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Answer all the questions in the spaces provided.
1 To determine the percentage by mass of Fe(NOs). in a salt mixture

FA 1 is a solution containing a salt mixture of two different ionic compounds. One of the
compound is Fe(NOs).. The other compound, X, contains a cation and an anion.

In this question, you will determine the percentage by mass of Fe(NOs); in the mixture by
preparing a diluted solution of FA 1 and carry out a titration using potassium
manganate(VII). The iron(Il) ions, Fe?*, are oxidised by the manganate(VII) ions, MnO4".

equation 1  5Fe?*(aq) + MnO4(aq) + 8H*(aq) — 5Fe®*(aq) + Mn?*(aq) + 4H.0())

The end-point of the titration occurs when the presence of unreacted MnO,4~ causes the
colour of the solution to become pale pink.

The following reagents are provided.

FA 1 is a solution containing 90.0 g dm™2 of the salt mixture in sulfuric acid
FA 2 is 0.010 mol dm~ manganate(VII) ions, MnO4~
FA 3 is 1 mol dm=2 sulfuric acid, H2SO4

(@) Determining the percentage by mass of Fe(NOs):

1. Fill a burette with FA 2.
2. Use a pipette to transfer 25.0 cm® of FA 1 into a 250 cm? volumetric flask.

3. Make up to the mark with deionised water and label this solution FA 4. Shake to
obtain a homogeneous solution.

4. Pipette 25.0 cm? of FA 4 into a 250 cm? conical flask.
5. Use the 25.0 cm® measuring cylinder to add 25.0 cm? of FA 3 into the conical flask.

6. Run FA 2 from the burette into the conical flask. The end-point is reached when
the solution changes colour from yellow to pale pink.

7. Record your titration results in the space on the next page. Make certain that your
recorded results show the precision of your working.

8. Repeat steps 4 to 7 as necessary until consistent results are obtained.

© EJC 9729/04/J32Prelim/22



Results

final burette reading / cm? 20.75 20.80
initial burette reading / cm? 0.00 0.00
volume of FA 2 added / cm® | 20.75 20.80

[3]

(b) From your titrations, obtain a suitable volume of FA 2 to be used in your calculations.
Show clearly how you obtained this volume.

volume of FA 2 = e, [3]

(c) (i) Calculate the amount of MnO4~ ions present in the volume of FA 2 calculated in
1(b).

amount of MNO4™ I0NS =....oiiiiiiiiiiiii [1]

(i) Calculate the amount of Fe?* ions present in 25.0 cm? of FA 4.

amount of FE2" I0NS =.......ccceiiiiiie e [1]

(iii) Calculate the concentration of Fe?* ions present in 25.0 cm?® of FA 1.

concentration of FE2M i0NS =.....c..eeeeiecviee e [2]

(iv) Hence, calculate the percentage by mass of Fe(NOg). in the salt mixture.
[Ar: Fe, 55.8; N, 14.0; O, 16.0]

percentage by mass of Fe(NO3) in salt MIXtUre = ..o [2]
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(d)

(e)

()

(9)

Suggest why a solution containing Fe?* ions readily turns yellow when it comes into
contact with air.

A student suggested that FA 3 can be hydrochloric acid instead of sulfuric acid. Explain
why hydrochloric acid cannot be used in the titration and how it would impact the
accuracy of the titration result.

Calculate the percentage error for your average titre value in (b).

PEICENTAJE EITON Z..iiiiiiiiiieeeeeeeeiiiiee e e e e e e e e eeertee e e e eeeeeeaenes [1]

Hydrogen peroxide can act as an oxidising agent and reducing agent as shown by the
following half-equations:

H,O, + 2H* + 2e- = 2H,0

O, + 2H* + 2e” = H,0,

(i) Hydrogen peroxide can also oxidise the Fe?* ions. Write a balanced equation for
the reaction of Fe?* with H.O, in an acidic medium.

