeat the titration as many times as you consider necessary to achieve 
consistent results. 

 
   Results  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
[4] 
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(ii) From your titration results, calculate the average volume of E required to reach 
the end-point of the titrations. Show clearly how you obtained this volume. 
 
 
 

 
average volume of E = ..…………………. [1] 

 
 (b) (i) 

 
 

Calculate the number of moles of potassium manganate(VII) present in the 
average volume of E.  
 
 
 
 
 
 

amount of potassium manganate(VII) = ……………………… [1] 
 

  (ii) In the reaction five moles of iron(II) sulfate react with one mole of potassium 
managanate(VII). Using your answer from (b)(i), calculate the number of moles 
of iron(II) sulfate present in 25.0 cm3 of D. 
 
 
 
 
 
 
 

amount of iron(II) sulfate = ……………………… [2] 
 

  (iii) Using your answer from (b)(ii), calculate the concentration, in mol/dm3, of iron(II) 
sulfate in D. 
 
 
 
 
 
 
 
 

concentration of iron(II) sulfate = ……………………… [1] 
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  (iv) Using your answer from (b)(iii), calculate the mass of iron in 1.00 dm3 of D. 

[Ar: Fe, 56] 
 
 
 
 
 
 

mass of iron in 1.00 dm3 of D = ............................. [1] 
 

  (v) Using your answer from (b)(iv), calculate the percentage of iron in C. 
 
 
 
 
 
 

percentage of iron in C = ……………………… [2] 
 

    
 (c) The composition of copper-iron alloy varies and is changed based on the desired 

properties for a particular application. 
 
Describe a method to determine the percentage by mass of copper in a sample of 
copper-iron alloy. 
 
You can assume the apparatus and reagents normally found in a school laboratory are 
available. 
 
You may not use a titration method. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………. 
 
………………………………………………………………………………………………….[4] 
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 (d) (i) Read all the instructions carefully before starting the experiments in 
Question (d)(i). 
 
You are provided with solution F. 
 
Instructions 
 
Carry out the following tests. You should test and identify any gases evolved. 
Record your observations in the table.  
 
The volumes given below are approximate and should be estimated rather than 
measured unless instructed otherwise. 
 

 
 

test instructions observations 

 
 

1 

(a) To 1 cm depth of aqueous 
iron(II) sulfate in a test-tube, add 
an equal volume of F. 

 
(b) Add aqueous sodium hydroxide 

to the mixture from (a). 

 

 
 
2 

 

To 2 cm depth of aqueous acidified 
potassium manganate(VII) in a test-
tube, add an equal volume of F. 
 
 

 

 
 
3 

(a) To 1 cm depth of F in a test-tube, 
add 2 pieces of copper turnings. 
 

(b) Add aqueous ammonia to the 
mixture from (a). 

 

[6] 

  
(ii) In test 1(a), F is acting as ………………………………. 

In test 2, F is acting as ……………………………… ….. 

Use your observations in test 1(a) to explain how you have reached the 
conclusion. 
 
…………………………………………………………………………………………....[3] 

 
 

 

[Total: 25] 
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QUALITATIVE ANALYSIS NOTES 
 
Test for anions 

 

Anion Test test result 

carbonate (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl-)          
[in solution] 

acidify with dilute nitric acid, then add 
aqueous silver nitrate 

white ppt. 

iodide (I-) 
[in solution] 

Acidify with dilute nitric acid, then add 
aqueous silver nitrate 

yellow ppt. 

nitrate (NO3 -)        
[in solution] 

add aqueous sodium hydroxide, then 
aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4 2-)       
[in solution] 

acidify with dilute nitric acid, then add 
aqueous barium nitrate 

white ppt.  

 

Test for aqueous cations 

 
Cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) White ppt., soluble in excess giving a 
colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming - 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron (III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in 
excess 

zinc (Zn2+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., soluble in excess 
giving a colourless solution 

 

Test for gases 

 

Gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) turns white ppt. with limewater  
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate (VII) from purple to 
colourless 
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1 Aqueous hydrogen peroxide is widely used as a germicide and bottles of the solution can be 
purchased all over the world. 
 
The amount of hydrogen peroxide in an aqueous solution can be determined by reacting it with 
an excess of iodide ions to produce iodine. 

 
H2O2 + 2I- + 2H+ → 2H2O + I2 

 
The iodine is then titrated with aqueous sodium thiosulfate, NaS2O3, using starch solution as 
an indicator. 

 
2Na2S2O3 + I2 → Na2S4O6 + 2NaI 

 
Read all the instructions below carefully before starting the experiments in Question 1. 
 
Instructions 
 
P contains iodine produced by reacting all the hydrogen peroxide in a bottle of germicide with 
an excess of iodide ions, and the solution is made up to 250 cm3. 
 
Q is 0.221 mol/dm3 aqueous sodium thiosulfate. 
 

 (a) (i) Put Q into the burette.  
 
Pipette a 25.0 cm3 portion of P into a conical flask.  
 
Add Q from the burette until the red-brown colour fades to pale yellow, then add a few 
drops of the starch indicator. This will give a dark blue solution. 
 
Continue adding Q slowly from the burette until one drop of Q causes the blue colour 
to disappear, leaving a colourless solution. 
 
Record your titration results in the space provided, repeating the titration as many 
times as you consider necessary to achieve consistent results. 
 

   Results                                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5]
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  (ii) From your titration results, obtain an average volume of Q to be used in your 
calculations.   
 
Show clearly how you obtained this volume. 

    
 
 
 
 
 

average volume of Q = ………………………. cm3  [1]
 

 (b) (i) Q is 0.221 mol/dm3 aqueous sodium thiosulfate. 
 
Use your answer to (a)(ii) to calculate the amount of iodine, in moles, in 25.0 cm3 of 
P. 

 
   

amount of iodine in 25.0 cm3 of P = …………………. mol  [2]
 

  (ii) Use your answer to (b)(i) to calculate the amount of iodine, in moles, in 250.0 cm3 of 
P.  

    
 
 
 
 
 

amount of iodine in 250.0 cm3 of P = ………………………. cm3  [1]
 

  (iii) Use your answer to (b)(ii) and the Mr of hydrogen peroxide to calculate the mass of 
hydrogen peroxide present in the bottle of germicide. 
[Ar: H, 1 ; O, 16] 

 
    

 
 
 
 
 

 

 

 

 

 

 

mass of hydrogen peroxide in the bottle of germicide: ……………… g  [2]
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 (c) A student repeated the experiment but rinsed the conical flask with solution P instead of 
distilled water. 
 
State and explain the effect, if any, this would have on his results. 
 

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

 (d) A student suggests that the experiment could be made more accurate if the volume of 
starch added was measured using a burette. 
 
Suggest why this change is unlikely to have an effect on the accuracy of the experiment.
 

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

  [Total: 14]
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2 The reaction between dilute sulfuric acid and aqueous sodium hydroxide is exothermic. 
 

H2SO4 (aq) + 2NaOH (aq) → Na2SO4 (aq) + 2H2O (l) 
 
When dilute sulfuric acid is added to a given volume of aqueous sodium hydroxide, the 
temperature of the mixture increases. The greatest temperature rise is achieved when 
complete neutralisation occurs. 
 
Read all the instructions below carefully before starting the experiments in Question 2. 
 
Instructions 
 
R is aqueous sodium hydroxide. 
 
S is 1.20 mol/dm3 aqueous sulfuric acid. 
 

 (a) Experiment 1 
 Using a measuring cylinder, transfer 25.0 cm3 of R into a Styrofoam cup. Measure 

the temperature of R and record the value in Table 2.1. 
 Transfer 25.0 cm3 of S into another measuring cylinder. 
 Pour S from the measuring cylinder into the Styrofoam cup containing R.  
 Using the thermometer, stir the final mixture and measure the highest temperature 

reached. Record the value in Table 2.1. 
 Empty the Styrofoam cup and rinse it well with distilled water. 
 
Experiment 2 
 Similar to Experiment 1, use the first measuring cylinder to transfer 25.0 cm3 of R into 

the Styrofoam cup. Measure the temperature of R and record the value in Table 2.1. 
 Transfer 5.0 cm3 of S into the second measuring cylinder. 
 Add 20.0 cm3 of deionised water to S in the measuring cylinder to make the total 

volume 25.0 cm3. 
 Pour the mixture from the measuring cylinder into the Styrofoam cup containing R.  
 Using the thermometer, stir the final mixture and measure the highest temperature 

reached. Record the value in Table 2.1. 
 Empty the Styrofoam cup and rinse it well with distilled water. 
 
Experiments 3 to 5 
 Follow the instructions for Experiment 2 for the remaining volumes of S and the 

respective volumes of deionised water as shown in Table 2.1. 
 Using the thermometer, stir the respective final mixture and measure the highest 

temperature reached. Record the value in Table 2.1. 
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 Table 2.1 
 

experiment 
volume 
of R / 
cm3 

volume 
of S / 
cm3 

volume of 
deionised 

water / cm3 

initial 
temperature 

of R /  
°C 

highest 
temperature 
of mixture / 

°C 

temperature 
rise /  
°C 

1 25.0 25.0 0.0    

2 25.0 5.0 20.0    

3 25.0 10.0 15.0    

4 25.0 15.0 10.0    

5 25.0 20.0 5.0    
 

[2] 
 

 (b) Calculate the temperature rise in each experiment. Record each value in Table 2.1.          [1]
 

 (c) (i) Plot a graph of temperature rise against volume of S on the grid. Use these points to 
draw two intersecting straight lines of best fit. 
 

    
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

 
 
 

[4]
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  (ii) Use your graph to determine the volume of S required to completely neutralise 25.0 cm3

of R.  
 

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

  (iii) Using your value in (c)(ii), calculate the concentration, in mol/dm3, of sodium hydroxide 
in R. 

    
 
 
 
 
 
 
 
 

concentration of sodium hydroxide in R: ……………………….. mol/dm3    [2]

 (d) Explain why deionised water was added to each reaction mixture, from experiments 2 to 5. 
 

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

 (e) Suggest one modification to the experiment to improve the accuracy of the temperatures
recorded. 
 

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

  [Total: 13]
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3 Read all the instructions carefully before starting the experiment in Question 3. 
 
You are provided with three solutions, X, Y and Z for use in parts (a) to (c). 
 
These solutions are (not necessarily in this order): 
 dilute hydrochloric acid 
 aqueous silver nitrate 
 aqueous sodium carbonate 
 
Instructions 
 
Carry out the following tests on solutions X, Y and Z. Test and identify any gases evolved. 
Record your observations in the table.  
 
If no observation change is observed for a test, write ‘no observable change’. 
 
The volumes given below are approximate and should be estimated rather than measured 
unless instructed otherwise. 
 

   test observations 
 (a) (i) Add 1 cm3 of solution X into a clean test 

tube.  
 
To this test tube, add 1 cm3 of solution Y 
and shake the mixture thoroughly until no 
further change is seen. 

 
 
 

 

 (ii) To the same test tube, slowly add 1 cm3 
of solution Z, with shaking, until no 
further change is seen. 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
                                                              [2]    

 (b) (i) Add 1 cm3 of solution Z into a clean test 
tube.  
 
To this test tube, add 1 cm3 of solution X 
and shake the mixture thoroughly until no 
further change is seen. 

 
 
 

 

 (ii) To the same test tube, slowly add 1 cm3 
of solution Y, with shaking, until no 
further change is seen. 
 

 
 
 
 

 

 
 
 
 
 
 
 
 
                                                              [2]    
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 (c) (i) Add 1 cm3 of solution Y into a clean test 
tube.  
 
To this test tube, add 1 cm3 of solution Z 
and shake the mixture thoroughly until no 
further change is seen. 

 
 
 

 

 (ii) To the same test tube, slowly add 1 cm3 
of solution X, with shaking, until no 
further change is seen. 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
                                                              [2]    

    
 (d) (i) Using your results, first deduce which of the three solutions is aqueous silver nitrate. 

 
Provide explanations for your deduction. 
 

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

  (ii) Using your answer to (d)(i) and the experimental results, deduce which of the 
remaining two solutions is dilute hydrochloric acid and aqueous sodium carbonate. 
 

   dilute hydrochloric acid: ……………….…….. 
 
aqueous sodium carbonate: …………………                                                           [1] 

  [Total: 9]
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4 Eggshells and seashells are some common substances that contain calcium carbonate.
However, the amount of calcium carbonate in each of these substances varies. 
 
Outline a method you could use to determine which shell sample contains more calcium 
carbonate. 
 
You are only provided with separate samples of eggshells and seashells. You can assume all 
the apparatus and reagents normally found in a school laboratory are available. 
  
You should include in your answer the measurements you could use to determine which shell 
sample contains more calcium carbonate. 
 
You may wish to use a labelled diagram to illustrate your answer. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
……………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………… [4] 
 

   [Total: 4]
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QUALITATIVE ANALYSIS NOTES 

Test for anions 

anion test test result 
carbonate (CO3

2–) add dilute acid effervescence, carbon dioxide 
produced 

chloride (Cl–) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate 

white ppt. 

iodide (I–) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
–) 

[in solution] 
add aqueous sodium hydroxide,  
then aluminium foil; warm 
carefully 

ammonia produced 

sulfate (SO4
2–) 

[in solution] 
acidify with dilute nitric acid,  
then add aqueous barium nitrate 

white ppt. 

