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1	� A student attempts to determine the percentage by mass of magnesium chloride in the solid mixture 
containing magnesium chloride, MgCl 2, and anhydrous magnesium nitrate, Mg(NO3)2, using the 
following method.

	 step 1	� Accurately weigh about 1.5 g of the solid mixture and record the mass.

	 step 2	� Dissolve the solid mixture in distilled water.

	 step 3	� Add an excess of silver nitrate solution.

	 step 4	� Filter the solid mixture and wash the precipitate collected with distilled water.

	 step 5	� Dry the precipitate in an oven.

	 step 6	� Weigh the precipitate and record the mass.

	� In this process only the chloride ions from the magnesium  chloride form a precipitate with the 
silver nitrate solution.

MgCl 2(aq)  +  2AgNO3(aq)  →  Mg(NO3)2(aq)  +  2AgCl (s)

	� One student in the class obtains the following results.

	 mass of solid mixture = 1.52 g

	 mass of AgCl solid after drying = 3.63 g

	 (a)	 (i)	� Calculate the amount, in mol, of magnesium chloride present in the sample.

� amount of magnesium chloride = .............................. mol  [1]

	 (ii)	� Use your answer to (i) to calculate the percentage by mass of magnesium chloride in the 
sample. (If you were unable to answer (i) use 0.0102 mol. This is not the correct answer.)

� percentage by mass = ..............................  [2]

	 (b)	 (i)	� Suggest what the student could do in step 2 to ensure the solid dissolves as quickly as 
possible.

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

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

	 ........................................................................................................................................  [1]
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	 (ii)	� Explain why the precipitate was washed with distilled water before it was dried.

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

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

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

	 (iii)	� Suggest why the precipitate is dried in an oven and not by direct heating with a Bunsen 
burner. 

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

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

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

	 (c)	 (i)	� In step 1, a small beaker was weighed, using a balance accurate to two decimal places, 
and its mass recorded. The sample was placed in the beaker and the mass of the beaker 
increased by 1.52 g.

	� Calculate the percentage error in measuring the mass of this sample.

	� Show your working.

� percentage error = ..............................  [1]

	 (ii)	� Other than by changing the balance, state how this percentage error could be reduced.

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

	 (iii)	� State what could be done in step 5 to ensure that the precipitate was completely dried.

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

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

	 (d)	� Another student in the class did not dry their silver chloride.

	 �State how this would affect the value of the percentage by mass of magnesium chloride in the 
sample. Explain your answer.

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

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

� [Total: 10]
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2	 �Charles’ law states that for a fixed mass of gas at constant pressure, its volume is proportional to 
its absolute temperature. Most gases are non-ideal and do not obey this law, but at lower pressures 
and high temperatures some gases are close to ideal behaviour. One gas that behaves like this is 
oxygen.

	� Oxygen can be prepared by decomposing hydrogen peroxide with the catalyst manganese(IV) 
oxide, MnO2.

	� The equation for the decomposition of hydrogen peroxide is shown.

2H2O2(aq)  →  2H2O(l)  +  O2(g)

	� Safety hazard: hydrogen peroxide is corrosive to skin and can cause serious eye damage.

heat

gas syringe

oxygen water

beaker

thermometer

Fig. 2.1

	� Once the apparatus is assembled the volume of oxygen in the gas syringe is 2 cm3. There are 
80 cm3 of oxygen remaining in the flask. The total volume of oxygen is 82 cm3.

	� Charles’ law is investigated by the following method.

	 step 1	� Once assembled allow the apparatus to reach room temperature.

	 step 2	� Record this temperature and the total volume of oxygen reading on the syringe.

	 step 3	� Gently heat the apparatus until the temperature reaches 30 °C and record the total volume 
of oxygen.

	 step 4	� Repeat at intervals of 5 °C until the temperature reaches 70 °C.
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	� The student carried out the experiment and obtained the following results:

Table 2.1

temperature
/ °C

absolute
temperature / K

total volume of
oxygen gas / cm3

24 297 82

30 303 84

35 308 88

40 313 88

45 318 89

50 323 91

55 328 93

60 333 95

65 338 97

70 343 98

	 (a)	� Other than the wearing of safety goggles, give a safety precaution that the student must take 
during the preparation of oxygen.