(i) Explain why hydrogen peroxide is not a suitable replacement for KMnOs in this
experiment.

[Total: 18]
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2 Determination of the kinetics of the reaction between iron(III) and iodide ions

FA 5 is agueous potassium iodide, KI.
FA 6 is aqueous iron(III) chloride, FeCl.
FA 7 is 0.0065 mol dm~3 sodium thiosulfate, Na,S,Os.

You are also provided with a starch indicator and deionised water.

A solution containing potassium iodide, sodium thiosulfate and starch is mixed with iron(III)
chloride solution. After a few seconds a dark blue colour suddenly appears. This is one of
a number of reactions referred to as iodine clock reaction.

equation 2 2Fe®**(aq) + 2I(aq) — 2Fe?'(aq) + Ix(aq)

equation 3 2S,03%(aq) + I(aq) — S406* (aq) + 2I-(aq)

When the above solutions are mixed, iodine is generated according to equation 2. The
iodine is being consumed as they are generated, according to equation 3. Therefore, only
a small amount of iodine is present in the mixture.

The reaction in equation 3 stops once all the thiosulfate ions have reacted. The
concentration of iodine now increases and the dark blue colour of the iodine-starch complex
appears.

The reaction in equation 2 is first order with respect to the iodide ion concentration, [I7].

You are to perform a series of experiments to determine the rate order for the reaction in
equation 2 with respect to the iron(III) chloride concentration, [FeClj].
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(a) Experiments

You will attempt five experiments.
e In Experiment 1, Solution A will be prepared as described below.

¢ In the remaining experiments you will repeat the procedure from Experiment 1,
but using volumes of FA 6 of your choice.

For each experiment, you note the time taken, t, for the solution to turn dark blue.
(i) Experiment 1

Fill the burette labelled E2 with FA 6.

e Transfer 25.00 cm?® of FA 6 to a conical flask.

Solution A

e Using a 10 cm® measuring cylinder, add 10.0 cm?® of FA 5 to the beaker labelled
Solution A.

e Using a 25 cm?® measuring cylinder, add 20.0 cm?® of FA 7 to the same beaker.

¢ Using a 10 cm?® measuring cylinder, add 5.0 cm? of starch indicator to the same
beaker.

e Mix the contents thoroughly by swirling the beaker.

1. Pour Solution A rapidly into the conical flask containing FA 6. Start the
stopwatch when you have added about half of Solution A.

Mix the contents thoroughly by swirling the flask.
Stop the stopwatch when the dark blue colour first appears.

Note the time elapsed, t, to the nearest second.

o > W N

Wash the conical flask and beaker thoroughly with water and allow to drain.
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(i) Remaining Experiments

You are now to perform four other experiments in order to determine the rate order
with respect to [FeCl] for reaction 2. You should number these experiments 2 to 5.

In each experiment, the volumes of FA 5, FA 7 and starch indicator are the same
as those used in Experiment 1.

Select suitable volumes of FA 6, Vra s, ensuring that your chosen volumes:

¢ allow you to obtain sufficient data to determine the order through the plotting
of a graph,

e are not larger than the volume used in Experiment 1,

e are not less than 15.00 cm?®,

In each case, the total volume of the reaction mixture must be kept the same as
that used in Experiment 1, by adding deionised water as required.

(b) Results

The volumes of FA 5, FA 7 and starch indicator are not changed in these experiments,
and do not need to be recorded.

Prepare a table in the space provided below in which to record, for each experiment:
° all volumes apart from those of FA 5, FA 7 and starch indicator,

° the value of t,

Record your results in the table.

