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Answer all the questions in the spaces provided.
1 Determination the extent of oxidation of iron(II) solution exposed to air

Read through the whole method before starting any practical work. Where appropriate,
prepare a table for your results in the space provided.

Show your working and appropriate significant figures in the final answer to each step of
your calculations.

It is essential to dissolve solid samples of iron(II) compounds in acids such as dilute sulfuric
acid instead of water. This is to prevent excessive oxidation of iron(II) ions to iron(III) ions
in the presence of oxygen over a period of time.

FA 1 is 0.020 mol dm™ acidified potassium manganate(VII), KMnOs.
FA 2 is 1.0 mol dm™ sulfuric acid, H>SOs..
FA 3 is iron(II) salt dissolved in water and left standing for an extended period of time.

Using the apparatus and chemicals provided, you are required to determine the extent of
oxidation of iron(II) salt in FA 3.

(a) Dilution of FA3

1. Pipette 25.0 cm?® of FA 3 into a 100 cm® volumetric flask.

2. Make up to the contents of the flask to the 100 cm® mark with deionised water.
Shake to obtain a homogeneous solution.

3. Label this solution diluted FA 3 which is to be used for (b) and (c).

(b) Determination of amount of iron(II) ions originally present in FA 3.

Add 50 cm? of diluted FA 3 using a measuring cylinder into a 100 cm? beaker.
Add about 2 spatula of zinc powder into the beaker and stir.

Filter the mixture into a boiling tube.

Pipette 10.0 cm? of the filtrate into a conical flask.

Add 10 cm?® of FA 2 into the conical flask using a measuring cylinder.

Titrate this solution against FA1 from a burette until the first permanent pale pink
colour is obtained.

7. Record your titration results, to an appropriate level of precision, in the space
below.

ok whN -~

You are to perform this titration only once.

Results:

[2]
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(c) Determination of amount of iron(II) remaining in FA 3.

1. Pipette 10.0 cm? of diluted FA 3 into a conical flask.

2. Add 10 cm?® of FA 2 into the conical flask using a measuring cylinder.

3. Titrate this solution against FA1 from a burette until the first permanent pale pink
colour is obtained.

4. Record your titration results, to an appropriate level of precision, in the space
below.

5. Repeat the titration as many times as necessary to obtain consistent results.

Results:

[3]

(d) Calculations

(i)  From your titration results in (c), calculate the average volume of FA 1 used.

[1]

(ii) Calculate the amount of iron(II) in 10.0 cm? of diluted FA 3.

MnOs (aq) + 8H*(aq) + 5Fe®’(aq) — Mn?'(aq) + 5Fe®*(aq) + 4H.0(/)

amount of iron(Il) in diluted FA 3 =..................
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(iii) Calculate the amount iron(II) in 25.0 cm? of FA 3.

amount of iron(Il) in FA3 =..................

(iv) Using your titration results in (b), calculate the amount iron(1l) originally present
in 25.0 cm® of FA 3.

amount of iron(II) originally presentin FA3=..................

(v) Calculate the percentage of iron(Il) in FA 3 oxidised upon standing for an
extended period of time.

percentage of iron(Il) in FA 3 oxidised =..................

9729/04/PRELIM [Turn over



(e) Evaluations

(i) State one assumption made for the addition of zinc powder in (b). Explain how
the titre volume would be affected if the assumption is not valid.

(ii)  With the help of relevant calculations, show that the iron(II) is more stable in air
under acidic conditions compared to alkaline conditions.

Fe’* + e = Fe? E?=+0.77V
Fe(OH); + e-= Fe(OH), + OH~ EP=-056V
O, +4H" + 4e = 2H,0 E°P=+123V
O, + 2H,0 + 4e = 40H E°P=+040V
[2]
[Total: 15]
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2 Determination of the activation energy of the reaction between ammonium
peroxodisulfate and potassium iodide.

Equation 1 represents the reaction between peroxodisulfate ions and iodide ions.
equation 1 S206%(aq) + 21 (aq) — I2(aq) + 2S04%

The reaction is first order with respect to both the concentration of peroxodisulfate ions and
the concentration of iodide ions.

rate = k[S20s%7][I'] where k = rate constant

When starch is added to the reaction mixture, a blue colour is immediately seen due to the
formation of an iodine—starch complex.