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

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

	 (b)	 (i)	� Complete the following diagram to show how the student can obtain oxygen by gas 
collection over water for use in the experiment shown in Fig. 2.1.

H2O2(aq)

MnO2 catalyst � [2]

	 (ii)	 �Suggest how the student could ensure they collect pure oxygen gas in the conical flask.

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

	 ........................................................................................................................................  [1]
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	 (c)	 (i)	� Plot a graph on the grid to show the relationship between volume of oxygen and absolute 
temperature. Use a cross (×) to plot each data point. Draw a line of best fit.

100

98

96

94

92

90

88

86

84

82

80
290 300 310 320

absolute temperature / K

total volume of
oxygen gas / cm3

330 340 350

� [2]
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	 (ii)	 �Determine the gradient of your line of best fit. State the coordinates of both points you used 
in your calculation. These must be selected from your line of best fit. Give the gradient to 
three significant figures.

	 coordinates 1 ...................................................  coordinates 2 ...........................................

	 gradient = .............................. cm3 K–1

� [2]

	 (d)	 (i)	� On the graph, circle the point which you believe to be the most anomalous.� [1]

	 (ii)	� Suggest a possible explanation for this anomaly.

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

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

	 (e)	 (i)	� Identify the independent variable.

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

	 (ii)	� Suggest how the experiment could be made to be more reliable.

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

	 (f)	� The ideal gas equation is shown.

pV = nRT

	� p = the pressure of the gas in Pa; V = the volume of gas in m3; n = the number of moles of gas; 
R = the universal gas constant 8.31 J mol–1 K–1 and T = absolute temperature in K

	 �Using this equation, describe how the gradient of the graph you have plotted would be affected 
by using a smaller volume of oxygen at the start of the experiment. Explain your answer.

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

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

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

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

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

� [Total: 13]
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3	� Potassium bromate(V) reacts with potassium bromide and sulfuric acid to form potassium sulfate, 
bromine and water according to the following equation.

KBrO3(aq)  +  5KBr(aq)  +  3H2SO4(aq)  →  3K2SO4(aq)  +  3Br2(aq)  +  3H2O(l)

	 �A student is investigating how the rate of this reaction is affected by changing the concentration 
of the reactants in turn. This is done by keeping the total volume of mixture constant and adding 
different, small volumes of each reagent.

	� The reaction produces bromine which is orange in colour. The student times the reaction and then 
determines the rate as 1

time.

	� The rate equation for the reaction is of the form:

rate = k [KBrO3]x[KBr]y[H2SO4]z

	� k is the rate constant for the reaction and x, y and z are the respective orders of the reaction for 
each reagent.

	� The student carried out the experiment and obtained the following data.

Table 3.1

mixture [KBrO3]
/ mol dm–3

[KBr]
/ mol dm–3

[H2SO4]
/ mol dm–3

rate of reaction
/ s–1

A 0.025 0.125 0.075 0.059

B 0.050 0.125 0.075 0.117

C 0.025 0.250 0.075 0.118

D 0.025 0.125 0.150 0.235

E 0.050 0.250 0.150 0.941

	 (a)	 (i)	� Suggest how the student might time the reaction and judge the end point of the reaction 
for each mixture.

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

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

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

	 (ii)	� By comparing the data for the mixtures deduce the values of x, y and z.

� [2]
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	 (b)	� The student carried out each reaction using a boiling tube (capacity 50 cm3) and varied the 
concentration by adding different volumes of each reagent. For example, in mixture A, 5.0 cm3 
of KBrO3(aq) is required.

	� Name a suitable piece of apparatus which could be used to measure this volume.

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

	 (c)	� Suggest why the reagents are heated to the same temperature before mixing.

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

	 (d)	� The solution of sulfuric acid used in each mixture was of concentration 0.150 mol dm–3. This 
acid was prepared from a solution of concentration 1 mol dm–3.

	 �Briefly describe how to make the more dilute solution, stating the capacity of any apparatus 
used.

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

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

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

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

� [Total: 7]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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1	� Eggshells contain a high percentage by mass of calcium carbonate, CaCO3. A student wants to find 
out what percentage of an eggshell is calcium carbonate and uses the following method.