0] Table of results

Complete the table below.

experiment Vra 6 volume of deionised water /s rate o
/ cm?3 / cm3 / umol dm=3 st

1 25.00 33

2 15.00 65

3 23.00 36

4 20.00 39

5 18.00 50

[4]
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(i) Calculate the amount of thiosulfate ions, S;03?", used in each experiment in 2(a).

amount of Sp032 =i [1]

(iii) Use your answer to 2(b)(ii), and the equations for the reactions involved, to
calculate the amount of iron(III) ions, Fe®*, that reacted in each experiment in 2(a).

amount of Fe3 =.........ccccoiiiie e [1]

(iv) Use your answer to 2(b)(iii) to calculate the change in concentration of Fe®*, [Fe'],
that occurred when enough iodine was produced to produce the dark blue colour
in each experiment in 2(a).

change iN [Fe3 ] = . [1]

(v) The expression below shows the experimental rate of this reaction as the change
in concentration of Fe3* per unit time.

change in [Fe“]

: x10° pmol dm™ s
time, t

experimental rate = —

(1 umol = 10° mol)

Complete your table on page 7 by calculating the experimental rates of reaction
for all 5 experiments, taking into consideration the units.

If you are unable to calculate a value for the change in [Fe**] in 2(b)(iv), use the
value —2.50 x 10~ mol dm=3. (Note: this is not the actual value.) [2]
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(c) Plot a graph of experimental rate on the y-axis against Vea s 0n the x-axis.
The scales of both axes must be chosen to provide an origin.

Draw the best-fit straight line through the origin, taking into account all of your plotted
points.

[3]

(d) By considering the shape of the graph in (c), state and explain the order of the reaction
with respect to [FeCls].
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10

(e) The order of reaction with respect to [I'] is one. With reference to experiment 1, state
and explain the expected time taken for the appearance of the dark blue colour when
the experiment is carried out using a mixture comprising the following:

e 50cm*of FAS
e 25.00cmiof FA 6
e 10cm3of FA 7

e 15.0 cm? of deionised water
e 5cm? of starch

(f) A student suggested that a more accurate timing can be obtained when the volume of
FA 5 is measured with a burette rather than a measuring cylinder.

A teacher said that the student’s claim is incorrect. Explain why this is so.

[Total: 18]
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3 Planning

MnO4~ ions oxidises C>0.% ions in acidic medium as shown in equation 4. The Mn?* ions
produced in equation 4 act as a catalyst for the reaction. This is an example of
‘autocatalysis’.

equation 4 2MnOs(aq) + 5C.0427(aq) + 16H*(ag) — 2Mn?*(aqg) + 10CO2(g) + 8H.0O())

The change in [MnO47] with time may be followed by preparing a reaction mixture containing
sulfuric acid, aqueous potassium manganate(VII) and a large excess of sodium
ethanedioate.

Portions of the reaction mixture are
e removed at timed intervals,
e quenched by adding 10 cm? of aqueous potassium iodide (an excess), in which
the following reaction takes place:
2MnO4(aq) + 10I-(aqg) + 16H*(aq) — 2Mn?*(aq) + 5Izx(aq) + 8H20(])
e titrated against a standard solution of sodium thiosulfate, in which the reaction in
equation 3 (page 5) takes place.

The volume of sodium thiosulfate solution added in each titration (titre) is proportional to
[MnO4‘].

So, in this experiment, there is no need to calculate [MnO47].

You may assume that you are provided with:
e 0.100 mol dm=2 potassium iodide, KI
e 0.020 mol dm potassium manganate(VII), KMnO4
e 0.200 mol dm= sodium ethanedioate, Na,C,04
e 0.0100 mol dm= sodium thiosulfate, Na>S,03
e 1.0 mol dm sulfuric acid, H,SO.
e starch indicator
e the equipment normally found in a school or college laboratory

(@) 25 cm?® of KMnOs4(aq) is mixed with x cm® of Na,C.04(aq), y cm?® of H.SO4(aq) and
z cm? of deionised water such that the total volume of the mixture is 125 cm?.

(i) Given that the mole ratio of MnO,4~ : C,04% : H* in the mixture is 1 : 20 : 20
respectively, calculate the amounts of KMnOa(aq), Na,C-04(aq) and H>SO4(aq).

