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Answer all questions in the space provided. 
 
1 An investigation of a gemstone 
 

Spinel minerals form crystals that are often used as gemstones. The general formula of a spinel mineral is 
AB2O4, where A and B are different metal ions. The presence of different combinations of metal ions 
accounts for the range of colours found in these gemstones. One example of a spinel gemstone is hercynite, 
which is blue-green in colour. 
 
As they are essentially composed of metal oxides, spinel crystals may be reacted with strong acids to form 
solutions containing salts of the metal ions present. The rarity and high cost of spinel gemstones, however, 
prohibit the preparation of such solutions for this task. 
 
The FA 1 solution you are supplied with is a mixture of two salts. It is intended to duplicate a solution that 
could have been produced by reacting hercynite crystals with a strong mineral acid. Clearly, non-metal ions 
are also present in FA 1. 
 
FA 1 is a solution containing the metal ions, A and B, together with non-metal ions. 
FA 2 is sodium carbonate, Na2CO3. 
Solid FA 3 is granulated zinc. 
 
You will perform tests to identify the metal ions, A and B, present in FA 1. 

 
You are not expected to identify the anions. 
 
You are advised to consider the general formula of the spinel minerals, AB2O4, and the likely oxidation states 
of the metal ions, A and B, before you start this experiment. 
 
Unless otherwise stated, the volumes given below are approximate and should be estimated rather than 
measured. 
 
Test and identify any gases evolved. 

 
(a) Carry out the following tests. Carefully record your observations in Table 1.1 

 
Table 1.1 

 

test observations 

1 Test the FA 1 solution using Universal 
Indicator paper. 
 

Obs 1. pH 2–4 Or Yellow universal indicator paper 
changes to orange/red (1) 
 

2 Using a measuring cylinder, transfer 
10 cm3 of FA 1 to a clean boiling tube. 

 
Use a dropping pipette to transfer         
1 cm3 of FA 2 to the boiling tube. 
 
Mix the contents of the boiling tube 
thoroughly. 

 
Repeat the transfer of 1 cm3 of FA 2 
with thorough mixing of the contents in 

 
 
 
Obs 2. (slight) white ppt formed (1) 
Obs 3. effervescence/bubbles but not ‘gas evolved’ (1) 
Obs 4. gas evolved gives a white ppt with limewater (1) 
gas evolved is CO2 
Obs 5. green/grey-green/blue-green/grey-green 
precipitate (1) (indicates initial precipitate becomes 
darker) 
Obs 6. then turns brown (this is observed at the inner 
side of the boiling tube) (1)  
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the boiling tube until all of the FA 2 is 
used up. 
 

 

3 Place about 2 cm3 of FA 1 into a      
test-tube. Carefully add sodium 
hydroxide, dropwise with shaking, until 
no further changes are seen. 
 
 
 
 
 
 
Swirl and filter the mixture, collecting 
the filtrate in a clean boiling tube. Keep 
the filtrate for use in Test 6. 
 
Wash the residue thoroughly with 
deionised water. Discard the 
washings. Keep the residue for use in 
Test 4. 

Obs 7. white ppt formed (soluble in excess NaOH) (1) 
Obs 8. then green/grey-green/blue-green/dirty green/light 
blue ppt formed (1) 
Obs 9. (green) ppt insoluble in excess NaOH (1)  
 
 
 
 
 
 
Obs 10. green residue/ppt (1) 
Obs 11. residue then then turns brown (1) 
Obs 12. colourless/pale yellow filtrate (1) 
 
 

Note: When aqueous potassium manganate(VII) is added in Test 4, the endpoint is a permanent pale pink 
colour. 
 

4 Transfer a spatula load of the residue 
collected in Test 3 into a clean         
test-tube. 
 
Carefully add hydrochloric acid, 
dropwise with shaking, until no further 
changes are seen. 
 
Add aqueous potassium 

manganate(VII), dropwise with 
shaking, until the endpoint is reached. 
 
Record the number of drops of 

aqueous potassium manganate(VII) 
you have added to reach the endpoint. 
 
Keep this mixture for use in Test 5. 

 
 
 
 
Obs 13. solid dissolves in acid to form an orange/orange-
brown/brown/yellow solution (1) 
 
 

Obs 14. after  3 drops, it turns pink/endpoint is reached 
(1) 
 
 

5 To the final mixture in Test 4, add one 
piece of FA 3. Gently warm the 
mixture and set aside for a few 
minutes. From time to time, observe 
the mixture. While you are waiting, 
continue with Test 6. 
 
