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Answer all the questions in the spaces provided. 

 
1 Determination of the concentrations of sulfuric acid and potassium hydroxide 

 
 FA 1 is a dilute solution of sulfuric acid, H2SO4 

FA 2 is a dilute solution of potassium hydroxide, KOH 
FA 3 is 0.377 mol dm-3 aqueous sodium carbonate, Na2CO3 
 
You are also provided with thymolphthalein solution. 
 
Both potassium hydroxide and sodium carbonate are bases which will react with sulfuric acid to give 
a salt and water – a process known as neutralisation. 
 
You will add different volumes of FA 3 to identical samples of dilute sulfuric acid, FA 1. In each case, 
the volume of sodium carbonate solution you add will only neutralise part of the sulfuric acid. You will 
then complete the neutralisation of each mixture by titration with dilute potassium hydroxide, FA 2. 
 
Analysis of your results using a graph will enable you to determine the concentrations of sulfuric acid 
and that of potassium hydroxide. 

   
 (a) (i) Preparation and titration of reaction mixtures 

 
Prepare four different mixtures of FA 1 and FA 3 as described below. 
 
Mixture 1 
1. Pipette 25.0 cm3 of FA 1 into a conical flask. Label the flask 6.00 cm3. 
2. Fill a burette with FA 3. 
3. Add 6.00 cm3 of FA 3 into the same conical flask. 
4. Thoroughly stir the mixture and set it aside for later use. 
 

Mixture 2 
Repeat the procedure used for Mixture 1 but this time add 25.0 cm3 of FA 1 and 20.00 cm3 
of FA 3 into a second conical flask. Label the flask 20.00 cm3. 

 
Mixtures 3 and 4 
Repeat the procedure used for Mixture 1 but with 9.00 cm3 and 16.00 cm3 of FA 3. In each 
case, add 25.0 cm3 of FA 1 and the respective volume of FA 3 into a 100 cm3 beaker. 
Thoroughly stir the mixture. 

 
Label each 100 cm3 beaker with the volume of FA 3 it contains. 
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Notes:  You will perform each titration once only. Great care must be taken that you do not 
overshoot the end-point. 

 
The end-point of the titration of Mixture 1 should be at least 25 cm3 of FA 2. 
 
Record your results in the space provided. Make certain that your recorded results 
show the precision of your working. 

 
Titration 
 

1. Fill the second burette with FA 2. 
2. Add 3 to 4 drops of thymolphthalein solution to the flask labelled 6.00 cm3. 
3. Titrate the mixture in the flask with FA 2 until a blue colour, which lasts for at least  

10 s is obtained. 
4. Repeat points 1 to 3 above using your remaining mixtures. You should perform your 

titrations in order of increasing volume of FA 3. 
5. Each of the mixtures stored in beakers should be transferred completely to a third 

conical flask prior to each titration. Rinse this conical flask thoroughly between each 
titration. 
 

 Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     [2]
   
  (ii) Plot on the grid below, your values for the FA 2 titre (y-axis) against the volume of FA 3 

added (x-axis). 
 
You should choose scales for the axes which will allow you to determine by extrapolation 
 
• the volume of FA 3 required, Vmax(FA 3), to react completely with 25.0 cm3 of FA 1 if no 

FA 2 is added 
• the volume of FA 2 required, Vmax(FA 2), to react completely with 25.0 cm3 of FA 1 if no 

FA 3 is added 
 
Draw the line of best fit, taking into account all of your plotted points. Hence obtain values 
for Vmax(FA 3) and Vmax(FA 2). 
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            Vmax(FA 3) = ……….………………. Vmax(FA 2) = ……….………………. 

Calculate the gradient of your graph line, showing clearly how you did this. 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                gradient = …………………… 

   [8]
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 (b) (i) Explain the gradient obtained in (a)(ii) in terms of the chemistry involved. 
    

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

   [1]

    
  (ii) Given that the concentration of aqueous sodium carbonate is 0.377 mol dm-3 and using the 

appropriate data from your graph, calculate the concentration of sulfuric acid in FA 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         concentration of sulfuric acid in FA 1 = …………………………….