[2]
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(i) Hence, determine the values for x, y and z.

[1]

(b) Plan a procedure to collect sufficient data to allow a graph of volume of sodium
thiosulfate against time to be drawn.

In your plan you should include brief details of
e the apparatus you would use,

e the procedure you would follow,
e the measurements you would make.
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................................................................................................................................ [5]
(c) Sketch on Fig. 3.1 the graph you would expect to obtain from your results.
Explain your answer.
A
volume
of sodium
thiosulfate
0 . >
time
Fig. 3.1
EXPIANATION ..
[3]

[Total: 11]
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4 Qualitative analysis of an inorganic compound

Compound X is a salt consisting of one cation and one anion, both of which can be found
in the Qualitative Analysis Notes on pages 19 and 20.

Unless otherwise stated, the volumes given below are approximate and should be
estimated rather than measured. Details of colour changes should be noted and you should
indicate clearly at what stage in a test a change occurs.

Test and identify any gases evolved.

Carry out the following tests and record your observations in Table 4.1 below.

Table 4.1

test observations

(@) | () | Add 1 spatula of X into a test-tube. | ¢ Effervescence of CO; gas gave
Add 2 cm depth of aqueous sulfuric white ppt with Ca(OH)»(aq).
acid into the same test-tube. e Pale pink filtrate with dark

brown residue obtained.

Filter the mixture, if necessary, and
collect the filtrate for subsequent
tests.

(i) | To 1 cm depth of the filtrate in a | ¢ Off-white / beige / pale or light

test-tube, add aqueous sodium brown/cream ppt insoluble in

hydroxide, slowly with shaking until excess NaOH(aq).

no further change is seen. « Ppt rapidly turns brown on
contact with air / darkens on
standing.

(iii) | To 1 cm depth of the mixture from | ¢ Ppt / solid turns brown / darker

(ii), carefully add 1 cm depth of brown / brown-black.
aqueous hydrogen peroxide. o Effervescence of O, gas relit
glowing splint.

[4]
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(b) Identify the cation and anion present in X. Use evidence from your observations in (a)
to support your deduction.

cation PresSent ............eeeeveeeeeeeiiminnninnnns

LAY/ L0 (<Y (o] < PR

anion Present .......vceeeeeeeeeeeeei e,

LAY/ L0 (<Y (o] < PR

(c) In test 4(a)(ii), when NaOH(aq) is replaced with NHs(aq), similar observations were
made since ammonia behaved as an Arrhenius base:

NHs + H,O = NH4" + OH-

But when an equal volume of agueous ammonium chloride, NH4CI, was added to a
portion of the filtrate that was used in 4(a)(ii) followed by the addition of NHz(aq), no
precipitate formed.

Explain why no precipitate was formed with the addition of NH4Cl(aq) followed by
NHs(aq).

[Total: 8]
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16 ANSWERS

Answer all the questions in the spaces provided.
1 To determine the percentage by mass of Fe(NOs)2 in a salt mixture

FA 1 is a solution containing a salt mixture of two different ionic compounds. One of the
compound is Fe(NOs).. The other compound, X, contains a cation and an anion.

In this question, you will determine the percentage by mass of Fe(NOs); in the mixture by
preparing a diluted solution of FA 1 and carry out a titration using potassium
manganate(VII). The iron(Il) ions, Fe?*, are oxidised by the manganate(VII) ions, MnO4".

equation 1  5Fe?*(aq) + MnO4(aq) + 8H*(aq) — 5Fe®*(aq) + Mn?*(aq) + 4H.0())

The end-point of the titration occurs when the presence of unreacted MnO,4~ causes the
colour of the solution to become pale pink.

The following reagents are provided.