When no further changes are 
observed, decant the solution into a 
second test-tube. 
 

Obs 15. the solution gradually lightens in colour/becomes 
colourless/orange solution turns yellow (1) 
Obs 16. many bubbles/effervescence but not ‘gas 
evolved’ (1) 
Obs 17. ‘pops’ with a lighted splint (1) 
gas evolved is H2 
 
 
Obs 18. decolourisation of the purple KMnO4(aq) (1) 
Obs 19. after a few drops, the solution darkens or turns 
orange/orange-brown/brown (1)  
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Add a few drops of aqueous 

potassium manganate(VII) to the 
second test-tube, with shaking. 
 

 
 

6 Place about 1 cm3 of the filtrate 
collected in Test 3 in a clean test-tube. 
Carefully add hydrochloric acid, 
dropwise, until no further change is 
seen before you shake the mixture. 
 
The mixture is then use for Test 7. 
 

Obs 20. white ppt forms (1) 
Obs 21. that dissolves in excess HCl (1) to form 
colourless solution 
 
 

Note: You should NOT do the following test. Observations have been recorded for you. 
 

7 Place about 1 cm3 of the final mixture 
in Test 6 in a clean test-tube. Add 
aqueous ammonia, dropwise with 
shaking, until no further change is 
seen. 
 

 
white ppt. 
insoluble in excess 
 
 

 
[8] 

 

Obs points  marks  

 
 
Observation points 
See the responses listed below. There are 21 observational points identified in Tests 1 to 6, each indicated by 
(1). 
Record the total number of observational points awarded in the “Obs points” box at the end of question 1. Use 
the scaling grid below to determine the number of marks awarded. Write this number in the “marks” box at the 
end of question 1. 
 
>= 18 = 8 
16 – 17 = 7 
13 – 15 = 6 
10 – 12 = 5 
7 – 9 = 4 
5 – 6 = 3 
3 – 4 = 2 
1 – 2 = 1 
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(b) By consider your observations in Tests 1 and 2, suggest an explanation for the observations in        
Test 2 in terms of the chemistry involved. 
 
……………………………………………………………………………………………................................. 
 
………………………………………………………………………………………………………………... [2] 

 
Test 1 indicates the presence of acidic cation in FA 1. 
The acidic cation (which is Al3+) has high charge density, hence hydrolyses in water to produce acidic solution 
OR acidic cation has high charge density and polarises electron cloud of H2O which weakens the O–H bond 
which is broken more easily to donate H+.  
Na2CO3 reacts with the acid to produce CO2. [1] 
 
White ppt is Al(OH)3, green ppt is FeCO3 OR hydroxide and carbonate ppt is formed when carbonate reacts with 
metal ions in FA 1. [1] (FYI: The white ppt appeared first as it has a lower Ksp.)  
 
 

(c) (i) By considering your observations in Tests 3, 6 and 7, identify the metal-containing complex 
ion present in the filtrate collected in Test 3. 
 
………………………………………………………………………………………………………... [1] 

[Al(OH)4]È (aq) [1] 

Explanation for understanding: 
Al3+ ion present gives a white precipitate, Al(OH)3 with NaOH(aq), which is soluble in excess in Test 3 (complex 

ion formed is [Al(OH)4]− and a white precipitate, Al(OH)3 with NH3(aq), which is insoluble in excess in Test 7. 
 

(ii) Identify the residue collected in Test 3. 
 
………………………………………………………………………………………………………... [1] 

Fe(OH)2  
Accept Fe(OH)3 as oxidation by O2 occurred/was observed. 
 
 

(iii) FA 1 is intended to duplicate a solution that could have been produced by dissolving hercynite 
in a strong acid. 
 
Suggest a formula for hercynite. 

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

 
hercynite formula = FeAl2O4 [1] ecf so long charges balanced (+2)+(+3)(2) ↔ (-2)(4). 
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(d) Explain the following reactions involving the metal ions in the reaction mixture used in Test 5. 

• reaction between FA 3 and resultant mixture from Test 4 

• reaction between solution in the second test-tube and aqueous potassium manganate(VII) 
 
…………………………………………………………………………………………..................................... 