   [1]
    
  (iii) Using your answer to (b)(ii) and appropriate data from your graph, calculate the 

concentration of potassium hydroxide in FA 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             concentration of potassium hydroxide in FA 2 = ……………………………. 

   [2]
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  (iv) The concentration of potassium hydroxide in FA 2 can also be calculated using the 
expression below. 

[ ] [ ]
gradient

CONa2
KOH 32=  

 
A student, Jack, performs this experiment and obtains the concentration of potassium 
hydroxide using the expression, but he calculated his gradient using two points which are 
close to each other. His classmate, Jill, used the results from Jack’s experiment and 
calculated the concentration of potassium hydroxide using the method in (b)(ii) and (b)(iii), 
and insists that her calculated value is more accurate. 
 
Suggest whether Jill’s claim is correct or wrong, and explain your answer. 
 
 
Jill’s claim is .……………………………………………………………………………………… 
 
because …………………………………..…………………………………………………………
 
…………………………………………..…………………………………………………………… 
 
……………………………………………..………………………………………………………… 
 
…………………………………………..…………………………………………………………… 
 
……………………………………………..…………………………………………………………

   [1]

    
 (c) The same experiment was carried out using FA 3 that was prepared from a sample of solid 

anhydrous sodium carbonate containing a small amount of inert impurities. 
 

  (i) Suggest what effect this would have on the values of Vmax(FA 2) and Vmax(FA 3). Explain 
your answer in each case. 
 
 
effect on Vmax(FA 2)…………………….………………………………………………………… 
 
explanation………………………………………………………………………………………… 
 
……………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………… 
 
……………………………………………………………………………………………………… 
 
 
effect on Vmax(FA 3)…………….………………………………………………………………… 
 
explanation………………………………………………………………………………………… 

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

   [2]
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  (ii) Planning 
 
You are required to write a plan for determining the exact percentage by mass of anhydrous 
sodium carbonate in the impure sample by collecting and measuring the volume of carbon 
dioxide gas evolved from its reaction with hydrochloric acid. 
 
You may assume that you are provided with:  
 

• impure solid anhydrous sodium carbonate, 
• 0.10 mol dm-3 hydrochloric acid, 
• the apparatus and chemicals normally found in a school or college laboratory. 

 

 
Your plan should include: 
 

• practical details, including a well-labelled diagram of the set-up, of how you would 
carry out the gas collection when  0.30 g of carbonate was reacted with 80 cm3 of 
hydrochloric acid; 

• brief, but specific details of how the results would then be used to determine the 
exact percentage by mass of anhydrous sodium carbonate.  

 

    

 

 

 

 

 

 

 

 

 

 

 

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

 [7]

[Total: 24]
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2 To investigate the effect of concentration changes on the rate of reaction. 

 Potassium bromate(V) and potassium iodate(V) are powerful oxidising agents. When reacted with 
reducing agents such as sulfate(IV), SO3

2-, the bromate(V) and iodate(V) ions will be reduced into 
the respective halogens. 

The equation for the overall reaction is shown below: 

                     2XO3
- + 5SO3

2- + 2H+ → X2 + 5SO4
2- + H2O                            (where X = Br or I) 

FA 4 is aqueous potassium iodate(V), KIO3. 
FA 5 is aqueous sodium sulfate(IV), Na2SO3.  
FA 6 is 0.1 mol dm-3 sulfuric acid, H2SO4.  
 
You are also provided with starch indicator and deionised water 
 
In this experiment, you will be investigating the effect of the concentration of acid, FA 6, on the initial 
rate of the overall reaction between aqueous potassium iodate(V), KIO3, FA 4, and aqueous sodium 
sulfate(IV), Na2SO3, FA 5. 
 

 (a) Potassium iodate(V) reacts with sodium sulfate(IV) in acidic solution to produce iodine in 
solution according to two stages. 
 
In stage 1, iodate(V) and sulfate(IV) react to produce iodide and sulfate(VI) ions.  
 
In stage 2, the iodide ions formed react with iodate ions to give iodine.  
 
Write equations for the 2 stages involved in the reaction of iodate(V) and sulfate(IV) ions. 
 

  Stage 1:  
……………………………………………………………………………………………. 
 

  Stage 2:  
……………………………………………………………………………………………. 