	� This method uses a known excess of acid to dissolve the eggshell. The amount of unreacted acid 
is then determined by titration with an alkali. Assume the acid only reacts with the CaCO3 in the 
eggshell.

	 step 1	� Wash an empty eggshell with distilled water.

	 step 2	� Warm the eggshell in an oven for a few minutes until dry.

	 step 3	� Grind the eggshell into a powder.

	 step 4	� Weigh approximately 2 g of the eggshell powder into a conical flask using a balance which 
measures to three decimal places.

	 step 5	� Add 100 cm3 of 2.00 mol dm–3 hydrochloric acid to the conical flask.

	 step 6	� Loosely cover the conical flask and leave for two days.

	 step 7	� Filter the contents of the conical flask, with any rinsings, into a 250.0 cm3 volumetric flask 
and top‑up to the mark using distilled water.

	 step 8	� Transfer 25.00 cm3 of the solution prepared in step 7 into a conical flask, add a few drops 
of thymol blue indicator and titrate against 1.00 mol dm–3 sodium hydroxide using a 50 cm3 
burette.

	� The calcium carbonate in the eggshell reacts with the excess hydrochloric acid as follows.

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

	� The excess acid reacts with the sodium hydroxide solution as follows.

NaOH(aq)  +  HCl (aq)  →  NaCl (aq)  +  H2O(l)

	 (a)	 (i)	� Suggest how the student could confirm the eggshell is completely dry in step 2.

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

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

	 (ii)	� State why the eggshell is made into a powder in step 3 before making up the solution. 
Explain your answer.

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

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

	 (iii)	� Suggest why the solution is left for two days in step 6 before being used.

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

	 ........................................................................................................................................  [1]
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	 (b)	� The student uses exactly 2.136 g of powdered eggshell and obtains the results shown in 
Table 1.1.

Table 1.1

titration number rough 1 2 3

final burette reading / cm3 16.55 32.85 16.10 32.30

initial burette reading / cm3 0.00 16.55 0.10 16.10

titre / cm3

	 (i)	� Complete Table 1.1. Calculate the mean titre.

� mean titre = .............................. cm3 
� [2]

	 (ii)	� Calculate the amount, in mol, of unreacted HCl (aq) in the solution prepared in step 7.
	� Show your working.

� hydrochloric acid = .............................. mol
� [2]

	 (iii)	� Calculate the amount, in mol, of CaCO3 that reacts with the excess of acid. Use your 
answer to calculate the percentage by mass of CaCO3 in the eggshell. Show your working. 

� percentage by mass of CaCO3 = .............................. %
� [3]
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	 (c)	� Name a suitable piece of apparatus which could be used to transfer 25.00 cm3 of solution in 
step 8.

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

	 (d)	� In step 4, a conical flask is weighed using a balance accurate to three decimal places and the 
mass recorded. The eggshell is placed in the conical flask and the mass increases by 2.136 g.

	� Calculate the percentage error in measuring the mass of this eggshell.
	� Show your working.

� percentage error = .............................. %
� [1] 

	 (e)	� State the effect on the percentage by mass if the eggshell is not completely dried in step 2. 
Explain your answer.

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

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

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

	 (f)	� The student repeats the method using the same apparatus, but decides to use 0.100 mol dm–3 
NaOH(aq) to reduce the risk of corrosion or damage to eyes.

	� Explain how this introduces a weakness to the experimental procedure.

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

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

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

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

� [Total: 14]
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2	� It is possible to measure the rate at which potassium manganate(VII), KMnO4(aq), Mr  =  158, 
diffuses through a permeable gel using the following method.

petri dish containing
permeable gel hole containing sample of aqueous

potassium manganate(VII)

Fig. 2.1

	 step 1	� A petri dish is prepared with a permeable gel.

	 step 2	� A hole of diameter 0.5 cm is cut in the centre of the permeable gel.

	 step 3	� A sample of KMnO4(aq) is placed into the hole and at the same time a stopwatch is 
started.

	 step 4	� After 3 minutes the diameter of the coloured spot is measured and recorded.

	 step 5	� The diameter is measured every 3  minutes until there are three successive equal 
measurements.