 

Test for aqueous cations 

cation effect of aqueous sodium 
hydroxide 

effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess, giving 
a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming –   

calcium (Ca2+) white ppt., insoluble in excess no ppt. 
copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess, 

giving a dark blue solution 
iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 
iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 
zinc (Zn2+) white ppt., soluble in excess, giving 

a colourless solution 
white ppt., soluble in excess, giving 
a colourless solution 

 

Test for gases 

gas test and test result 
ammonia (NH3) turns damp red litmus paper blue 
carbon dioxide (CO2) gives white ppt. with limewater  

(ppt. dissolves with excess CO2) 
chlorine (Cl2) bleaches damp litmus paper 
hydrogen (H2) ‘pops’ with lighted splint 
oxygen (O2) relights a glowing splint 
sulfur dioxide (SO2) turns aqueous acidified potassium manganate (VII) from purple to 

colourless 
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1 Metal displacement reactions are exothermic.  
 
You are going to investigate the temperature changes when two different metals of the same 
mass are added to aqueous copper(II) sulfate solution separately. Aqueous copper(II) sulfate 
solution is used in excess.  
 
Read all the instructions below carefully before starting the experiment in Question 1. 
 
Instructions 
 
You are going to do two experiments. 
 
P is 0.80 mol / dm3 copper(II) sulfate. 
X and Y are two different grey metals in powder form, weighing 0.30 g.   

 
(a) Experiment 1 

 
Using a 50 cm3 measuring cylinder, pour 25.0 cm3 of P into a Styrofoam cup and measure 
the temperature of the solution. Record the temperature at 0 min in the table below.  
 
Transfer metal X into the same Styrofoam cup. Start the stopwatch. Stir the mixture 
constantly, and measure the temperature of the mixture every minute for 8 minutes. 
Record the temperatures in the table below.  
 
Wash the thermometer and Styrofoam cup with distilled water.  
 
Experiment 2 
 
Repeat Experiment 1, using metal Y instead of X.  

 

time / min 0 1 2 3 4 5 6 7 8 

temperature 
for metal X / oC          

temperature 
for metal Y / oC          

   
   [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.KiasuExamPaper.com 
149



3 
 

(b) Plot your results for metal X on the grid below, with temperature on the y-axis and time on 
the x-axis.  
 
Use these points to draw two intersecting straight lines of best fit. Label the graph as X.  
 
Plot your results for metal Y on the same grid. Use these points to draw two intersecting 
straight lines of best fit. Label the graph as Y.  
 

 
  [4] 

 
(c) From your graphs in (b), calculate the maximum temperature rise in both experiments.  

 
   
 
 
 
 
 
 
 
                                maximum temperature rise for metal X = …………………………. [1] 
 
   maximum temperature rise for metal Y = …………………………. [1] 
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(d) The amount of heat released in this experiment can be calculated using the expression 
shown.  
 
heat released (in J) = mass of solution (in g) x maximum temperature rise (in oC) x 4.2 
 
Use this expression to calculate, in J, the amount of heat released for both metals. Leave 
your answers to 3 significant figures.  
 
Assume that 1.0 cm3 of solution has a mass of 1.0 g.   
 
 
 
 
 
 
 
 
 
                                amount of heat released for metal X = …………………………. [1] 
 
   amount of heat released for metal Y = …………………………. [1] 
 

 
(e) Using your answer in (d), state and explain which metal is more reactive.  

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

 
(f) State and explain the effect of using metal strips instead of metal powder on the rate of 

reaction for metal X.  
 
effect ………………………………………………………………………………………………... 
 
………………………………………………………………………………………………………. 
 
explanation ……………………………………………………………………………….………... 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
 
………………………………………………………………………………………………………. 
  [3] 
 
  [Total: 15] 
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2 Metal ores may contain various metal compounds like carbonates and sulfates of the metal. 
Metal carbonates decompose on heating, while most metal sulfates do not.  
 
You are provided with a mixture containing hydrated zinc carbonate and a sulfate of an 
unknown metal M. You are to determine the percentage by mass of hydrated zinc carbonate 
present in the mixture and identify metal M. 
 
Heating of the mixture will result in a loss of carbon dioxide and water due to the 
decomposition of hydrated zinc carbonate.  
 

ZnCO3.3H2O → ZnO + CO2 + 3H2O 
 

Read all the instructions carefully before starting the experiment in Question 2. 
 

Instructions 
 
S is a mixture containing hydrated zinc carbonate and a sulfate of an unknown metal M.  
 
(a) Use the electronic balance to find the mass of an empty test-tube. 
   

Add about 1.50 g of S to the test-tube and then find the mass of the test-tube and its 
contents.  

 
Heat the test-tube and contents gently for 2 minutes.  
 
Leave the test-tube and its contents to cool to room temperature before finding the mass 
of the test-tube and its contents.   
 
Repeat the heating and cooling of the test-tube and its contents again for 2 minutes.  
 
Record your results in an appropriate format in the space provided. Keep the mixture after 
repeated heating and cooling for part (d).  

 
(i) Results 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 

                     
 
 
 
                                                                                                      [4] 
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(ii) From your results, determine the change in mass after heating.  
 
……………………………………………………………………………………………….. [1] 
 

(b) (i) Given that the change in mass is due to the loss of carbon dioxide and water, calculate 
the mass of hydrated zinc carbonate present in the mixture. 
 
[Mr: ZnCO3, 125; CO2, 44; H2O, 18] 
 
 
 

 
 

 
 
                     
 
 
 
                               mass of hydrated zinc carbonate present = …………………………. [2] 

 
(ii) Calculate the percentage by mass of hydrated zinc carbonate in S.  

 
 
 

 
 

 
 
                  percentage by mass of zinc carbonate in S = …………………………. [1] 
  
(c) (i) Suggest why heating the sample once for 2 minutes may not give an accurate value 

for the percentage by mass of hydrated zinc carbonate in S.  
 

..…………………………………………………………………………………………………. 
 

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

(ii) Suggest one way in which the experiment could be improved to obtain a more accurate 
value of the percentage by mass of hydrated zinc carbonate in S.  
 
..…………………………………………………………………………………………………. 
 
..………………………………………………………………………….……..…………….[1] 
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(d) (i) Measure about 20 cm3 of deionised water in a 100 cm3 beaker (use the marking on 
the beaker to gauge the volume).   
 
Transfer the mixture left after heating and cooling in (a) to the beaker with deionised 
water. Stir the mixture using a glass rod.  
 
Filter the mixture to obtain zinc oxide as the residue and solution T in a boiling tube.  
 
Solution T contains the sulfate of the unknown metal M.  

 
Use solution T to carry out the following tests.  

 
You should test and identify any gases evolved. Record your observations in the table. 
 
The volumes given below are approximate and should be estimated rather than 
measured unless instructed otherwise.  
 

test observations 

Test 1 
Put about 1 cm depth of solution T 
in a clean test-tube. Add 1 cm depth 
of hydrogen peroxide. Shake the 
test-tube. 
 
Keep this solution for Test 4. 
 

 
 
 
 
 
 
 
 
 
 
 
 

[3] 
Test 2 
Put about 1 cm depth of solution T 
in a clean test-tube. Add acidified 
potassium manganate (VII) 
dropwise, with shaking, till no 
further change is seen.  
 

 
 
 
 
 
 
 
 

[1] 
Test 3 
Put about 1 cm depth of solution T 
in a clean test-tube. Add aqueous 
sodium hydroxide slowly with 
shaking until no further change is 
seen.  
 

 
 
 
 

[2] 

Test 4 
To the mixture from Test 1, add 
aqueous sodium hydroxide slowly 
with shaking until no further change 
is seen. 
 

 
 
 
 

[2] 
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(ii) Deduce the identity of metal M. 
 
………………………………………………………………………………………………. [1] 
 

(iii) State the type of reaction that occurred in Test 2. 
 
Use your observations to explain how you have reached this conclusion.  
 
…………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………... 
 
……………………………………………………………………………………………….. [2] 
 
                                                                                                                       [Total: 21] 
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3 A student is given a liquid mixture containing an alkene and an alcohol.  
 
Describe how the student could obtain a pure sample of alkene from the mixture, and test to 
ensure that alkene is collected.  
 
You are provided with: 
 
• aqueous bromine 
• distilled water 
• ethanol 
• solid calcium carbonate 
• the apparatus commonly found in the laboratory 

 
In your answer, include:  

 
• the apparatus and material/s needed to separate the alkene from the alcohol 
• the method to use 
• a description of the test and how the result can be used to identify that it is an alkene 

 
 

………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 
………………………………………………………………………………………………………….. 
 

                                                                                                                        [Total: 4] 
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QUALITATIVE ANALYSIS NOTES 

Test for anions 
anion test test result 

carbonate (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 
chloride (Cl-) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

white ppt. 

iodide (I-) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate 

yellow ppt 

nitrate (NO3
-) 

[in solution] 
add aqueous sodium hydroxide then 
aluminium foil; warm carefully 

ammonia produced  
 

sulfate (SO4
2-) 

[in solution] 
acidify with dilute nitric acid, then 
add aqueous barium nitrate 

white ppt. 

 

Test for aqueous cations 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 
aluminium (Al3+) white ppt., soluble in excess, giving 

a colourless solution 
white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming  ------ 

calcium (Ca2+) white ppt., insoluble in excess no ppt 
copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess, 

giving a dark blue solution 
iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 
iron(III) (Fe3+) red-brown ppt., insoluble in excess 

 
red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess, giving 
a colourless solution 

white ppt., soluble in excess, giving 
a colourless solution 

 
Test for gases 

gas test and test result 
ammonia (NH3) turns damp red litmus paper blue 
carbon dioxide (CO2) gives white ppt. with limewater 

(ppt. dissolves with excess CO2) 
chlorine (Cl2) bleaches damp litmus paper 
hydrogen (H2) ‘pops’ with lighted splint  
oxygen (O2) relights a glowing splint 
sulfur dioxide (SO2) turns aqueous acidified potassium manganate (VII) from purple to 

colourless  
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LABORATORY PREPARATION FOR PURE CHEMISTRY PRELIM 2025 
 
Question 1 (per girl) 
 
P - 0.80 mol/dm3 copper(II) sulfate  75 cm3 
X – zinc 0.3 g 
Y – iron  0.3 g 
50 cm3 measuring cylinder 1 
Styrofoam cups X and Y in plastic beaker One labelled X, one 

labelled Y 
Thermometer 1 
Stopwatch 1 

 
 
 
 
Question 2 (per girl) 
 
S – mixture of ZnCO3 and FeSO4 2.0 g 
Filter paper 1 
Filter funnel 1 
Boiling tube 1 
100 cm3 beaker 1 
Glass rod 1 
Dropper  1 
Hydrogen peroxide shared 
Acidified potassium manganate (VII) shared 
Aqueous sodium hydroxide shared 
Deionised water shared 
Splint  shared 
Test-tube holder 1 each 
Bunsen burner 1 
Electronic balance with glass beaker shared 
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2 
 

 

1. Q is an aqueous solution which contains a mixture of sodium carbonate, Na2CO3, 
and sodium hydroxide, NaOH. 

 
Read all the instructions below carefully before starting the experiment in 
Question 1. 

 
Instructions 

 
You are to determine by titration, the volume of dilute hydrochloric acid, P, needed to 
neutralize a volume of Q, using methyl orange as an indicator, and then calculate the 
concentration of sodium hydroxide present. 

 
Q is a mixture containing 0.0150 mol/dm3 of Na2CO3 and NaOH. 
P is 0.100 mol/dm3 aqueous hydrochloric acid. 

 

 (a) (i) Put P into the burette. 
 

Pipette a 25.0 cm3 portion of Q into a conical flask. 

Add P from the burette using the indicator provided. 

Record your titration results in the space provided, repeating the titration 
as many times as you consider necessary to achieve consistent results. 

 
Results 

 

    
 
 

[5] 
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1. (a) (ii) From your titration results, obtain an average volume of P to be used in       
your calculations. 

 
Show clearly how you obtained this volume. 

 
 
 
 
 

       average volume of P………………………[1] 
 

(b) P is 0.100 mol/dm3 hydrochloric acid, HCl. 
 

Using your results, calculate the number of moles of hydrochloric acid present. 
 
 
 
 
 
 
 
 

moles of hydrochloric acid: …………………………….. mol [2] 
 

(c) The concentration of sodium carbonate, Na2CO3, in the mixture Q is     
0.0150 mol/dm3. 

 
Calculate the number of moles of sodium carbonate present in the volume of 
Q. 

 
 
 
 
 
 
 
 

moles of sodium carbonate: …………….…... mol [2] 
 

(d) Using your answers to (c), deduce the number of moles of hydrochloric acid     which 
react with the sodium carbonate present in your volume of Q. 

 
 
 
 
 
 
 

number of moles of hydrochloric acid: …………………… mol [2] 
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1. (e) Using your answers to (b) and (d), calculate the number of moles of      
hydrochloric acid which react with the sodium hydroxide in your volume of Q. 

 
 
 
 
 
 
 

   number of moles of hydrochloric acid:………………………...mol 

  

 (f) Using your answer to (e), calculate the concentration of sodium hydroxide in 
Q. 

 
 
 
 
 
 

 concentration of sodium hydroxide in Q……………………………...mol/dm3 

  

 (g) A student repeated the experiment and accidentally used a 20.0 cm3 pipette 
 to measure solution Q into the flask in each titration and did not realise it. 

 
Describe and explain the effect this would have on his results. 

 
……………………………………………………………………………………………… 

 
……………………………………………………………………………………………… 

   

  [Total: 18] 
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2. A mixture of two solid compounds D and E was analysed. 
 

 Solid D was a salt which is soluble in water. Solid E was an insoluble metal carbonate. 
The tests on the mixture and some of the observations are in the following table. 

 
 Complete the observations in the table. 
 
 tests observations 
(a) Add one spatula of solid D and solid 

E 
each in a boiling tube. 

 
The mixture was warmed gently. 

 
 
 
 
 
 
 
 
                                                                                    [1] 

(b) Distilled water was added to the 
resulting mixture of solids D and E 
from part (a) to at least one-third of 
the boiling tube. 

 
The contents of the tube were filtered. 

 
Keep the residue for part (c) and the 
filtrate for part (e). 