[2]
 
 

  

 The iodine formed reacts immediately with sulfate(IV) ions to give iodide ions. When sulfate(IV) ions 
are completely consumed, the liberated iodine would react with starch solution to give the dark blue 
colour of the starch-iodine complex. Time taken for the dark blue colour to appear depends on the 
rate of formation of iodine. The effect of the concentration of acid on the initial rate of the overall 
reaction can be determined by measuring the time taken for dark blue colour to appear.  

You are to perform a series of four experiments, in which the concentration of acid, FA 6, is varied, 
and measure the time, t, taken for the dark blue colour to appear.  

For each experiment, you will require two solutions, solution 1 and solution 2. Solution 1 will be 
prepared using a fixed volume of FA 4 and deionised water as described in (b)(i). In each experiment, 
solution 2 will contain the same volume of FA 5 but varying volumes of FA 6. The total volume of 
solution 2 is kept constant at 100 cm3 by adding deionised water as required.  
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 (b) (i) Experiment 1 

Preparation of solution 1 

Add 15 cm3 of FA 4 into the 100 cm3 measuring cylinder labelled solution 1. Make up the 
volume to 100 cm3 using deionised water. 

 

Preparation of solution 2 

Add 15 cm3 of FA 5 into the 100 cm3 measuring cylinder labelled solution 2. Make up the 
volume to 100 cm3 by adding 85 cm3 of FA 6.  

1. Place the 250 cm3 beaker on the while tile.  
2. Transfer solution 1 into the 250 cm3 beaker.  
3. Using a 10 cm3 measuring cylinder, measure and add 5 cm3 of starch indicator into 

the 250 cm3 beaker containing solution 1.  
4. Transfer solution 2 rapidly into the beaker containing solution 1, starting a 

stopwatch as you do so.  
5. Stir the mixture gently using a glass rod, and measure the time, t, for a dark blue 

colour to appear. Record your time, t, to the nearest second. 
6. Wash the beaker thoroughly with water and dry it. 

 

(ii) Experiment 2 

7. Prepare solution 1 as described in (b)(i). 
8. Prepare solution 2 by adding 15 cm3 of FA 5 and 25 cm3 of FA 6 into the 100 cm3 

measuring cylinder labelled solution 2. Make up the volume to 100 cm3 by adding 
deionised water.  

9. Repeat steps 1 to 6 in (b)(i) to determine the time taken for a dark blue colour to 
appear. 

 

(iii) Experiments 3 – 4 

10. Select two other suitable volumes of FA 6, between 25 cm3 and 85 cm3, for use in 
the remaining two experiments. 

11. Prepare solution 1 as described earlier. 
12. Use your selected volume of FA 6, together with 15 cm3 of FA 5 and water, to 

prepare 100 cm3 of solution 2 for each experiment. Prepare a table in the space 
provided in (c) for recording purposes. 

13. Repeat steps 1 to 6 in (b)(i) to determine the time taken in each case for a dark 
blue colour to appear. 
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 (c) Prepare a table in the space provided below in which to record, for each experiment:     
  
• all volumes used to prepare solution 2, 
• all values of t, 
• calculated values of Vol of FA 6 x t, (Vol of FA 6)2 x t to 3 significant figures  

 
Results 
 

 [4]

 (d) (i) Explain clearly why the concentration of H+ in the initial reaction mixture could be 
represented as the volume of FA 6 used. 
 

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

    [1]
 
 

  (ii) Calculate the concentration, in mol dm-3, of hydrogen ions present in the reaction mixture 
for experiment 1 at time t = 0 s.  
 

    

[H+] = ………………………………  
[1]
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  (iii) Explain the significance of the values of (Vol. of FA 6) × time and (Vol. of FA 6)2 × time. 

 

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

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

    [2]
 

  (iv) With reference to your answers in (d)(iii), deduce the order of reaction with respect to H+ 
ions. 

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

    [1]

  (v) Explain the effect on the initial rate of reaction if the concentration of FA 6 is increased 
from 0.1 mol dm-3 to 0.2 mol dm-3. Assume all other conditions are kept constant.  
 

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

    [1]
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 (e) Select, from experiments 1 to 4, the experiment which is likely to have the greatest error. 
Explain your choice.                          