	� A student obtained the results shown in Table 2.1.

Table 2.1

time
/ minute

diameter of the
coloured spot / cm

diameter increase
of the coloured spot / cm

0 0.5 0.0

3 1.1 0.6

6 1.7 1.2

9 2.3 1.8

12 2.7 2.2

15 3.1 2.6

18 3.2 2.7

21 3.7 3.2

24 3.9 3.4

27 4.0 3.5

30 4.1 3.6

33 4.1 3.6

36 4.1 3.6
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	 (a)	� Plot a graph on the grid to show the relationship between diameter increase of the coloured 
spot and time. Use a cross (×) to plot each data point. Draw a line of best fit.

4.0

3.0

2.0

1.0

0

diameter
increase of
the coloured
spot / cm

0 5 10 15 20
time / minute

25 30 35 40

� [2]

	 (b)	 (i)	� On the graph, circle the point which you believe to be the most anomalous.� [1]

	 (ii)	� Suggest a possible explanation for this anomaly.

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

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

	 ........................................................................................................................................  [1]
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	 (c)	� Draw a suitable tangent to the line at time = 15 minutes. Calculate the gradient of your tangent. 
State both sets of coordinates used in your calculation. The stated coordinates must be from 
your tangent. Give the gradient to three significant figures.

	 coordinates 1 ...................................................  coordinates 2 ..................................................

	 gradient = .............................. cm minute–1

� [3]

	 (d)	� Select appropriate data from Table 2.1 and calculate the average rate of diffusion of KMnO4(aq) 
in cm minute–1.

� average rate of diffusion of KMnO4 = .............................. cm minute–1  [1]

	 (e)	� Identify the independent variable in this experiment.

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

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

	 (f)	� Suggest how the experiment could be made to be more reliable.

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

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

	 (g)	� Another compound of potassium which is coloured is potassium  dichromate(VI), K2Cr2O7, 
Mr = 294. This compound is corrosive when aqueous. It is possible to use the method described 
earlier to determine the rate of diffusion of K2Cr2O7(aq).

	 (i)	� Predict how the graph obtained for K2Cr2O7(aq) would differ from that obtained for 
KMnO4(aq). Explain your answer.

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

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

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

	 (ii)	� Apart from temperature, state one variable which must be controlled when comparing the 
rate of diffusion of K2Cr2O7(aq) and KMnO4(aq).

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

	 ........................................................................................................................................  [1]
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	 (h)	 (i)	� Other than wearing eye protection, state one safety precaution the student should take if 
they were to use potassium dichromate(VI).

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

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

	 (ii)	� Another student suggests that to compare the rates of diffusion between K2Cr2O7 and 
KMnO4 it would be easier to place solid crystals of each of these compounds into the holes 
in two petri dishes of permeable gel.

	� Suggest two practical problems that this would cause.

	 1 ...........................................................................................................................................

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

	 2 ...........................................................................................................................................

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

� [Total: 16]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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1	� A student attempts to determine the percentage by mass of magnesium chloride in the solid mixture 
containing magnesium chloride, MgCl 2, and anhydrous magnesium nitrate, Mg(NO3)2, using the 
following method.

	 step 1	� Accurately weigh about 1.5 g of the solid mixture and record the mass.

	 step 2	� Dissolve the solid mixture in distilled water.

	 step 3	� Add an excess of silver nitrate solution.

	 step 4	� Filter the solid mixture and wash the precipitate collected with distilled water.

	 step 5	� Dry the precipitate in an oven.

	 step 6	� Weigh the precipitate and record the mass.

	� In this process only the chloride ions from the magnesium  chloride form a precipitate with the 
silver nitrate solution.

MgCl 2(aq)  +  2AgNO3(aq)  →  Mg(NO3)2(aq)  +  2AgCl (s)

	� One student in the class obtains the following results.

	 mass of solid mixture = 1.52 g

	 mass of AgCl solid after drying = 3.63 g

	 (a)	 (i)	� Calculate the amount, in mol, of magnesium chloride present in the sample.

� amount of magnesium chloride = .............................. mol  [1]

	 (ii)	� Use your answer to (i) to calculate the percentage by mass of magnesium chloride in the 
sample. (If you were unable to answer (i) use 0.0102 mol. This is not the correct answer.)

