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A student uses a technique called the Winkler method to determine the mass of oxygen dissolved
in a sample of water from a lake.

Two solutions, X and Y, are prepared.
Solution X is 2.30 moldm~3 aqueous manganese(Il) sulfate, MnSO,(aq).
Solution Y is alkaline aqueous potassium iodide, KI(aq).

(a) Calculate the mass of solid hydrated manganese(ll) sulfate, MnSO,+H,O(s), needed to make
100.0 cm?3 of solution X.

Give your answer to two decimal places.

mass of MNSO,4*H,0(S) = oo g [1]

(b) The student is given a small beaker containing the mass of MnSO,°H,0(s) calculated in (a).
Describe how the student should prepare exactly 100.0 cm? of solution X.

Include the names and capacities of each piece of key apparatus used.

Write your answer using a series of numbered steps.
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(c) Solution Y is prepared as follows.

step 1
step 2
step 3
step 4

step 5

Place 100 cm? of distilled water in a 250 cm? beaker.

Add about 8 g of solid sodium hydroxide, NaOH(s), and stir to dissolve.
Cool the solution to room temperature using an ice-bath.

Repeat steps 2 and 3 until a total of 32g of NaOH(s) has been dissolved.

Dissolve about 14 g of potassium iodide, KI(s), into the solution formed in step 4.

(i) Solution Y is corrosive.

Other than wearing safety goggles, state one safety precaution that the student should
take when preparing solution Y.

(i) Suggest why the solution is cooled in step 3.
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(d) The student uses the following procedure to determine the mass of oxygen dissolved in a
sample of water from the lake.

step 1
step 2
step 3

step 4

step 5

step 6

step 7

step 8

Collect a 250 cm3 sample of lake water in a bottle.
Add 1cm? of solution X and 1cm? of solution Y to the bottle.
Immediately stopper the bottle, ensuring as little air as possible is trapped.

Shake the bottle to mix its contents.
A brown precipitate, manganese(Ill) hydroxide, Mn(OH)(s), is formed.

Add 1.5cm? of concentrated sulfuric acid to the contents of the bottle.
The precipitate dissolves, and iodine is formed.

Dilute this solution to exactly 500.0 cm3 using distilled water to form solution Z.
Transfer 25.0cm3 of solution Z into a conical flask, and titrate with
1.00 x 10~>moldm= aqueous sodium thiosulfate, Na,S,0,(aq). Add 1cm? of

starch solution near to the end-point.

Repeat step 7 as many times as necessary.

(i) Suggest why it is important to avoid trapping air inside the bottle in step 3.

(ii) Identify the piece of apparatus that the student should use to transfer the 25.0cm? of
solution Z in step 7.

| © UCLES 2025

@ 9701/54/0/N/25 I

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0000800000005 * DFD

(e) The student records the results shown in Table 1.1.

5

Table 1.1

‘rough titration 1 titration 2 | titration 3

titration
final burette reading/cm? 13.60 12.75 26.20 14.50
initial burette reading /cm?3 0.00 0.05 13.15 1.35
titre/cm?3 13.60

(i) Complete Table 1.1 and calculate the mean titre.
mean titre = .........ccoovevveeieeeeeee e, cmd [2]

(ii) Explain why the student does not need to carry out any further titrations.

(iii) Calculate the percentage error in the measurement of the titre for titration 3.

Show your working.

pPercentage errOr = .......ccccvvieieiiiiiiee e eeeeeeiire e e e e eeeenes % [1]
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(f) The following equations show the reactions that take place during the procedure in (d).
steps 2,3 and 4
4Mn2*(aq) + 80H~(aq) + O,(aq) + 2H,0(l) — 4Mn(OH),(s)
step 5
2Mn(OH),(s) + 2I7(aq) + 6H"(aq) — I,(aq) + 6H,0(l) + 2Mn?*(aq)
step 7
I(aq) + 25,0,%(aq) — 2I7(aq) + S,04%(aq)

(i) Calculate the amount, in mol, of iodine, Iz(aq), in 25.0 cm? of solution Z.

amount of I,(aQ) = ..o, mol [1]

(ii) Use your answer to (f)(i) and the equations given to calculate the amount, in mol, of
dissolved oxygen, O,(aq), in 500.0 cm? of solution Z.

amount of O,(aq) in 500.0cm?3 of SOIUtION Z = .........cocuiiiiriirccces mol [1]
(iii) Dissolved oxygen content, mgdm=3, is the mass of oxygen dissolved in water.