 
 
 
 
 
 
 
 
 
                                                                                    [3] 

(c) Test on residue: 
 
Using a spatula, transfer the 
residue from the filter paper into a 
test-tube. 

 
To this test tube, add about 3 cm3 
of dilute sulfuric acid. 

 
 
 
 
 
 
 
 
                                                                               [2] 

(d) (i)  Place 1 cm3 of the solution 
from (c) to a clean dry test 
tube. To this test tube, add 
dilute sodium hydroxide 
dropwise with shaking,   until 
no further change   is 
observed. 

 
(ii)  Place another 1 cm3 of the 

solution from (c) to a clean 
dry test tube. To this test 
tube, add aqueous ammonia 
dropwise with shaking, until 
no further change   is 
observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                       [2] 
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(e) Test on filtrate: 

 
The filtrate collected from (b) was 
divided into three approximately 
equal portions. 

 
(i) To the first portion, add drops 

of aqueous sodium 
hydroxide, until no further 
change. 

 
(ii) To the second portion, add 

excess aqueous ammonia, 
until no further change. 

 
(iii) To the third portion, add a few 

drops of dilute hydrochloric 
acid and aqueous barium 
chloride. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                    [3] 

 
(f) What conclusions can you draw about the identity of solid D? 

 
Provide evidence to explain your answer. 

 
……………………………………………………………………………………………….. 

 
……………………………………………………………………………………………….. 

 
……………………………………………………………………………………………….. 

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

 
(g) What conclusions can you draw about the identity of the cation in solid E? 

Provide two pieces of evidence to explain your answer. 
 

……………………………………………………………………………………………….. 
 

……………………………………………………………………………………………….. 
 

……………………………………………………………………………………………….. 
 

……………………………………………………………………………………….……[3] 
 
                 [Total:16] 
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3. Washing soda are crystals of hydrated sodium carbonate, Na2CO3.10H2O. 

 
When exposed to the air, some of the water is lost from the crystals and a new   
substance is formed. 

 
This process occurs faster in hotter climates. Plan an experiment to determine    
percentage of water by mass present in the new substance. 

 
You are provided with common laboratory apparatus. 

 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   ……………………………………………………………………………………………………. 

   …………………………………………………………………………………………………[6] 

   
End of Paper 
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                                                      QUALITATIVE ANALYSIS NOTES 

 
Tests for anions  
anion test test result 

carbonate (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl− ) 
[in solution] 

acidify with dilute nitric acid, then add 
aqueous silver nitrate 

white precipitate 

iodide (I-)  
[in solution] 

acidify with dilute nitric acid, then add 
aqueous silver nitrate 

yellow precipitate 

nitrate (NO3
− ) 

[in solution] 
add aqueous sodium hydroxide then 
aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4
2-) 

[in solution] 
acidify with dilute nitric acid, then add 
aqueous barium nitrate 

white precipitate 

   

Tests for aqueous cations  

cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) 
white precipitate, soluble in excess, 
giving a colourless solution 

white precipitate, insoluble in excess 

ammonium (NH4
+) 

  

ammonia produced on warming   - 

calcium (Ca2+) 
  

white precipitate, insoluble in excess no precipitate 

copper(II) (Cu2+) light blue precipitate, insoluble in 
excess 

light blue precipitate, soluble in 
excess, giving a dark blue solution 

iron(II) (Fe2+) green precipitate, insoluble in excess green precipitate, insoluble in 
excess 

iron(III) (Fe3+) red-brown precipitate, insoluble in 
excess 

red-brown precipitate, insoluble in 
excess 

zinc (Zn2+) white precipitate, soluble in excess,  
giving a colourless solution 

white precipitate, soluble in excess, 
giving a colourless solution 

 

  Tests for gases  
 

 

gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white precipitate with limewater 
(precipitate dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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2025 CHEMISTRY PRELIM PAPER 3 PREPARATION LIST 

Preparation List 

Q1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q2 
 Apparatus / Reagents Quantity (per student) 

1 Boiling tube 1 

2 Test tubes 6 

3 Tongs 1 

4 Lighter 1 

5 Filter paper 2 

6 Filter funnel 1 

7 Spatula 1 

8 Measuring cylinder (10 cm3) 1 

9 Litmus paper (red and blue) 2 each 

10 Aluminium foil 1 

11 Delivery tube 1 

 Apparatus / Reagents Quantity (per student) 

1 0.0500 mol/dm3 sodium carbonate [Q] 1 

2 0.100 mol/dm3 aqueous hydrochloric acid [P] 1 

3 Methyl orange indicator 1 

4 Distilled water 1 

5 Conical flask 2 

6 Burette 1 

7 Pipette 1 

8 Pipette filler 1 
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12 Test tube rack 1 

 
 

 Apparatus / Reagents Quantity (per student) 

1 Unknown compound D (Zinc Sulfate) 1 

2 Unknown compound E (Copper(II) carbonate) 1 

 
 Apparatus / Reagents Quantity (per bench) 

1 Barium chloride 1 

2 Silver nitrate 1 

3 Common bench reagents 

- Aq sodium hydroxide 

- Aq ammonia 

- Limewater 
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1 Hydrogen peroxide is used in disinfectant. It is a strong oxidising agent and antimicrobial 

agent, making it effective at killing bacteria, viruses and mould. 
  
 (a) The concentrations of solutions of hydrogen peroxide are often represented in terms 

of ‘volume strength’. 
  
  In this experiment you will determine the ‘volume strength’ of a solution of hydrogen 

peroxide by titration with acidified potassium manganate(VII). 
   
  Read all instructions carefully before starting the experiment in Question 1(a). 
  
  Instructions 
  
  A is 0.03 mol / dm3 potassium manganate(VII), KMnO4. 
  B is dilute sulfuric acid, H2SO4. 
  C is aqueous hydrogen peroxide, H2O2. 
   
  (i) • Fill the burette with A. 
    
   The colour of A makes it difficult to see the bottom of the meniscus so you 

should take all your readings using the top of the meniscus. 
    
   • Use the pipette to transfer 25.0 cm3 of C into the conical flask. Ensure the lid 

is placed back on the container of C after use. 
    
   • Use the 25 cm3 measuring cylinder to add 20.0 cm3 of B into the same conical 

flask. 
    
   • Add A from the burette to the conical flask whilst constantly swirling the flask. 
    
   At first the purple colour disappears quickly but as more A is added the colour 

disappears less quickly. At end-point, one drop of A produces a pale pink 
colour that does not disappear on swirling. 

    
   • Record your results in an appropriate format in the space provided. Repeat 

the titration as many times as you consider to be necessary to achieve 
consistent results. 

    
   Keep A, B and C for use in Questions 1(b) and 2. 
    
   Results 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    [4] 
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  (ii) From your titration results, calculate the average volume of A required to reach 

the end-point of the titration, Show clearly how you obtain this volume. 
     
     
     
     
     
     
     
   average volume of A = …………………............ [1] 
     
  (iii) The equation for the titration reaction is shown.  
     
   2MnO4

–(aq) + 5H2O2(aq) + 6H+(aq) → 2Mn2+(aq) + 8H2O(l) + 5O2(g)  
     
   A is 0.03 mol / dm3 potassium manganate(VII), KMnO4.  
     
   Use your answer to (a)(ii) to calculate the amount of potassium 

manganate(VII), in moles, used to reach the end-point of the titration. Use this 
amount and the equation to calculate the number of moles of hydrogen 
peroxide, H2O2, present in 25.0 cm3 of C. 

     
     
     
     
     
     
     
     
     

amount of potassium manganate(VII) in the average volume of A = ………………….... mol  
     
     
     
     
     
     
     
     
     
     

amount of hydrogen peroxide, H2O2, in 25.0 cm3 of C = ………………….... mol   
    [2] 
     
  (iv) Use your answer to (a)(iii) to calculate the concentration, in mol / dm3, of H2O2 in 

C. 
     
     
     
     
     
     
     
     
     
     

concentration of hydrogen peroxide, H2O2 in C = ………………………... [2] 
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  (v) When hydrogen peroxide decomposes in the presence of a catalyst, oxygen is 

produced. 
     
   H2O2(aq) → H2O(l) + 

1

2
O2(g) 

    
   The ‘volume strength’ of hydrogen peroxide is equal to the volume of oxygen, in 

dm3, produced under room conditions, when 1.00 dm3 of the solution 
decomposes. 

    
   Use your answer to (a)(iv) and the equation to calculate the volume, in dm3, of 

oxygen produced when 1.00 dm3 of hydrogen peroxide, H2O2, in C 
decomposes. This is the ‘volume strength’, in vol, of C. 

     
     
     
     
     
     
     
     
     
     
     
     
     
   ‘volume strength’ of C = ……………………. vol  [2] 
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 (b) In this experiment you will determine the enthalpy change, ∆H, for the catalytic 

decomposition of hydrogen peroxide into water and oxygen. 
   
  H2O2(aq) → H2O(l) + 

1

2
O2(g) 

  
  Read all instructions carefully before starting the experiments in Question 1(b). 
  
  Instructions 
   
  C is aqueous hydrogen peroxide, H2O2. 
  D is manganese(IV) oxide, MnO2. 
    
  • Place a polystyrene (Styrofoam) cup into a 250 cm3 glass beaker. 
    
  • Use the 50 cm3 measuring cylinder to measure 50.0 cm3 of C into the polystyrene 

cup. 
    
  • Measure and record the initial temperature of the solution in Table 1.1. 
    
  • Add a spatula of D to the solution in the polystyrene cup. 
    
  • Stir constantly until the maximum temperature is reached and record this 

temperature in Table 1.1. 
    
  • Calculate the change in temperature in your experiment in Table 1.1. 
    
  (i) Results  
    
   Table 1.1 
    
   

initial temperature / °C  

maximum temperature / °C  

change in temperature / °C  
 

 
    [1] 
     
  (ii) The energy released can be calculated using the expression shown. 
     
   energy released (in J) = mass of solution (g) × temperature rise (in °C) × 4.2 
     
   Use this expression to calculate, in J, the energy released. 
     
   Assume that 1.0 cm3 of solution has a mass of 1.0 g.  
     
     
     
     
     
     
     
     
     
   energy released = ……………………. J [1] 
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  (iii) Use your answer to (a)(iv) to calculate the number of moles of hydrogen 

peroxide used in Experiment 1(b). 
     
     
     
     
     
     
   number of moles of hydrogen peroxide = ……………………. mol [1] 
     
  (iv) Calculate the enthalpy change ∆H, in kJ / mol, for the decomposition of 1 mole 

of hydrogen peroxide into water and oxygen. 
     
     
     
     
     
     
   enthalpy change, ∆H = ……………………. kJ / mol  [1] 
     
  (v) A student suggested that the experiment would be more accurate if a fixed 

mass of D, manganese(IV) oxide, had been weighed out using an electronic 
balance. 

     
   State and explain whether you agree with the student’s suggestion.  
     
   ……………………………………………………………………………………………. 
     
   ………………………………………………………………………………………. [2] 
     
 (c) A student investigates the rate of decomposition of hydrogen peroxide using three 

different catalysts: 
     
  • manganese(IV) oxide 
  • copper(II) oxide 
  • zinc oxide 
     
  0.5 g of manganese(IV) powder is added to 20 cm3 of hydrogen peroxide solution in a 

conical flask. The volume of gas produced is measured every 30 seconds for          
180 seconds. 

   
  The student repeats the experiment using different catalyst each time. 
     
  The student’s results for manganese(IV) oxide catalyst are shown. 
     
 

time / s 0 30 60 90 120 150 180 

volume of gas / 

cm3 0 22 38 41 54 58 60 
 

     
  (i) The results for copper(II) oxide catalyst and with zinc oxide catalyst are plotted 

on the grid (page 7). 
     
   Using the given data, plot the results for manganese(IV) oxide catalyst on the 

same grid. Draw a line of best fit. 
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time / s 

    [2] 
     
  (ii) Deduce the catalyst which gives the fastest rate of reaction. Use your graph to 

explain your answer. 
     
   catalyst ………………………………………………………………………………..… 
     
   explanation ……………………………………………………………………….. [1] 
     
  (iii) The rate of reaction is not dependent on the volume of hydrogen peroxide 

solution. 
     
   Explain why.  
     
   ……………………………………………………………………………………………. 
     
   …………………………………………………………………………………..….. [2] 
     
   [Total: 22] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

copper(II) oxide 
catalyst 

zinc oxide 
catalyst 

volume 
of gas  
/ cm3 
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2 In this experiment, you will determine the identiities of substances E, F and G. 
  
 Carry out the following tests and record all observations in the spaces provided. You should 

test and identify any gases evolved. 
  
 If no observable change is observed for a test, write ‘no observable change’. 
  
 The volumes given below are approximate and should be estimated rather than measured 

unless instructed otherwise. 
  
 If heating is required, a boiling tube must be used. 
  
 Read all instructions carefully before starting the experiments in Question 2. 
   
 Instructions 
   
 (a) E is a solution containing two cations and one anion which is listed in the qualitative 

analysis notes on page 12. 
   
  (i) To a 1 cm depth of E in a boiling tube, add aqueous sodium hydroxide until it is 

in excess. Then heat the tube, gently and carefully. 
     
   Keep the mixture obtained in the boiling tube for the test in (a)(ii).  
     
   Record all your observations. Identify the cations in E.  
     
   observations …………………………………………………….……………………… 
     
   ……………………………………………………………………………………………. 
     
   The cations in E are …………………………. and …………………………. .  
    [3] 
     
  (ii) To the mixture obtained from (a)(i), carefully add a 1 cm depth of C.  
     
   Record your observations.  
     
   ……………………………………………………………………………………………. 
     
   ………………………………………………………………………………………. [1] 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

www.KiasuExamPaper.com 
197



9 
 
 (b) F and G are solutions, each containing one cation and one anion.  
    