� percentage by mass = ..............................  [2]

	 (b)	 (i)	� Suggest what the student could do in step 2 to ensure the solid dissolves as quickly as 
possible.

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

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

	 ........................................................................................................................................  [1]
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	 (ii)	� Explain why the precipitate was washed with distilled water before it was dried.

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

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

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

	 (iii)	� Suggest why the precipitate is dried in an oven and not by direct heating with a Bunsen 
burner. 

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

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

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

	 (c)	 (i)	� In step 1, a small beaker was weighed, using a balance accurate to two decimal places, 
and its mass recorded. The sample was placed in the beaker and the mass of the beaker 
increased by 1.52 g.

	� Calculate the percentage error in measuring the mass of this sample.

	� Show your working.

� percentage error = ..............................  [1]

	 (ii)	� Other than by changing the balance, state how this percentage error could be reduced.

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

	 (iii)	� State what could be done in step 5 to ensure that the precipitate was completely dried.

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

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

	 (d)	� Another student in the class did not dry their silver chloride.

	 �State how this would affect the value of the percentage by mass of magnesium chloride in the 
sample. Explain your answer.

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

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

� [Total: 10]
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2	 �Charles’ law states that for a fixed mass of gas at constant pressure, its volume is proportional to 
its absolute temperature. Most gases are non-ideal and do not obey this law, but at lower pressures 
and high temperatures some gases are close to ideal behaviour. One gas that behaves like this is 
oxygen.

	� Oxygen can be prepared by decomposing hydrogen peroxide with the catalyst manganese(IV) 
oxide, MnO2.

	� The equation for the decomposition of hydrogen peroxide is shown.

2H2O2(aq)  →  2H2O(l)  +  O2(g)

	� Safety hazard: hydrogen peroxide is corrosive to skin and can cause serious eye damage.

heat

gas syringe

oxygen water

beaker

thermometer

Fig. 2.1

	� Once the apparatus is assembled the volume of oxygen in the gas syringe is 2 cm3. There are 
80 cm3 of oxygen remaining in the flask. The total volume of oxygen is 82 cm3.

	� Charles’ law is investigated by the following method.

	 step 1	� Once assembled allow the apparatus to reach room temperature.

	 step 2	� Record this temperature and the total volume of oxygen reading on the syringe.

	 step 3	� Gently heat the apparatus until the temperature reaches 30 °C and record the total volume 
of oxygen.

	 step 4	� Repeat at intervals of 5 °C until the temperature reaches 70 °C.
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	� The student carried out the experiment and obtained the following results:

Table 2.1

temperature
/ °C

absolute
temperature / K

total volume of
oxygen gas / cm3

24 297 82

30 303 84

35 308 88

40 313 88

45 318 89

50 323 91

55 328 93

60 333 95

65 338 97

70 343 98

	 (a)	� Other than the wearing of safety goggles, give a safety precaution that the student must take 
during the preparation of oxygen.

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

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

	 (b)	 (i)	� Complete the following diagram to show how the student can obtain oxygen by gas 
collection over water for use in the experiment shown in Fig. 2.1.

H2O2(aq)

MnO2 catalyst � [2]

	 (ii)	 �Suggest how the student could ensure they collect pure oxygen gas in the conical flask.

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

	 ........................................................................................................................................  [1]
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	 (c)	 (i)	� Plot a graph on the grid to show the relationship between volume of oxygen and absolute 
temperature. Use a cross (×) to plot each data point. Draw a line of best fit.

100

98

96

94

92

90

88

86

84

82

80
290 300 310 320

absolute temperature / K

total volume of
oxygen gas / cm3

330 340 350

� [2]
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	 (ii)	 �Determine the gradient of your line of best fit. State the coordinates of both points you used 
in your calculation. These must be selected from your line of best fit. Give the gradient to 
three significant figures.

	 coordinates 1 ...................................................  coordinates 2 ...........................................

	 gradient = .............................. cm3 K–1

� [2]

	 (d)	 (i)	� On the graph, circle the point which you believe to be the most anomalous.� [1]

	 (ii)	� Suggest a possible explanation for this anomaly.