FA 1 is a solution containing 90.0 g dm™2 of the salt mixture in sulfuric acid
FA 2 is 0.010 mol dm= manganate(VII) ions, MnO4~
FA 3 is 1 mol dm=2 sulfuric acid, H2SO4

(b) Determining the percentage by mass of Fe(NOs):

1. Fill a burette with FA 2.
2. Use a pipette to transfer 25.0 cm® of FA 1 into a 250 cm? volumetric flask.

3. Make up to the mark with deionised water and label this solution FA 4. Shake to
obtain a homogeneous solution.

4. Pipette 25.0 cm? of FA 4 into a 250 cm? conical flask.
5. Use the 25.0 cm® measuring cylinder to add 25.0 cm? of FA 3 into the conical flask.

6. Run FA 2 from the burette into the conical flask. The end-point is reached when
the solution changes colour from yellow to pale pink.

7. Record your titration results in the space on the next page. Make certain that your
recorded results show the precision of your working.

8. Repeat steps 4 to 7 as necessary until consistent results are obtained.
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Results
final burette reading / cm? 20.75 20.80
initial burette reading / cm? 0.00 0.00

volume of FA 2 added / cm?3 20.75 20.80

[3]

(b) From your titrations, obtain a suitable volume of FA 2 to be used in your calculations.
Show clearly how you obtained this volume.

volume of FA 2 used = %22080 =20.78 cm®

volume of FA 2= ...cocoeennn. 20.78.cm® [3]

(c) (i) Calculate the amount of MnO4~ ions present in the volume of FA 2 calculated in
1(b).

20.78

amount of MnO; present = 1000 x0.010=2.078x10"* ~2.08 x10™* mol

amount of MNO4~ ions =................. 2.08x 10" mol . [1]

(i) Calculate the amount of Fe?* ions present in 25.0 cm? of FA 4.
5Fe?" = MnO4~

amount of Fe** present in 25.0 cm® of FA 4 =2.078 x10™ x5
=1.039x107° ~1.04x10™* mol

amount of Fe2" ions =.................. 1.04x107°mol .. [1]

(iii) Calculate the concentration of Fe?* ions present in 25.0 cm?® of FA 1.

amount of Fe** present in 250 cm® of FA 4 =1.039x107° x % =1.039x10?% mol

-2
[Feﬂ in 25.0 cm® of FA1= % —0.4156 ~ 0.416 mol dm™
1000
concentration of Fe?* ions =................0:416 mol dm? [2]

(iv) Hence, calculate the percentage by mass of Fe(NOg). in the salt mixture.
[Ar: Fe, 55.8; N, 14.0; O, 16.0]

molar mass of Fe(NO, ), = 55.8 + 2(14.0+ 3(16.0)) =179.8 g mol”’
concentration of Fe(NO, ), in FA1,ingdm™ =0.4156x179.8 =74.72 g dm™

74'702 x100=83.0%

percentage by mass of Fe(NO, ), in salt mixture =

percentage by mass of Fe(NOs), in salt mixture = ........................ 83.0% ., 2]
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(d) Suggest why a solution containing Fe?* ions readily turns yellow when it comes into
contact with air.

(e) A student suggested that FA 3 can be hydrochloric acid instead of sulfuric acid. Explain
why hydrochloric acid cannot be used in the titration and how it would impact the
accuracy of the titration result.

................................................................................................................................ [2]
(f) Calculate the percentage error for your average titre value in (b).
percentage error = 2 0'?35 x100=0.481% %
percentage error =....................0:481% ... [1]

(g) Hydrogen peroxide can act as an oxidising agent and reducing agent as shown by the
following half-equations:

H,O, + 2H* + 2e- = 2H,0
Oz + 2H" + 2e- = H»03

(i) Hydrogen peroxide can also oxidise the Fe?* ions. Write a balanced equation for
the reaction of Fe?* with H.O, in an acidic medium.

2Fe% 4 HoOp + 2H = 2F€® + 2H0 e, [1]

(i) Explain why hydrogen peroxide is not a suitable replacement for KMnOs in this
experiment.