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

   
Zn reduces Fe3+ to Fe2+ 
MnO4

– oxidises Fe2+ back to Fe3+ [1] 
(hydrogen formed by reaction between Zn and the excess HCl acid (not acidic Fe3+) added in Test 4) 
 
 

(e) Explain in terms of the chemistry involved and with the aid of relevant equations, your observations 
in Test 6. 

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

• precipitate forms due to removal of OHÈ by HCl, causing the POE of reaction (1) to shift to the left. 

Al(OH)3 + OHÈ Ý [Al(OH)4]È   (1) [1] 

• precipitate dissolves due to further removal of OHÈ by the excess HCl, causing the POE of reaction (2) 

to shift to the left 
Al3+ + 3OHÈ Ý Al(OH)3  (2) [1] 

 
[Total: 16] 
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2 Determination of the molar enthalpy change of a reaction by an indirect method 
 

 It is not possible to measure experimentally the enthalpy change, H1, for the following reaction as it does 
not take place in the laboratory. 

 

 equation 1 Na2CO3(s) + CO2(g) + H2O(l) → 2NaHCO3(s)   H1 
 
 Sodium carbonate and sodium hydrogencarbonate each react with hydrochloric acid. 
 

 equation 2 Na2CO3(s) + 2HCl(aq) → 2NaCl(aq) + H2O(l) + CO2(g)  H2 = −36 kJ mol−1 
 

 equation 3 NaHCO3(s) + HCl(aq) → NaCl(aq) + H2O(l) + CO2(g)  H3 
 

 In this question, you will perform an experiment to determine a value for H3. You will use the results of 

the experiments you have carried out, data provided for H2 and an energy cycle to calculate a ‘theoretical’ 

value for H1. 
 
 You are provided with: 

• FA 4, 2.00 mol dm−3 hydrochloric acid, HCl 

• solid FA 5, NaHCO3. 
 

(a) (i) Determination of the molar enthalpy change of reaction, H3 
 

In this experiment, you will measure the temperature of the contents of a polystyrene cup 
at timed intervals, both before and after solid NaHCO3 is added. You will analyse your 
results graphically in order to determine an accurate value for the temperature change of 
the mixture, caused by the reaction between solid NaHCO3 and HCl. 

 
You will use this value to calculate the heat change, q, for the experiment and hence 

determine a value for the molar enthalpy change of reaction, H3. 
 

In an appropriate format in the space provided on page 8, prepare tables in which to record 
results for your experiment: 

• all weighings to an appropriate level of precision, 

• all values of temperature, T, to an appropriate level of precision, 

• all values of time, t, recorded to the nearest 0.5 min. 
 

It is important that you measure each temperature at the specified time. 
 
Procedure 

 
1. Weigh the capped bottle containing solid FA 5. Record the mass in your table on page 

8. 
 

2. Place one polystyrene cup inside a second polystyrene cup. Place these in a glass 
beaker to prevent them from tipping over. 
 

3. Use a measuring cylinder to transfer 50 cm3 of FA 4 into the first polystyrene cup. 
Cover the cup with a lid. 
 

4. Carefully stir the solution of FA 4 in the cup with the thermometer. Read and record 
the temperature, T. Start the stopwatch (t = 0.0 min). The stopwatch must be left to 
run for the rest of the experiment. 
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5. Continue to stir the solution. Read and record T every minute. 

 
6. At exactly three minutes, remove the lid and transfer the solid FA 5 cautiously to the 

polystyrene cup in three separate lots, taking care that the mixture does not overflow. 
Replace the lid. Stir the mixture but do not read T. 
 

7. Continue to stir the mixture. Read and record T at t = 3.5 min. 
 

8. Continue to stir the mixture. Read and record T at t = 4.0 min and every minute until t 
= 9.0 min. 
 

9. Reweigh the emptied bottle with its cap. Record this mass in your table below. 
 

Results 
 

[4] 
 

 

Mass of bottle and solid FA 5 / g a 10.009 

Mass of bottle and residual FA 5 / g b 5.512 

Mass of FA 5 used / g c 4.497 

 

t / min 0.0 1.0 2.0 3.5 4.0 5.0 6.0 7.0 8.0 9.0 

T / oC 29.2 29.2 29.2 23.4 23.2 23.4 23.6 23.6 24.0 24.2 

 
 
1 mark 
Tabulates mass and temperature data in (a). Students should record all data in a table or tables. Given the large 
amount of data to be recorded, students should be allowed to record this data in multiple tables. 
All table(s) should contain correct headers and units. Data headers to be included in the table(s) are as shown 
in the suggested answers above. 
‘Table(s)’ need not have lines but there should be no absences of headers or units. 
Tabulation may be vertical or horizontal. 
The mark is for drawing the table(s); the table(s) need not be populated. 
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1 mark 
All temperature readings are recorded to 1 decimal place. 
And 
All mass readings and mass used values are recorded to 3 decimal places. 
 