If a small amount of sodium thiosulfate, Na>S203, is also present in the reaction mixture, the
formation of the blue colour is delayed. The Na;S20s reacts with 1> as shown in equation 2.

equation 2 Io(s) + 2S,0:*(aq) — S4+06°(aq) + 21(aq)

The activation energy, E,, for the reaction can be obtained using the Arrhenius Equation:

_Ea

k= AeRT

where Kk is the rate constant,
A is the pre-exponential constant
R is molar gas constant and
T is the reaction temperature in Kelvin,

The activation energy, Ea, of the reaction can be determined by performing a series of
experiments where the reaction mixture is kept constant, but different reaction temperatures
are used, and the same end-point is timed. Plotting In k against 1/Tx will give a best-fit
straight line where the gradient of the line is — Ei/R.

FA 4 is 0.200 mol dm™ potassium iodide, KI.

FA 5 is 0.00500 mol dm~ sodium thiosulfate, Na>S,0s.

FA 6 is 0.100 mol dm= ammonium peroxodisulfate, (NH4)2S20s.
Solution S is starch solution.

You are to perform a series of five experiments, at different temperatures, in which the
concentrations of FA 4, FA 5 and FA 6 are kept constant. The time taken for the dark blue
colour to form allows the reaction rate to be determined.

(@) Procedure

You will attempt five experiments. In each experiment, solution 1 will be prepared as
described below and a standard volume of FA 6 will then be added.

For each experiment you will:

e note the time in seconds, t, taken for the solution to turn dark blue
¢ note the values of the initial, T;, and final, T, temperatures
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You will then calculate values for

e Tayg, the average temperature, of the Ti and T; values
Tk, the average temperature in Kelvin (0 °C = 273 K)
1/t

In(1/t)

1/Tk

Prepare a table in the space provided on the next page in which to record to an
appropriate level of precision:

e allvalues of Tand t

e all the values of 1/t, In(1/t) and 1/Tk

For each experiment, prepare solution 1 as follows.

Using appropriate measuring cylinders, transfer to a dry 100 cm?® beaker:
e 20.0cm*of FA4

e 10.0cm®of FAS5

e 5.0 cm®of solution S

Then stir the contents of the beaker using a glass rod.
(i) Experiment 1
The end-point of the reaction is the first appearance of a blue colour.

Note: Insufficient swirling of the reaction mixture may lead to a blue colour
appearing before the true end-point is reached.

1. Place the beaker containing solution 1 on a white tile.

2. Using an appropriate measuring cylinder, transfer 20.0 cm?® of FA 6 to the
beaker. Start the stopwatch during this addition.

Mix the contents in the beaker by thoroughly stirring with a glass rod.
Using a thermometer, note the initial temperature, Ti, of the reaction
mixture.

Stop the stopwatch when the solution first turns blue.

Note the final temperature, T, of the reaction mixture.

Record the time taken, t, to the nearest second.

Wash the beaker and thermometer thoroughly with water and dry them.

> w

© N O

(i) Experiment 2

© VJC 2021

9. Prepare solution 1 as described earlier.

10. Halffill a 250 cm?® beaker with ice/water to make a cooling bath.

11. Place the 100 cm?® beaker, containing solution 1, into the cooling bath and
carefully stir solution 1 until its temperature is between 5 °C and 10 °C.

12. Remove the beaker from the cooling bath and repeat steps 2 — 8.

You have now performed the slowest experiment.
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(iii) Experiment 3

13.
14.
15.

16.

Prepare solution 1 as described earlier.

Halffill a 250 cm?® beaker with hot water to make a heating bath.

Place the 100 cm® beaker, containing solution 1, into the heating bath and
carefully stir solution 1 until its temperature is between 50 °C and 55 °C.
Remove the beaker from the heating bath and repeat steps 2 — 8.

You have now performed the fastest experiment.

(iv) Experiments 4 and 5

Select two other suitable reaction temperatures, between the temperatures of
experiments 2 and 3, for use in two additional experiments. In each case, use
the heating bath or cooling bath to bring solution 1 to an appropriate
temperature and perform these experiments.

Results

[4]

9729/04/PRELIM [Turn over



(b) (i) Plot a graph of In(1/t) on the y-axis against 1/Tk on the x-axis. Draw the best-fit
straight-line taking into account all of your plotted points.

3]
(i) Calculate the gradient of the line, showing clearly how you did this.

gradient = ...
(1]

(iii)  Determine a value for the activation energy, E.. Show your working.