[Total: 18]
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2 Determination of the kinetics of the reaction between iron(III) and iodide ions

FA 5 is aqueous potassium iodide, KI.
FA 6 is aqueous iron(III) chloride, FeCl.
FA 7 is 0.0065 mol dm~3 sodium thiosulfate, Na,S,Os.

You are also provided with a starch indicator and deionised water.

A solution containing potassium iodide, sodium thiosulfate and starch is mixed with iron(III)
chloride solution. After a few seconds a dark blue colour suddenly appears. This is one of
a number of reactions referred to as iodine clock reaction.

equation 2 2Fe®**(aq) + 2I(aq) — 2Fe?'(aq) + Ix(aq)

equation 3 2S,03%(aq) + I(aq) — S406* (aq) + 2I-(aq)

When the above solutions are mixed, iodine is generated according to equation 2. The
iodine is being consumed as they are generated, according to equation 3. Therefore, only
a small amount of iodine is present in the mixture.

The reaction in equation 3 stops once all the thiosulfate ions have reacted. The
concentration of iodine now increases and the dark blue colour of the iodine-starch complex
appears.

The reaction in equation 2 is first order with respect to the iodide ion concentration, [I7].

You are to perform a series of experiments to determine the rate order for the reaction in
equation 2 with respect to the iron(III) chloride concentration, [FeClj].
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(a) Experiments

You will attempt five experiments.
e In Experiment 1, Solution A will be prepared as described below.

¢ In the remaining experiments you will repeat the procedure from Experiment 1,
but using volumes of FA 6 of your choice.

For each experiment, you note the time taken, t, for the solution to turn dark blue.
(i) Experiment 1

Fill the burette labelled E2 with FA 6.

e Transfer 25.00 cm?® of FA 6 to a conical flask.

Solution A

e Using a 10 cm® measuring cylinder, add 10.0 cm?® of FA 5 to the beaker labelled
Solution A.

e Using a 25 cm?® measuring cylinder, add 20.0 cm?® of FA 7 to the same beaker.

¢ Using a 10 cm?® measuring cylinder, add 5.0 cm? of starch indicator to the same
beaker.

e Mix the contents thoroughly by swirling the beaker.

1. Pour Solution A rapidly into the conical flask containing FA 6. Start the
stopwatch when you have added about half of Solution A.

Mix the contents thoroughly by swirling the flask.
Stop the stopwatch when the dark blue colour first appears.

Note the time elapsed, t, to the nearest second.

o > W N

Wash the conical flask and beaker thoroughly with water and allow to drain.
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(i) Remaining Experiments

You are now to perform four other experiments in order to determine the rate order
with respect to [FeCl] for reaction 2. You should number these experiments 2 to 5.

In each experiment, the volumes of FA 5, FA 7 and starch indicator are the same
as those used in Experiment 1.

Select suitable volumes of FA 6, Vra s, ensuring that your chosen volumes:

¢ allow you to obtain sufficient data to determine the order through the plotting
of a graph,

e are not larger than the volume used in Experiment 1,

e are not less than 15.00 cm?®,

In each case, the total volume of the reaction mixture must be kept the same as
that used in Experiment 1, by adding deionised water as required.

(b) Results

The volumes of FA 5, FA 7 and starch indicator are not changed in these experiments,
and do not need to be recorded.

Prepare a table in the space provided below in which to record, for each experiment:

all volumes apart from those of FA 5, FA 7 and starch indicator,
the value of t,

Record your results in the table.

(i) Table of results

Complete the table below.

experiment VFra6 volume of deionised water /s rate o
/ cm?3 / cm3 / umol dm=3 st

1 25.00 0.0 33 65.8

2 15.00 10.0 65 33.4

3 23.00 2.0 36 60.3

4 20.00 5.0 39 55.6

5 18.00 7.0 50 43.4

© EJC
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(i) Calculate the amount of thiosulfate ions, S;03?", used in each experiment in 2(a).

amount of S,0%" used in each experiment = % % 0.0065
=1.30x10* mol
amount of S,04% =................ .30 x 10 mol [1]

(iii) Use your answer to 2(b)(ii), and the equations for the reactions involved, to
calculate the amount of iron(III) ions, Fe®*, that reacted in each experiment in 2(a).