  (i) 

test observations for F observations for G 

Test 1 
To a 1 cm depth of 
solution in a test-tube, 
add a small spatula of 
solid sodium carbonate. 
 

  

Test 2 
To a 1cm depth of 
solution in a test‑tube, 
add an equal volume of 
B and a few drops of A, 
then 

  

add a few drops of 
aqueous starch. 
 

  

Test 3 
To a 1 cm depth of 
solution in a test-tube, 
add a few drops of 
aqueous silver nitrate, 
then 

  

add aqueous ammonia. 
 
 
 
 

  

 

    [5] 
     
  (ii) Identify the anion in F.  
     
   anion ………………………….  [1] 
     
  (iii) Identify G.  
     
   G is …………………………………………………………………………………. [1] 
     
  (iv) Carry out one further test to confirm the identity of the cation in G.  
     
   State the name of the reagent you used and record the observation(s) you 

made. 
     
   reagent …………………………………..……………………………………………… 
     
   observation(s) ………………………………………………………………………….. 
     
   ……………………………………………………………………………………………. 
    [1] 
     
   [Total: 12] 
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3 The diagram shows some coffee beans. 
  
 

 
  
 Caffeine occurs naturally in coffee beans. Caffeine is a white crystalline solid. It is very 

soluble in hot water but much less soluble in cold water. 
  
 Plan an investigation to obtain a pure crystalline sample of caffeine from coffee beans. 
  
 Assume that all other soluble substances in coffee beans are very soluble in both hot and 

cold water. 
  
 You are provided with coffee beans and common laboratory apparatus. 
  
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 ………………………………………………………………………………………………………….. 
   
 …………………………………………………………………………………………………….. [6] 
   
 [Total: 6] 

END OF PAPER 
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QUALITATIVE ANALYSIS NOTES 
 
 
Tests for anions 

 
anion test test result 

carbonate (CO3
2−) add dilute acid effervescence, carbon dioxide 

produced 
chloride (Cl −) 
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate white ppt. 

iodide (I−)  
[in solution] 

acidify with dilute nitric acid, then 
add aqueous silver nitrate yellow ppt. 

nitrate (NO3
−)  

[in solution] 
add aqueous sodium hydroxide, then 
aluminium foil; warm carefully ammonia produced 

sulfate (SO4 
2−) 

[in solution] 
acidify with dilute nitric acid, then 
add aqueous barium nitrate white ppt. 

 
 
Test for aqueous cations 

 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al 3+) white ppt., soluble in excess giving a 
colourless solution white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming — 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., soluble in excess giving a 
colourless solution 

[Lead(II) ions can be distinguished from aluminium ions by the insolubility of lead(II) chloride.] 
 
 
Tests for gases 

 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) 
gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) 
turns aqueous acidified potassium manganate(VII) from 
purple to colourless 
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2025 Secondary Four Express Chemistry Prelim Exam Paper 3 Preparation List 
 

Safety 
 
Attention is drawn, in particular, to certain materials used in the examination. The following codes 
are used where relevant. 
 
 C corrosive MH moderate hazard 
 HH health hazard T acutely toxic 
 F flammable O oxidising 
 N hazardous to the aquatic environment   
     
The attention of Supervisors is drawn to any local regulations relating to safety and first aid. 
 
‘Hazard Data Sheets’, relating to materials used in this examination, should be available from your 
chemical supplier.  
 

Apparatus 
 
1 In addition to the fittings ordinarily contained in a chemical laboratory, the apparatus and 

materials specified below will be necessary. 
  
2 For each candidate (Note: Labels do not need to include concentrations.) 
  
 1 × 50cm3 burette 
 1 × burette stand 
 1 × burette clamp 
 1 × 25cm3 pipette 
 1 × pipette filler 
 2 × 250cm3 conical flask 
 1 × filter funnel for filling burette 
 1 × 25cm3 measuring cylinder 
 1 × waste container, labelled ‘WASTE’ 
 1 × thermometer  
 1 × 250cm3 beaker 
 1 × polystyrene (Styrofoam) cup 
 1 × 50cm3 measuring cylinder 
 2 × white spatulas 
 1 × Bunsen burner 
 1 × lighter 
 3 × teat pipettes / plastic droppers 
 1 × boiling tube 
 1 × wooden splint 
 7 × test-tubes 
 1 × delivery tube with rubber bung for connection to a small test-tube 
 1 × marker to write on glassware 
 access to test-tube rack 
 access to test-tube holder 
 access to wash bottle of deionised water, labelled as ‘Deionised water’ 
 access to cloth 
 access to paper towels 
 access to safety googles 
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Chemicals Required 
 

1 It is especially important that great care is taken that the confidential information given below does not reach the candidates either directly or 
indirectly.  
 

2 Particular requirements 

hazard Label per 
candidate identity preparation 

 A 180 cm3 0.030 mol/dm3 potassium manganate(VII) Dissolve 4.74g of KMnO4 [N][O][MH] in each dm3 of 
solution. 

[MH] B 120 cm3 1.0 mol/dm3 sulfuric acid  
 C 180 cm3 0.075 mol/dm3 hydrogen peroxide Note:  

• The solution can deteriorate so it should be prepared 
on the day of the examination or prepare one day in 
advance and kept refrigerated. 

• The concentration of 6% hydrogen peroxide is 
approximately 1.76 mol/dm3. 

Measure 38.30 cm3 of 6% hydrogen peroxide and add 
deionised water to make the final volume to be 1 dm3.   

 D 2 g powdered manganese(IV) oxide Provide approximately 2 g of MnO2 [MH] in a stoppered 
vial. 

 E 10 cm3 0.2 mol/dm3 ammonium iron(II) sulfate dissolve between 57 – 63 g of (NH₄)₂Fe(SO₄)₂·6H₂O 
[MH] into 1 dm3 of deionised water 

 F 15 cm3 0.2 mol/dm3 potassium iodide Dissolve 33.2g of KI in each dm3 of solution. 
 G 15 cm3 0.5 mol/dm3 hydrochloric acid Dilute 250 cm3 of 2.0 mol/dm3 HCl to 1dm3 with deionised 

water. 
[MH] Sodium 

carbonate 
2 g anhydrous sodium carbonate Provide approximately 2 g of Na2CO3 [MH] in a 

stoppered container. 
 aqueous 

starch 
5 cm3 starch indicator  

Communal bench reagents (one set/bench) 
[F] Universal indicator 

solution 
Universal indicator solution  

 magnesium 2 or 3 cm length magnesium ribbons Packed in a plastic vial 
 aqueous sodium typical concentrations   
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hydroxide 
[C][MH][N] aqueous ammonia  
[MH] limewater  
 aqueous silver nitrate  
 red and blue litmus 

papers 
 Packed in a plastic vial 

 pH paper  Packed in a plastic vial 
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1 You are going to investigate the reaction between aqueous copper(II) nitrate and 
aqueous sodium carbonate. 

Step 1: Label the test-tubes 1, 2, 3, 4 and 5 and place them in order in the  
test-tube rack. 

Step 2: Use the measuring cylinder to pour 5.0 cm3 of the 1 mol/dm3 of aqueous 
copper(II) nitrate into each of the five test-tubes. 

Step 3: Using another measuring cylinder, add 1.0 cm3 of 1 mol/dm3 of aqueous sodium 
carbonate to test-tube 1. Using the glass rod, carefully stir the contents of the 
test-tube. Repeat for steps 4 to 7. Rinse the glass rod with distilled water before 
stirring it in each test-tube. 

Step 4: Add 2.0 cm3 of 1 mol/dm3 of aqueous sodium carbonate to test-tube 2. 

Step 5: Add 3.0 cm3 of 1 mol/dm3 of aqueous sodium carbonate to test-tube 3. 

Step 6: Add 4.0 cm3 of 1 mol/dm3 of aqueous sodium carbonate to test-tube 4. 

Step 7: Add 5.0 cm3 of 1 mol/dm3 of aqueous sodium carbonate to test-tube 5. 

Leave the contents of the test-tubes to stand for 15 minutes. 

You should start Question 2 while you are waiting for the solid formed in the test-
tubes to settle. 

 

(a)  After 15 minutes, use a ruler to measure the height of the solid formed in each 
test-tube. In Table 1, record the volume of 1 mol/dm3 of aqueous sodium 
carbonate added, and the height (in cm) of the solid formed in each test-tube. 
Include appropriate headings in Table 1.  

Table 1 

test-tube 
number 

  

1   

2   

3   

4   

5   

   [4] 
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3 

(b) On the grid provided, plot a graph of height of solid against volume of aqueous 
sodium carbonate added. 

 

 

  

[4] 
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(c) Describe the trend in the height of the solids formed in test-tubes 1 to 5. 
  
 ………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………..[1] 

 

(d) From the graph, deduce the height of the solid formed when 0.0045 moles of 
aqueous sodium carbonate are added to 0.005 moles of copper(II) nitrate. 

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

 
 
(e)  Suggest two improvements that can be made in order to improve the accuracy 

of the results. 
 
 ………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………..[2] 

 
 
 
 
 
 

   [Total: 12] 
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2  Water of crystallisation refers to the water molecules bonded to the lattice 
structure of ionic compounds. 

You are going to investigate the enthalpy change, ∆Hhyd, when anhydrous 
sodium carbonate, Na2CO3, converts to hydrated sodium carbonate, 
Na2CO3.10H2O. 

One way to determine the enthalpy change is to measure the changes in 
temperature when samples of anhydrous sodium carbonate and hydrated 
sodium carbonate are added separately to excess hydrochloric acid. 

 
Read all the instructions carefully before starting the experiments in 
Question 2. 

Instructions 

You are going to carry out two experiments. 

X is 2.2 g of anhydrous sodium carbonate, Na2CO3. 

Y is 5.5 g of hydrated sodium carbonate, Na2CO3.10H2O 

Z is 1.50 mol/dm3 hydrochloric acid, HCl. 

 

(a) Experiment 1 

Place a Styrofoam cup into a 250 cm3 beaker.  

Transfer 25.0 cm3 of Z into the cup using the 25 cm3 measuring cylinder. 
Measure the temperature of Z and record the value in the table. 

Pour all of X into the acid in the cup. Stir, using the thermometer, and 
measure the highest or lowest temperature reached. Record this 
temperature in the table.  

 

Experiment 2 

                      Repeat Experiment 1 using the Styrofoam cup, but use Y in place of X. 
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 Complete Table 2 and calculate the temperature change for each 
experiment.  

 
Table 2 

  
 

[3] 
 
 
(b) (i) The amount of heat transferred in the experiments can be calculated  
   using the expression shown.  
 
   
Heat transferred (J) = mass of solution (g) x maximum temperature change (oC) x 4.2 
         

  
Use this expression to calculate, in J, the amount of heat transferred in 
each experiment. 

 
                       Assume that 1.0 cm3 of solution has a mass of 1.0 g.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experiment 1 with X: heat transferred = ………………………..J 
 

Experiment 2 with Y: heat transferred = ………………………..J [2] 
 

 

experiment 
initial 

temperature of 
Z /oC 

  highest or 
lowest 

temperature of 
Z /oC 

temperature 
change /oC 

1   
 
 

2   
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 (ii) Calculate the enthalpy change, ∆H, in kJ/mol, when all the solid reacts 

with hydrochloric acid in each experiment.  
 
                      [Mr: Na2CO3, 106, Na2CO3.10H2O, 286] 
 

                         Enthalpy change, ∆H =   
Heat transferred in kJ

Number of moles of solid
 

 
 
                                                                    
                                                                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         Experiment 1 with X: ∆H1 = ...................... kJ/mol 

 
Experiment 2 with Y: ∆H2 = ...................... kJ/mol    [2]  

 
 
 
 
 (iii) The enthalpy change of hydration, ∆Hhyd, can be calculated using the 

expression: 
 

∆Hhyd = ∆H1 - ∆H2 

 
Use your answers from (b)(ii) to calculate the enthalpy change of 
hydration, ∆Hhyd. 

 
 
 
 
 
 
 
 
 

∆Hhyd = ...................... kJ/mol [1] 

www.KiasuExamPaper.com 
218



Tanjong Katong Girls’ School    Sec 4 Preliminary Examination 2025 
 

8 

 
 (iv) Another way to determine the hydration of anhydrous sodium 

carbonate can be shown in a two-step chemical equation as shown. 
 

step 1: Na2CO3 (s) + 10H2O (l) → Na2CO3 (s) + 10H2O (g) 
step 2: Na2CO3 (s) + 10H2O (g) → Na2CO3.10H2O (s) 

 
  

Using your knowledge of Kinetic Particle Theory, explain if step 1 is an 
endothermic or exothermic process. 

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

 
(v) Explain why it is necessary to stir the mixture in the cup before measuring 

the highest or lowest temperature reached.  

………………………………………………………………………………….. 

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

(vi) State one source of error and suggest one improvement that can made 
to reduce this error. 

            
error……..…….……………………………………………………………….. 

…….……………………………………………………………………………. 

improvement…………………………………………………………………... 

…….………………………………………………………………………….[2] 

                                                                                                                                                                                            

 

 

 

 

 

 

www.KiasuExamPaper.com 
219



Tanjong Katong Girls’ School    Sec 4 Preliminary Examination 2025 
 

9 

(vii) A student carrying out the experiment with an anhydrous sodium 
carbonate, X, could not find 1.50 mol/dm3 hydrochloric acid. The student 
used the same volume of 0.750 mol/dm3 sulfuric acid instead. 

  
Predict and explain the effect on the change in temperature obtained by 
the student. Assume the same mass of X was used. 
 
………………………………………………………………………………….. 
 
………………………………………………………………………………….. 
 
………………………………………………………………………………..[2] 

 

 

   [Total: 15] 
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3 Read all the instructions carefully before starting the experiments in 
Question 3. 