1 mark 
Check the followings: 
1) (a) > (b) 

2) Correctly calculates (a) − (b) 
 
1 mark 
No temperature recording at t = 3.0 min + complete set of data 
 

(ii) Plot a graph of temperature, T, on the y-axis, against time, t, on the x-axis on the grid in 
Fig. 2.1. 

 
Draw a best-fit straight line taking into account all of the points before t = 3.0 min. 
 
Draw another best-fit straight line taking into account all of the points after the temperature 
of the mixture has started to rise steadily. 
 
Extrapolate (extend) both lines to t = 3.0 min. 
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Fig. 2.1 
[3] 
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1 mark 
Axes correct way round + correct labels + units + scale. 
Note: Sensible scales must be used and must allow for the lines to be extrapolated to cross each other. Awkward 
scales (e.g. 3:10) are not allowed. The plotted points must occupy at least half of the graph grid in both x and y 
directions. 
 
1 mark 
Plotting – all points correctly plotted within ±½ small square. 
Check all of the points and put ticks if correct. 
 
1 mark 
Graph lines must be best-fit lines, drawn so as to best reflect the distribution of points before and after the time 
= 3 minute. The line before and after time = 3 minute should be extrapolated until it crosses the vertical line 
drawn at time = 3 minute. The second line after time = 3 minute should be an increasing trend, not decreasing 
trend. 
Markers must not alter or adjust a poorly drawn student’s line. 
 

(iii) From your graph, read the minimum temperature, Tmin, and the maximum temperature, 
Tmax, at t = 3.0 min. Record these values in the spaces provided. 

 

 Calculate the temperature change, T, at t = 3.0 min. 
 

Tmin  = ………………………….. 
Tmax  = ………………………….. 

T  = ………………………….. 
[2] 

 
Tmin =  23.05 oC 
Tmax = 29.20 oC 

T = 6.15 oC 
 
1 mark 

Correct reading, to ±½ small square, of Tmin, Tmax and correct calculation of T 
Could be 1 d.p or 2 d.p; be consistent 
 
1 mark 
Compared ΔT/m of student with ΔT/m of Teacher. 
Ensure ΔT/m of student is rounded to 1 d.p before checking accuracy 

Award 1 mark for accuracy if student’s ΔT/m is 0.2 of ΔT/m of Teacher 
 

(iv) Calculate the heat change, q, for your experiment using the value you deduced in (a)(iii). 
 

Assume that the specific heat capacity of the reaction mixture is 4.18 J g−1 K−1, and that 

the density of the reaction mixture is 1.00 g cm−3. 
 

q = …………………………….. [1] 
 

q = 50 × 1.00 × 4.18 × 6.15 × 10−3 = 1.285  1.29 kJ 
units can be in J or kJ 
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(v) Determine the molar enthalpy change, H3, for the reaction in equation 3. 
 

Include the sign of H3 in your answer. 
[Ar: Na, 23.0, H, 1.0, C, 12.0, O, 16.0] 

 

H3 = ……………………………. [2] 
 

H3 = +
1.285

4.497
84.0

= +24.00  +24.0 kJ mol−1 

 

• Knowing that the limiting reagent is NaHCO3 (accept no calculation to prove this) and hence calculating 
n(NaHCO3) 

• Calculate the numerical value of H2 correctly by taking the ans in (iv) divide by n(NaHCO3) 

• Include the correct sign and correct units 
3 pts – 2 marks, 2 pts – 1 mark 
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(b) Use the value of H2 given and your value of H3 calculated in (a)(v), calculate a value for H1 

for the reaction in equation 1. 

 

 

 

 

 

 

H1 = −36.0 − 2(+24.00) = −84.00  −84.0 kJ mol−1 

H1 = −84.0 kJ mol−1………………………[2] 

• energy cycle  
- equations correctly balanced and with state symbols 
- arrows correctly labelled 

• applying Hess’ Law correctly 

• correct sign + units + correct numerical answer presented to 3 s.f. for (a)(iv), (v) and (b) 
 

Or 

• applying ∆H1 = ∆H2 - 2∆H3 

• correct numerical answer + units 

• 3 s.f. for (a)(iv), (v) and (b) 

3 marking points – 2 marks, 2 marking points – 1 mark 

 

(c) A student performed the same experiment using 40 cm3 of FA 4. 