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

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

	 (e)	 (i)	� Identify the independent variable.

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

	 (ii)	� Suggest how the experiment could be made to be more reliable.

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

	 (f)	� The ideal gas equation is shown.

pV = nRT

	� p = the pressure of the gas in Pa; V = the volume of gas in m3; n = the number of moles of gas; 
R = the universal gas constant 8.31 J mol–1 K–1 and T = absolute temperature in K

	 �Using this equation, describe how the gradient of the graph you have plotted would be affected 
by using a smaller volume of oxygen at the start of the experiment. Explain your answer.

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

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

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

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

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

� [Total: 13]
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3	� Potassium bromate(V) reacts with potassium bromide and sulfuric acid to form potassium sulfate, 
bromine and water according to the following equation.

KBrO3(aq)  +  5KBr(aq)  +  3H2SO4(aq)  →  3K2SO4(aq)  +  3Br2(aq)  +  3H2O(l)

	 �A student is investigating how the rate of this reaction is affected by changing the concentration 
of the reactants in turn. This is done by keeping the total volume of mixture constant and adding 
different, small volumes of each reagent.

	� The reaction produces bromine which is orange in colour. The student times the reaction and then 
determines the rate as 1

time.

	� The rate equation for the reaction is of the form:

rate = k [KBrO3]x[KBr]y[H2SO4]z

	� k is the rate constant for the reaction and x, y and z are the respective orders of the reaction for 
each reagent.

	� The student carried out the experiment and obtained the following data.

Table 3.1

mixture [KBrO3]
/ mol dm–3

[KBr]
/ mol dm–3

[H2SO4]
/ mol dm–3

rate of reaction
/ s–1

A 0.025 0.125 0.075 0.059

B 0.050 0.125 0.075 0.117

C 0.025 0.250 0.075 0.118

D 0.025 0.125 0.150 0.235

E 0.050 0.250 0.150 0.941

	 (a)	 (i)	� Suggest how the student might time the reaction and judge the end point of the reaction 
for each mixture.

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

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

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

	 (ii)	� By comparing the data for the mixtures deduce the values of x, y and z.

� [2]
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	 (b)	� The student carried out each reaction using a boiling tube (capacity 50 cm3) and varied the 
concentration by adding different volumes of each reagent. For example, in mixture A, 5.0 cm3 
of KBrO3(aq) is required.

	� Name a suitable piece of apparatus which could be used to measure this volume.

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

	 (c)	� Suggest why the reagents are heated to the same temperature before mixing.

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

	 (d)	� The solution of sulfuric acid used in each mixture was of concentration 0.150 mol dm–3. This 
acid was prepared from a solution of concentration 1 mol dm–3.

	 �Briefly describe how to make the more dilute solution, stating the capacity of any apparatus 
used.

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

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

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

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

� [Total: 7]
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Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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69
.7