 You are provided with a mixture of two solids, J and K, which are both salts. 
J is soluble and K is insoluble in water. 

   

Carry out the following tests and record your observation. You should test and 
name any gas evolved. If no change is observed for a test, write ‘no observable 

change’. 
  

Instructions 

(a) Add 3 spatulas of the mixture to a boiling tube. Add a 6 cm depth of 
distilled water to the mixture. Stopper the boiling tube with a rubber 
bung and shake the mixture for a minute. 

 

Filter the mixture and keep the residue for tests later. 

Tests on filtrate 
Divide the solution into two equal portions in two test-tubes. 

 

test observations 

Test 1 
To the first portion of the solution, 
add about 1 cm depth of aqueous 
sodium hydroxide and shake the 
contents.  

 
Heat the contents carefully and 
test any gas evolved with damp 
litmus paper. 

 

Test 2 
To the second portion of the 
solution, add a 1cm depth of dilute 
nitric acid into a test-tube. Add a 
few drops of aqueous silver nitrate.  
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Test on residue 

test observations 

Test 3 
Use a spatula to transfer some of 
the residue into a test-tube. 
 
Add dilute hydrochloric acid to a 
depth of approximately 3 cm.  

 
To the solution formed, add about 
1 cm depth of dilute sulfuric acid. 
 

 

              [4] 
 

(b) Deduce the formulae of the cation and anion present in solid J.  
 

cation: ……………………………………. 
 
anion: …………………………………….. 

                                                                                                                                     [2] 
 

(c) Using your knowledge on solubility rules, suggest the identity of solid K. 
Use your observations to explain how you reached the conclusion. 

 
solid K  …………………………………… 
 
…………………………………………………………………………………… 
 
………………………………………………………………………………... [2] 
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(d) A farmer would like to fertilise his soil with the fertiliser ammonium sulfate, 
(NH4)2SO4. He took a sample of the soil and would like to find out the amount 
of ammonium sulfate fertiliser already present in the soil.  
 
You are not to use precipitation method.  

 
With the help of a chemical equation, outline a method to determine the mass  
of sulfate ions present in the soil.  

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

  
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 
 
………………………………………………………………………………………..[5] 
 
          [Total: 13]  
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NOTES FOR QUALITATIVE ANALYSIS  

Tests for anions 
 
anion test test result 

carbonate (CO3
2−) add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl−) 
[in solution] 

acidify with dilute nitric acid, 
then add aqueous silver nitrate 

white ppt. 

iodide (I−) 
[in solution] 

acidify with dilute nitric acid, 
then add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3
−) 

[in solution] 
add aqueous sodium hydroxide, 
then aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4
2−) 

[in solution] 
acidify with dilute nitric acid, 
then add aqueous barium nitrate 

white ppt. 

 
Tests for aqueous cations 
 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess, giving  
a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming − 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in 
excess, giving a dark blue 
solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in 
excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in 
excess 

zinc (Zn2+) white ppt., soluble in excess,  
giving a colourless solution 

white ppt., soluble in excess,  
giving a colourless solution 

 
Tests for gases 
 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate(VII) from purple 
to colourless 
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Preparation list 

Question 1:  

Apparatus for each candidate: 

• 1 x test-tube rack 
• 5 x test-tubes 
• 1 x test-tube holder 
• 1 x glass rod 
• 2 x droppers 
• 1 x wash bottle with distilled 

water 
• 2 x 10 cm3 measuring cylinder  
• 1 x black marker 
• 1 x filter funnel 
• 1 x 15 cm ruler 

 

Chemicals for each candidate: 

• 100 cm3 of 1 mol/dm3 aqueous 
sodium carbonate 

• 100 cm3 of 1 mol/dm3 aqueous 
copper(II) nitrate 

 

Question 2 

Apparatus for each candidate: 

• 1 x 250 cm3 beaker 
• 1x thermometer (-10oC to 

+110oC) 
• 1 x Styrofoam cup 
• 1 x 25 cm3 measuring cylinder 

 

Chemicals for each candidate: 

• anhydrous sodium carbonate 
(labelled X) Provide 2.2 ± 0.1 g of 
Na2CO3 in a stoppered container 

• hydrated sodium carbonate 
(labelled Y) Provide 5.5 ± 0.1 g of 
Na2CO3 .10H2O in a stoppered 
container 

• 1.5 mol/dm3 hydrochloric acid 
(labelled Z) 70 cm3 per student 
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Question 3:  

Apparatus for each candidate: 

• 1 x test-tube rack 
• 3 x test-tubes 
• 1 x lighter 
• 1 x test-tube holder 
• 3 x spatula 
• 1 x glass rod 
• 1 x dropper 
• 1 x wooden splint 
• litmus papers (I bottle each) 
• 1 x wash bottle with distilled 

water 
• 1 x 10 cm3 measuring cylinder  
• 2 x boiling tubes 
• 1 x stopper for boiling tube 
• 2 x filter papers 
• 1 x filter funnel 
• 1 x delivery tube 

Chemicals for each candidate: 

• Aqueous sodium hydroxide 
• Dilute hydrochloric acid 
• Dilute sulfuric acid 
• Dilute nitric acid 
• Aqueous silver nitrate 
• Aqueous barium nitrate   
• Aqueous ammonia 
• Limewater 
• 1 vial of mixture of ammonium 

chloride and barium carbonate 
about 3.0 g. 
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2 
 
1 The neutralisation reaction between sodium hydroxide and dilute hydrochloric acid is 

exothermic. The enthalpy change (ΔH) for the reaction can be found by mixing different 
volumes of the two reactants and measuring the change in temperature. 
 
The chemical equation for the reaction between dilute hydrochloric acid and aqueous 
sodium hydroxide is given below. 
 

HCl(aq)    +    NaOH(aq)   →     NaCl(aq)    +   H2O(l) 
 
You are going to investigate the temperature change of the reaction between sodium 
hydroxide and dilute hydrochloric acid and calculate the enthalpy change (ΔH) of the 
reaction. 
 
Read all instructions below carefully before starting the experiments in Question 1.  
  
Instructions  
 
You are going to carry out five experiments. 
P is dilute hydrochloric acid, HCl, of an unknown concentration. 
Q is 1.5 mol / dm3 aqueous sodium hydroxide, NaOH. 

 

   
 (a) Experiment 1 

 
Using a measuring cylinder, measure 10 cm3 of P into a Styrofoam cup. Support the 
cup in a 250 cm3 beaker. Measure the initial temperature of P and record it in the table 
below.  
 
Using another measuring cylinder, measure 50 cm3 of Q and pour it into the Styrofoam 
cup containing P. Stir the mixture gently with the thermometer. 
 
Measure the highest temperature reached and calculate the change in temperature.  
 
Wash the thermometer and Styrofoam cup with water.  
 
Experiments 2 to 6 
 
Repeat experiment 1, using the different volumes of P and Q, keeping the total volume 
of the mixture to 60 cm3.  

 

     
  

experiment volume of 
P / cm3 

volume of 
Q / cm3 

initial 
temperature 

of P / oC 

highest 
temperature 
reached / oC 

change in 
temperature 

/ oC 

1 10 50    

2 20 40    

3 30 30    

4 40 20    

5 50 10    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
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3 
 
 (b) Use the results in (a) to plot a graph of change in temperature against the volume of P 

used on the grid below.  
 
Using these points, draw two best fit lines. The two lines should cross each other.  

 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
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 (c) From the graph, determine the largest change in temperature (ΔT) and the volume of 

P that caused it.  
 
Using dotted lines, show clearly on your graph how you obtained the answers. 

 

    
 
 
 
 
 
 
 
 
 
 
 

 

   ΔT = __________ oC [1] 
     
   volume of P used = __________ cm3 [1] 
     
 (d) (i) State the corresponding volume of sodium hydroxide that reacted with the 

volume of P in (c). 
 
 
 
 
 
 
 
 
 

       

 

   volume of sodium hydroxide that reacted = __________ cm3 [1] 
     
  (ii) Hence, calculate the number of moles of hydrochloric acid present in the volume 

of P found in (d). 
 

    
 
 
 
 
 
 
 
 
 
 

 

   number of moles of hydrochloric acid present = __________ mol   [1] 
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  (iii) Using your answers in (c) and (d)(ii), calculate the enthalpy change for the 

reaction using the formula: 
 

Enthalpy change =  −( 50 × 4.2 ×∆𝑇𝑇
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝐻𝐻𝐻𝐻𝐻𝐻

) J / mol 

 

 

    
 
 
 
 
 
 
 
 
 

 

   enthalpy change = _________ J / mol   [1] 
     
 (e) Why is it important to keep the total volume constant?   
    
    
    
    
    
    
    
    
    
   [2] 
    
 (f) Other than neutralisation, name another example of an exothermic reaction.     
    
   [1] 
    
 (g) The enthalpy change calculated in (d)(iii) is larger than the value given in a data book. 

The main source of error is likely to be heat loss. 
 

    
  (i) Suggest a reason, other than heat loss, why the calculated result is different 

from the data book value.  
 

     
     
     
    [1] 
     
  (ii) Suggest one improvement you could make to the experiment to reduce the error 

stated in (g)(i). 
 

     
     
     
    [1] 
     
   Total: [18] 
    
2 You will determine the percentage by mass of NaHCO3 in J again, this time by thermal 

decomposition. Sodium hydrogencarbonate decomposes on heating. 
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2NaHCO3 → Na2CO3 + H2O + CO2 

Read all the instructions carefully before starting the experiment in Question 2. 
 
Instructions 
J is impure sodium hydrogencarbonate. 

    
 (a) Use the balance to find the mass of an empty test-tube. 

Add about 1.5 g of J to the test-tube and then find the mass of the test-tube and its contents. 

Gently heat the test-tube and its contents for 3 minutes so that the sodium 
hydrogencarbonate decomposes. 

Leave the test-tube and its contents to cool to room temperature before finding the mass of 
the test-tube and its contents. 

You may continue with question 3 on page 6 while you are waiting for the test-tube to cool. 

Calculate the starting mass of J and the change in mass after heating. 

Record your results in an appropriate format in the space provided. 
    
    

 
 
 
 
 
 
 
 
 

    [2] 
     
 (b) Use the change in mass after heating and the equation for the decomposition of sodium 

hydrogencarbonate to calculate the mass of sodium hydrogencarbonate present in the mass 
of J heated.  
 
[Mr: NaHCO3, 84.0; H2O, 18.0; CO2, 44.0] 

    
 
 
 
 
 
 
 
 
 
 

    
   mass of NaHCO3 present = __________g [2] 
     
     
 (c) Calculate the percentage by mass of sodium hydrogencarbonate in J. 
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Percentage by mass of NaHCO3 in J = __________% 

 
 
 
 
 
 
 
 
 
 
 

[1] 
   Total: [5] 
     
3 (a) You are provided with solutions R and T.  

 
Carry out the following tests on R and T. You should test any gases that evolve. Record all 
your observations in the table. The volumes given below are approximate and should be 
estimated rather than measured unless instructed otherwise. 

    
  (i) test 

number 
test observation 

1 Gently warm 2 cm depth of R in a 
test-tube. 

 
 
 
 
 
 
 

2(i) To 1 cm depth of aqueous 
sodium chloride in a test-tube, 
add 2 – 3 drops of aqueous silver 
nitrate. 

 
 
 
 
 
 
 

2(ii) To the mixture from test 2(i), add 
R, with shaking, until no further 
change occurs. 

 
 
 
 
 
 
 

3 To 1 cm depth of aqueous 
copper(II) sulfate in a test-tube, 
add R, with shaking, until no 
further change occurs. 

 
 
 
 
 
 
 
 
 
 

4 To 1 cm depth of aqueous zinc 
sulfate in a test-tube, add R, with 
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shaking, until no further change 
occurs. 

 
 
 
 
 

5 To 1 cm depth of T in a test-tube, 
add R until no further change 
occurs. Keep this mixture for use 
in Test 6. 

 
 
 
 
 
 
 
 

6 To 1 cm depth of aqueous 
hydrogen peroxide in a boiling 
tube, add the mixture from Test 
5. 

 
 
 
 
 
 
 

   7 To 2 cm depth of T in a test-tube, 
add an equal volume of sodium 
hydroxide and a strip of 
aluminium foil. Warm the mixture. 

 
 
 
 
 
 
 

     [10] 
  (ii) Name substance R. 
    
    [1] 
     
  (iii) Give the chemical formula of substance T.  
     
   formula of substance T  [1] 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

 (b) Labels on cooking oil often include information on whether it is saturated or unsaturated oils. 
There are C=C double bonds present in unsaturated oils, but single C-C bonds for saturated 
oils. The greater the number of C=C double bonds, the greater the degree of unsaturation of 
the oil. 
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Outline a method to compare the degree of unsaturation in different types of cooking oils 
such as coconut oil, palm oil and sunflower oil. 
 
You can assume all the apparatus and reagents normally found in a school laboratory are 
available. 
 
In your method you should note any assumptions that you make, include the measurements 
you would take and explain how you would use your results to compare the degree of 
unsaturation of each cooking oil. 
 
You may use a labelled diagram to illustrate your answer. 
 
 
 
 
 
 
 
 
 
 

     
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   [5] 
     
   Total: [17] 

 
QUALITATIVE ANALYSIS NOTES 

Test for anions 
 
anion test test result 
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carbonate (CO3
2-) add dilute acid effervescence, carbon dioxide 

produced 
chloride (Cl- ) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate white ppt. 

iodide (I- ) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate yellow ppt. 

nitrate (NO3
-) 

[in solution] 
add aqueous sodium hydroxide  
then aluminium foil; warm carefully ammonia produced 

sulfate (SO4
2-) 

[in solution] 
acidify with dilute nitric acid  
then add aqueous barium nitrate white ppt. 