Explain how this will affect the temperature change per gram of FA 5 and hence the accuracy of 

the experiment.  

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

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

V c T
H

m
Mr

  
 = where V is the volume of FA 4 used and m is the mass of FA 5 used 

From the above relationship, 
1

V
T

m




(or 
1T

m V



), hence, when volume of FA 4 decreased, 

temperature change per gram of FA 5 used will increase. [1] 

Since percentage error 
1

T



, the percentage error will decrease and increase the accuracy of 

the experiment. [1] 

[Total: 16] 

2HCl(aq) + Na2CO3(s) + H2O(l) + CO2(g)                                     2NaHCO3(s) + 2HCl(aq) 

2NaCl(aq) + 2CO2(g) + 2H2O(l) 

H1 

−36.0 2(+24.00) 
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3 Analysis of a redox reaction between hydroxylamine and iron(III) ion 
 

A redox reaction takes place between hydroxylamine, NH2OH, and iron(III) ion, Fe3+, in acidic conditions. 

Iron(III) ion is reduced to an iron(II) ion, Fe2+. The reaction is slow at room temperature but is completed 
in a few minutes at 100 °C. The reaction is shown by one of the following equations. 

 

equation 1 NH2OH(aq) + Fe3+(aq) → Fe2+(aq) + H+(aq) + ½N2(g) + H2O(l)  
 

equation 2 NH2OH(aq) + 2Fe3+(aq) → 2Fe2+(aq) + ½N2O(g) + 2H+(aq) + ½H2O(l)   
 

equation 3 NH2OH(aq) + 3Fe3+(aq) → 3Fe2+(aq) + NO(g) + 3H+(aq) 
 

You will carry out a titration to determine which of the three suggested equations best represents the 

reaction. Iron(II) ions formed in the reaction with hydroxylamine are oxidised by manganate(VII) ions. 
 

MnO4
−(aq) + 5Fe2+(aq) + 8H+(aq) → Mn2+(aq) + 5Fe3+(aq) + 4H2O(l) 

 

FA 6 is 0.0200 mol dm−3 potassium manganate(VII), KMnO4. 
FA 7 is a solution prepared by boiling a 1.00 dm3 aqueous mixture containing 3.30 g of hydroxylamine 

hydrochloride, NH2OH•HCl, excess iron(III) chloride, FeCl3, and excess sulfuric acid. Any water lost by 
evaporation was replaced after cooling. 
FA 8 is dilute sulfuric acid. 

 
Assume that one mole of hydroxylamine hydrochloride gives one mole of hydroxylamine in solution. 

 
(a) (i) Procedure 
 

1. Fill the burette with FA 6. 
 

2. Pipette 25.0 cm3 of FA 7 into a conical flask. 
 

3. Use a 10 cm3 measuring cylinder, add 10 cm3 of FA 8 into the same conical flask. 
 

4. Titrate the solution in the conical flask with FA 6. The end-point is reached when a 
permanent pale pink colour is obtained. 

 
5. Record your titration results to an appropriate level of precision in the space on page 

13. 
 

6. Repeat steps 2 to 5 until consistent results are obtained. 
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Titration results 
 

initial burette reading / cm3 0.00 0.00 

final burette reading / cm3 24.55 24.50 

volume of FA 6 added / cm3 24.55 24.50 

consistent results   

 
[3] 

1 mark 
Tabulates initial and final burette readings and volume added in the titration table. 
Table has correct headers and units. 
Tabulation may be vertical or horizontal; lines are not essential but there should be no absences of headers. 
Where units have not been included in the header, there should be appropriate unit for each entry in the table. 
Do NOT award this mark if any final and initial burette readings are inverted or 50 is used as the initial burette 
reading. 
  
1 mark 
All the final/initial burette readings, for all accurate titres in the titration table, are recorded to the nearest             
0.05 cm3. 
Treat all titres as “accurate” unless labelled ‘rough’ or first titre is recorded to a lower precision than subsequent 
titres. 
 