[R=8.314 JK" mol™]

activation energy, Ea = ...
(1]
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(c) This version of the ‘lodine Clock’ experiment is very reliable. With care, it is possible to
perform a reaction that will change colour after a specified time interval.

Using your graph, calculate the temperature, in °C, of the reaction mixture that would
result in the reaction mixture turning blue after 58 seconds. Show your working.

temperature required =

(d) Another student performed experiment 1. She repeated the experiment but, before
adding the FA 6 solution, she added a few drops of FA 3 (from Question 1) to

solution 1. She found that this addition considerably reduced the time required for a
dark blue colour to form.

With the aid of relevant equations, explain the mode of action FA 3 in the reaction
between peroxodisulfate and iodide ions.

[Total: 14]
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3 Investigation of some inorganic and organic reactions

11

In this question, you will be investigating some inorganic and organic reactions by carrying
out the stipulated tests. Carefully record your observations in Tables 3.1 and 3.2.

Unless otherwise stated, the volumes given below are approximate and should be estimated
rather than measured. Test and identify any gases evolved. If there is no observable
change, write no observable change.

(a) Inorganic analysis

You are provided with the solutions, FA 7 and FA 8.

FA 7 is a solution containing one cation and one anion. The cation is singly charged

and is not listed in the Qualitative Analysis notes.

FA 8 is prepared in the following way:
A metal oxide, M-0, is added in excess to FA 7. A disproportionation reaction occurs,
with a red-brown solid formed as one of the products. The red-brown solid, together
with excess M;0, is then removed via filtration. The filtrate collected is FA 8.

Table 3.1

tests

observations

Add 1 cm depth of FA 7 in a test—tube,
followed by 1 cm depth of aqueous
sodium carbonate.

(i)

Add 1 cm depth of FA 7 in a test—tube.

Add aqueous barium chloride,
followed by aqueous hydrochloric
acid.

(iii)

Add 1 cm depth of FA 8 to a test—tube.

Add aqueous ammonia slowly, with
shaking, until no further change is
seen.

Then add FA 7 slowly, with shaking,
until no further change is seen.

© VJC 2021

9729/04/PRELIM

[Turn over



(b)

© VJC 2021
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(iv) | Add 1 cm depth of FA 8 in a boiling
tube, followed by 1 cm depth of
aqueous sodium carbonate.
Heat the mixture for about half a
minute.
You do not need to test for any gas.
[4]
(i) Suggest the identity of the following ions:
Cationpresentin FA7: ...
Anion presentin FA7: ...
Cationpresentin FA8: ...
[2]
(ii) Hence, construct the full equation for the reaction between M>O and FA 7 to form
FA 8.
[1]
(ili) When aqueous sodium carbonate was added to FA 8 in (a)(iv), compound R is
formed as one of the products. Compound R contains the cation of FA 8 and two
anions, S and T. The cation, S and T in compound R are present in the molar
ratio of 2 : 2 : 1 respectively.
By considering the ions originally present in aqueous sodium carbonate and your
answer in (b)(i), suggest the formula of the product R.
[1]
(iv) Two gases were evolved during heating in (a)(iv) but it is difficult for you to detect
them due to the short duration of the heating process. One of the gases evolved
was water vapour.
Suggest the identity of the other gas evolved. Hence, construct an equation for
the reaction that took place during heating in (a)(iv).
[1]
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(c) Organic analysis

In this question, you will deduce the structure of an organic compound, FA 9.

FA 9 has the molecular formula CsHsO> with two functional groups present.

Do not carry out the tests for which observations have been recorded.

Do not use the Bunsen burner for heating in this part of the question. Instead, use the
hot water provided.

Table 3.2

tests

observations

(i)

Place about 2 cm depth of aqueous
sulfuric acid in a test-tube.

To this test-tube, add 15 drops of
FA 9, followed by 1 drop of aqueous
potassium manganate(VII).

Warm the mixture in the hot water
bath for two minutes.

(ii)

Add 1 cm depth of aqueous silver
nitrate to a test-tube.

Then slowly add 1 cm depth of
aqueous sodium hydroxide.

Add aqueous ammonia slowly, with
shaking, until the precipitate just
dissolves. You may use a clean glass
rod to stir the mixture and help
dissolve the precipitate.

To this mixture, add 10 drops of
FA9.