282032_ =1 = 2Fe3*

amount of Fe** reacted in each experiment
=amount of S,05 used in each experiment
=1.30x10™* mol

amount of Fe® =................. 530 x 107 mol [1]
(iv) Use your answer to 2(b)(iii) to calculate the change in concentration of Fe®*, [Fe®"],

that occurred when enough iodine was produced to produce the dark blue colour
in each experiment in 2(a).

_ -4
change in [Fe* | = % =-2.167x10° ~-2.17x10° mol dm™
1000
change in [Fe*] =..........72:17 x 10 mol dm~® [1]

(v) The expression below shows the experimental rate of this reaction as the change
in concentration of Fe3* per unit time.

change in [Fes*]

experimental rate = — x10° pmol dm™ s

time, t
(1 umol = 10° mol)

Complete your table on page 7 by calculating the experimental rates of reaction
for all 5 experiments, taking into consideration the units.

If you are unable to calculate a value for the change in [Fe**] in 2(b)(iv), use the
value —2.50 x 10~ mol dm=3. (Note: this is not the actual value.) [2]
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(c) Plot a graph of experimental rate on the y-axis against Vea ¢ On the x-axis.
The scales of both axes must be chosen to provide an origin.

Draw the best-fit straight line through the origin, taking into account all of your plotted
points.

rate / pmol dm=3 st
700 1
60.0
50.0
40.0
30.0

20.0

10.0

0.0 >
0.00 5.00 10.00 15.00 20.00 25.00 30.00 VY cm?d

[3]

(d) By considering the shape of the graph in (c), state and explain the order of the reaction
with respect to [FeCl].

A straight-line graph through the origin is obtained, hence rate o« volume of FA 6.

(e) The order of reaction with respect to [I] is one. With reference to experiment 1, state
and explain the expected time taken for the appearance of the dark blue colour when
the experiment is carried out using a mixture comprising the following:

e 50cmiof FAS

e 25.00cmiof FA 6

e 10cmiof FA7

e 15.0 cm? of deionised water
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e 5cm? of starch

(f) A student suggested that a more accurate timing can be obtained when the volume of
FA 5 is measured with a burette rather than a measuring cylinder.

A teacher said that the student’s claim is incorrect. Explain why this is so.

Since the measurement is taken to the nearest second and FA 5 is not added

[Total: 18]
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3 Planning

MnO4~ ions oxidises C>04% ions in acidic medium as shown in equation 4. The Mn?* ions
produced in equation 4 act as a catalyst for the reaction. This is an example of
‘autocatalysis’.

equation 4 2MnOs(aq) + 5C.04%(aq) + 16H*(ag) — 2Mn?*(aqg) + 10CO2(g) + 8H.0())

The change in [MnO47] with time may be followed by preparing a reaction mixture containing
sulfuric acid, aqueous potassium manganate(VII) and a large excess of sodium
ethanedioate.

Portions of the reaction mixture are
e removed at timed intervals,
e quenched by adding 10 cm? of aqueous potassium iodide (an excess), in which
the following reaction takes place:
2MnO4(aq) + 10I-(aqg) + 16H*(aq) — 2Mn?*(aq) + 5Izx(aq) + 8H20(])
e titrated against a standard solution of sodium thiosulfate, in which the reaction in
equation 3 (page 5) takes place.

The volume of sodium thiosulfate solution added in each titration (titre) is proportional to
[MnO4‘].

So, in this experiment, there is no need to calculate [MnNO4].