1 mark 
Has at least two uncorrected titres for end-point within 0.10 cm3 
 
Note:  

• Do not award this mark if having performed two titres within 0.1 cm3 a further titration is performed 
which is more than 0.10 cm3 from the closer of the initial two titres, unless a fourth titration, within 0.1 
cm3 of the third titration or of the first two titres has also been carried out. [9701_w10_ms31] 
 

• A student’s ‘rough’/’trial’ titre value can be considered by the examiner when selecting titre values for 
the mean titre calculation if the student has ‘validated’ this value either by ticking it or by using it in 
an expression in (a)(ii). (By doing either of these, the student has declared it to be no longer a 
‘rough’/’trial’ value). 
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(ii) From your titrations, obtain a suitable volume of FA 6 to be used in your calculations. 
Show clearly how you obtained this volume. 

 

 volume of FA 6 = 
24.55 24.50

2

+
 = 24.525  24.53 cm3 

 
volume of FA 6 = ……………………….. [3] 

 
1 mark 
Student obtains appropriate “average”, to 2 d.p., from any experiments with uncorrected end-point titre values 
within 0.20 cm3 with units “cm3” included. 
Do not award this mark if the titres used are not identified either in the table (by, for example, a tick) or in a 
calculation. 
Do not award this mark if there are arithmetic errors in the table. 
 
2 marks 
Round burette readings to the nearest 0.05 cm3. Check and correct titre subtractions where necessary. Marker 
selects the best mean titre.  
Apply hierarchy: 2 identical, titres within 0.05cm3, titres within 0.10cm3 etc. Examiner subtracts (corrected) 

candidate’s titre from Supervisor’s titre, . 
Award accuracy marks as follows:  

Award if  ≤ 0.30 cm3 → 1 mark 

Award if  ≤ 0.20 cm3 → 2 marks 
 

(b) (i) Calculate the amount in moles of potassium manganate(VII) present in the volume of FA 
6 in (a)(ii). 

 

n(KMnO4) = 
24.53

1000
 × 0.0200 = 4.906 × 10−4  4.91 × 10−4 mol 

 

amount of potassium manganate(VII) = 4.91 × 10−4 …………. mol [1] 
 

Correctly calculates amount of KMnO4 = 0.0200  (a)(ii) / 1000 mol 
 

(ii) Use your answer to (b)(i) to calculate the amount in moles of iron(II) ions in 25.0 cm3 of 
solution FA 7. 

 

 n(Fe2+) = 4.906 × 10−4 × 5 = 2.453 × 10−3  2.45 × 10−3 mol 
 

amount of iron(II) ions = 2.45 × 10−3 ……………… mol [1] 
 

 Correctly calculates amount of Fe2+ = 5  (b)(i) mol 
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(iii) Calculate the amount in moles of hydroxylamine hydrochloride that has reacted with the 
FA 7 pipetted into the conical flask. Show your working. [Ar: N, 14.0; H, 1.0; O, 16.0; Cl, 
35.5] 

 

 n(NH2OH•HCl) = 
25.0

1000
 × 

3.30

69.5
= 1.187 × 10−3  1.19 × 10−3 mol 

  

amount of hydroxylamine hydrochloride = 1.19 × 10−3 ……………………. mol [2] 
 
Correctly calculates  
M1 Mr(NH2OH•HCl) = 69.5; award credit if calculate correctly and 1 d.p 

M2 amount of NH2OH•HCl = 3.3/69.5  25.0/1000 = 1.187  10−3 / 1.19  10−3 mol 
 

(iv) Use your answer to (b)(iii) to deduce which of the three suggested equations corresponds 
to your results. Show your working. 

 

 
2 3

3

2

( ) 2.453 10

( ) 1.187 10

n Fe

n NH OH

+ −

−


=


= 2.066  2 

 
The correct equation number is 2……………….. . [2] 

 
M1 Correctly uses mole ratio n(Fe2+) : n(NH2OH•HCl) = (b)(ii) / (b)(iii) AND states equation number that fits their 
data 
M2 final ans for part (b)(i) to (iii) given to 3 significant figures 
 

 
[Total: 13] 
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4 Planning  
 

Baker’s yeast is a useful enzyme which can be used to catalyse the decomposition of hydrogen peroxide.  
 