 
Test for aqueous cations 
 
cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess giving a 
colourless solution white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming - 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution. 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., soluble in excess giving 
a colourless solution 

 
Test for gases 
 
gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) forms a white ppt. in limewater  
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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Prep list 6092 Pure Chemistry Prelim 2025 

6092 Chemistry 

Preliminary Examinations 2025 

Paper 3 

Number of candidates: 

4A : 26 students 

4B: 39 students 

 

Preparation list: 

Label  Amount  Identity  

P 250 cm3  1.5 mol / dm3 hydrochloric acid 

Q 250 cm3 1.5 mol / dm3 sodium hydroxide  

 1 bottle deionised water 

J 2 g in vial  Ratio 4 parts solid sodium 

hydrogencarbonate and 1 part solid sodium 

chloride 

(mix 120 g sodium hydrogencarbonate : 30 g 

sodium chloride) 

Copper(II) sulfate 5 cm3 in vial 1 mol / dm3 Copper(II) sulfate  

R 30 cm3 

(bottle) 

 1 mol/dm3 aqueous ammonia 30 cm3 bottle 

 

T 10 cm3 vial 1 mol/dm3 aqueous iron(III) nitrate  

zinc sulfate solution 10 cm3 vial 1 mol/ dm3 zinc sulfate solution 

sodium chloride 5 cm3 vial 1 mol/ dm3 aq sodium chloride  

Hydrogen peroxide 5 cm3 vial Hydrogen peroxide (sealed)  

  

Apparatus required 

1 x Safety goggles 

1x Styrofoam cup 

2 x 250 ml beaker  

1 x thermometer 
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8 x electronic balance  (4 in front and 4 behind) , place 250 cm3 of beaker beside the 

balance 

6 × test-tubes  

1 × test-tube rack 

1 × test-tube holder 

1 × glass rod (for stirring) 

2 × boiling tubes 

1 × Bunsen burner 

2 × teat / dropping pipettes 

2 × blue / red litmus paper  

1 × filter funnel 

1 × spatula 

1 × wash bottle containing distilled water 

paper towels 

2 x 50 cm3 measuring cylinder 

1 x delivery tube connected to rubber bung and rubber tubing (big) 

1 x delivery tube connected to rubber bung(small) 

3 x plastic droppers 

Reagents list: 

 1 x  Wooden splint 

3 x  Red and blue litmus papers 

2 x  Aluminium foil 

Bench reagents 

1. Dilute nitric acid 

2. Dilute sulfuric acid 

3. Dilute hydrochloric acid 

4. Aqueous sodium hydroxide 

5. Aqueous ammonia 

6. Limewater 

7. Silver nitrate (aq) 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

Answer all questions. 
Write your answers in the spaces provided. 

 

1 P is an aqueous solution of hydrogen peroxide acting as an oxidising agent.  
Q is an aqueous solution of potassium iodide, mixed with another substance.  
 
When P and Q react together, they produce iodine according to the reaction below.  
 

H2O2   +    2I−    →    2OH−    +    I2 
 
The addition of starch solution to the mixture allows the iodine to be detected as the solution 
turns blue-black. In Q, there is another substance present which rapidly converts iodine 
back into iodide ions and so the blue-black colour only appears when all of this substance 
is used up.  
 
You will carry out 5 experiments. In each of the experiments 1 – 5, the same amount of 
iodine is produced before the mixture turns blue-black.  
 
Experiment 1 

 (a) (i) Put Q into a burette and use it to measure out 10 cm3 of Q into a conical flask. 
To Q in the flask, add 2 cm3 of starch solution using a 10 cm3 measuring cylinder. 
Place the flask and its contents on a white tile.  
 

  (ii) Measure 25 cm3 of P as accurately as possible, using a 25 cm3 measuring 
cylinder. Pour this volume of P rapidly into the mixture of Q and starch solution 
in the flask. Start the stopwatch immediately and swirl the contents of the flask, 
then leave the mixture to stand. When the mixture first turns blue-black, stop the 
stopwatch. Record the time taken to the nearest second in Table 1.1.  
 

  (iii) Empty the conical flask and rinse it thoroughly with water.  
 

 Experiment 2 – 5  
  (iv) Repeat the procedure described in steps (i) – (iii) of Experiment 1 but varying 

the volume of P used.  
 
Hence, in experiment 2, measure 20 cm3 of P as accurately as possible, using a 
measuring cylinder and then add deionised water to P until the total volume of 
solution in the measuring cylinder is 25 cm3. 
 
Then, for experiments 3 – 5, choose different volumes of P and water and repeat 
the steps. Record the volumes you have chosen for P and water in Table 1.1. 
 

  Table 1.1 
 

experiment 
number 

volume 
of Q / 
cm3 

volume 
of P / 
cm3 

volume 
of water 

/ cm3 

time taken for blue-black 
colour to appear / s 

1 10 25 0  

2 10 20 5  

3 10    

4 10    

5 10    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

(b) Plot a graph of time taken for the blue-black colour to appear against volume of P in 
the grid below. Using these points, draw a line of best fit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[4] 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

(c) Using collision theory, explain the trend shown by the graph in (b). 
 
………………………………………………………………….………………………..…… 
 
………………………………………………………………….………………………..…… 
 
………………………………………………………………….………………………..…… 
 
………………………………………………………………….………………………..…… 
 

 
 
 
 
 
 
 
 
[2] 

(d) Suggest one change that could be made to the equipment used for the experiments 
to improve the accuracy of the results.  
 
………………………………………………………………….………………………..…… 
 
………………………………………………………………….………………………..…… 
 

 
 
 
 
 
[1] 

(e) It has been suggested that metal ions such as Pb4+, Fe3+ and Mn4+ can act as catalysts 
for reactions involving hydrogen peroxide. However, these three metals ions have 
different effectiveness as catalysts.  
 
Given the same solutions, P and Q, describe how you would investigate the 
effectiveness of Pb4+, Fe3+ and Mn4+ catalysts by experiment.  
 
You can assume that all the apparatus and reagents normally found in the school 
laboratory are available. You should include the measurements you would take and 
explain how you would use your results to confirm the suggestion.  
 
…………………………………………………………………….……………………..…… 
 
…………………………………………………………………….……………………..…… 
 
…………………………………………………………………….………………………..… 
 
…………………………………………………………………….……………………..…… 
 
…………………………………………………………………….……………………..…… 
 
…………………………………………………………………….……………………..…… 
 
..…………………………………………………………………….………………………… 
 
…..………………………………………………………………….………………………… 
 
……..……………………………………………………………….………………………… 
 
………..…………………………………………………………….………………………… 
 
…………..………………………………………………………….………………………… 
 
……………..……………………………………………………….………………………… 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[4] 

 [Total: 14] 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

2 (a) In this experiment, you will determine the identities of acids R and S.  
 
R and S each contain one anion which is listed in the qualitative analysis notes on page 
12. The two anions are not the same.  
 
Select reagents to determine the identity of the anions in each of the acids, R and S. You 
should only use the bench reagents provided.  
 
Carry out 3 tests on R and the same 3 tests on S. One of the tests has been provided for 
you in Table 2.1. You should test and name any gas evolved.  
 
If no observable change is observed for a test, write ‘no observable change’.  
 
If heating is required, a boiling tube must be used.  
 

Table 2.1 
 

test observations for R observations for S 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 

  

Add about 1cm depth of R 
in a clean boiling tube.  
Add 2 cm depth of 
aqueous sodium 
hydroxide, shake the 
contents and then add a 
piece of aluminium foil. 
Heat the contents 
carefully.  
Repeat the test using S.  

  

 

  [4] 

 

www.KiasuExamPaper.com 
272



6 
 

XMSS/Chemistry/6092/03/Preliminary Examination 2025 

 (b) Use your observations in Table 2.1 to deduce the formulae of the acids in R and S.  
 
R is ………………………………………. 
 
S is ……………………………………….. 

 
 
 
 
[1] 
 

 (c) Neutralisation reactions are exothermic.  
 
In this experiment, you will determine the enthalpy change of a neutralisation reaction 
between a sample of 1.00 mol/dm3 aqueous potassium hydroxide and acid S.  
 

 

  (i) Instructions 
 
• Using a 25 cm3 measuring cylinder, measure out 25 cm3 of acid S.  
• Transfer acid S into a clean 250 cm3 beaker.  
• Measure and record the temperature of acid S.  
• Use the 50 cm3 measuring cylinder to measure out 25 cm3 of aqueous 

potassium hydroxide.  
• Add the aqueous potassium hydroxide into the beaker and gently stir the 

mixture using the thermometer. 
• Measure and record the highest temperature of the mixture.  
• Record your results in Table 2.2. Calculate the change in temperature for 

your experiment. 
 

Table 2.2 
 

temperature of acid S / °C  

highest temperature of the mixture / °C  

change in temperature / °C  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

  (ii) Enthalpy change of a neutralisation reaction can be calculated by the formula 
below.  

Enthalpy change �
kJ

mol
� =  −  

V × 4.2 × T
1000 n

 

 
where V = total volume of solution used in cm3 
           T = change in temperature in oC  
           n = no. of moles of aqueous potassium hydroxide 
 
Using the formula above, calculate the enthalpy change for the neutralisation 
reaction between aqueous potassium hydroxide and acid S.  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

  (iii) The theoretical value of the enthalpy change of neutralisation between aqueous 
potassium hydroxide and acid S is −57.0 kJ.  
 
Explain why there could be a difference between the theoretical value and your 
calculated value in (c)(ii).  
 
 
………………………………………………………………………………………....... 
 
………………………………………………………………………………………....... 
 
………………………………………………………………………………………....... 
 

 
 
 
 
 
 
 
 
 
 
 
[2] 

   [Total: 11] 
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3 Ethanedioic acid is used in some stain removal products. In the solid crystals of ethanedioic 
acid, C2H2O4, each molecule is combined with x molecules of water.  
 
The formula of the crystals is C2H2O4 • xH2O where x is a whole number. You are to 
determine the value of x given the information below.  
 
A is aqueous ethanedioic acid. 1.00 dm3 of A contains 8.90 g of C2H2O4 • xH2O. 
B is 0.150 mol/dm3 of sodium hydroxide, NaOH.  
 
25.0 cm3 of solution A was titrated against solution B using thymolphthalein indicator and the 
results are shown in Fig. 2.3.  
 

titration 1 titration 2 titration 3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 

 
Fig. 2.3 

 
 (a) (i) Use the diagrams in Fig. 2.3 to complete the results table and select the 

best titration results by indicating a check ().  
 
Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

initial final initial final initial final 
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XMSS/Chemistry/6092/03/Preliminary Examination 2025 

  (ii) Calculate the average volume of B required for the titration.  
 
 
 
 
 

average volume of B = …………………… cm3 
 

 
 
 
 
 
 
[1] 
 

 
 (b) (i) B is 0.150 mol/dm3 of sodium hydroxide. 

Using the titration results, calculate the amount of sodium hydroxide, in 
moles, used to reach the end-point of the titration. Leave your answers to 3 
significant figures. 
 
 
 
 
 
 
 
 
 
 
amount of NaOH in the average volume of B = ………………………… mol 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] 
 

  (ii) The equation for the titration reaction is shown.  
 

C2H2O4  +  2NaOH  →  C2O4Na2  +  2H2O 
 
Using your answer from (b)(i) and the equation for the reaction to calculate 
the number of moles of ethanedioic acid, C2H2O4, present in 25.0 cm3 of 
A. Leave your answers to 3 significant figures. 
  
 
 
 
 
 
 
 

 

 amount of ethanedioic acid, C2H2O4, in 25.0 cm3 of A = …………………………….. 
mol 

 

[1] 

  (iii)  Calculate the amount, in moles, of ethanedioic acid, C2H2O4, in 1.00dm3 of 
A. Leave your answers to 3 significant figures. 

 

  
 
 
 
 
 
 
 
 
amount of ethanedioic acid, C2H2O4, in 1.00dm3 of A = …………………………….. mol 
 

 
 
 
 
 
 
 
 
 
[1] 
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  (iv) Calculate the mass of ethanedioic acid, C2H2O4, in 1.00 dm3 of solution A. 
Leave your answers to 3 significant figures. 
 
[Ar: C, 12; H, 1; O, 16] 
 
 
 
 
 
 
 
 

mass of ethanedioic acid in 1.00 dm3 of A = …………………………….. g 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 
 

  (v) The mass of the ethanedioic acid crystals, C2H2O4 • xH2O, that is dissolved 
in 1.00 dm3 is 8.90 g.  
 
Use your answer to (b)(iv) to calculate the amount, in moles, of water 
present in 8.90 g of crystals C2H2O4 • xH2O. Leave your answers to 3 
significant figures. 
 
[Ar: H, 1; O, 16] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

amount of water = …………………………….. mol 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
 

  (vi) Use your answer to (b)(iii) and (b)(v) to calculate the value of x in the 
ethanedioic acid crystals, C2H2O4 • xH2O. 
 
 
 
 
 
 
 
 
 
 

value of x = ………………………. 
 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 
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 (c) (i) A student completes this experiment. During each titration, the student 
carelessly dispenses some solution B on the walls of the conical flask and 
attempts to wash them down into the conical flask using some deionised 
water.  
 
State the explain the effect, if any, that this would have on the volume of B 
required to reach the end-point of the titration.  
 
……………………………………………………………………..…………....... 
 
……………………………………………………………………..…………....... 
 
……………………………………………………………………..…………....... 
 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 

  (ii) Another student performs one of the titrations but realised midway that he 
had forgotten to add the indicator. 
 
Describe and explain what the student can do to determine if the titration 
reaction has reached its end-point.  
  
……………………………………………………………………..…………....... 
 
……………………………………………………………………..…………....... 
 
……………………………………………………………………..…………....... 
 
……………………………………………………………………..…………....... 
 

