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1 Titration can be used to determine the concentration of dissolved oxygen in samples of river water.
The procedure for the experiment is given.

step1 Use five 50cm?3 graduated syringes, A, B, C, D and E, to collect five separate 30.0cm?3
samples of river water.

step2 In the laboratory, carefully add 5.0cm3 of 0.220moldm= manganese(ll) sulfate,
MnSO,(aq), into syringe A and mix well.

step 3 Add 5.0cm? of alkaline aqueous potassium iodide into syringe A and mix well.
step4 Add 10.0cm3 of dilute sulfuric acid into syringe A and mix well.

step 5 Transfer the contents of syringe A into a 150cm? conical flask. Rinse syringe A using
10cm3 of distilled water and add washings to the conical flask.

step 6 Carry out one accurate titration of all the contents in the conical flask with 0.00200 mol dm=3
aqueous sodium thiosulfate, Na,S,0,(aq), using starch indicator.

Repeat steps 2—-6 for the samples in syringes B-E.

(@) Aqueous sodium thiosulfate can be prepared from Na,S,0,°5H,0(s).

(i) Determine the mass, in g, of Na,S,05;°5H,0(s) required to prepare 500.0cm?® of
0.00200 moldm™3 Na,S,05(aq).

mass of Na,S,05°5H,0(8) = ..o, g [1]
(i) Identify the piece of apparatus that should be used to prepare 500.0cm3 of

0.00200 moldm~3Na,S,0,(aq) after the required mass of Na,S,0,°5H,0(s) has been
weighed out.

(b) The graduations on each syringe are every 1.0cm3.

(i) Calculate the percentage error in the measurement of 5.0cm? of alkaline aqueous
potassium iodide by the syringe.

Show your working.

percentage error = .........cccceevvvenieneeeenn [1]
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(ii) Place one tick (v) in each row in Table 1.1 to show the effect, if any, of using a larger
volume of alkaline aqueous potassium iodide.

Table 1.1

greater effect no effect smaller effect

uncertainty of the
measurement

percentage error of
the measurement

[1]

(c) The sample in the conical flask and the prepared solution of sodium thiosulfate are provided.
Describe the following procedures for the experiment using syringe A.

(i) Preparing the clean burette before taking any readings.

..................................................................................................................................... [2]
(ii) Carrying out the one accurate titration in step 6.
..................................................................................................................................... [2]
(d) Suggest why the reaction mixture is mixed well in steps 2—4.
..................................................................................................................................... [1]
(e) Draw a table for recording the titration results for the five samples in syringes A-E.
[2]
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(f) The overall reaction taking place in the experiment is shown.
O,(aq) + 482032‘(aq) +4H*(aq) —» 284062‘(aq) + 2H,0()
A student carries out the experiment and determines the mean titre to be 12.65cm3.

Calculate the concentration, in moldm=3, of dissolved oxygen in the river water.

concentration of dissolved oxygen = ..........cccccceeeeieniinns moldm=3 [2]
(g) Freshly distilled water does not contain any dissolved oxygen.

A student decides to run the procedure on a sample of freshly distilled water and at the end
obtains a value of 2.26 x 10~>moldm=2 dissolved oxygen.

() Suggest why the student did not get a value of 0moldm~3. Assume the procedure was
carried out correctly.

in (f).

(h) Suggest why this method is unsuitable for samples of tap water that have been purified by
chlorination and so contain Cl,(aq).

[Total: 16]
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2 The activation energy, E,, for the reaction between dilute hydrochloric acid, HC/(aq), and aqueous
sodium thiosulfate, Na,S,0,(aq), can be determined by an initial rates method.

2HCl(aq) + Na,S,0,(aq) — 2NaCl(aq) + H,O(l) + S(s) + SO,(g)

The solid sulfur formed is seen as a white suspension in the reaction mixture. The reactants are
mixed and the time, ¢, for a fixed quantity of sulfur to be formed is recorded.

A measure of the initial rate of the reaction is 1?

Standard solutions of 0.100 moldm™3 Na,S,05(aq) and 0.500 moldm~3 HCI(aq) are supplied.
Measurements are taken for a series of temperatures using the following procedure.

step1 Athermostatically controlled water bath is set up.

step2 A 100cm? conical flask is labelled A and a second 100 cm? conical flask is labelled B.

step3 10.00cm?3 of 0.100moldm=3 Na,S,0,(aq) is added to flask A. Flask A is placed in the
water bath.

step4 10cm3 of 0.500moldm™=3 HCI(aq) is added to flask B. Flask B is placed in the same
water bath.

step 5 Wait for 10 minutes.
step 6 Flask A is removed from the water bath and placed on a tile marked with a black cross.
step 7 The contents of flask B are added to flask A and a timer started.

step 8 The timer is stopped when the black cross is no longer visible. The time is recorded.

(@) Suggest a reason why it is necessary to wait for 10 minutes in step 5.

(b) The procedure does not mention how a value for the temperature of the mixture during the
reaction is obtained.

(i) State the temperature measurements that should be taken and at which stage in the
procedure they should be taken.

(ii) State how to use the temperature measurements to determine an accurate value for the
temperature of the mixture during the reaction.
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(c) A student carries out the procedure at three different temperatures and records the
measurements in Table 2.1.

Complete Table 2.1. Record values for temperature to the nearest whole number and the
values for 17 to four decimal places.

Table 2.1
temperature, T/°C | time, t/s | temperature, T/K 11‘/3‘1
15 176
24 92
32 62

[2]

(d) A second student carries out the procedure at six different temperatures and analyses their
data to give the results in Table 2.2.

Table 2.2

17./K‘1 log <17>
0.00353 -2.43
0.00336 -1.99
0.00325 —-1.68
0.00314 -1.47
0.00302 -1.21
0.00287 -0.82
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(i) Use the results from Table 2.2 to plot a graph on the grid in Fig. 2.1 to show the

relationship between log <1> and l. Use a cross (x) to plot each data point. Draw a line

of best fit. t T

-0.8

-1.0

-1.2

-14

-1.6

-1.8

-2.0

-22

-24

-2.6
0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036

A=
T/K

Fig. 2.1 2]
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(ii) Determine the gradient of your line of best fit in Fig. 2.1. State the coordinates of both
points you use in your calculation. These must be selected from your line of best fit. Give
the gradient to three significant figures.

coordinates 1 .....ooeeeeee e CoOrdinatesS 2 ....ooeeee e

gradient = ..........cceiieen. K
(iii) An equation relating time and temperature variables is shown.

1 0.434E,
log (—) = - —%=— + constant

t RT

Determine the activation energy, E,, of this reaction using this equation and your answer
to (d)(ii).

(If you were unable to find the gradient in (d)(ii), then use the value —3.21 x 103K. This is
not the correct answer.)

Include units in your answer.

Show your working.

(iv) Use your graph to state whether the results from the experiment are reliable. Justify your
answer.

(e) Suggest a change to one controlled variable that the student could make so that the time
measured for a given temperature is shorter.

[Total: 14]
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Important values, constants and standards

molar gas constant R =8.31JK "mol’

Faraday constant F =9.65 x 10*Cmol™"

Avogadro constant L =6.022 x 1023 mol~!

electronic charge e=-1.60x10"1°C

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~*mol?dm=* (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg 'K
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