H2O2(aq) → H2O(l) + ½O2(g) 
 
You are provided with 
 
apparatus: 

• 100 cm3 conical flask, fitted with rubber bung and rubber tubing 

• gas syringe (possible capacities of 10, 50 or 100 cm3) 

• stopwatch 

• all other common laboratory equipment 
 

reagents: 

• 50 cm3 of yeast suspension 

• 30 cm3
 of 3% (by weight) hydrogen peroxide 

• Distilled water  
 
When 8.0 cm3 of the yeast suspension, 4.0 cm3 of H2O2 and 18.0 cm3 of distilled water were mixed,         
10 cm3 of oxygen gas was produced in 90 s. 

 
Use the above information and the reagents provided to design an experiment to determine the order of 
reaction with respect to yeast and hydrogen peroxide respectively. 

 
In your experiment, you should perform a total of five experimental runs (including the above run) to 
measure the volume of oxygen gas produced at regular intervals in each run. The volume of yeast 
suspension used should be varied in all the runs while keeping volume of H2O2 constant at 4.0 cm3. One 
of the experimental runs should be conducted to allow the reaction to go to completion. 
 
(a) Calculate the maximum volume of oxygen gas produced for an experimental run if the reaction 

was allowed to go to completion. In your calculations, assume that the density of H2O2 is             

1.00 g cm−3 and the experiment is conducted under r.t.p. condition. 

[Ar: H, 1.0; O, 16.0 and Vm = 24 dm3 mol−1 at r.t.p.] 
 
 

maximum volume of oxygen gas produced = ………………………….. 
 
Hence, state the appropriate capacity of the gas syringe to be used. 
 

 
capacity of gas syringe = ……………….…………. 

[2] 

• Mass of 4.0 cm3 of H2O2 = 1.00 x 4.0 = 4.000 g 

• Amount of H2O2 = (4.000 x 0.03) / 34.0 = 0.00353 mol  

• Amount of O2 gas = ½ (0.00353) = 0.00176 mol 

• Volume of O2 gas = 0.00176 x 24000 = 42.4 cm3  

• Hence appropriate capacity of gas syringe to be used is either 50 cm3 or 100 cm3 size if the 
reaction is allowed to go to completion  

2 pts – 1 mark, 5 pts – 2 marks 
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(b) Plan an experiment to collect sufficient data to plot suitable graphs to prove that the reaction is 
first order with respect to hydrogen peroxide and first order with respect to yeast. 
 
Your plan should include details of: 

• a table to tabulate the volumes of each of the reagents used that you will be using for each 
run of the experiment 

• the apparatus you would use 

• the procedure you would follow 

• the measurement you would take 
 

You may find it useful to indicate in your procedure the experimental run that would be conducted 
to allow the reaction to go to completion and the measurement to be taken when the reaction has 
reached completion. 

 
………………………………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………………………..… [5] 
 
Table of volumes 

Run V(yeast) /cm3 V(H2O2) /cm3 V(distilled water) /cm3 Total volume /cm3  

(optional to show this column) 

1 4.0 4.0 22.0 30.0 

2 6.0 4.0 20.0 30.0 

3 8.0 4.0 18.0 30.0 

4 10.0 4.0 16.0 30.0 

5 12.0 4.0 14.0 30.0 

 

• volume of yeast is between 1 – 20 cm3 ; total volume of yeast provided for all expts is  50cm3 

• volume of H2O2 is constant at 4.0 cm3 

• volume of distilled water added accordingly to keep total volume constant 
2 pts – 1 mark, 3 pts – 2 marks 

 

Procedure for measuring the volume of oxygen gas produced at fixed intervals  
1. Connect the rubber tubing to the gas syringe. 
2. Record the initial reading on the syringe. 
3. Using a 25 cm3 measuring cylinder, measure 4.0 cm3 of the yeast suspension and add into the conical 

flask 
4. Using a 25 or 50 cm3 measuring cylinder, measure 22.0 cm3 of the distilled water and add into the 

conical flask. 
5. Using a 10 cm3 measuring cylinder, measure 4.0 cm3 of the H2O2. 
6. Pour the H2O2 into the conical flask, stopper the conical flask with the rubber bung and start the stop 

watch immediately. Swirl the conical flask a few times to ensure complete mixing. 
7. Record the reading on the syringe every 10 seconds (or other regular time intervals, until 5 readings 

are collected) 
8. Repeat steps 2 – 7 for the next 4 experimental runs, changing the volumes according to the table 

given.  
9. For run 5 (or any other run), allow the reaction to go to completion i.e. no more gas produced. Note 

the final reading on the syringe. 
 