 
 
 
 
 
 
 
 
 
 
 
 
[2] 

   [Total: 15] 

End of paper  
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QUALITATIVE ANALYSIS NOTES 

Test for anions  

anion test test result 

carbonate (CO3
2−)  add dilute acid effervescence, carbon dioxide 

produced 

chloride (Cl−) 
[in solution]  

acidify with dilute nitric acid, then add 
aqueous silver nitrate white ppt. 

iodide (I−) 
[in solution]  

acidify with dilute nitric acid, then add 
aqueous silver nitrate yellow ppt. 

nitrate (NO3
−) 

[in solution]  
add aqueous sodium hydroxide, then 
aluminium foil; warm carefully ammonia produced 

sulfate (SO4
2−)  

[in solution]  
acidify with dilute nitric acid, then add 
aqueous barium nitrate white ppt. 

 

Test for cations  

cation effect of aqueous sodium hydroxide effect of aqueous ammonia 

aluminium (Al3+) white ppt., soluble in excess giving a 
colourless solution white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on warming − 

calcium (Ca2+) white ppt., insoluble in excess no ppt. 

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess 
giving a dark blue solution 

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess 

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess 

zinc (Zn2+) white ppt., soluble in excess giving a 
colourless solution 

white ppt., soluble in excess giving 
a colourless solution 

 

Test for gases 

gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white ppt. with limewater 
(ppt. dissolves with excess CO2) 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) ‘pops’ with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) 
turns aqueous acidified potassium manganate(VII) from purple to 
colourless 
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Confidential Instructions 

Chemistry Preliminary Examination 2025 

Question 1 

Chemical List 

label per 
candidate 

identity notes 

P 150 cm3 0.1 mol/dm3 acidified 
hydrogen peroxide 

59 cm3 H2O2 (6%) + 441 cm3 
H2O + 500 cm3 H2SO4 (1M) 

Q 150 cm3 an aqueous solution of 
0.075 mol/dm3 potassium 
iodide with 0.025 mol/dm3 
sodium thiosulfate 

Dissolve 12.5 g potassium 
iodide, KI and 6.2 g sodium 
thiosulfate pentahydrate, 
Na2S2O3.5H2O in distilled 
water and dilute to 1 dm3. 

starch solution 15 cm3 2% starch solution Mix 2 g of soluble starch with a 
little cold water until a firm paste 
is obtained. Add 100 cm3 of 
boiling water and stir. Boil until 
a clear solution is obtained 
(about 5 min). This solution 
should be freshly prepared. 

Note: To ensure results fall within the required limits, carry out the following experiment. 
 
To 20 cm3 of Q, add six drops of starch solution and then 30 cm3 of P. The time taken for the mixture to 
turn blue-black should be within 10-20 s. To adjust the time taken, increase or decrease the 
concentration of P. 

 

Apparatus 

The following apparatus must be provided to each candidate: 

Apparatus Quantity 

deionised water  at least 300 cm3 

10 cm3 measuring cylinder 1 

25 cm3 measuring cylinder 1 

250 cm3 conical flask 1 

burette 1 

white tile 1 

stopwatch 1 

waste container 1 

dropper 2 
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Question 2: 

Apparatus and Chemicals 

The following apparatus must be provided to each candidate: 

Label Quantity/ 
Volume 

Material identity Remarks 

 1 250 cm3 beaker  

 1 50 cm3 measuring cylinder  

 1 thermometer, –10 °C to +110 °C 
at 1°C graduations 

 

 1 delivery tube for test tube  

 4 test-tubes  

 2 boiling tube  

 5 red litmus papers  

 5 blue litmus papers  

 2 wooden splints  

 4 droppers  

 2 aluminium foil  

R 15 cm3 0.5M dilute nitric acid F in 2024 

S 70 cm3 0.5M dilute sulfuric acid new 

aqueous silver 
nitrate 

at least 50 cm3 bench reagent  

aqueous 
barium nitrate 

at least 50 cm3 bench reagent  

dilute nitric 
acid 

at least 50 cm3 bench reagent  

aqueous 
sodium 
hydroxide 

at least 50 cm3 bench reagent  

aqueous 
potassium 
hydroxide  

55 cm3 1M aqueous sodium hydroxide  
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NAME: (  ) CLASS: 

YISHUN TOWN SECONDARY SCHOOL 

PRELIMINARY EXAMINATION 2025 

SECONDARY 4 

G3 CHEMISTRY 

(6092/3) 

DATE   : 19 August 2025  DAY     : Tuesday 

DURATION: 1 h 50 min MARKS: 40 marks 

READ THESE INSTRUCTIONS FIRST 

Write your name, class and register number in the spaces provided at the top of this page.  

Write in dark blue or back pen. 

You may use an HB pencil for any diagrams or graphs. 

Answer all the questions in the spaces provided. 

INFORMATION FOR CANDIDATES 

The use of an approved scientific calculator is expected, where appropriate. You may lose 
marks if you do not show your workings or if you do not use appropriate units.  

Qualitative Analysis Notes are printed on the last page. 

The number of marks is given in brackets [  ] at the end of each question or part question. 

Question 1 / 20 

Question 2 / 13 

Question 3 /   7 

TOTAL / 40 

This question paper consists of 10 printed pages. 
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2 

1 You are to determine the percentage purity of a sample of hydrated iron (II) sulfate, FeSO47H2O, 
by titrating with aqueous potassium manganate (VII), KMnO4. 

 
MnO4

– + 5Fe2+ + 8H+ → Mn2+ + 5Fe3+ + 4H2O 
 
 Read all the instructions carefully before starting the experiment. 
 
 Instructions 
 
 A is 0.020 mol/dm3 of potassium manganate (VII) 
 
 B is 35.0 g of impure hydrated iron (II) sulfate dissolved in 1.0 dm3 dilute sulfuric acid 
 
 (a) (i) Place A into the burette. 
 
   Pipette a 25.0 cm3 portion of B into a conical flask. Ensure that the lid is placed back on 

the bottle of B after use. 
 
   Add A from the burette to the conical flask whilst constantly swirling the flask. 
 
   The end-point of the titration is when one drop of A changes the colour of the solution 

to pale pink which does not change on swirling. 
 
   Record your results in an appropriate format in the space provided. Repeat the titration 

as many times as you consider to be necessary to achieve consistent results. 
 
   Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[5] 
 
  (ii) From your titration results, obtain an average volume of A to be used in your 

calculations. Show clearly how you obtained this volume. 
 
 
 
 
 
 
 

average volume of A = …………………….. [1] 
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 (b) (i) Calculate the amount, in moles, of iron (II) ions in 1 dm3 of solution. 
 
 
 
 
 
 
 
 
 
 

amount of iron (II) ions = ………………………………. [2] 
 
  (ii) Calculate the mass of hydrated iron (II) sulfate in 1 dm3 of solution. 
   [Mr of FeSO47H2O = 278] 
 
 
 
 
 
 

mass of hydrated iron (II) sulfate = ……………………………… [1] 
 
  (iii) Calculate the percentage purity of hydrated iron (II) sulfate in the sample. 
 
 
 
 
 
 
 
 

percentage purity = ……………………………… [2] 
 
 (c) The lid for the bottle containing B is placed back after use to minimise exposure to air. 
 
  State and explain how your results may be affected after solution B is exposed to air. 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………... [3] 
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 (d) The percentage purity of hydrated iron (II) sulfate can also be determined by precipitation of 
an insoluble sulfate compound.  

 
  Solid hydrated iron (II) sulfate has a high solubility in water. You are provided with  

1.0 mol/dm3 of aqueous barium chloride and other common apparatus that can be found in 
a school laboratory. 

 
  Describe an experiment to determine the percentage purity of a given 2.0 g solid sample of 

impure hydrated iron (II) sulfate. 
 
  In your description, you need to include: 

• any measurements. 
• any assumption. 
• detailed calculations. 

 
  The molar mass of FeSO47H2O and BaCl2 are 278 g/mol and 208 g/mol respectively. 
 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………... [6] 
 

[Total: 20] 
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2 You are to investigate the temperature change when magnesium reacts with dilute sulfuric acid 
of different concentrations. 

 
 Read all the instructions carefully before starting the experiment. 
 
 Instructions 
 
 C is 1.00 mol/dm3 dilute sulfuric acid. 
 
 You are provided with five pieces of magnesium metal of the same length. 
 
 You are to do five experiments. 
 
 (a) Experiment I  
 

1. Use a 25 cm3 measuring cylinder to pour 20.0 cm3 dilute sulfuric acid into a  
100 cm3 beaker. 

2. Use a thermometer to measure the initial temperature of the dilute acid in the beaker. 
Record the initial temperature in the table on the next page. Be careful that the 
thermometer does not cause the beaker to topple over. 

3. Add a piece of magnesium metal into the beaker and start the stopwatch simultaneously. 
4. Gently stir the contents in the beaker using the thermometer to ensure that the whole 

piece of magnesium is in contact with the acid at all times. 
5. After 30 seconds, measure the temperature of the contents in the beaker. Record this 

temperature in the table. 
6. Calculate the temperature difference. 

 
temperature difference = temperature after 30 s – initial temperature 

 
7. Discard the contents of the beaker. Rinse the beaker with distilled water. 

 
  Experiment V  
 

1. Place 16.0 cm3 of distilled water into the measuring cylinder. Top up with 4.0 cm3 of dilute 
sulfuric acid such that the total volume is 20.0 cm3. 

2. Pour the mixture into the beaker. 
3. Repeat Step 2 to 7 in Experiment I. 
 
Note: 
Place any unreacted magnesium pieces into the beaker or container labelled “waste”. 
Do not discard unreacted magnesium pieces into the sink to prevent clogging up the 
sink. 

 
  Experiment II, III and IV  
 
  Repeat Experiment V by varying the volume of distilled water and dilute sulfuric acid, 

keeping the total volume constant at 20.0 cm3. Record all volumes in the table on the next 
page. 
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  Results 
 

Experiment 
volume of dilute 

sulfuric acid /  
cm3  

volume of 
distilled water /  

cm3  

initial 
temperature / 

oC 

temperature 
after 30 s /  

oC 

temperature 
difference /  

oC 

I 20.0 0.0    

II      

III      

IV      

V 4.0 16.0    

[4] 
 (b) Explain whether the reaction is exothermic or endothermic. 
 
  ….……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………... [1] 
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 (c) (i) Plot a suitable graph on the grid. Draw a line of best fit. 
 
 

 
 

[4] 
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  (ii) Using your graph, describe and explain the trend shown by your graph. 
 
   ……………………………………………………………………………………………………. 
 
   ……………………………………………………………………………………………………. 
 
   ……………………………………………………………………………………………………. 
 
   ………………………………………………………………………………………………… [2] 
 
 (d) (i) Using your graph, find out the temperature change when 13.0 cm3 of dilute sulfuric acid 

is used. 
 
   ………………………………………………………………………………………………… [1] 
 
  (ii) Calculate the concentration of sulfuric acid when 13.0 cm3 of dilute sulfuric acid is used. 
 
 
 
 
 
 
 
 

concentration of sulfuric acid = …………………………… mol/dm3 [1] 
 

[Total: 13] 
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3 Mixture D contains two cations and one anion. 
 
 (a) Carry out the following tests to identify the ions in mixture D. Test and identify any gas 

produced. Record your observations in the table. The volumes given below are approximate 
and should be estimated rather than measured. 

 
tests instructions observations 

1 Add about 1 cm depth of mixture D in a test 
tube. Add about 2 cm depth of aqueous 
sodium hydroxide. 
 

 

Warm the mixture. 
 
Keep the final solution for Test 2 below. 
 
 
 

 

2 To the resulting solution from Test 1, add 
aqueous sodium hydroxide until it is about 
two-third of a test tube full (an excess). 
 
 

 

Add a piece of aluminium foil. Heat the 
contents carefully. 
 
SAFETY PRECAUTION: 
DURING HEATING, ENSURE THAT THE 
CONTENTS IN THE TEST TUBE DO NOT 
SPUTTER OUT. REMOVE THE TEST TUBE 
AWAY FROM THE FLAME WHEN THE 
CONTENTS ARE CLOSE TO BOILING. 
 

 

3 Add about 1 cm depth of mixture D in a test 
tube. Add aqueous ammonia with shaking 
until no further change is seen. 
 
 

 

[4] 
 
 (b) Write the formula of the three ions present in solution D. 
 
  ……………………………………………………………………………………………………... [1] 
 
 (c) In Test 2, give two reasons why excess aqueous sodium hydroxide is added. 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ….……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………... [2] 
 

[Total: 7]  
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QUALITATIVE ANALYSIS NOTES 

 
Tests for anions 
 

Anion Test Test result 
Carbonate (CO32-) Add dilute acid Effervescence, carbon dioxide 

produced 
Chloride (Cl–) 
[in solution] 

Acidify with dilute nitric acid, then 
add aqueous silver nitrate 

White ppt. 

Iodide (I–) 
[in solution] 

Acidify with dilute nitric acid, then 
add aqueous silver nitrate 

Yellow ppt. 

Nitrate (NO3–) 
[in solution] 

Add aqueous sodium hydroxide 
then aluminium foil; warm carefully 

Ammonia produced 

Sulfate (SO42–) 
[in solution] 

Acidify with dilute nitric acid, then 
add aqueous barium nitrate 

White ppt. 

 
 
Tests for aqueous cations 
 

Cation Effect of aqueous sodium 
hydroxide 

Effect of aqueous ammonia 

Aluminium (Al3+) 

 
White ppt., soluble in excess 
giving a colourless solution 

White ppt.,insoluble in excess 

Ammonium (NH4+) 
 

Ammonia produced on warming - 

Calcium (Ca2+) 
 

White ppt., insoluble in excess No ppt. 