Place 50 cm?® of hot water in a beaker
and note its temperature. If the
temperature is higher than 60 °C, add
a small amount of water at room
temperature, stir and note the
temperature.

Keep adding small amounts of water
until the temperature of the water is
60 °C or lower.

Place the test-tube containing the
mixture in the water bath for one
minute.

© VJC 2021
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(iii)

Place about 1 cm depth of FA 9 in a
test-tube.

To this test-tube, add
2,4—dinitrophenylhydrazine dropwise.

orange ppt. formed

(iv)

Place about 15 drops of FA 9 and add
10 drops of aqueous sodium
hydroxide in a test—tube.

Now add iodine solution dropwise,
until a permanent orange/red colour is
obtained.

Warm the mixture in the hot water
bath for two minutes.

(v)

Place 1 cm depth of FA 9 in a test-
tube.

To this test-tube, cautiously add a
small piece of sodium metal.

effervescence observed
H, gas produced extinguishes a
lighted splint with a “pop” sound.

(d) (i)

© VJC 2021

[2]

Observations from (c)(iii), together with those of either (c)(i) or (c)(ii), can be
used to identify one of the functional groups presentin FA 9.

Identify the functional group and explain your answer, showing clearly your

reasoning.

Functional group: .........cccoovviiinnnn.

Explanation:
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(ii) Using observations from either (c)(iv) or (v), identify the other functional group
presentin FA 9.

Quote evidence from the relevant test to support your conclusion.
Functional group: .........coooiiiiiiiiii

Evidence:

(iii) Suggest two possible structures of FA 9 that are consistent with all the
observations in Table 3.2.

[2]
[Total: 15]
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4 Planning

FA 10 is a solution of aqueous potassium hydroxide, KOH, with a rough concentration of
0.2 mol dm™. FA 11 is a mixture of 0.100 mol dm aqueous sulfuric acid, H2SO4, and
0.100 mol dm~ sodium sulfate, Na,SOs.

To determine the accurate concentration of potassium hydroxide in FA 10, a series of
experiments can be conducted in which the temperature change in each experiment is
recorded. In each experiment, a different volume of FA 11 is used but the volume of FA 10
is kept constant. The total volume of the reaction mixture is also kept constant by adding an
appropriate volume of water.

A graph of temperature change against the volume of acid added is then plotted. In this
graph, two best-fit lines are drawn and extrapolated until they cross one another. The point
of intersection is the equivalence point of the chemical reaction.

With the equivalence point determined from the graph, the accurate concentration of
aqueous potassium hydroxide can then be determined.

(@) Using the information given above, write an experimental plan to determine the
equivalence point for the reaction between FA 10 and FA 11.

You may assume that you are provided with:

¢ FA 10, which is a solution of KOH with a rough concentration 0.2 mol dm3,

e FA 11, which is a mixture of 0.100 mol dm= H2SO4 and 0.100 mol dm Na,SO4,
¢ the equipment normally found in a school or college laboratory.

In your plan, you should include brief details of:

¢ calculation of the approximate volume of FA 11 required to completely neutralise a
fixed volume of 20.0 cm? of FA 10,

a table containing the volumes of each reagent to be added for six experiments,
the apparatus you would use,

the procedure you would follow,

the measurements you would make to allow a graph of temperature change against
the volume of acid added to be drawn.
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(b) (i) Sketch on Figure 4.1 the graph you would expect to get from your results.

Indicate on the graph the equivalence point, V (in cm®) and the maximum
temperature rise, A.

temperature a
change / °C

»
»

volume of acid added / cm?®

Figure 4.1
(1]

(ii) Show how the data obtained from the graph in (b)(i) can be used to determine
¢ the accurate concentration of potassium hydroxide, and
¢ enthalpy change of neutralisation, AH, in J mol™, assuming x J is required to

raise the temperature of 1 cm?® of solution by 1 °C and the total volume of the
mixture is V; cm®

(2]
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(c) In another experiment, you are given FA 12, which is a mixture of 0.100 mol dm™

aqueous ethanedioic acid, HO2,CCO;H and 0.1000 mol dm™ sodium ethanedioate,
NaO,CCO:zNa.

(i) Sketch on Figure 4.1 another graph to show the results you would expect to
obtain when FA 12 is used instead of FA 11. Label the graph with (c)(i).

(1]
(ii) Explain the difference in the two graphs in Figure 4.1.

[Total: 11]
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