Use your answer to (f)(ii) to calculate the dissolved oxygen content in the lake water
collected in step 1.

[If you were unable to obtain an answer to (f)(ii), then use amount of O,(aq) in 500.0 cm?
of solution Z = 7.12 x 10~°mol. This is not the correct answer.]

dissolved oxygen content = .........cccccoiiiiiiiiiin e mgdm=3 [1]

[Total: 16]
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A student uses the following method to investigate the kinetics of the reaction between iodine and
tin to produce tin(IV) iodide, Snl,.

step1 Rinse a block of tin with distilled water and then rinse it with propanone.

step2 Place 50cm?3 of a 0.400moldm=2 solution of iodine dissolved in methylbenzene in a
100 cm?3 beaker.

step 3 Suspend the block of tin from a three decimal place balance as shown in Fig. 2.1. Start a
timer.

step 4 Record the balance reading every 100 seconds.

balance

wire

iodine dissolved

J in methylbenzene

—

block of tin

Fig. 2.1

(@) (i) Suggest why the student rinses the block of tin with propanone after rinsing it with
distilled water in step 1.
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(iii) Suggest why a three decimal place balance is more suitable than a two decimal place
balance for this experiment.

(iv) Suggest a control experiment that could be used to verify that the loss in mass of tin is
caused by reaction with iodine and not any other factor.

..................................................................................................................................... [1]
(b) The student’s results are shown in Table 2.1.
Complete Table 2.1.
Table 2.1
, . total mass of tin
time/s balance reading/g reacted/g
0 4979 0.000
100 4.910
200 4.859
300 4.761
400 4.688
500 4.620
[1]

(c) (i) Use the results from Table 2.1 to plot a graph on the grid in Fig. 2.2 to show the
relationship between total mass of tin reacted and time.

Use a cross (x) to plot each data point. Draw a straight line of best fit.
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Fig. 2.2
(2]

(ii) Circle the point on the graph in Fig. 2.2 that you consider to be most anomalous.

Suggest one reason why this anomaly may have occurred during this experimental
procedure.

Assume all measurements of mass are accurate.
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(d) Use your graph in Fig. 2.2 to determine the gradient of the 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 your gradient to three significant figures.

coordinates 1 .....ovveieeeee e CoOordinates 2 .....oovneeeeeeeeeee e

gradient = ...

(e) Another student makes various concentrations of solutions of iodine dissolved in
methylbenzene by dilution of the 0.400 moldm3 I, solution.

The student repeats the experiment at a different temperature using these solutions.

Table 2.2
volume of '

0.400 mol dm=3 volume of L] relative
"1 solution methylbenzene /molém—3 rate of
used/cm? used/cm® reaction

100.0 0.0 0.400 476

0.300 3.57

0.200 2.35

0.100 1.15

(i) Complete Table 2.2 by adding the volumes of solutions that are mixed to make 100.0 cm?
of a solution of iodine dissolved in methylbenzene for each required concentration.

[1]

(ii) Identify the independent variable in this experiment.
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(iii) The student concludes that the rate equation for the reaction between iodine and tin is
as follows.

rate = k [L,]2
State whether the results support the student’s conclusion.

Explain your answer using values from Table 2.2.

[Total: 14]

Important values, constants and standards

molar gas constant R =8.31JK " mol™"

Faraday constant F =9.65 x 10*Cmol™"

Avogadro constant L =6.02 x 1023 mol"

electronic charge e=-1.60x10719C

molar volume of gas V., =22.4dm3mol~! at s.t.p. (101kPa and 273K)
V., =24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10~*mol2dm=® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg~'K-1 (4.18Jg K1)
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