Copper (II) (Cu2+) Light blue ppt., insoluble in excess Light blue ppt., soluble in excess 
giving a dark blue solution 

Iron (II) (Fe2+) Green ppt., insoluble in excess Green ppt. insoluble in excess 
 

Iron (III) (Fe3+) 
 

Red-brown ppt., insoluble in 
excess 

Red-brown ppt., insoluble in excess 

Zinc (Zn2+) White ppt., soluble in excess 
giving a colourless solution 

White ppt., soluble in excess giving a 
colourless solution 

 
 
Tests for gases 
 

Gas Test and test result 
Ammonia (NH3) Turns damp red litmus paper blue 

 
Carbon dioxide (CO2) Gives white ppt. with limewater  

(ppt. dissolves with excess CO2) 
Chlorine (Cl2) Bleaches damp litmus paper 

 
Hydrogen (H2) ‘pops’ with a lighted splint 

 
Oxygen (O2) Relights a glowing splint  

 
Sulfur dioxide (SO2) Turns aqueous acidified potassium manganate (VII) from purple to 

colourless 
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1 

ZHONGHUA SECONDARY SCHOOL 
PRELIMINARY EXAMINATION 2025 

SECONDARY 4 EXPRESS 

Candidate’s Name Class Register Number 

4E 

CHEMISTRY 6092 /03 
Paper 3 Practical 19 August 2025  

1 hour 50 minutes 

READ THESE INSTRUCTIONS FIRST 

Write your name, index number and class in the spaces at the top of this page. 
Write in dark blue or black pen. 
You may use a HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, highlighters, glue or correction fluid. 

Answer all questions.  

All of your answers should be written in this Question paper: 

scrap paper must not be used. 

Shift 

Laboratory 

You are expected to record all your observations as soon as  
they are made. 
You may lose marks if you do not show your working or if you do 
not use appropriate units. 
Qualitative Analysis Notes are printed on page 9. 
A copy of the Periodic Table is given on page 10. 
The use of an approved scientific calculator is expected,  
where appropriate. 

For Examiner’s Use 

1   / 20 

2 / 14 

3 / 6 

Total /40 

At the end of the examination, fasten all your work securely 
together. The number of marks is given in brackets [ ] at the end 
of each question or part question. 

Set by: Mr Tan Li Chun 
Vetted by: Ms Ong Lay Hong 

This document consists of 10 printed pages. 
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 2 

1 Sodium hydrogen carbonate (NaHCO₃) is commonly known as baking soda. Sodium hydrogen 
carbonate, in the presence of water, reacts respectively with calcium chloride, citric acid, and 
ethanoic acid. 
 
The reaction between sodium hydrogen carbonate and aqueous calcium chloride is represented 
by the following equation: 
 

2 NaHCO₃ (s) + CaCl₂ (aq) → CaCO₃ (s) + 2 NaCl (aq) + H₂O (l) + CO₂ (g) 
 
The reaction between sodium hydrogen carbonate and citric acid is more endothermic than the 
reaction between sodium hydrogen carbonate and ethanoic acid. 
 
You are investigating the reaction of sodium hydrogen carbonate with calcium chloride solution 
and with two acidic solutions, X and Y. One of these acids is citric acid, and the other is ethanoic 
acid. 
 
In this investigation, you are to, 

1. calculate the percentage yield of calcium carbonate produced in the reaction between 
sodium hydrogen carbonate and aqueous calcium chloride; 
 

2. identify the two acid solutions, X and Y, based on the temperature changes that occur in 
their reactions with sodium hydrogen carbonate. 

 
Apparatus and chemicals 
50 cm3 Measuring cylinder, 3 
Styrofoam cups, 3 
250 cm3 Beaker 
250 cm3 Conical flask 
Thermometer 
Filter funnel 

Distilled water 
Tissue papers 
Filter paper, 3 
Glass rod 
Spatula, 2 
Dropper, 3 

 
Reagents  
Part 1    1.0 mol/dm3 aqueous calcium chloride (50 cm3)  
              NaHCO3 (s), 2.00 g (1 vial)  
 
Part 2    X, 1.0 mol/dm3 (50 cm3)  
              Y, 1.0 mol/dm3 (50 cm3) 
              NaHCO3 (s), 6.00 g (2 vials) 

 
Read through the following instructions before starting the task.   
Record all observations and readings in a suitable format. 
 

 (a) Part 1: To prepare calcium carbonate from sodium hydrogen carbonate and aqueous 
calcium chloride  

 
1. Using a measuring cylinder, measure 15 cm3 of aqueous calcium chloride into a 

Styrofoam cup.  
 

2. Empty vial with 2.00 g of sodium hydrogen carbonate into the solution in the Styrofoam 
cup. Stir the mixture with a glass rod. 

 
3. When the reaction has stopped, filter the resulting mixture, which contains a solid 

product, into a boiling tube. 
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 3 

Note: Wash and dry the empty vial from Step 2 and proceed to Part 2 while waiting 
for the filtration to complete.  

 
4. Wash the solid product with a little distilled water. 
 
5. Dry the solid product between two pieces of filter paper.  
 
6. Measure and record the mass of the empty vial (from Step 2). 
 
7. Transfer the dry solid product into the empty vial. Measure and record the mass of the 

vial with the solid product. 
 
8. Calculate and record the mass of the dry solid product.  

       
  Results 

 
 
 
 
 
 
 
 
 
 
 
 

   [4] 
    
 (b) Identify one source of error and explain how it affects the results in part 1.  
    

 
  `  

[2] 
    
 (c) Using your results in part 1,  
  (i) Identify, by calculations, the limiting reagent.  

(Reagents are 15 cm3 of 1.0 mol/dm3 aqueous calcium chloride, 2 g of NaHCO3)  
    

 
 
 
 
 
 
 
 
 
 
 
 
 

limiting reagent: ………………………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
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  (ii) Calculate the theoretical mass of calcium carbonate.  
    

 
 
 
 
 

 
 

theoretical mass ………………………g 

 
 
 
 
 
 
 
 

[2] 
     
  (iii) Calculate the percentage yield of calcium carbonate.  

Give your answers to three significant figures.   
 

    
 
 
 
 
 

 
percentage yield …………………...% 

 
 
 
 
 
 
 

[3] 
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 (d) Part 2: To identify the two acid solutions, X and Y  
 

9. Using a measuring cylinder, measure 30 cm3 of the acid solution, X, into a 
Styrofoam cup.  

 
10. Measure and record the initial temperature of the acid solution, X. 
 
11. Empty one vial of sodium hydrogen carbonate (6.00 g) into the acid solution, X. Stir 

the mixture with the thermometer quickly to prevent overflow and record the lowest 
temperature reached. 

 
12. Repeat steps 9 to 11 using the acid solution, Y, instead of X. 

 
13. Calculate and record the maximum temperature change for each acid solution, X 

and Y.   
 

14. Hence, identify the two acid solutions, X and Y. 
    
  Results 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Solution X is …………………………        Solution Y  is ………………………………….. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
    
 (e) Suggest one way to improve the accuracy of the experiments in Part 2.  

Give a reason for your answer. 
     

 
     

[2] 
                                                                                                                                          [Total: 20]   
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2 You are provided with the following unknown substances 
• solid salt P, 1.5 g (1 boiling tube) 
• solid salt P, 0.4 g (1 test-tube)  
• aqueous solution of salt Q, 15 cm3 (1 vial) 

 
You are also provided with hydrogen peroxide, H2O2(aq) 

 
Carry out the following tests on P and Q to determine their identities, recording all your 
observations in the table.  You should test any gas evolved. 
 
If no observable change is observed for a test, write ‘no observable change’. 
 
If heating is required, a boiling tube must be used. 

 
test observations 

Test 1 
Remove the stopper from the boiling tube of 
salt P.  Heat the solid P, gently at first and then 
strongly, until no further change is observed. 
Test for any gas evolved.  
 

 
 

 
 

 
 
 
 
 

[3] 
Test 2 
Add about 4 cm depth of nitric acid into the 
test-tube containing solid P. Test for any gas 
evolved. Shake the test-tube if required to 
completely dissolve solid P to form solution P. 
 
Transfer 2 cm depth of the solution into a clean 
test-tube. To this test-tube, add aqueous 
ammonia slowly shaking until no further 
change is seen. 

 
 
 
 
 
 

 
 
 

[3] 
Test 3 
Add 2 cm depth of solution Q into a test-tube.  
Add aqueous sodium hydroxide slowly with 
shaking until no further change is seen. 
 

 
 
 
 
 
 

 
[1] 

Test 4 
Add 2 cm depth of solution Q into a test-tube.  
Add equal volume of hydrogen peroxide to the 
test-tube.  
 

 
 
 
 
 
 
 
 
 
 

[2] 
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Test 5 
Add 2 cm depth of solution Q into a test tube. 
Add equal volume of dilute nitric acid and then 
add a few drops of aqueous silver nitrate. 

 
 
 
 
 
 
 
 

[1] 
 
(b) Deduce the formula of P. 
   

[1] 
   
(c) Use the results of your tests to deduce the name of Q.  
   

[1] 
   
(d) Deduce the role of hydrogen peroxide in Test 4. Explain your answer.  
   

 
   

 
   

[2] 
 
                                                                                                                                          [Total: 14]   
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3 (a) A catalyst increases the rate of a chemical reaction and remains chemically 
unchanged at the end. 
 
Hydrogen peroxide (H₂O₂) slowly decomposes to form oxygen gas. This 
process occurs very slowly without a catalyst. 
 
Describe a method to compare the effectiveness of copper(II) oxide and 
maganese(IV) oxide as catalysts for this reaction and whether the catalysts 
are used up during the reaction. 
 
The description should include: 

• apparatus and method 
• any measurements or observations 
• how to analyse the results 

 
You can assume that all apparatus and reagents normally found in a school 
laboratory are available.  
 
You may wish to include one or more labelled diagrams as part of your 
answer.  
 
 
 
 
 
 
 
 
 
 
 

 

    
 

    
 

    
 

    
 

    
 

    
 

    
 

    
 

    
[5] 

    
 (b) Suggest a method to store hydrogen peroxide to prevent it from decomposing quickly. 
   

 
 

   
 

 
[1] 

   [Total: 6]   
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QUALITATIVE ANALYSIS NOTES 

 
Tests for anions 
 

anion Test test result 
carbonate (CO3 

2-) add dilute acid effervescence, carbon dioxide 
produced 

chloride (Cl -) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate 

white ppt. 

iodide (I -) 
[in solution] 

acidify with dilute nitric acid,  
then add aqueous silver nitrate 

yellow ppt. 

nitrate (NO3 
-) 

[in solution] 
add aqueous sodium hydroxide 
then aluminium foil; warm carefully 

ammonia produced 

sulfate (SO4 
2-) 

[in solution] 
acidify with dilute nitric acid,  
then add aqueous barium nitrate 

white ppt. 

 
Test for aqueous cations 
 

cation effect of aqueous sodium 
hydroxide effect of aqueous ammonia 

aluminium (Al 3+) white ppt., soluble in excess, giving 
a colourless solution 

white ppt., insoluble in excess 

ammonium (NH4
+) ammonia produced on heating - 

calcium (Ca2+) white ppt., insoluble in excess  no ppt. or very slight white ppt. 
copper (Cu2+) light blue ppt., insoluble in excess  light blue ppt., soluble in 

excess, giving a dark blue 
solution 

iron (II) (Fe2+) green ppt., insoluble in excess  green ppt., insoluble in excess  
iron (III) (Fe3+) red-brown ppt., insoluble in excess  red-brown ppt., insoluble in 

excess  

zinc (Zn2+) white ppt., soluble in excess giving 
a colourless solution 

white ppt., soluble in excess, 
giving a colourless solution 

 
 
Tests for gases 

gas test and test result 

ammonia (NH3) turns damp red litmus paper blue 

carbon dioxide (CO2) gives white ppt. with limewater 
(ppt. dissolves with excess CO2). 

chlorine (Cl2) bleaches damp litmus paper 

hydrogen (H2) “pops” with a lighted splint 

oxygen (O2) relights a glowing splint 

sulfur dioxide (SO2) turns aqueous acidified potassium manganate(VII) from 
purple to colourless 
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Preparation List 
 
Question 1 
 
Apparatus and chemicals 
50 cm3 Measuring cylinder, 3 
Styrofoam cups, 3 
250 cm3 Beaker 
250 cm3 Conical flask 
Thermometer 
Filter funnel 
Boiling tube, 1 

Distilled water 
Tissue papers 
Filter paper, 3 
Glass rod 
Spatula, 2 
Dropper, 3 

 
Reagents  
Part 1    1.0 mol/dm3 aqueous calcium chloride (50 cm3)  
              NaHCO3 (s), 2.00 g (1 vial)  
 
Part 2    X, 1.0 mol/dm3 (50 cm3)  
              Y, 1.0 mol/dm3 (50 cm3) 
              NaHCO3 (s), 6.00 g (2 vials) 
 
----------------------------------------------------------------------------------------------------------------------- 
Question 2 - QA 
Apparatus and chemicals 
 

Apparatus 
Test tubes, x 5 
Delivery tube  

- for test tube x 1 
- for boiling tube x 1 

 

 
Bench reagents 
Limewater, x 1 
Sodium hydroxide, x 1 
Potassium hydroxide, x 1 
Aqueous ammonia, x1 

 
 
Hydrochloric acid, x 1 
Nitric acid, x 1 
Sulfuric acid, x 1 
 

Barium nitrate 
Silver nitrate 
Litmus paper (blue and red) 
Wooden splint 
Lighter 

 

 
Reagents  
 
Solid P - zinc carbonate  

- 1 x boiling tube, 1.5 g 
- 1 x test tube, 0.4g 

 

 

Solution of salt Q – iron(II) chloride 
- 1 x vial, 15 cm3 

 
Hydrogen peroxide solution 
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