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

   [1]
 

 (f) Suggest how the collection of data can be improved so that the order of reaction with respect 
to acid for this experiment can be accurately determined.     

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

   [1]
  [Total: 14]
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3 Identification of ions 

 You are provided with FA 7 solution, a mixture of two salts. 
 
You are to perform the tests below and record your observations in the spaces provided. Your 
answers should include 
 

• details of colour changes and precipitates formed;  
• the names of any gases evolved and details of the test used to identify each one. 
 
The volumes given below are approximate and should be estimated rather than measured, unless 
otherwise stated. 
 
You should indicate clearly at what stage in a test a change occurs. 
 
If it appears that no reaction has taken place this should be clearly recorded. 
 
Rinse and reuse test-tubes where possible. 
 
No additional or confirmatory tests for ions present should be attempted. 
 
Candidates are reminded that definite deductions may be made from tests where there 
appears to be no reaction. 
 

  FA 7 is a solution containing two cations. 

   Test Observation 

 (a) Test the FA 7 solution using Universal 
indicator paper. 

 

 

 

 (b) (i) Place about 2 cm3 of FA 7 into a test-
tube. Carefully add sodium 
hydroxide, dropwise with shaking, 
until no further change are seen. 

 

 

Swirl and filter the mixture, collecting 
the filtrate in a boiling tube labelled 
FA 8. The filtrate is FA 8 which should 
be put to one side for use in (c)(i). 

 

 

Wash the residue thoroughly with 
deionised water. Discard the 
washings. The residue is FA 9. 
Retain the residue for use in (b)(ii) 
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  Note: When KMnO4 is added in (b)(ii) and (c)(ii), the end point is permanent pale pink colour. 
In each case, use the same dropping pipette and record the number of drops of KMnO4 
you added to reach the end point. 

  (ii) Transfer a spatula load of FA 9 into a 
clean test-tube. 

 

 

Add hydrochloric acid, a few drops at 
a time and shaking, until no further 
changes are seen. 

 

 

Add KMnO4, dropwise with shaking, 
until the end point is reach 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) (i) Place about 1 cm3 of FA 8 in a test-
tube. Carefully add hydrochloric acid, 
dropwise with shaking, until no further 
change is seen. 

 

 

This solution is FA 10. Label this test 
tube FA 10. 

 

 

 

  (ii) Place about 1 cm3 of FA 10 in test-
tube. Add KMnO4, dropwise with 
shaking, until the end point is 
reached. 

 

 

 

  (iii) Place about 1 cm3 of FA 10 in a test-
tube, add aqueous ammonia, 
dropwise with shaking, until no further 
change is seen. 

 

 

 

   

  [5]
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 (d) Conclusions  
 
 

 (i) Identify the two cations present in FA 7.                                                                                     

   

Cation 1: …………………………                                                  Cation 2: …………………………
  [1]
   
 (ii) Identify the metal-containing complex present in FA 8. 

Write equations to illustrate the formation of this complex. 

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

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

  [1]

 (iii) Suggest an explanation for the observations in (b) and hence deduce the compositions of 
residue, FA 9.  

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

  
[2]

 (iv) Explain the difference, if any, in the number of drops of KMnO4 required to reach the end point 
in (b)(ii) and (c)(ii). 

 

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

  [2]
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 (e) Planning 
 
There are four solutions labelled FB 1, FB 2, FB 3, and FB 4. Each solution contains one of the 
following: 
 

• dilute hydrochloric acid 
• aqueous sodium carbonate 
• aqueous barium nitrate 
• aqueous aluminium chloride 

 
The solution names and FB codes are not in order. 
 

 (i) Without any indicators and using these solutions alone, plan the steps which will enable you to 
identify these solutions. Write your plan in the space below, showing how you would record 
your observations in a table. 
 

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

  [2]
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 (ii) Describe, with reference to the reactions occurring, how you would use the observations to 
confirm the identities of FB 1, FB 2, FB 3, and FB 4. 

   
 

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

  [4]
    [Total: 17]
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Qualitative Analysis Notes 
[ppt. = precipitate] 
 
(a) Reactions of aqueous cations 
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(b) Reactions of anions 
 

 
 
(c) Tests for gases 
 

 
 
(d) Colours of halogens 
 

 
 
 