3 steps – 1 mark, 4-6 steps – 2 marks, 7-9 steps – 3 marks 
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(c)  (i) Sketch a graph you would expect to show how the volume of O2 will vary with time on    
Fig. 4.1. Using the maximum volume of oxygen gas calculated in (a), describe how you 
would use your graph to prove that the reaction is first order with respect to hydrogen 
peroxide.  
 

 

Fig. 4.1 

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

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

 
• Correct shape of graph  

• Since it is first order reaction with respect to hydrogen peroxide, find 2 consecutive 
half-lives and the half-lives should be constant i.e. t1 = t2.  

• Correct construction lines to show half-lives and the labelling. 
3 pts – 2 marks, 2 pts – 1 mark 

 

  

Volume of 
O2 

time 

(c)(ii) 
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(ii) In Fig. 4.1 above, show how the initial rate can be determined. Hence, sketch the graph 
you would expect on Fig. 4.2 to prove that the reaction is first order with respect to yeast. 
 

 

Fig. 4.2 

 
[2] 

    [1] for drawing the tangent on Fig. 4.1 
 

[1] 
 

 

 
 
 
 

[Total: 11] 
 

  

Initial 

rate 

Volume of yeast 
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BLANK PAGE 
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BLANK PAGE 
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Qualitative Analysis Notes 
[ppt. = precipitate] 
 
(a) Reactions of aqueous cations 

cation 
reaction with 

NaOH(aq) NH3(aq) 

aluminium, 
Al3+(aq) 

white ppt. 
soluble in excess 

white ppt. 
insoluble in excess 

ammonium, 
NH4

+(aq) 
ammonia produced on heating − 

barium, 
Ba2+(aq) 

no ppt. 
(if reagents are pure) 

no ppt. 

calcium, 
Ca2+(aq) 

white ppt. with high 
[Ca2+(aq)] 

no ppt. 

chromium(III), 
Cr3+(aq) 

grey-green ppt. 
soluble in excess 
giving dark green solution 

grey-green ppt. 
insoluble in excess 

copper(II), 
Cu2+(aq)  

pale blue ppt. 
insoluble in excess 

blue ppt. 
soluble in excess 
giving dark blue solution 

iron(II), 
Fe2+(aq) 

green ppt., turning brown on 
contact with air 
insoluble in excess 

green ppt., turning brown on 
contact with air 
insoluble in excess 

iron(III), 
Fe3+(aq) 

red-brown ppt. 
insoluble in excess 

red-brown ppt. 
insoluble in excess 

magnesium, 
Mg2+(aq) 

white ppt. 
insoluble in excess 

white ppt. 
insoluble in excess 

manganese(II), 
Mn2+(aq) 

off-white ppt., rapidly turning 
brown on contact with air 
insoluble in excess 

off-white ppt., rapidly turning 
brown on contact with air 
insoluble in excess 

zinc, 
Zn2+(aq) 

white ppt. 
soluble in excess 

white ppt. 
soluble in excess 
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(b) Reactions of anions 

anion reaction 

carbonate, 

CO3
2− CO2 liberated by dilute acids 

chloride, 
ClÈ(aq) 

gives white ppt. with Ag+(aq) (soluble in NH3(aq)) 

bromide, 
BrÈ(aq) 

gives pale cream ppt. with Ag+(aq) (partially soluble in NH3(aq)) 

iodide, 

IÈ(aq) 
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq)) 

nitrate, 
NO3È(aq) 

NH3 liberated on heating with OHÈ(aq) and Al foil 

nitrite, 
NO2È(aq) 

NH3 liberated on heating with OHÈ(aq) and Al foil; 

NO liberated by dilute acids 

(colourless NO → (pale) brown NO2 in air) 

sulfate, 

SO4
2−(aq) 

gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids) 

sulfite, 

SO3
2−(aq) 

SO2 liberated with dilute acids; 
gives white ppt. with Ba2+(aq) (soluble in dilute strong acids) 

 
(c) Tests for gases 

gas test and test result 

ammonia, NH3 turns damp red litmus paper blue 

carbon dioxide, CO2 
gives a 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 

 
(d) Colour of halogens 

halogen colour of element colour in aqueous solution colour in hexane 

chlorine, Cl2 greenish yellow gas pale yellow pale yellow 

bromine, Br2 reddish brown gas / liquid orange orange-red 

iodine, I2 black solid / purple gas brown purple 

 