You may assume that you are provided with:
e 0.100 mol dm=2 potassium iodide, KI
e 0.020 mol dm potassium manganate(VII), KMnO4
e 0.200 mol dm= sodium ethanedioate, Na,C,04
e 0.0100 mol dm= sodium thiosulfate, Na>S,03
e 1.0 mol dm sulfuric acid, H,SO.
e starch indicator
e the equipment normally found in a school or college laboratory

(@) 25 cm?® of KMnOa4(aq) is mixed with x cm® of Na.C»04(aq), y cm? of H.SO4(aq) and
z cm? of deionised water such that the total volume of the mixture is 125 cm?.

(i) Given that the mole ratio of MnO,4~ : C,04% : H* in the mixture is 1 : 20 : 20
respectively, calculate the amounts of KMnOa(aq), Na,C-04(aq) and H>SO4(aq).

mole ratio of MnOs™ : C,042 : H*=1:20: 20

amount of MnO;, in 25 cm® = 25, 0.020=5.00x10 mol

amount of C,0; needed =5.00x10"* x 20 = 0.0100 mol

amount of H,SO, needed = % x5.00x10™* x 20 = 0.00500 mol

[2]
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(i) Hence, determine the values for x, y and z.

volume of C,04%" needed = 0.0100 + 0.200 = 0.0500 dm? = 50 cm?®
X =50

volume of H2SO4 needed = 0.000500 + 1.0 = 0.00500 dm® =5 cm?®
y=5

Therefore, z =125 - (25 + 50 + 5) = 45
[1]

(b) Plan a procedure to collect sufficient data to allow a graph of volume of sodium
thiosulfate against time to be drawn.

In your plan you should include brief details of
e the apparatus you would use,
e the procedure you would follow,
e the measurements you would make.
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(c) Sketch on Fig. 3.1 the graph you would expect to obtain from your results.

Explain your answer.

volume
of sodium
thiosulfate

time
Fig. 3.1

[Total: 11]
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4 Qualitative analysis of an inorganic compound
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Compound X is a salt consisting of one cation and one anion, both of which can be found
in the Qualitative Analysis Notes on pages 19 and 20.

Unless otherwise stated, the volumes given below are approximate and should be
estimated rather than measured. Details of colour changes should be noted and you should
indicate clearly at what stage in a test a change occurs.

Test and identify any gases evolved.

Carry out the following tests and record your observations in Table 4.1 below.

Table 4.1

test

observations

@)

(i)

Add 1 spatula of X into a test-tube.
Add 2 cm depth of aqueous sulfuric
acid into the same test-tube.

Filter the mixture, if necessary, and
collect the filtrate for subsequent
tests.

Effervescence of CO, gas gave
white ppt with Ca(OH).(aq).

Pale pink filtrate with dark
brown residue obtained.

(i)

To 1 cm depth of the filtrate in a
test-tube, add aqueous sodium
hydroxide, slowly with shaking until
no further change is seen.

Off-white / beige / pale or light
brown/cream ppt insoluble in
excess NaOH(aq).

Ppt rapidly turns brown on
contact with air / darkens on

standing.

(iii)

To 1 cm depth of the mixture from
(ii), carefully add 1 cm depth of
agueous hydrogen peroxide.

Ppt / solid turns brown / darker
brown / brown-black.

Effervescence of O, gas relit
glowing splint.
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(b) Identify the cation and anion present in X. Use evidence from your observations in (a)
to support your deduction.

(c) In test 4(a)(ii), when NaOH(aq) is replaced with NHs(aq), similar observations were
made since ammonia behaved as an Arrhenius base:

NHs + H,O = NH4" + OH-

But when an equal volume of agueous ammonium chloride, NH4CI, was added to a
portion of the filtrate that was used in 4(a)(ii) followed by the addition of NHs(aq), no
precipitate formed.

Explain why no precipitate was formed with the addition of NH4Cl(aq) followed by
NHs(aq).

[Total: 8]
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