49 In in
di
um

11
4.
8

81 Tl
th
al
liu
m

20
4.
4

6 C
ca
rb
on

12
.0

14 S
i

si
lic
on

28
.1

32 G
e

ge
rm
an
iu
m

72
.6

50 S
n tin

11
8.
7

82 P
b

le
ad

20
7.
2

22 Ti
tit
an
iu
m

47
.9

40 Zr
zi
rc
on
iu
m

91
.2

72 H
f

ha
fn
iu
m

17
8.
5

10
4

R
f

ru
th
er
fo
rd
iu
m

–

23 V
va
na
di
um

50
.9

41 N
b

ni
ob
iu
m

92
.9

73 Ta
ta
nt
al
um

18
0.
9

10
5

D
b

du
bn
iu
m

–

24 C
r

ch
ro
m
iu
m

52
.0

42 M
o

m
ol
yb
de
nu
m

95
.9

74 W
tu
ng
st
en

18
3.
8

10
6

S
g

se
ab
or
gi
um

–

25 M
n

m
an
ga
ne
se

54
.9

43 Tc
te
ch
ne
tiu
m

– 75 R
e

rh
en
iu
m

18
6.
2

10
7

B
h

bo
hr
iu
m

–

26 Fe iro
n

55
.8

44 R
u

ru
th
en
iu
m

10
1.
1

76 O
s

os
m
iu
m

19
0.
2

10
8

H
s

ha
ss
iu
m

–

27 C
o

co
ba
lt

58
.9

45 R
h

rh
od
iu
m

10
2.
9

77 Ir
iri
di
um

19
2.
2

10
9

M
t

m
ei
tn
er
iu
m

–

28 N
i

ni
ck
el

58
.7

46 P
d

pa
lla
di
um

10
6.
4

78 P
t

pl
at
in
um

19
5.
1

11
0

D
s

da
rm
st
ad
tiu
m

–

29 C
u

co
pp
er

63
.5

47 A
g

si
lv
er

10
7.
9

79 A
u

go
ld

19
7.
0

11
1

R
g

ro
en
tg
en
iu
m

–

30 Zn zi
nc

65
.4

48 C
d

ca
dm
iu
m

11
2.
4

80 H
g

m
er
cu
ry

20
0.
6

11
2

C
n

co
pe
rn
ic
iu
m

–

11
4 Fl

fle
ro
vi
um

–

11
6

Lv
liv
er
m
or
iu
m

–

7 N
ni
tro
ge
n

14
.0

15 P
ph
os
ph
or
us

31
.0

33 A
s

ar
se
ni
c

74
.9

51 S
b

an
tim
on
y

12
1.
8

83 B
i

bi
sm
ut
h

20
9.
0

8 O
ox
yg
en

16
.0

16 S su
lfu
r

32
.1

34 S
e

se
le
ni
um

79
.0

52 Te
te
llu
riu
m

12
7.
6

84 P
o

po
lo
ni
um

–

9 F
flu
or
in
e

19
.0

17 C
l

ch
lo
rin
e

35
.5

35 B
r

br
om
in
e

79
.9

53 I
io
di
ne

12
6.
9

85 A
t

as
ta
tin
e

–

10 N
e

ne
on

20
.2

18 A
r

ar
go
n

39
.9

36 K
r

kr
yp
to
n

83
.8

54 X
e

xe
no
n

13
1.
3

86 R
n

ra
do
n

–

11
3

N
h

ni
ho
ni
um

–

11
5

M
c

m
os
co
vi
um

–

11
7 Ts

te
nn
es
si
ne

–

11
8

O
g

og
an
es
so
n

–

21 S
c

sc
an
di
um

45
.0

39 Y
yt
tri
um

88
.9

57
–7
1

la
nt
ha
no
id
s

89
–1
03

ac
tin
oi
ds

57 La
la
nt
ha
nu
m

13
8.
9

89 A
c

la
nt
ha
no
id
s

ac
tin
oi
ds

ac
tin
iu
m

–

58 C
e

ce
riu
m

14
0.
1

90 Th th
or
iu
m

23
2.
0

59 P
r

pr
as
eo
dy
m
iu
m

14
0.
9

91 P
a

pr
ot
ac
tin
iu
m

23
1.
0

60 N
d

ne
od
ym
iu
m

14
4.
4

92 U
ur
an
iu
m

23
8.
0

61 P
m

pr
om
et
hi
um

– 93 N
p

ne
pt
un
iu
m

–

62 S
m

sa
m
ar
iu
m

15
0.
4

94 P
u

pl
ut
on
iu
m

–

63 E
u

eu
ro
pi
um

15
2.
0

95 A
m

am
er
ic
iu
m

–

64 G
d

ga
do
lin
iu
m

15
7.
3

96 C
m

cu
riu
m

–

65 Tb te
rb
iu
m

15
8.
9

97 B
k

be
rk
el
iu
m

–

66 D
y

dy
sp
ro
si
um

16
2.
5

98 C
f

ca
lif
or
ni
um

–

67 H
o

ho
lm
iu
m

16
4.
9

99 E
s

ei
ns
te
in
iu
m

–

68 E
r

er
bi
um

16
7.
3

10
0

Fm fe
rm
iu
m

–

69 Tm th
ul
iu
m

16
8.
9

10
1

M
d

m
en
de
le
vi
um

–

70 Y
b

yt
te
rb
iu
m

17
3.
1

10
2

N
o

no
be
liu
m

–

71 Lu lu
te
tiu
m

17
5.
0

10
3 Lr

la
w
re
nc
iu
m

–
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